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Monday, September 12, 2016

Opening Plenary Lecture

PL0000
Global impact of friction and wear on energy consumption, costs and
emissions in transportation and industry
Kenneth Holmberg, Kenneth Holmberg
VTT Technical Research Centre, Espoo, Finland
kenneth.holmberg@vtt.fi
Energy is a key resource for our society today and will be crucial for our sustainability
in the future. Much of our energy needs comes from non-renewable fossil fuels;
however, there are limitations in the availability of these fuels in the long run. Burning
of oil and other non-renewable products produces large volumes of greenhouse
gases that give rise to climate change. Energy is also a major cost issue for many
industries. Calculations on the impact of friction and wear on energy consumption,
emissions and costs are presented. The calculations are based on component level
data which is upscaled to system, industrial sector and global level. About 100 million
terajoule is used annually worldwide to overcome friction and that is one fifth of all
energy produced. The largest quantities of energy are used by industry (29%) and in
the transportation field (27%). Based on our recent studies on energy use in
passenger cars, trucks and buses; we concluded that it is possible to save as much
as 17.5% of the energy use in road transports in the short term (5-9 years) by
effective implementation of new tribological solutions. A comprehensive overview of
the total energy saving potential by improved tribology in transportation and industry is
presented.
Keywords
energy
friction
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PL0001
Reactive sputter deposition of functional oxide films with various
performances.
Yuzo Shigesato1, Junjun Jia2
1

Aoyama Gakuin University, Sagamihara, Kanagawa, Japan 2Aoyama Gakuin
University, Sagamihara, Japan
yuzosige@he.netyou.jp

Reactive sputtering using alloy targets should be one of the most promising
techniques to achieve very high deposition rate for various industrial applications
because sputtering yield of the metallic surface is much larger than that of the oxide
surface and also the higher sputtering power density can be applied for metallic
targets with the higher thermal conductivity. The reactive sputtering process, however,
is strongly affected by the O2 flow ratio; the deposition rate exhibits hysteresis with
respect to the O2 reactive gas flow rate. Such behavior originates in the oxidation
state of the target surface, resulting in the marked decrease in deposition rate with the
increasing O2 flow. Therefore, the sputtering conditions should be precisely controlled
so as to obtain high-quality transparent conductive oxide (TCO) films by reactive
sputtering processes with a high deposition rate and with high reproducibility. In order
for the precisely controlled deposition a specially designed feedback systems of
discharge impedance or plasma emission intensity combined with mid-frequency
pulsing were adopted. In this presentation, the very high rate deposition of various
TCOs, such as Al-doped ZnO (AZO), Sn-doped In2O3 (ITO), Nb-doped TiO2 (NTO),
or Sb(Ta)-doped SnO2 (ATO, TTO) films by reactive sputtering using Zn-Al, In-Sn,
Ti-Nb or Sn-Sb(Ta) alloy targets, respectively, will be reported in detail. References:
Nb:TiO2: Applied Surface Science, 301(2014) 551., TiO2: Thin Solid Films 496 (2006)
126., Al:ZnO: Thin Solid Films 518 (2010) 2980., Al:ZnO: J. Vac. Sci. Technol. A 28(4)
(2010) 890., Ta:SnO2: Thin Solid Films 520 (2011) 1178., Thin Solid Films 520 (2012)
3746., ITO: Thin Solid Films 520 (2012) 4101., Al:ZnO: Thin Solid Films 520
(2012)3751., TiO2: J. Vac. Sci.Technol. A26(4), (2008) 893., Al:ZnO: Thin Solid Films
517 (2009) 3048., WO3: Thin Solid Films 532 (2013) 1., APL MATERIALS 3, 104407
(2015).
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Plenary Lecture

PL0002
Advances in coating characterization: Towards a comprehensive understanding
of microstructure-property-performance relations of hard coatings
Christian Mitterer
Montanuniversität Leoben, Leoben, Austria
christian.mitterer@unileoben.ac.at
Advanced coatings and thin films providing multi-functional properties like wear and
oxidation resistance combined with high toughness or diffusion barrier functions
require sophisticated design of materials and architectures. For a knowledge-based
development of such coatings, advanced characterization techniques to investigate
their microstructure and properties from the micro- to the atomic scale are needed.
Within this contribution, recent progress in coating characterization techniques is
highlighted. Examples included are three-dimensional atom probe tomography to
study the efficiency of diffusion barrier layers and cross-sectional nanodiffraction
using focused X-ray synchrotron beams to illuminate microstructure evolution during
coating growth or stress-depth profiles established by post-deposition treatments. The
acquired detailed knowledge about composition and microstructure enables to
establish correlations to coating properties, where recently new approaches for
determination of hot-hardness based on high-temperature nanoindentation as well as
fracture strength and fracture toughness determined by micromechanical tests have
been suggested. Combining such techniques with failure analysis of coatings during
application or during micromechanical tests enables to understand their degradation
mechanisms, thus providing the basis for further optimization of coating materials and
architectures.
Keywords
hard coatings
diffusion barriers
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PL0003
Plasma in Everyday Life
Wolfgang Viöl
HAWK University, Fraunhofer IST, Göttingen, Germany
wolfgang.vioel@hawk-hhg.de
In a brief journey from the beginnings to everyday applications of the novel
technology, plasma as the fourth state of matter and, more important, as innovative
tool in industry and the broadly based field of life sciences is presented.
Directly from the surrounding atmosphere, cold atmospheric pressure plasma with
high-energy electrons and ions is generated by strong electric fields. Recent
developments ensure that using special plasma parameters the technology is safe
and easy to use, can be applied to a huge range of different surfaces, and provides
an answer to the increasing demand for treatment of specialized surfaces - even
highly sensitive biological surfaces like human skin. The different treatment methods
often aim on regulation of wettability or to the addition of certain chemical features to
technical surfaces, to accelerate healing processes or to kill germs without chemical
agents in biological environments. Tailored plasma technology can be utilized in the
fields of environment, hygiene, health, production and energy.
Keywords
plasma
atmospheric pressure
cold plasma
life sciences
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Plenary Lecture

PL0004
Landmarks in Understanding Sputter Emission
Peter Sigmund
University of Southern Denmark, Odense M, Denmark
sigmund@sdu.dk
Sputtering by ion bombardment was discovered in 1852, but it took about a
hundred years and a couple of groundbreaking papers by
Gottfried Wehner, until it was confirmed that atomic collision processes play
the basic role in any attempt to understand the process of sputter emission.
In this talk I wish to discuss some highlights of the subsequent development,
in which I was involved from the early 1960s to the late 1990s.
On the experimental side, important aspects in this development are the
employment of small and large accelerators, advances in target control and
vacuum, as well as surface analytical techniques and laser spectroscopy. On
the theoretical side, progress in the theory of elastic and inelastic atomic
collisions as well as experience in
transport theory, ion implantation and radiation damage were essential
ingredients. The first attempts in computer simulation date back to the early
1960s, but it took about 20 years until this technique -- which nowadays
dominates the field -- started to produce competitive results.
Some critical questions gave rise to lively discussion for years. The question
of whether sputter emission is an evaporation or a collision
process divided the community for decades, until it was found that this is
not a question of either/or. Other items on the agenda were the role of
focused collision sequences, the depth of origin of sputtered species, the
charge state of sputtered particles and the formation of sputtered molecules
and clusters.
Keywords
Sputtering
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Plenary Lecture

PL0005
Plasma Polymers: Evolution, Prospects, Promises and Challenges
Farzaneh AREFI-KHONSARI, A. Baitukha, J. Pulpytel, A. Valinataj Omran
Sorbonne Universités, UPMC Univ Paris 06, Paris, France
farzaneh.arefi@upmc.fr
In this talk, the state of the art on plasma polymers will be given. Atmospheric versus
low pressure discharges, vapor vs aerosols, aerosols with solid nanoparticles,
entrapment of biomolecules in aerosols will be discussed. Different nonequilibrium
atmospheric pressure plasmas : planar DBD, single and double barrier DBD plasma
jets, arc blown plasma jets and transported discharges in tubes will be discussed. The
main advantages of the Atmospheric Pressure Plasma Jet (APPJ) systems are: i)
separation between the plasma generation and plasma application regions, and ii)
they can easily be integrated in already existing production lines for treating 2D and
3D structures. Arc blown discharges, moderately hot plasma jets (Tg ~ 1000K) can
combine the rich plasma chemistry in nonequilibrium discharges with heat transfer
phenomena. On the other hand deposition and surface treatment, by means of a He
cold transported discharge in tubes as long as 200 cm and tube inner diameter
ranging from 1 to 20 mm, can present a great potential for polymers used as
biomaterials. PEG like polymers have been deposited by atmospheric discharges,
however for particular plasma applications such as making a Drug Delivery System
(DDS) based on several polymer or copolymer layers, encapsulating the drug, it is
more reasonable to use a low pressure plasma which can give rise to dense
crosslinked barrier films. The latter are less flexible and develop microcracks due to
swelling and curvature of host biocompatible and biodegradable substrate. In order to
obtain good cohesive coatings with excellent barrier and mechanical properties, it is
very important to deposit layers presenting a vertical chemical gradient, where stress
is gradually distributed over the rigid and flexible zones of the DDS, which is more
easily deposited in low pressure plasmas. Our recent results in copolymerizing
amphiphilic polymers for example for stimuli-responsive polymers and the use of
biodegradable multi-layer copolymers for drug delivery applications will be presented.
Keywords
Plasma Polymers
APPJ
DDS
Transported Discharge
Biomaterials
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Plenary Lecture

PL0006
Application Perspectives of Plasma Technology for Food Industry
Wonho Choe1, Cheorun Jo2, Youbong Lim3, Samooel Jung4, Suk-Jae Yoo5
1

KAIST, Daejeon, South Korea 2Seoul National University, Seoul, South Korea 3
Plasmapp Co., Daejeon, South Korea 4Chungnam National University, Daejeon,
South Korea 5National Fusion Research Institute, Daejeon, South Korea
wchoe@kaist.ac.kr
Atmospheric pressure plasma (APP) technology has been used in a wide spectrum of
fields from surface functionalization in semiconductor and display industry to human
cancer treatment in medical industry. Along with the recent rapid progresses in
plasma medicine, one possible application with high impact can be found in the food
area since the APP can provide a comprehensive solution for the challenges in the
food industry such as minimal process, organic and environment-friendliness, high
quality, highly ensured safety, and long shelf-life. In this presentation, example-based
discussions will be made particularly for the food safety, food processing and novel
plasma sterilization packaging. Food safety is undoubtedly the most important priority
for the food industry as well as consumers. There have been continuous efforts for
developing non-thermal pasteurization methods to overcome the drawbacks of the
conventional thermal methods. The APP can sterilize food at room temperature, and it
can also be a promising cost-effective, convenient, and environment-friendly
candidate for ensuring food safety. Several examples of antimicrobial effects of direct
and indirect plasma treatments will be given in the presentation to show plasma as an
excellent non-thermal sterilization means. In addition, a developed APP package
technology is capable of inactivating pathogens in packaged food by using flexible
multi-layer packaging film as a plasma source in which reactive oxygen and nitrogen
species (RONS) are produced from the ambient air molecules by the plasma
discharged on the film surface. Another creative application of APP to be mentioned is
the use of APP-treated water as an alternative nitrite source, the most important
curing agent for safety and quality of processed meat, along with the direct use of
plasma in processed meat manufacturing. In addition to these application examples
and experimental results, the requirements and conditions for developing the
appropriate plasma sources will be discussed.
Keywords
atmospheric pressure plasma
food safety
plasma treated water
plasma active packaging
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Plenary Lecture

PL0007
Luminescence, Doping, and Transport Properties of Silicon Nanocrystals
produced via Nonthermal Plasma Synthesis
Uwe Kortshagen, Ting Chen, Konstantin Reich, Han Fu, Katelyn Schramke, Nicolaas
Kramer, Boris Shklovskii
University of Minnesota, Minneapolis, United States
kortshagen@umn.edu
Nonthermal plasma synthesis of nanocrystals is particularly suited for covalently
bonded materials that require high temperatures to be produced with good
crystallinity. Several years ago, we showed that plasma produced silicon nanocrystals
are capable of high-efficiency photoluminescence, different from bulk silicon material.
More recently, the capability of nonthermal plasmas to produce substitutionally doped
nanocrystal materials has attracted attention, as substitutional doping had presented
a significant challenge both for liquid and gas phase synthesis due to effects such as
self-purification.
This presentation discusses the physics of plasma synthesis process. High
photoluminescense quantum yields are achieved by careful surface functionalization
through grafting alkene ligands to the nanocrystal surfaces. We also discuss the
substitutional doping of silicon nanocrystals with boron and phosphorous using a
nonthermal plasma technique. While the synthesis approach is identical in both
cases, the activation behavior of these two dopants is found to be dramatically
different. Finally, we present some experimental work on transport in films of highly
phosphorous-doped nanocrystals, which indicates the approach to the
metal-to-insulator transition.
This work was supported in part by the NSF Materials Research Science and
Engineering Center under grant DMR-1420013, the DOE Energy Frontier Research
Center for Advanced Solar Photophysics, and the Army Office of Research under
MURI grant W911NF-12-1-0407.
Keywords
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Plenary Lecture

PL0008
Low temperature plasmas: tailoring energy and matter at nanoscale level
Luís Alves, Vasco Guerra, Luís Marques, Elena Tatarova
Instituto de Plasmas e Fusao Nuclear, Lisbon, Portugal
llalves@tecnico.ulisboa.pt
Low-temperature plasmas (LTPs) are highly-energetic highly-reactive environments,
exhibiting a low density of charged particles (ionization degrees ~ 10-6-10-3,high
electron temperature (~1eV) and variable heavy-species temperatures, ranging from
300 K to ~104K. These features open the way to develop plasma-based technologies
that use different energy distribution scenarios, through efficient channelling of the
energy to targeted species, both in volume and in plasma-facing substrates. This talk
focuses on three success cases, ensuing from the research in LTPs done at IPFN/IST
(Lisbon, Portugal). First, we revisit the operation of ccrf plasmas, extensively used in
the microelectronics industry for depositing a-Si:H thin films from silane-hydrogen
mixtures. We show that the fluid modelling of these plasmas, including a simple
phenomenological description of the plasma-substrate interaction, gives good
predictions of the main radical densities and deposition rate profiles. Second, we
propose a simple procedure to improve the coupling between surface and gas-phase
chemistries, based on an innovative DMC algorithm. We consider the NO2formation
by NO oxidation on Pyrex and the O recombination on silica yielding O2. Results
agree with those obtained from a deterministic approach and with measurements.
Finally, we show that microwave-driven argon plasmas at atmospheric pressure are
effective tools to decompose carbonaceous precursors. The C and C2 generated in
the hot plasma region are transported into colder regions downstream, where they
assemble as freestanding graphene sheets with high structural-quality (1-5
monolayers; sp3/sp2ratio around 0.1; <3% oxygen contamination). The production of
graphene can be optimized following a deterministic-like approach, based on a
theoretical model. The success cases presented underline the need for in-depth
knowledge of the plasma and reliable prediction of its behaviour, also in the reactive
interplay with heterogeneous media, in order to successfully develop plasma-based
technologies.
Keywords
Plasma technology
PECVD
Plasma-surface interaction
Graphene
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KN0100
Plasma-assisted surface modifications of powders and granular particles
Philipp Rudolf von Rohr, Denis Butscher, Gina Oberbossel, Vito Giampietro, Roger
Wallimann
ETH Zurich, Zurich, Switzerland
philippr@ethz.ch
Non-thermal plasma is a powerful tool for the surface treatment of temperature
sensitive substrates, since a low overall process temperature, due to low-energy
heavy particles, can be combined with a high reactivity caused by energetic electrons.
In addition, such a plasma treatment allows to beneficially influence substrate surface
properties like wettability, resistibility, flowability, electrochemical characteristics or
microbial contamination, while bulk properties can be kept mostly unaffected. With a
reactive gas plasma (e.g. oxygen containing plasma) wettability and dissolution
behavior of powders can be increased by incorporating polar oxygen groups into the
substrate surface. We successfully applied this approach to HDPE powder and
salicylic acid powder by plasma treatment in a low pressure tubular plasma reactor for
only 0.1 seconds. We also transferred this technique to the atmospheric pressure
domain where we developed a novel plasma device based on the dielectric barrier
discharge principle and applied it for the treatment of PMMA substrates and HDPE
powders. In a second type of process, coherent films or scattered nanoparticles can
be formed in the plasma zone from the addition of organic or organometallic
precursors. While the deposition of a coherent film can act as a protective layer or a
catalyst, the attachment of nanoparticles (spacers) to the surface allows to increase
the flowability of the substrate powder. We successfully implemented these processes
in low pressure plasma systems and currently are transferring them to the
atmospheric pressure domain. Furthermore, we are investigating the feasibility of
graphite powder coating for the improvement of capacity retention and electrolyte
compatibility in battery applications. Another utilization of non-thermal plasmas is the
inactivation of microorganisms caused by plasma-generated reactive species
(charged particles, reactive neutrals, UV photons). We applied this technique for the
decontamination of wheat grains in a low-pressure plasma circulating fluidized bed
reactor and an atmospheric pressure dielectric barrier discharge. Currently, we are
investigating the inactivation of microorganisms on sprout seeds.
Keywords
surface modification
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OR0101
Carbon Coated SnS2 Nanoparticles Synthesized by Arc-discharge Plasma and
their behavior as Li-ion anode
Huang Hao1, Gao Song2, Gu ZeYu2, Wu AiMin2, Yu JieYi2
1

Dalian University of Technology, DaLian, China 2Dalian University of Technology,
Dalian, China
huanghao@dlut.edu.cn

Song Gao a, Hao Huang a*, Ze-Yu Gua, Ai-Min Wua, Jie-Yi Yua
a Key Laboratory of Materials Modification by Laser, Ion, and Electron Beams
(Ministry of Education), School of Materials Science and Engineering, Dalian
University of Technology, Dalian 116024, China
Abstract
Metal sulfides have been one of the hottest research topics on improving the stability
of the electrode in lithium ion battery. In the present work, the SnS2 (C) core-shell
nanostructure Nanoparticles have been successfully produced by a two-step synthetic
strategy. Firstly, DC arc discharge plasma method was adopted to produce Sn (C)
NPs, then, Sn (C) nanocapsules are served as the starting material and, at
low-temperature, rebuilt the core with sulfur (S) during the solid phase reaction
process. According to the High Resolution Transmission Electron Microscope
(HR-TEM), it is found that the single SnS2 (C) particle presents a uniform structure of
CNTs, with the average size of about 40 nm in diameter and 200-300 nm in length.
The CNTs have multi walls of 5-7 graphene layers and are partially-filled with SnS2.
Serving as an active component of the anode in lithium-ion batteries, the
electrochemical behaviors of Sn-M NPs were tested, including the cyclic voltammetric
(CV) curves, electrochemical impedance spectroscopic (EIS) and cycling
performance. It exhibits that the carbon shells coated on the surface of particles dose
not only effectively accommodate the volume expansion from insertion and extraction
between SnS2and Li, but also improve mobility of carriers on the interfaces during
cycling process.
Acknowledgment: We acknowledge financial support by National Nature Science
Foundation of China (51171033), and the Fundamental Research Funds for the
Central Universities (DUT15LAB05).
Keywords
DC arc discharge plasma
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Metal sulfides
lithium ion battery
core-shell nanostructure
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OR0102
A novel technique for coating fine particulates with functional films by
magnetron sputtering
Peter Kelly, Marina Ratova, Glen West, David Sawtell, May Azzawi, Asima Farooq
Manchester Metropolitan University, Manchester, United Kingdom
peter.kelly@mmu.ac.uk
Magnetron sputtering is a well-established technique for the deposition of high quality
metallic and ceramic coatings onto a wide range of substrate materials and forms.
However, it is not generally suitable for the coating of fine particulates (particle sizes
from 100s of nm to 100s of microns). This paper describes a new technique for
depositing uniform coatings of functional films onto a range of particle types and
sizes. The films were deposited by reactive and non-reactive pulsed magnetron
sputtering and to provide uniform coverage the particles were oscillated in a bowl
positioned underneath the magnetron. Coatings of Ti, TiO2, Sn and SnO2 were
deposited from a single magnetron source and Bi/W oxides were co-deposited from a
dual source. The characterisation of the coated particles by SEM, TEM and EDX
described here, and other techniques relevant to their targeted applications,
demonstrates the potential of this system. For example, enhanced visible light activity
was observed for PC500 particles coated with bismuth tungstate, compared to the
uncoated powder.
Keywords
magnetron sputtering
functional films
powders
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OR0103
Plasma-Enhanced ALD on Particles and Powders
Geert Rampelberg, Delphine Longrie, Davy Deduytsche, Jo Haemers, Christophe
Detavernier
Ghent University, Gent, Belgium
geert.rampelberg@ugent.be
Surface engineering of micro- and nanoparticles is of great importance in fields such
as catalysis, energy and sensing. For many of these applications, particles are
required with different bulk and surface properties. A popular technique to achieve this
is to coat the particle surface with a nanometer thick layer. Only a few techniques
have been explored for depositing such thin conformal coatings. Chemical vapor
deposition (CVD) has been used extensively for this purpose, but suffers from some
limitations, such as imperfect control over layer thickness and uniformity of the coating
over all individual particles. In contrast, atomic layer deposition (ALD) is known as a
reliable technique for covering complex 3D objects with ultrathin conformal coatings.
However, to perform ALD on large quantities of powders, the individual particles need
to be fluidized or agitated. Fluidized bed reactors are most often used for ALD on
particles, but this reactor concept does not easily allow for plasma-enhanced ALD
(PE-ALD), which is advantageous for e.g. coating on temperature-sensitive polymer
particles and hard-to-treat substrates (such as Teflon) or deposition of metals and
metal nitrides. Furthermore, PE-ALD is compatible with cheaper precursor chemistry.
In this work, a rotary reactor was used to agitate particles, enabling the deposition of
conformal coatings by thermal and plasma-enhanced ALD. Particles ranging from
nanometer size to millimeter size were successfully coated with layers of Al2O3, TiO2,
AlN and TiN [1]. X-ray photo-electron spectroscopy measurements confirmed the
composition and purity of the coatings. Transmission electron spectroscopy finally
showed that the individual particles were coated uniformly and conformally, for both
thermal and plasma-enhanced ALD. However, the use of plasma has shown to be
crucial for the deposition of e.g. low-resistive conformal TiN coatings.
[1] D. Longrie et al., Surface & Coating Technology 213, 183-191 (2013).
Keywords
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OR0104
DEPOSITION OF AMINOSILANE COATINGS ON POROUS Al2O3
MICROSPHERES BY ATMOSPHERIC DIELECTRIC BARRIER DISCHARGES
Marta Garzia Trulli1, Nathalie Claes2, Gill Scheltjens3, Judith Pype3, Sara Bals2, Kitty
Baert4, Eloisa Sardella5, Pietro Favia1, Annick Vanhulsel3
1

University of Bari, BARI, Italy 2University of Antwerp, Antwerp, Belgium 3VITO, Mol,
Belgium 4Vrije University Brussel, Brussels, Belgium 5CNR-NANOTEC, Bari, Italy
marta.garziatrulli@uniba.it

The objective of this work is the development of an atmospheric dielectric barrier
discharge (DBD) process, aimed at the surface functionalization of porous alumina
microspheres with an organosilane precursor. Functionalized alumina particles are
employed for a variety of applications, e.g. biomolecules immobilization,
chromatography or sorbent material. In this work, monodisperse alumina
microspheres (600 μm) were produced by vibrational droplet coagulation technique
and sintered at different temperatures, obtaining particles with different porosity
levels. Plasma surface modification was performed in a parallel plate DBD
atmospheric plasma chamber with movable upper electrodes and a grounded
electrode designed as a vacuum table, to hold a monolayer of powders in place
during the treatment. The 3-aminopropyltriethoxysilane (APTES) has been chosen as
precursor, in order to add active amine and siloxane groups, and N2 as carrier gas.
The precursor was injected into the reactor as an aerosol, by means of a nitrogen fed
atomizer. The effect of the treatment time was studied in terms of passes of the
moving electrode over the sample. The obtained results of FT-IR, XPS and SEM-EDX
analyses demonstrate that plasma processing of Al2O3 microspheres leads to a clear
modification of the surface. Focused Ion Beam was used to prepare a lamellar cross
section of the microspheres embedded in a resin. Next, this sample was investigated
by STEM-EDX. This technique shows that the particles are uniformly coated with a
nm-thick layer of aminosilane, using an adequate number of passes, and the effective
penetration depth of the coating inside the pores can be efficiently evaluated. In view
of up-scaling the process, a dynamic semi-continuous treatment of powders has been
also used, with preliminary encouraging results.
Keywords
Powders functionalization
Atmospheric plasma
DBD
Alumina porous microspheres

Monday, September 12, 2016

Session 2: Structure and Composition

KN0200
Structural design of large area two-dimensional transition metal carbides,
MXenes
Johanna Rosén
Linkoping University, Linkoping, Sweden
johro@ifm.liu.se
MXenes (M=transition metal, X=C) are two-dimensional (2D) materials which have
attracted extensive attention due to excellent properties for e.g. energy storage.
Recently, theoretical calculations were reported where selected MXenes, depending
on transition metal, are predicted to be direct bandgap semiconductors. Of particular
interest is Mo2C MXene, predicted to be a promising candidate for hosting topological
states. Until now, the understanding of the electronic properties of this family of 2D
materials is still in its infancy due to challenges associated with theoretical modelling
as well as controlled synthesis of large area high quality samples allowing detailed
transport studies. Here, we present high quality single layer Mo2C MXene, obtained
from thin film as well as bulk synthesis of parent 3D materials which have been
subject to chemical etching. The materials are characterized by X-ray diffraction and
transmission electron microscopy, showing a lateral sheet size exceeding 5 µm. We
also present a novel approach for tailoring the structure as well as the chemistry of
the MXene through alloying. Through first-principles calculations we predict that
depending on choice of alloying element and its concentration, a MXene with in-plane
chemical order can be stabilized. Furthermore, depending on choice of etching
procedure, selective etching is suggested to induce a MXene with ordered vacancies.
This has been experimentally verified for Mo2C, and large area Mo2C with ordered
vacancy formation is presented. The obtained 2D material may be of importance for
enhanced density of electrochemically active sites and improved ionic transport.
Keywords
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2D material
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Nitrogen effect on the properties of TiN films deposited by DOMS
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The properties of TiN films deposited by DCMS (Direct Current Magnetron Sputtering)
strongly depends on the N2 content in the discharge gas since the energy flux per
deposited particle increases with nitrogen addition. Randomly out-of-plane oriented
films with faceted grains are deposited at low N2 gas flow. Increasing the reactive gas
content successively leads to the deposition of [111] and [002] out-of-plane oriented
films. The energy flux per deposited particle depends mainly on the compound
formation energy, the energy of the sputtered particles after transport through the gas
phase, and the energy flux due to electrons and ions hitting the substrate. Although
the energy flux due to kinetic energy of neutralized and reflected particles can be
neglected in DCMS, the higher discharge voltage used in HIPIMS (High Power
Impulse Magnetron Sputtering) may change the role of these particles in the
deposition process. In fact although the energy of the metallic ions is too low to induce
intrinsic stress, stress induced-defects are still created in TiN films deposited by
HIPIMS, suggesting additional energetic ions or neutral atoms impinge on the growing
film during deposition.
In this work TiN films were deposited by Deep Oscillation Magnetron Sputtering
(DOMS), a variant of HIPIMS which uses impulses with high peak voltage (> 1000 V)
and thus more prone to the effect of neutralized and reflected particles. The crystal
structure of the films was obtained by X-ray diffraction (XRD) both in symmetrical and
asymmetrical geometry. EDS and XPS were used to elucidate the chemical
composition of the films and the nature of the chemical bonding, respectively. The
microstructure of the films was characterized by SEM and their mechanical properties
were measured by nano-indentation.
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Surface properties of refractory ceramic transition metal (TM) nitride thin films grown
by magnetron sputtering are essential for resistance towards oxidation necessary in
all modern applications. Unfortunately, the effects of or conditions for residual gas
exposure, venting strategy, and the long-term storage are not explicitly addressed in
the literature. We seek to change the status quo by investigating the role of venting
temperature Tv, a “hidden” experimental variable often not considered and reported,
but, as we show here, defining the surface chemistry of the TiN layers. We employ the
previously developed Al-cap technique[i] to separate the effects of residual gas
exposure in the high-vacuum environment during the post-deposition phase from
those introduced during the following venting sequence and air exposure. With the
help of x-ray photoelectron spectroscopy (XPS) analyses performed on a series of
TiN samples as a function of Tv we find that majority of surface reaction products,
including TiO2, TiOxNy, and N2 previously detected after prolonged annealing
experiments, form shortly after vent, provided that Tv is sufficiently high. This has
implications for all sorts of practical studies where the surface composition of TM
layers is assumed to be fixed once the same growth protocol is used. We show that
this is definitely not the case for the TiN model materials system, and that the venting
temperature has a substantial effect on the composition and thickness-evolution of the
reacted surface layer and should therefore be reported. [i] G. Greczynski, I. Petrov,
J.E. Greene, and L. Hultman, J. Vac. Sci. Technol. A 33 (2015) 05E101
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Synthesis of super-hard Mo–Al–Cr–N coatings: ab initio guided empirical
approach
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The continuously growing demands for materials in machining industry are in need for
further developments of multifunctional, high-performance coatings. Whereas TiN-,
CrN-, and ZrN-based coatings are widely investigated, there is only limited information
available about the MoN-based coatings. Although the high-temperature cubic phase
γ-Mo2N possesses outstanding mechanical properties and therefore could be an
excellent candidate for various high-demanding applications, at elevated
temperatures it tends to react with the ambient oxygen forming volatile molybdenum
oxides. In order to overcome this major limitation and to improve the oxidation
resistance, the concept of alloying with Al and Cr was developed, since dense oxides
(Al,Cr)O forming during tool operation inhibits further oxygen inward and molybdenum
outward diffusion.
Based on our computational and experimental pre-studies we have aimed at
synthesis of single-phase Mo2N-based super-hard coatings within the quaternary
Mo–Al–Cr–N system. In contrast to several reports on the deterioration of mechanical
properties of Mo2N by adding Cr [1] and Al [2], we have observed a sufficient
hardness enhancement, also when adding Cr and Al in conjunction. Here, we show
the importance of structural development along the quasi-binary tie lines Mo2N–XN,
(X = Al, Cr), high Al- and low Cr-contents. The superhardness of 41.2 ± 2.9 GPa was
obtained for Mo0.39Al0.52Cr0.09N. Moreover, increase of indentation hardness is not
accompanied by increasing indentation modulus, which indicates the retaining
ductility. Thus, the developed Mo2N-based super-hard coatings within the
Mo–Al–Cr–N system have a high potential to be used as multi-purpose
high-performance coatings.
REFERENCES
[1] P. Hones, R. Sanjines, F. Lévy, Thin Solid Films, 332 (1998) 240-246.
[2] J. Xu, H. Ju, L. Yu, Vacuum, 103 (2014) 21-27.
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Development of novel multicomponent ceramic oxide systems is the promising way
how to extend application potential of binary oxides. Zirconia is one of the most
studied oxide ceramic materials because of its excellent chemical inertness and good
mechanical, electrical, optical and thermal properties. Tantalum pentoxide used as
thin-film material exhibits interesting electrical and optical properties. The limit for an
application of these oxides is the stability of their structure and properties at elevated
temperatures. The present study focuses on investigation of the thermal stability of
the structure and properties of ternary Zr-Ta-O films with a low and high tantalum
content. For this purpose, Zr-Ta-O film with 5 at. % of Ta (Zr25Ta5O70), Zr-Ta-O film
with 25 at.% of Ta (Zr5Ta25O70) and binary ZrO2 and Ta2O5 films were prepared by
reactive high-power impulse magnetron sputtering of a single Zr-Ta target (with a
varying Ta fraction in the target erosion area) in argon-oxygen gas mixtures using a
pulsed reactive gas flow control. The thermal stability of the structure, microstructure,
mechanical and optical properties of the films was investigated in air in the
temperature range of 700°C – 1300°C. It was found that the ternary Zr-Ta-O films
investigated exhibit an enhanced thermal stability of the as-deposited structure and
enhanced properties than the corresponding binary oxides. The Zr25Ta5O70 film is a
single-phase material with the nanocrystalline solid solution structure corresponding
to TaZr2.75O8. This solid solution is stable up to a maximum temperature investigated
(1300°C) and the film retains a high hardness of 19 GPa even after the annealing to
1000°C in air. The Zr5Ta25O70 film exhibits an amorphous structure in the as-deposited
state with its thermal stability up to 800°C. At higher temperatures a crystallization of
the film occurs. The thermal stability of mechanical and optical properties will be
presented as well.
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High quality hard magnetic films deposited by hollow cathode processes
Ralf Bandorf, Julius Rieke, Anneke Gröninger, Kai Ortner, Holger Gerdes, Günter
Bräuer
Fraunhofer IST, Braunschweig, Germany
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Sputter deposition of magnetic material has to overcome challenges due to short
circuiting the magnetics of the magnetron cathode. Hollow cathode processes in
contrast require no magnets at all to enhance the ionization. Therefore, the high rate
deposition of magnetic films becomes possible. The hollow cathode glow discharge
can either be utilized for a sputter process where material is sputtered inside a hollow
geometry and transported towards a substrate by an intense argon flow (Gas Flow
Sputtering, GFS), or the substrate itself is inserted into the hollow cathode glow
discharge (Inside Hollow Cathode Process, IHC).
Results of both processes for the deposition of hard magnetic CoSm coatings will be
discussed. In the case of GFS, the magnetic properties are influenced by independent
parameters, especially ion bombardment and substrate temperature produced by
external heating. In the case of IHC, substrate heating results from the intense glow
discharge and thus the parameters temperature, growth rate and ion bombardment
are dependent on the discharge power. Process conditions and the resulting process
properties will be discussed. As one example, we applied hollow cathode processes
to deposit thick rare-earth hard magnetic films for a precise angular positioning
system on a commercial ball bearing.
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In this work, we demonstrate the strength of the combinatorial materials science
approach to rapidly deposit and characterize the composition and structure of Ag-alloy
thin films to improve the tribological properties of Ag for sliding electrical contact
applications. Ag is a widely used material for many commercial contact products due
to its excellent electrical properties. However, it is soft and the friction coefficient of
Ag-Ag contact is far too high (>1), and thus giving a high wear rate. Alloying with other
elements is one of the methods to improve the tribological properties of Ag. The
challenging is very time-consuming to select appropriate alloying elements with
correct composition and structure to simultaneously meet the contracting properties,
such as low electrical contact resistance and low friction and wear for electrical
contact applications. This problem can be solved by the combinatorial approach. We
have constructed a combinatorial platform including a combinatorial sputtering
system, which can deposit thin films with large composition gradients in a single
experiment. The friction coefficient as well as the electrical contact resistance can
rapidly be measured in custom-designed equipment directly on the gradient films.
Following a series of automatic evaluation methods such XPS, XRD, nanoindentation,
and four-point electrical resistance screening were employed to determine the
chemical composition, structure and properties of Ag-alloy films in a rapid and high
through-out way. Screening results with several binary and ternary alloys show a
complicated pattern of solid solutions, immiscible multiphases of alloys, or even
amorphous phases for some compositions. A dramatic decrease of friction and wear
was observed in a potential alloy composition window. The results will be discussed
based on comparison of properties related to composition and phase evolution during
alloying.
Keywords
Combinatorial materials science
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phase evolution
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Copper and nickel oxides are well-known p-type transparent conductive oxides that
can be used in various devices such as solar cells, TFT, electrochromic. The
efficiency of such devices is strongly driven by the preferred orientation of the layers
and by the structural quality of the interfaces. This communication aims to present an
original way to control the texture of copper and nickel oxides that is independent of
the deposition conditions.
Oxide thin films have been deposited at room temperature on glass and silicon
substrates using a reactive magnetron sputtering process. Depending on the oxygen
flow rate introduced into the deposition chamber, it is possible to selectively grow Cu2
O or Cu4O3 films. For both materials, the texture of the films is mainly governed by the
deposition pressure. Then, a two-step deposition procedure is detailed to tune the film
texture independently of the deposition conditions. We have demonstrated that the
texture of the top layer is determined by that of the bottom layer. The bottom layer
acts as a seed layer for the growth of the top one. Transmission electron microscopy
analyses in cross-section show the top layer is epitaxially grown on the columns of the
seed layer, indicating the existence of local homoepitaxial growth. The same kind of
results has been obtained for NiO thin films. Furthermore, we have shown that the
texture of NiO can be tuned using a seed layer of Cu2O. Using this original procedure,
it is possible to grow sputtered NiO films with a [111] preferred orientation that cannot
be obtained by depositing directly NiO films on silicon substrate. Finally, the
consequences of the new local epitaxial growth mechanism on the synthesis of
self-assembled vertically aligned columnar oxide nanocomposite thin films on
unmatched substrates is presented.
Keywords
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Deposition of narrow band semiconductor coatings by pulsed DC magnetron
sputtering for visible light photocatalysis applications
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Titanium-dioxide-based photocatalysts have some major drawbacks that cannot be
overcome at present. Firstly, the photocatalytic reaction rates are typically very low,
which makes this technology not appropriate for high throughput processes, such as
detoxification of highly polluted industrial waste or disinfection of heavily soiled
surfaces. Secondly, only UV light can be utilized for activation of titania-based
materials, which is less than 5% of solar spectrum. Therefore, there is an obvious
need for development of novel efficient low band gap semiconductors that can be
activated using visible light and thus provide an effective, environmentally friendly
solution for water treatment.
Magnetron sputtering is a simple and versatile method used for the deposition of thin
films, readily scalable and widely used in both laboratories and industrial production
facilities, including production of photocatalytic coatings. In the present work several
narrow band gap semiconductor coatings have been produced by pulsed DC
magnetron sputtering and studied as potential alternatives to TiO2-based
photocatalysts. Thin films of bismuth complex oxides (molybdate and tungstate),
tantalum oxynitride and nitride and cerium dioxide have been deposited onto variety
of substrates and analysed by a range of methods, including SEM/EDX, XRD, TEM,
XPS and Raman spectroscopy. The photocatalytic properties of the coatings were
studied both under UV and visible light sources using dye degradation tests. The
results of the photocatalytic tests were compared to a commercially available
photocatalytic material.
The results of the study revealed that, with optimised deposition conditions, the
narrow band gap semiconductors studied have potential as alternatives to traditional
TiO2-based photocatalysts, demonstrating visible light activity superior to a sample of
commercial photocatayst. The influence of deposition conditions and post-deposition
processing on photocatalytic properties are also discussed.
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Direct conversion of solar energy into H2 fuel at a low cost semiconductor/water
junction is still a challenge. Despite its theoretical simplicity, limitations in suitable
semiconductors have hindered its development. We present different architectures of
hybrid organic-inorganic photocathodes based on semiconducting polymeric
absorbers. PVD methods were used to synthetize different inorganic interfacial layers
(MoO3,WO3,CuI and TiO2/Pt) and their influence on device performances has been
assessed. The relevance of this study can be summarized in few key points: (i) high
performances with photocurrents up to 8mA/cm2 at 0VRHE; (ii) optimal process stability
with 100% faradaic efficiency along electrode’s lifetime; (iii) excellent energetics with
onset potential as high as +0.7VRHE; (iv) promising operational activity of more than 10
hours and (vi) by-design compatibility with a tandem architecture. Collectively, these
features establish organic photoelectrochemical systems as promising candidates for
efficient solar fuel production. We present a study of different architectures
investigating the role of each interface, enlightening their working principles and
limiting factors. We show the photocatalityic activity and long-term stability of a
catalysed bulk heterojunction and the effect of selective contactsis investigated
separately. Introduction of electron selective layers increases the photocurrent
response while hole blocking layers shift the onset potential towards positive voltages
allowing operation with tandem photoanodes. This work opens the way to a new
generation ofdevicesexploitating organic semiconductors for low cost conversion of
solar energy into H2.
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Self-organized surface nanopatterns induced by ion-beam irradiation were firstly
observed in the early 60’s but it was not until the late 90’s when the field gained
further attention. Since then, this intriguing process has been successfully reported in
a broad variety of materials ranging from metals, semiconductors or insulators where,
typically, mound, pit or ripple nanostructures are produced in rather short processing
times and over relatively large areas. This ‘universal behavior’ has also been inspired
by macroscopic analogies such as the formation of sandy dunes. However, despite
the intense research, the underlying mechanisms are still under debate, especially for
the particular case of amorphous or amorphizable materials (i.e., excluding metals). In
this niche, silicon is the most studied material due to its paradigmatic character and
technological relevance. Here, the unclear situation has been partially motivated by
controversial findings and lack of reproducibility. However, the scenario has recently
changed since the elucidation of the critical role played by concurrent (metal)
impurities and the eventual emergence of phase-separation (due to silicide formation).
Hence, under impurity-free conditions, irradiations above a certain critical incidence
angle (~45º) are required to effectively induce (ripple) nanopatterns. On the contrary,
metal-assisted irradiation extends the processing window (lowering or eradicating the
need of a critical angle) and introduces a novel parameter for pattern designing.
Compositional driven mechanisms may also have broader implications since they
have also been observed in nanopatterning compound semiconductors. This paper
will present a brief historical overview in the field of ion-beam nanopatterning followed
by the most recent theoretical and experimental findings, with a special mainline on
silicon surfaces. Finally, some of the approaches in the quest for potential applications
will also be highlighted.
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To looking for an appropriate surface modification to promote osseointegration of
titanium implants, micro-arc oxidation (MAO) was made on pure titanium in three
tetraborate electrolytes of Na2B4O7, Li2B4O7, and K2B4O7. The morphology, structure,
hydrophilia, and biological performance of the coatings were investigated by SEM,
XRD, XPS, contact angle measurement and in vitro cellular adhesion test. The
surface morphological evolution and the concentration of traceable elements in
electrolytes were analyzed. The results show that, compared with the typical volcanic
pores formed on surface of titanium during MAO treatment in electrolyte of Na2HPO4,
the surface morphology evolution of titanium treated in tetraborate containing
electrolytes undergoes four stages: 1) uniform nano-scale pores form; 2) dispersive
micro-scale pores with no crateriform spray deposition form on the base of nano
pores; 3) micro pores transversely grow into slots; 4) micro-scale cortex-like slots form
on the surface of titanium. And in the last stage, there are still nano pores distributing
uniformly on the surface, i.e., a coating with micro-nano hierarchical structure forms.
The delicate structure in different tetraborate electrolyte is a little different; nano pores
on shoulder of micro slots in Na2B4O7 and Li2B4O7 electrolytic solutions keep better.
Compared with the Na2HPO4 contrast group, the coating prepared in sodium
tetraborate containing electrolyte shows super wettability and good cell attachment. A
small amount of amorphous B2O3 exists in the coating surface and Ti ion
concentration tested after MAO in Na2B4O7 electrolyte is more than that of comparison
group. Therefore, the formation of cortex-like slots on the surface of titanium during
MAO in tetraborate containing solutions is probably due to the dissolution of TiO2 by
B2O3 at high temperature because of micro-arc discharge. This study was supported
by the National Natural Science Foundation of China (Grant No. 51371042).
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Plasma electrolytic oxidation (PEO) is a method for producing protective oxide
coatings on metals such as Al, Mg & Ti. During PEOthe voltage is raised above the
breakdown potential of the oxide coating, causing through-thickness electrical
discharges which facilitate oxidation of the substrate. Despite extensive industrial
development, the initiation of discharges and the growth mechanism of PEO coatings
are poorly understood. Determining the characteristics of individual discharges is
central to addressing these issues. This work employs a unique set-up, combining
electrical monitoring of individual discharges synchronised with high speed optical
imaging. Recently, we obtained evidence that individual discharges tend to occur in
sequences (“cascades”), at well-defined physical locations [1]. Discharge durations
ranged from a few μs to several tens or hundreds of μs, separated by periods of tens
to hundreds of μs.
Additionally, the process consumes a large amount of energy compared to anodising.
A semi-quantitative energy audit of the processes that occur during an individual
discharge has been performed. This showed that the process of initiating a discharge
is not inherently energy intensive, but that vaporisation of water adjacent to a
discharge site is the major energy absorption mechanism [2]. The dynamics of the
plasma bubble surrounding a discharge have also been assessed to determine the
pressure within the bubble.
1. A. Nomine, S.C. Troughton, A.V. Nomine, G. Henrion, and T.W. Clyne, Surface &
Coatings Technology, 2015. 269: p. 125–130.
2. S.C. Troughton, A. Nomine, A.V. Nomine, G. Henrion, and T.W. Clyne, Applied
Surface Science, 2015. 359: p. 405-411.
Keywords
High speed video
Electrical discharges

Session 4: Plasma Treatment and Cleaning I

Monday, September 12, 2016

OR0403
Growth of nanostructured oxide coating by Plasma Electrolytic Oxidation (PEO)
Alexandre Nominé1, Julien Martin2, Jafaar Ghanbaja2, Stéphanie Bruyère2, Cédric
Noël2, Thierry Belmonte2, Gérard Henrion2
1

The Open University, Milton Keynes, United Kingdom 2IJL - CNRS - University of
Lorraine, Nancy, France
henrion.gerard@gmail.com

In the early history of Plasma Electrolytic Oxidation (PEO), the process was
conducted in positive (anodic) DC mode. It is however well established now that the
use of AC or bipolar DC current is beneficial to the PEO coating growth, although no
discharges are usually observed during the cathodic polarisation. Moreover,
Jaspard-Mécuson et al. [1] showed that in a particular regime (soft regime) in which
the positive to negative charge quantity ratio (Qp/Qn) is less than one, the quality of
coating is significantly improved while drastic changes in the plasma behaviour are
observed. The transition from arc to soft regime usually lasts a few minutes during
which the impedance of the coating strongly changes, likely because of modifications
in the coating microstructure.
Recent investigations on coatings obtained with soft regime conditions have shown
that what is usually considered as dense alumina in the so-called pancake-like
structure is actually a nanocomposite, made of a stacking of 80 – 100 nm thick Al-rich
and 30 - 40 nm Si-rich sublayers when the process is run in a silicate-containing
electrolyte. Interestingly, the stacking is found to be regular over several microns. This
presence of this structure might explain the increase in compactness and hardness
observed in coatings synthesized in soft regime conditions.
Combining these observations with the nanometre-size porosity network [2], we will
discuss about the possible coating growth mechanisms as the process progressively
switches from arc to soft regime.

[1] F. Jaspard-Mécuson, et al. Surf. Coat. Technol. 201 (2007) 8677‑8682
[2] J. Curran, T.W. Clyne, Acta Mat., 54 (2006)1985‑1993
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The prerequisites for surface charging during plasma etching is a dielectric substrate,
inducing charge accumulation, with a surface morphology, facilitating local imbalance
of positive and negative charges. This imbalance is provoked by the directionality
difference between ions and electrons impinging on the processed surface. Even if
plasma induced surface charging on conventional – with respect to the semiconductor
industry – structures, i.e. trenches or holes, has been studied in previous works,1
there is a lack of studies on the – inevitable during plasma etching – charging of rough
polymeric surfaces. We have recently conducted a computational study on charging
of unconventional (rough) polymeric surfaces2; this study has shown that charging
may affect the evolving roughness of the etched surface. This is the focus of the
current work: The effect of charging on the evolving roughness during plasma etching
of polymeric surfaces is studied. The case study is Ar plasma etching of PMMA. A
computational framework for profile evolution of unconventional 2d surfaces is
developed. It comprises of models2 for the calculation of a) ion and electron
trajectories, b) local surface charge density, c) charging potential, a surface etching
model, and a profile evolution algorithm.3 The ion and electron trajectories are not
only affected by the electric force emanating from the charging potential but they also
affect it by changing the surface charge density. The local ion flux induces local
etching with a rate which is calculated by the surface model. Surface profile evolution
is realized by the feed of local etching rates to the profile evolution algorithm. Surface
charging and etching progress simultaneously allowing the investigation of charging
effect on surface roughness evolution.
[1] G. S. Hwang, K. P. Giapis, JVST B 1997, 15, 70. [2] G. Memos, G. Kokkoris,
Plasma Process. Polym. 2016, 10.1002/ppap.201500176. [3] G. Kokkoris, A. Tserepi,
A. G. Boudouvis, E. Gogolides, JVST A 2004, 22, 1896.
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Surface patterning, also known as surface texturation or surface structuration, is part
of the surface engineering that consists in the production of a "patterned" surface with
some regular array of surface height features on the size scale of micrometers to
some nanometers. Patterned surfaces of metals have many potential applications and
particularly in the thermal management for heat exchangers for instance. Robust and
efficient surface patterning manufacturing methods are existing but alternative cheap
and flexible technologies are needed to satisfy the vast demand for emerging
applications. Plasma technologies such as nitriding and etchning by ion bombardment
are well adapted technologies for that purpose.
This communication will focus on the evaporation od sessile water droplets on
differentstates of metallic surfaces modified by plasma treatments. We will present the
time evolution of the contact angle and of the droplet diameter as a function of time for
different temperatures ranging from ambiant to 120 °C. Different surface states of
austenitic stainless steel AISI 316L were investigated: mirror polished, nitrided with a
resulting honeycom-like structure and patterned by ion sputtering using masks. Two
different regimes for the evaporation were observed at low temperature : a constant
diameter regime and a quasi-constant contact angle regime. The data are well
described by theoretical models for evaporation on conventional surfaces. This is not
the case for patterned surfaces, for which many small transition regimes,
corresponding to local jump of the triple line, were observed.
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Microstructural, Mechanical and Tribological Properties of Thick and
Ultra-thick, Nanocomposite Coatings
Ronghua Wei
Southwest Research Institute, San Antonio, United States
rwei@swri.org
In this lecture, the microstructural, mechanical and tribological properties of thick and
ultra-thick (560 micrometer), TiSiCN-based nanocomposite coatings developed at
Southwest Research Institute will be review. These coatings have been prepared
using a plasma enhanced magnetron sputtering (PEMS) process, in which a global
plasma, in addition to the magnetron plasma,is generated using filament thermionic
emission. The global plasma results in an ion flux to the substrate up to 20 times
higher than the magnetron plasma alone. Thus the resultant coating has a very dense
structure with excellent adhesion and a low stress, allowing the formation of the
ultra-thick coatings. Using SEM/EDS, TEM, nanoindentation, scratch testing, erosion
testing, abrasion testing and sliding wear testing techniques, these coatings have
been characterized. They exhibited a microstructure composed of TiCN
nanocrystalline (4-7 nm) in a matrix of SiCN with the hardness up to 4600HV and high
values of H/E* and H^3/E*^2. These coatings showed very high erosion, abrasion and
sliding wear resistance. Thy have been applied to aerospace, oil and gas industry and
automotive. Some practical examples will be given.
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CemeCon AG, Würselen, Germany
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A deposition rate as high as possible is a key a requirement to every commercial
coating process. This paper introduces a new HiPIMS concept for increasing the
deposition rate. The concept is based on the CemeCon door-assembly design, which
works without any cable between pulse unit and cathode, and features a full
synchronization between the HiPIMS sources and a dedicated table Bias. Plasma
characterization demonstrates that this results in highest ionization. Together with
reduced re-sputtering this novel process regime gives a so far unachieved deposition
rate for HiPIMS. Case studies show how this new hardware and process design turns
the advantages of the HiPIMS technology such as enhanced film adhesion, denser
morphology and better coating uniformity into user benefits for cutting tool
applications.
A lot of research is currently dedicated to the machining process of titanium and heat
resistant super alloys based on nickel, iron or cobalt. Jet engines and gas turbines
made of this material class operate at a higher working temperature and thereby raise
the energy conversion effiency. Key obstacle to productive metal processing are the
extreme cutting temperature, the high strength and the tendency to stick to the
carbide substrate of the tool. TiB2 films are a promising candidate due to the high
hardness of this ceramic material and its low affinity to non-ferrous metals.
Case studies show how a dedicated HiPIMS process leads to fine-grain TiB2
morphology. The films show hardness levels above 4.000HV - which is typical for TiB2
- combined with low Young's modulus. High toughness makes it rather suitable for
operations like thin wall machining for jet engines. Milling tests in the aircraft sector
demonstrate how the superb adhesion of HiPIMS supports the machining of titanium
and super alloys further.
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NANOINDENTATION MEASUREMENTS AT ELEVATED TEMPERATURE FOR
THIN COATINGS
Philippe KEMPE, Marcello Conte, Nicholas Randall
Anton Paar TriTec, Peseux, Switzerland
philippe.kempe@anton-paar.com
Instrumented Indentation Testing (IIT) has been largely developed to determine the
mechanical properties of thin films. Characterization of thin film mechanical properties
at elevated temperature represents significant industrial interest in different fields like
PVD or thermal barrier coatings.
The major limitations in high temperature measurements have been thermal drift,
signal stability (noise) and oxidation on the surface. Thermal drift is a measurement
artifact that arises due to thermal expansion/contraction of indenter tip and loading
column. This gets superimposed on the mechanical behavior data precluding
accurate extraction of mechanical properties of the sample at elevated temperatures
[1].
The novel vacuum nanoindentation system designed to perform reliable
load-displacement measurements over a wide temperature range (up to 800 °C) will
be presented. This system is based on the patented design of the Ultra
Nanoindentation Tester (UNHT [2]) that utilizes an active surface referencing
technique comprising of two independent axes, one for surface referencing and
another for indentation. Vacuum has also become an essential part of the instrument
in order to prevent sample/tip oxidation at elevated temperatures. Influences of
experimental parameters are explained.
Recent measurements at high temperatures with system characterization and
experimental protocol will be presented. Validation by performing extensive testing on
calibration materials like fused silica will be shown as well as case studies on coatings
and metallic materials.
References
[1] J. M. Wheeler, D. E. J. Armstrong, W. Heinz, R. Schwaiger, Current Opinion in
Solid State and Materials Science, In Press, DOI:10.1016/j.cossms.2015.02.002
[2] J. Nohava, N. X. Randall and N. Conte, J. Mater. Res. , Vol. 24, No. 3 (March
2009) 873-882
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Nanomechanical testing has been a revolutionary technique in improving our
fundamental understanding of the basis of mechanical properties of thin film systems
and the importance of the nanoscale behaviour on their performance. However,
nanomechanical tests are usually performed in ambient laboratory conditions even if
the coatings being developed are expected to perform at high temperature in use. It is
important to measure nanomechanical and tribological properties of materials under
test conditions that are closer to their operating conditions where the results are more
relevant. We can then better understand the links between properties and
performance and design advanced materials systems for increasingly demanding
applications. However, high temperature nanomechanics is highly challenging
experimentally and a high level of instrument thermal stability is critical for reliable
results. To achieve this stability the NanoTest Vantage has been designed with (i)
active heating of the sample and the indenter (ii) horizontal loading to avoid
convection at the displacement sensor (iii) patented stage design and thermal control
method. By separately and actively heating and controlling the temperatures of both
the indenter and test sample there is minimal/no thermal drift during the high
temperature indentation and measurements can be performed as reliably as at room
temperature. Illustrative results are presented for TiAlN, TiFeN, DLC and MAX-phase
coatings. Above 500 °C it is necessary to use Argon purging to limit oxidation of
samples and the diamond indenter, although the efficiency of this decreases over 750
°C. To test at higher temperatures without indenter or sample oxidation an ultra-low
drift high temperature vacuum nanomechanics system (NanoTest Xtreme) has been
recently developed. Results with the vacuum system are presented up to 950 °C.
Keywords
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A strong adhesion to the substrate is essential when applying hard PVD coatings like
tetrahedral amorphous carbon (ta-C) on tools or components. Therefore, a realistic
assessment of coating adhesion is one of the main challenges in production and
research. For this purpose, the scratch test according DIN EN 1071-3 and ASTM
C1624 is commonly used, enabling a comparative classification by critical load
parameters based on different coating failure mechanisms. The phenomenologically
determined critical loads are known for their limited comparability due to their
dependence on coating thickness, coating hardness, as well as yield strength of the
substrate material. This constitutes a major drawback of the described method.
In this work, ta-C coatings with a typical thickness of 1 µm to 3 µm and hardness up to
80 GPa are examined by standard scratch testing, using a diamond indenter with 200
µm radius. An overview of the different failure mechanisms of those superhard
coatings, depending on scratch-indenter radius and coating thickness, is presented.
Coating delamination mainly results from plastic substrate deformation which typically
does not represent the delamination situation in real applications.
A new evaluation method quantifying the area of adhesive failure in the non-plastic
zone by means of optical segmentation is discussed. From this optical evaluation a
new parameter for adhesion strength is obtained, which is independent from coating
thickness within a certain range. By this new method it became possible to clearly
distinguish different coating processes regarding their effects on adhesion
improvement of ta-C coating.
Furthermore, the stress situation at the beginning of adhesive coating failure is
calculated. The shear stresses at the interface are found to strongly correlate with the
area of delamination.
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Adhesive Strength and Failure Pattern of Coatings on Polymers and Glass Centrifugal Adhesion Testing (CAT) - towards the Simulation of Adhesion
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Adhesion is a key functionality for any kind of coating/substrate system. For optical
applications, metallic and dielectric coatings are of major interest, in particular for
crucial materials such as silver and gold on glass or metals and dielectrics on
polymers. Adhesive strength is defined as the tensile force per area upon
delamination. There are only two tensile testing procedures available, the
single-sample pull-off test in a tensile testing machine and the multiple-sample test
within a centrifuge. Both tests require bonded test stamps on top of the coating.
After testing, a microscopic inspection is required in order to determine the failure
pattern according to ISO 10365 such as adhesive failure (AF), delamination failure
(DF), and cohesive failure (CF). There are remarkable effects of the substrate
thickness and the plasto-elastic properties of the substrate on the measured adhesive
strength. This fact is in general unavoidable as adhesion is a system property and
testing of adhesion is a destructive stress test of the entire coating/substrate system.
Various material combinations such as Al on polypropylene (PP), SiO2 on CR39
polymer, protected layers of Au and Ag on glass have been investigated.
Delamination failure (DF) could be divided into DF-R (delamination of metallic
reflector) and DF-D (delamination of dielectric protection). Plasto-elastic properties
and different thicknesses of the substrate yield to an uneven bending of these
substrates during the test. As a result, unavoidable material-induced shear forces are
produced, e.g. in dependence on substrate thickness, which is simulated by means of
“inverse” the filmdoctor software usually applied to compressive stress conditions.
From the first results this might give access to the adhesive strength as calculated
independent of the substrate thickness.
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Transparent AlN-based nitride films
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The lecture will give an overview of recent research on AlN-based thin film materials.
Focus of the lecture will be on coating structure / microstructure, the material
properties, and their correlations. AlN is a well-known wide band gap semiconductor
which is transparent into the UV-range. By alloying AlN new materials with modified
optical, mechanical and electrical properties can be attained. The alloying can lead to
three types of coating structures: solid solution phases where the alloying element
substitutes Al or N in the wurzite type AlN structure; nanocomposites where the
alloying leads to the formation of a second phase and a two-phase microstructure; or
totally amorphous or glass-like materials. What is formed will depend on the alloying
elements, their concentrations, and the growth conditions.
Specifically, structure and properties of AlN-based coatings alloyed in two directions
will be presented: alloying with group 14 elements (Si, Ge, or Sn), and with oxygen.
By this double alloying, producing quaternary oxynitride materials, a wide range of
mechanical and optical properties becomes attainable, e.g. achieving hardnesses up
to 32 GPa, and a continuously variable optical band gap between 2.5 and 6.9 eV.
Such properties could e.g. be utilised in protective optical coatings with tuneable
absorption or decorative coating.
Coatings were deposited by reactive magnetron sputtering, using elemental targets
and varied ratios of the three process gases Ar, N2 and O2. Deposition was generally
carried out at low temperatures to allow formation of metastable solid solution phases.
Coatings have been characterised using mainly X-ray diffraction (XRD), photoelectron
spectroscopy (XPS) and scanning electron microscopy. Optical and mechanical
properties have been evaluated using nanoindentation and UV-vis spectroscopy.
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The effects of different sputtering deposition processes and post-treatment
parameters on the electrical, optical, structural and morphological properties of Gaand Al-doped ZnO thin films are reported, bearing in mind tentative applications for
electrodes in photovoltaic and thermoelectric applications. Highly transparent and
electrically-conductive films were deposited on glass and silicon surfaces by d.c.
pulsed magnetron sputtering in an argon atmosphere. From X-ray diffraction
experiments it was found that all films have a hexagonal wurtzite structure with the
[001] preferred crystallographic direction, being the morphology of the films (obtained
from scanning electron microscope analysis) sensitive to the process parameters. All
ZnO:Ga films presented an average transmittance above 80 % in the visible region,
and the lowest electrical resistivity of ~10-4 Ω·cm was achieved for the sample
submitted to the lowest bias voltage (-40 V), which corresponds to a carrier
concentration and a carrier mobility of ~7×1020 cm-3 and ~30 cm2V-1s-1, respectively.
Hydrogen-plasma-assisted thermal post-treatments were carried out in the ZnO:Al
thin films to further improve the electric properties. The influence of different annealing
temperatures (between 473 and 723 K), performed at different H pressures, on the
final electrical, optical and structural properties of the films ZnO:Al was investigated,
where an electrical resistivity of ~10-3 Ω·cm and an average transmittance >80 % (in
the visible region and for thicknesses around 300 nm) was achieved. X-ray
photoelectron spectroscopy, Raman spectroscopy and photoluminescence
experiments evidenced the role of the Ga and Al dopants in the ZnO structure
towards the enhancement in the electrical and thermoelectric properties.
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Transparent conductive oxides such as aluminium doped zinc oxide (AZO) are
important materials that can be used in many applications, for example in solar cells
or flat panel displays. For the fabrication of solar cells and also for upcoming
applications, such as flexible electronics, low deposition temperatures are important.
Reactive DC magnetron sputtering is a common method to fabricate AZO films on
large areas. However, at low deposition temperatures the inhomogeneity of the
properties is an issue. The high instantaneous power densities in reactive high power
impulse magnetron sputtering (HiPIMS) could lead to improved electrical properties of
the films without the need for substrate heating. In the present work, the optical,
electrical and structural properties of AZO films sputtered from an alloyed Zn/Al target
on glass substrates have been studied.
The influence of different sputter parameters, such as the discharge voltage and the
pulse length, on the film properties has been investigated. By choosing the right
parameters, homogenous films with a resistivity in the order of 10-4 Ωcm can be
deposited near room temperature, while keeping the transmittance above 80%. These
properties make the HiPIMS deposited AZO films promising candidates for use as
transparent electrodes in solar cells. A model is proposed that relates the
improvement of the electrical properties to the high instaneous sputtering rate in the
case of HiPIMS that allows to stabilize the process in the transition mode.
Keywords
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Relaxor ferroelectric Ba(Zr,Ti)O3 thin films are a promising active material for lead-free
electrocaloric refrigerators.
In this work, in-situ crystallized Ba(Zr,Ti)O3 thin films with fractions of 12, 20 and 35%
BaZrO3 and a thickness of 200 to 300 nm were fabricated on 6-inch Pt(111)-coated Si
wafers by multi-target reactive sputtering (MTRS) using three metallic targets (Ba, Zr,
and Ti) for the first time. The advantage of MTRS is the possibility to control the
BaZrO3 fraction of deposited thin films by process parameters like power and
temperature. The base of the Ba target was directly connected with the RF (13.56
MHz) generator. A unit for pulsed DC (100 kHz, duty cycle ~ 50 %) and arc
suppression was connected between power supply and Ti target. High-power-pulse
sputtering (50 kHz, duty cycle 50 %) was performed by connecting a switching unit
between the DC power supply and the Zr-target. Composition analysis was performed
by means of XPS and EDX.
SEM images show a dense textured film microstructure. XRD analysis evidenced a
single cubic perovskite phase with a dominant (111)/[001] texture. Higher order (00l)
peaks indicate a weak peak splitting. The optical properties of the film were
investigated by VUV variable-angle spectroscopic ellipsometry. The optical band gap
of the films amounted to 3.4 eV. Absorption maxima at about 5.2 and 7.6 eV were
attributed to the O 2p valence band to Ti 3d conducting band transition and O 2p to Zr
4d transitions, respectively. Due to the short-range disorder, a pronounced Urbach-tail
occurred with a tail width of about 0.3 eV. Films with higher BaZrO3 fractions exhibit
the characteristic for relaxor ferroelectrics: a large and frequency-dependent peak in
the temperature dependence of dielectric permittivity. Thus, they provide the large
and reversible polarization change required for a large electrocaloric response.
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Highly porous carbon film (PCF) on nickel foam was prepared successfully by
microwave plasma-assisted chemical vapor deposition (MPCVD) with C2H2 as
carbon source and Ar as discharge gas. The PCF is uniform and dense with
3D-crosslinked nanoscale network structure conformably coated on nickel foam, and
possesses large specific surface area and high degree of graphitization,
advantageous to electrical conductivity, ion contact and electrochemical stability,
when used as the binder-free electrode material in an electrochemical supercapacitor.
The electrochemical test results showed that the PCF prepared under the microwave
power of 1000 W has an excellent electrochemical performance. It displays the
specific capacitance of 62.75 F/g in 30% KOH aqueous solution with the current
density of 2.0 A/g, and the specific capacitance remained 69% of the initial when the
current density increased to 10.0 A/g. Besides, near-rectangular shape of CV curves
exhibit typical characters of an electric double-layer capacitor and show high-rate
capability due to its enhanced ionic diffusion and transportation ability.
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In this paper, the Electrospray ionization (ESI) process was used to transfer organic
molecules into vacuum. During ESI, the material is not thermal evaporated, but
ionized and sprayed through an orifice into the vacuum. Therefore, also heavy,
non-volatile molecules can be transferred into the gas phase and be coated on
substrates, which are normally not suitable for common CVD or PVD vacuum
processes. To use a material for the ESI deposition process, it has to be ionizable and
solvable in a liquid solution with certain electrical conductivity.
The depositions were done with a homemade ESI-Tool that is described in detail in
[1]. We deposited different heavy organic polymers (M≥100000 g/mol) like MEH-PPV
and SPG034 (MERCK), which are used as functional material for OLED printing or
spin coating. Solvents of these materials were prepared using chloroform and toluene.
To enhance the electrical conduc- tivity, small amounts of dimethyl sulfoxide (DMSO)
were added. We deter- mined the particle size in the liquid using dynamic light
scattering. Ioniza- tion voltage, capillary-substrate-distance and the
needle-capillary-distance were varied for certain experiments. The influences on the
layer thickness distribution, roughness and deposition rate were investigated using
profilometry. For 5 cm capillary-substrate-distance, a circular shaped deposition
region with 8 mm diameter was observed. Substrates with different electrical
conductivity (silicon, glass) were used to get information about the influence of the
substrate potential on the layer formation.
ESI can also lead to fragmentation of molecules during the ionization pro- cess. Thus
IR-spectroscopy has been used to determine the structure of the layers. To get
information on the level of fragmentation, the spectra were compared with spectra of
conventionally produced films by spin coating.
[1] D. Hecker, et.al.: Electrospray ionization deposition of BSA under vacuum conditions. In: Smart Sensors, Actuators, and MEMS VII, and
Cyber Physical Systems, Proceedings of SPIE 9517, 2015, pp. 951729-951729-5.
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High-intensity pulsed ion beam (HIPIB) technology is investigated for materials
surface modification based on significant thermal-dynamic effects originating from the
temporally and spatially compressed high heat input, delivered by the ion implantation
of short pulse duration from tens to hundreds nanoseconds into a depth of material
from submicron to micron scale under an ion kinetic energy typically of a few
hundreds keV. Particularly, improvement in wear performance of WC-based
cemented carbides is concerned by employing a HIPIB with ion kinetic energy of 300
keV and ion current density of 100-300 A/cm2 up to 10 shots, producing a power
density of 107-108 W/cm2 and an energy fluence of 1-10 J/cm2 per shot. The HIPIB
irradiation induced notable surface remelting and selective ablation of metal binder,
resulting in the formation of a dense, remelted layer of less binder phase with wavy
surface topography. The morphologies, phase structure and microhardness of the
HIPIB-irradiated cemented carbides were characterized along with numerical analysis
of temperature and stress fields under HIPIB irradiation. The improvement in wear
performance of HIPIB surface modified cemented carbides is discussed and
understood in correlation to the surface features and characteristics produced by the
HIPIB technology.
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The emission of secondary electrons (SE) during sputtering of metal (Al, Mo, Nb, Pb,
Ta, Ti, Zr, ...) foils by argon ions in an oxygen background has been measured in a
particle beam reactor equipped with a SE-collector. This experiment mimics the
process of reactive magnetron sputtering. Quantified beams of argon ions with
energies between 500 eV and 2000eV were employed, while simultaneously
molecular oxygen fluxes impinged on the surface and caused oxidation. For example,
the measured secondary electron emission coefficients (γ) ranged from approximately
0.1 (for clean aluminium and titanium) to 1.2 and 0.6 (in the case of aluminium oxide
and titanium oxide, respectively). The increase of γ is compared to SE measurements
based on the modelling of magnetron plasmas. Moreover, the energy distributions of
the emitted SE have been measured by varying the retarding potential of the
SE-collector, which allows the monitoring of the oxidation state from the position of
the Auger peaks. The origin of the observed SE yields based on the emission of lowand high-energy electrons generated on the oxide surface is discussed.
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In plastics industry injection molding and extrusion tools are subjected to adhesive
and abrasive wear. Therfore, chromium-based nitride hard coatings deposited by
physical vapor deposition (PVD) are applied as protective coatings. In the deposition
of these coatings hybrid direct current and high power pulse magnetron sputtering
dcMS/HPPMS processes can be used in order to benefit from both processes. While
dcMS provides a considerable higher deposition rate, coatings deposited by HPPMS
usually exhibit a significantly higher hardness and show a more dense morphology
and a smoother surface. In the presented work, different nitride and oxynitride
coatings deposited by using an industrial scale coating unit on tool steel AISI 420
were investigated. Aim of the investigations was to quantify the influence of HPPMS
on the hybrid dcMS/HPPMS process within the coating plasma and to correlate it with
the coating properties. At first, the coating plasma was analyzed using HPPMS and
hybrid dcMS/HPPMS processes. Changes in the plasma composition were
investigated by optical emission spectroscopy (OES). The ion current density and ion
energy distribution were investigated by retarding field energy analyzer (RFEA). Then,
(Cr,Al)N and (Cr,Al)ON coatings were deposited using the same process parameters.
The coatings were analyzed regarding the microstructure by scanning electron
microscopy (SEM) as well as the hardness and the indentation modulus by
nanoindentation. Furthermore, the chemical composition of the coatings was analyzed
by X-ray photoelectron spectroscopy (XPS) and electron probe microanalysis
(EPMA). Using innovative nanoscratch tests, the plastic deformation of the coatings
was investigated. By comparing the measurements, data of the influence of HPPMS
within the dcMS/HPPMS hybrid process on the plasma were revealed and correlated
with the coating properties morphology, hardness, as chemical composition and
plastic deformability.
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Oxidative degradation during the deposition of SiOx barrier films in polymer
surface near-regions: Correlation between plasma and surface diagnostics
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Widely used polymers, like polypropylene (PP), offer only limited gas barrier
performance. The plasma deposition of thin silicon oxide (SiOx) films is one approach
to enhance the barrier properties. SiOx is of great interest, as it is transparent and
offers significant increase of barrier performance. The deposition is performed by
means of a microwave-driven low pressure plasma using gas mixtures of HMDSO
and oxygen. Decisive for growth and adhesion of the coating are the initial stages of
thin film deposition. To enlighten this, both, plasma diagnostics and surface analytics
have to be applied. Hence, determination of absolutely quantified fluences of reactive
species and tracking of interfacial changes in the polymer surface-near regions are
necessary.[1,2] As the oxygen to HMDSO ratio determines structure and barrier
performance of the resulting film, investigations are performed for different ratios.
OES is performed in order to characterize the plasma properties, like electron density
and temperature, and absolutely quantified atomic oxygen fluences.[2] An aliphatic
polymer is mimicked by means of a sensor layer that consists of crystalline aliphatic
self-assembled monolayers (SAMs) of octadecanethiol (ODT).[1] Interfacial changes
can be monitored by polarization-modulation infrared reflection-absorption
spectroscopy (PM-IRRAS), due to self-organization of the ODT-SAMs. It is revealed,
that the surface sustains a critical fluence of atomic oxygen before significant
degradation occurs. Furthermore, degradation can be prevented if an interlayer is
deposited before deposition of SiOx barrier films. Support by the German Research
Foundation (DFG) within the framework of the SFB TRR 87/1 is acknowledged.
[1] B. Ozkaya, F. Mitschker, O. Ozcan, P. Awakowicz, G. Grundmeier, Plasma
Process. Polym. 2015, 12, 392–397.
[2] F. Mitschker, J. Dietrich, B. Ozkaya, T. de los Arcos, I. Giner, P. Awakowicz, G.
Grundmeier, Plasma Process. Polym. 2015, 12, 1002–1009
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Promotion of Adhesive Polymer Bonding by Plasma Modification Using Defined
Ambient Conditions and Process Gases
Vitali Fischer1, Elisabeth Stammen1, Klaus Dilger1, Marko Eichler2, Sascha Paulmann2
, Michael Thomas2, Claus-Peter Klages2
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Adhesive bonding technology is often the preferred solution for the joining of
polymers. For improving the bond strength often a wet-chemical pretreatment has to
be used to achieve sufficient adhesion strength and durability of the adhesive joint.
Since several years, plasma treatment has been a proven method to attain these
goals. However, conventional treatments in oxidizing gases such as air are often not
satisfying. In this work, the polymers polypropylene (PP), polyvinylidene fluoride
(PVDF), polyamide (PA6), polyoxymethylene (POM) and polycarbonate (PC) were
pretreated by means of a plasma jet running at atmospheric pressure in a virtually
oxygen-free atmosphere. The goal was the grafting of reactive nitrogen-containing
functional groups on the plastic surfaces to increase the adhesive strength. For the
detection of N-containing functional groups on the surface, chemical derivatization
and X-ray photoelectron spectroscopy (XPS) were used. In addition, the effect of the
plasma pretreatment on the surface free energy was determined using contact angle
measurements. Furthermore, the stability of the pretreatment effect was investigated.
The results showed that the functionalization of the substrate surfaces by means of
atmospheric-pressure plasma in oxygen-free atmosphere (N2) and by using small
additions of H2 (0.5 to 4.0 %, limited by safety considerations) can lead to a covalent
bonding of the adhesive to the surface, resulting in a significant increase in joint
strength. For example, the adhesive bond strength of PP increased from 0.2 MPa to
3.6 MPa. This improvement correlates with a decrease of the water contact angle
from 101° to 32°. In the case of PVDF, PA6, PC and POM similar results were
observed. Moreover, the adhesive bond strength was still high, even if the substrates
were bonded four weeks after the pretreatment.
Keywords
plasma modification
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Surface modification of polytetrafluoroethylene (PTFE) by heat-assisted
atmospheric pressure plasma treatment for improving adhesion of PTFE to
isobutylene-isoprene rubber (IIR)
Yuji Ohkubo1, Kento Ishihara1, Masafumi Shibahara2, Asahiro Nagatani2, Koji Honda2,
Tomonori Aoki1, Yoshinori Kodama1, Katsuyoshi Enod1, Kazuya Yamamura1
1

Osaka University, Suita, Japan 2Hyogo Prefectural Institute of Technology, Kobe,
Japan
okubo@upst.eng.osaka-u.ac.jp

We modified polytetrafluoroethylene (PTFE) surface via plasma irradiation with
heating simultaneously (heat-assisted atmospheric pressure plasma treatment) in
order to improve the adhesion strength between the PTFE and isobutylene-isoprene
rubber (IIR). PTFE, known by the trade name of Teflon® and used as a coating
material for a flying pan, has the lowest surface energy. Therefore, it is very hard to
make it adhere to other materials. Helium plasma was irradiated to PTFE at
atmospheric pressure, and then the plasma-treated PTFE and unvulcanized IIR was
heat-compressed. Then T-peel test was performed to measure the adhesion strength
of IIR/PTFE composite. In the case of plasma treatment at 363 K, PTFE didn’t adhere
to IIR at all. In contrast, in the case of plasma treatment at 533 K, PTFE adhered
strongly to IIR and material failure of IIR happened. We successfully adhered PTFE to
IIR without using any adhesives. These results indicate that surface temperature of
PTFE during plasma treatment greatly affect the adhesion property of PTFE. In
addition, surface hardness was measured using a nanoindenter. The surface
hardness increased with increasing the surface temperature. The result of surface
hardness indicated that cross-linking was promoted by heating during plasma
treatment. PTFE has a low molecular layer called as a weak boundary layer. In fact,
the weak boundary layer was recovered by cross-linking, which resulted in formation
of a tightly fixed layer containing hydrophilic functions and peroxide radicals. As a
result, adhesion strength between PTFE and IIR increased drastically without using
any adhesives.
Keywords
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Plasma discharge as a tool for decomposition of fungi on agricultural seeds
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Plasma has been used to sterilize surfaces for medical purposes for many years.
Currently the possibility of using plasma to sterilize surfaces of thermally sensitive
materials, such as plastics or biological materials, is being study intensively.
In our work we have focused on the use of plasma discharge to eliminate fungi from
surfaces of seeds. This would allow us to replace some conventional (non-organic)
chemical techniques which are used now. The aim of this work is to find procedural
parameters at which the fungal infection would be maximally suppressed by plasma,
but the biological value of a seed, especially germination and the subsequent ability of
a young plant to grow, will not be changed. Repeated laboratory and subsequent field
experiments suggest that plasma additionally positively influences growth of plants
and their health.
The laboratory and small-parcel field experiments clearly shows that the procedural
parameters highly depend not only on the plasma itself but mainly on the type of
seeds which are treated. It is useful to use the discharge with an atmospheric
pressure for treating cereals, on the other hand for oilseeds the more useful way is to
use the radio-frequency discharge with a low pressure.
In this work we summarize the current results of the experiments done while treating
the spring barley corn and winter rape with two different plasma discharges in order to
keep the germination rate, the health status, the decontamination of seeds and the
yields after the harvest, according to different types and parameters of the plasma
discharge.
Keywords
plasma; seeds; treatment;
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Andreas Holländer1, Jutta Schönling2
1

Fraunhofer IAP, Potsdam, Germany 2Gen-IAL GmbH, Troisdorf, Germany
andreas.hollaender@iap.fraunhofer.de

Modulating the interaction of materials with biological cells is one of the most
important and most successful application areas of surface technology. Polystyrene
petri dishes are sold with a surface functionalization facilitating their application as cell
culture dishes. Implants receive surfaces which ease their incorporation in the body.
On the other hand, antimicrobial coatings aim to prevent the colonization of the
surface by microbes or even kill them.
The type and the intensity of the interactions depend on the cells as well as on the
chemistry and the structure of the material’s surface. The interaction can range from
very specific for a certain kind of cell in the case of antibody functionalized surfaces to
largely unspecific. We explored the opportunities of using tailored surfaces with a
simple chemistry (i.e. no antibodies) to handle cells. It was found that surface
functionalized polymer powders are able to capture a high fraction of bacteria from a
liquid. These materials can be used for sample preparation in microbiological
laboratories for example in cases where a small number of bacteria (e.g. 100) has to
be extracted from a large volume (e.g. 1 L) of a liquid.
These powders were prepared in processes which involve the activation in a
low-pressure plasma and one or more following reactions. With this general scheme
surfaces can be prepared which have an acidic, basic or amphoteric character and
varying densities of functional groups. In the presentation we will describe the
up-scaling of the preparation process including the plasma treatment and the coupling
of a functional polymer to the powder surface from an aqueous solution as well as
procedures for the quality control of the products. The latter are relatively simple tests
for the surface functionalization which might be useful for other applications, too.
Keywords
polymer
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bacteria
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Etching of biomolecules and polymers by low-temperature atmospheric
pressure plasma jet investigated by in-situ ellipsometry
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Charles University in Prague, Prague 8, Czech Republic
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The residual biological contaminants on the reused medical instruments represent
serious risk for the health of patients. Unfortunately, it has been repeatedly shown that
the commonly used sterilization methods are unable to assure complete elimination or
inactivation of various kinds of pathogens. From this point of view one of the most
rapidly developing and promising methods to overcome this unfavorable situation are
the ones based on the use of non-equilibrium plasmas, especially the ones operated
at atmospheric pressure. For successful application and optimization of such plasmas
is crucial to find relations between the etching rates on one hand and parameters of
processing plasma and structure of treated biomolecules on the second hand.
In this study, a real-time, in-situ ellipsometric characterization of etching capability of
low‐temperature atmospheric plasma jet (APPJ) operated in argon is presented.
Biomolecules (Bovine serum albumin, L-arginine) and polymeric films (sputtered
Nylon, a-C:H) were used as model substances. It has been found that the removal
efficiency of APPJ is strongly dependent on the properties of treated substance. The
lowest etching rates were observed for dense a-C:H films (~ 1 nm/min) while the
highest etching rates were measured for biomolecules (up to 100 nm/min). In addition,
it has been observed that the etching process is not temporally stable. Non-linear, and
at shorter distances between treated samples and nozzle of the plasma jet also
non-monotonous, dependence of the removal rate on the treatment duration was
observed. This behavior is most likely connected with two opposing effects: the
formation of thin layer on the top of treated material, whose presence causes gradual
decrease of removal efficiency, and slight heating of treated substances that
facilitates their volatilization induced by chemically active radicals produced by the
plasma.
Keywords
Atmospheric plasma jet
Etching
Biomolecules

Tuesday, September 13, 2016

Session 8: Nano Films

KN0800
Ni/Al multilayer nano films with increased reactivity
Ana Sofia Ramos1, Sónia Simões2, Jerzy Morgiel3, Maria Teresa Vieira1
1

CEMUC, University of Coimbra, Coimbra, Portugal 2CEMUC, Department of
Metallurgical and Materials Engineering, University of Porto, Porto, Portugal 3Institute
of Metallurgy and Materials Science, Polish Academy of Sciences, Cracow, Portugal
sofia.ramos@dem.uc.pt
Reactive multilayer thin films/foils are composed of tens, hundreds, or thousands of
alternating individual layers of reactants having a large negative enthalpy of mixing.
The layered structure is repeated throughout the film with a modulation period (Λ)
consisting in the thickness of one double layer. The negative enthalpy of mixing of the
constituents results in localized heat release once reaction is initiated. Therefore,
nanoscale multilayers can be used as highly localized heat sources. Alternating
nanolayers of Al and Ni, that constitute one of the most extensively studied reactive
multilayer systems, have been successfully used for joining applications. For some
years now, reactive multilayer foils are being used as local heat sources to melt braze
alloys – Reactive Brazing. Taking advantage of the improved diffusivity and reactivity,
metallic multilayer nano films have been used to enhance the diffusion bonding
process – Reaction Assisted Diffusion Bonding. Reactive multilayers have also
potential for self-healing purposes; the heat released after reaction can be used to
melt a repairing material which will serve as a mobile phase to fill and close cracks. In
this context, Ni/Al multilayer thin films with nanometric Λ were produced by d.c.
magnetron sputtering from Al and Ni targets. Deposition parameters, such as targets’
applied power, substrates’ rotation speed, substrate bias, and deposition time, were
varied in order to study their effect on the multilayers’ reactivity. The multilayer nano
films were characterised in detail by scanning and transmission electron microscopy.
Phase identification was carried out by x-ray diffraction, while differential scanning
calorimetry was used to estimate the heats of reaction. The objective is to fabricate
Ni/Al nanomultilayers with enhanced reactivity to be incorporated in self-healing
systems.
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Plasma polymer nanoparticles (NPs) were observed already in the 70s of the last
century when the gas pressure over 100 Pa was used for plasma polymerization. This
phenomenon became later widely studied as „complex plasmas“, however, little
attention was paid to the efficient way of collecting NPs and using them for fabrication
of nanostructured surfaces. This drawback may be overcome using gas aggregation
cluster source (GAS) equipped with planar magnetron and powered by RF power
supply. In GAS, NPs are fabricated and then transported by a gas flow into a separate
vacuum chamber where they are deposited on a substrate. In our laboratory, RF
sputtering of PTFE and nylon 6,6 was proved successful in preparation of NPs and
NP coatings. Plasma polymerization of n-hexane and HMDSO was shown to produce
NPs as well. In this contribution, fine tuning of the NP size is demonstrated on an
example of the GAS operating in the mixture of HMDSO with Ar (1: 10). The NPs
were found to be of an organic character and their chemical composition was
remarkably stable regardless the experimental parameters (power or aggregation
length). In contrast, the NP size was very sensitive to the discharge power and the
aggregation length. The increase of power from 20 W to 80 W led to the decrease of
the NP size from 250 nm to 76 nm (at the constant aggregation length of 10 cm).
Even larger range from 250 nm to 45 nm was obtained when the aggregation length
was changed from 10 to 4 cm (at constant power of 30 W). Manipulation with both
parameters during the same run allowed to deposit controllable amounts of
differently-sized NPs that opened broad possibilities for the production of
nature-inspired biomimetic coatings with multi-scale roughness. For example, triple
scale NPs overcoated with hydrophilic SiO2 or hydrophobic plasma polymer of
HMDSO showed superhydrophilic properties or superhydrophobic behavior with a
very low adhesion force.
Acknowledgement:This work was supported by the grant GACR13-09853S from the
Czech Science Foundation
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In the past few years, plasmonic nanoparticles (e.g. Au and Ag) have been intensely
investigated due to their unique optical properties. The physical phenomenon
assigned to these materials is the so-called Localized Surface Plasmon Resonance
(LSPR) phenomenon, which results from charge density oscillations, confined to the
noble metal nanoparticles. The optical properties of plasmonic nanoparticles can be
tailored from their specific amount, but also their spatial and geometric characteristics
(size, shape and distribution) and surrounding dielectric environment. The
combination and change of all these characteristics may give rise to tuneable LSPR
resonance peaks in various regions of the electromagnetic spectrum, namely the
visible range, with corresponding change in coated surface colourations. For those
reasons, nanoplasmonic thin films are considered to be useful for a wide range of
technological applications, varying from simple decorative purposes to more
ambitious ones such as the case of the detection of molecules (e.g. SERS or gas
sensing) and biological agents (e.g. optical LSPR-biosensors), among several other
examples. In this presentation, the possibility of using AlN as a host matrix for LSPR
thin films and how their optical responses are correlated with the concentration and
distributions of plasmonic nanoparticles of Au, Ag or Cu will be discussed and
correlated with some targeted sensing applications. The thin films (Au/Ag/Cu:AlN) are
deposited by magnetron sputtering, followed by a thermal annealing process in order
to promote the formation of nanoparticles with different size distributions throughout
the matrix. Different sets of films with variable Au, Ag or Cu concentrations are
prepared and characterized by different techniques, including High Resolution
Transmission Electron Microscopy (HRTEM) in order to correlate the LSPR behaviour
with the particular changes in the morphological features.
Keywords
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High thermal stability and oxidation resistance are important characteristics for
various high-temperature applications. Superhard TiAlSiCN coatings with “comb”-like
nanocomposite structure, in which fine (Ti,Al)(C,N) columnar grains were separated
by well-developed amorphous SiCN interlayers, recently developed in our group,
exhibited the highest thermal stability reported to date for nanocomposite coatings.
The main drawback of the above mentioned coatings is, however, a relatively large
difference in temperature between the thermal stability (1300°C) and oxidation
resistance (1000°C), which limits their use at high temperatures. Various approaches
to increase the oxidation resistance of TiAlSiCN coatings are compared: deposition of
a thin Al top-layer, Al ion implantation into the surface of TiAlSiCN coatings, and
deposition of a thin AlOx top-layer. In addition, multilayer TiAlSiCN/SiBCN and
TiAlSiCN/Al2O3coatings were fabricated by sputtering of TiAlSiCN, Al2O3 and SiBC
targets. To evaluate thermal stability, the coatings were vacuum annealed at 1300
and 1400°C. To assess the oxidation resistance, the coatings were heat treated in air
at 1000, 1100, and 1200°C for 1 h and their oxidation behavior was studied using
SEM and GDOES. The coating oxidation kinetics was also evaluated using
simultaneous thermal analysis. The coatings were characterized in terms of their
hardness, Young’s modulus and elastic recovery. Deposition of a thin top amorphous
AlOx layer was shown to increase the oxidation resistance of the TiAlSiCN coatings
from 1000 to 1100°C. Similar high-temperature oxidation resistance was achieved for
the TiAlSiCN/SiBCN coatings. In addition, the TiAlSiCN/SiBCN coating with a
thickness of individual layer of 80 nm demonstrated even higher thermal stability
(1400 oC) compared with pristine TiAlSiCN coating (1300 oC).
The authors gratefully acknowledge the financial support from the Russian Scientific
Foundation (Agreement No. 15-19-00203).
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C-PVD method (vacuum arc deposition of a cathodes) was used for deposition of
multilayered coatings, based on nitrides of refractory metals, such as TiN/ZrN and
MoN/CrN. Total thickness of the coatings was 11 – 19 μm, thickness of bilayers varied
from 20 to 800 nm for different samples depending on deposition conditions. Such
methods as X-Rays diffraction (XRD), Rutherford Backscattering (RBS), scanning
electron microscopy (SEM) with microanalysis (EDS), high-resolution transmission
electron microscopy (HR-TEM) and STEM with local microanalysis, as well as
nanoindentation were used for investigations.Formation of the two-phase state with a
NaCl type crystal lattice structure with the preferred orientation with the [111] axis,
perpendicular to the plane of growth, was found in the coatings. Increasing of the
bilayer thickness led to changes from preferred orientation of the crystallites with the
axis [111] to nontexturized state. All layers have good planarity. RBS measurements
showed, that in all layers of all coatings TiN, ZrN, MoN, CrN stoichiometric nitrides
were formed with an average atomic concentrations 50 at.% (respectively to the type
of coatings).
Fabricated coatings demonstrated good mechanical properties, such as wear
resistance and adhesion to the substrate, as well as rather high hardness, which
achieved the values of about 38 GPa for several samples, which is impossible for
simple monolayered coatings, made of appropriate nitride of refractory metals. Such
high values of hardness can be explained by the significant influence of the
interphase boundary and triple junctions.
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The wettability of a surface generally influences the way amphiphilic molecules
adsorb onto it. Since amphiphilic molecules contain both hydrophilic and hydrophobic
groups, a different interaction with hydrophilic or hydrophobic surfaces is anticipated.
Using, for example, bovine serum albumin (BSA) as an amphiphilic probe molecule, a
different amount of proteins is thus observed to adsorb on hydrophilic quartz-like and
hydrophobic silicone-like surfaces. Additional interactions with regions below the
surface significantly affect the adsorbed protein mass. This was uncovered in a study
with plasma-polymerized siloxane films with low (hydrophilic) and high hydrcarbon
content (hydrophobic) showing high and low BSA adsorption, respectively, in
accordance with literature [1].
Then, both plasma polymer films were combined to form an ultrathin
hydrophobic/hydrophilic vertical chemical gradient at the surface. Starting with the
hydrophilic base layer (as deposited on a sensor), a nanometer thin adlayer of the
hydrophobic film has been applied as a hydrophobic surface termination. As an
unexpected result, the BSA adsorption on such vertical gradient structures was
measured to be significantly reduced. The sub-surface region thus has an additional
effect on protein adsorption, most likely due to water molecules that are able to
penetrate the hydrophobic/hydrophilic structure. Similar effects were observed for
gradient structures in the range of 2-8 nm thickness. Such sub-surface water, as
confined in a vertical chemical gradient, might thus be exploited in future bio-medical
and technical applications to obtain additional control over protein adsorption and
energetics on resilient plasma polymer surfaces.
[1] D. Hegemann, N.E. Blanchard, M. Heuberger, Plasma Process. Polym. 2016;
DOI:10.1002/ppap.201500228
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SnO2-based Transparent Conductive Oxides (TCOs) are currently widely used in
different applications, e.g. as electrodes for photovoltaic, water splitting and fuel cells,
for their high performances in terms of carrier density and mobility, low costs,
non-toxicity and high transparency in the visible spectrum. To maximize the
performances a proper balance between surface-to-volume ratio and crystallinity
grade is required, in order to enhance the active surface and improve the carriers
transport.Despite some SnO2-based TCO porous films have been already realized,
hierarchical nanostructured contacts have not been done yet. In this work Pulsed
Laser Deposition technique has been exploited for this purpose. The resulting
tree-like nanostructured film can be tuned in a wide range of porosity, maintaining
excellent electrical properties. Electrodes performances have been analyzed from
electrical, electrochemical and optical points of view. A gold contact evaporated on
the top of the films has been used to determine the conductive performances. With
Electrochemical Impedance Spectroscopy we monitored their behavior in
electrochemical cells. UV-vis measurements have proved that the optical path can be
engineered altering the porosity of the film. These films are suitable for subsequent
doping or functionalization. In the present work a novel thermal doping process with
Fluorine precursor has been performed as an efficient and facile technique to produce
hierarchical nanostructured FTO films.
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Tungsten disulfide (WS2), as a layered compound semiconductor, belongs to the
family of transition-metal dichalcogenides (TMDC). The intra-layer bonding of the
sulphur-tungsten-sulphur sandwich layers is covalent, while the inter-layer bonding
within two stacks of these layers is of the van der Waals type [1]. With decreasing
thickness down to one monolayer (1 ML), TMDCs change their properties compared
to the bulk material. For instance, 1 ML of WS2 is a direct semiconductor, whereas in
thicker films (>5 MLs) the indirect band gap dominates.
In this study, we have prepared few monolayer thin WS2 films by rapid thermal
crystallization of thin amorphous WS3+x films on various substrates. The thin
amorphous WS3+x films were reactively sputtered from a tungsten target in an
argon/hydrogen sulfide gas mixture onto unheated substrates and thermally annealed
subsequently. The crystallization of the amorphous films was promoted by ultra-thin
layers of nickel or palladium, with the result that the layered structure was oriented
parallel to the substrate surface [2]. We used a sub-millisecond flash lamp annealing
in a 500 mbar argon atmosphere as well as thermal annealing at 800 °C for 20 min in
H2S atmosphere to crystallize the WS3+x films.
The crystallization processes were performed with various thicknesses of the
promotor layers and amorphous films (2 nm to 20 nm) as well as in dependence on
the substrate materials. Time-resolved microwave conductivity measurements
showed the photoactivity of these films. Spectroscopic ellipsometry revealed the
positions of the A, B, and C exciton peaks. Raman spectroscopy and X-ray diffraction
of few monolayers thin WS2 films (< 5 MLs) showed polycrystalline films with
(001)-orientated crystallites.
[1] E.M. Vogel, J.A. Robinson, MRS BULLETIN 40/07 (2015) 558.
[2] S. Brunken, R. Mientus, S. Seeger, K. Ellmer, J. Appl. Phys. 103 (2008) 063501.
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A chemical bonding study of the TiN:O/c-Si interface by X-Ray Photoelectron
Spectroscopy (XPS)
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Titanium-based thin films are used for a great number of applications, such as hard
coating in cutting tools, molds, catalyst diffusion barriers, and in microelectronic
devices. Although the ubiquity of applications, the chemical and physical aspects of
titanium-based thin film adhesion onto different substrates continue being a challenge
and its atomic bonding properties are not fully understood. Furthermore, as the
interface determines many characteristics of the film by prompting the bulk properties
of the grown material, a detailed study of the first atomic layers is an interesting route
to gain physical inside on the adhesion properties of the coating. Last but not least,
the presence of residual oxygen in the industrial deposition chamber is sometime
unavoidable and its influence on the films properties is important to be taking in
account. Therefore, in order to investigate de chemical bonding at the TiN:O thin film/
polished crystalline Si (c-Si) substrate interface were studied. The thin films were
deposited by IBD (Ion Beam Deposition) during 5s (T=3500C) giving a ~3Å average
thickness, as estimated by the material deposition rate. The electronic structure at the
interface TiN:O/Si was scrutinized by XPS (X-ray photoelectron spectroscopy,
1485.6eV) in a UHV chamber attached to the IBD deposition system, i.e the studied
samples are free from atmospheric contamination. The study indicates the presence
of Ti-Si, Ti-O, Si-O, Ti-N and Si-N bonds at the that TiN:O/Si interface (assumed to be
around ~5Å the probed region by XPS with X-ray energy used in the measurement).
The percentage of the different bonds at the interface are quantified and reported. By
introducing H2 during the film growth, the incorporation of oxygen is controlled and
structural characteristic of the interface modified. Finally, the nanostructuration of the
Si substrate surface by noble gas ion bombardment and its influence on the bonding
structures at the TiN:O/c-Si interface will be presented and discussed.
Keywords
Interface
TiN
XPS
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Solid lubricant coatings: challenges and open questions
Tomas Polcar
nCATS, University of Southampton, Southampton, United Kingdom
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The friction of solids is an extremely complex and multiscale problem. Simulations of
friction at the atomic scale have just started and still have to unravel their full potential;
moreover, experimental validation is an ongoing challenge. Recent advances in 2D
materials, such as graphene or transition metal dichalcogenides, opens, perhaps for
the first time, the possibility for bottom-up design of frictionless material.
2D materials may readily be used as lubricants in nanoscale contacts, but their
applicability as externally supplied lubricants in mainstream engineering applications
is questionable. Preferably, low dimensional materials minimizing friction should be
produced continuously during the sliding process. We show our recent results on solid
lubricant coatings with self-adaptive nanostructure. Our ultimate ambition is to prepare
thin films, which will produce an ultra-low friction interface based on optimised
low-dimensional structures in situ, i.e. during sliding
We try to establish links between fundamental properties of selected 2D materials
obtained by ab initio methods (electronic structure, covalency, etc.), molecular
dynamics and the intrinsic friction. These results, together with nanoscale
experiments, form a base of design of novel sputtered solid lubricant coatings.
Keywords
solid lubricant
friction
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simulation
wear
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The Liquid Aluminum Adhesion Properties to AlCrN Coatings Deposited using
Magnetron Sputtering Combined with Femtosecond Laser Surface Texture
Treatment
Bo Wang1, Nathan Worts1, Erica Block1, Andras Korenyi-Both1, Gerald Bourne1,
Stephen Midson1, Paul Rudnik2, Jeffrey Squier1, Michael Kaufman1
1
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United States
bowang@mines.edu

For conventional Al die casting, it is common to use PVD methods to deposit thin
wear resistant ceramic films onto core pins, inserts and loose pieces as a physical
barrier to prevent/minimize the soldering that frequently occurs between the Al alloy
and the steel dies. In previous studies, we developed a simple aluminum adhesion
test (AAT) in an attempt to provide a semi-quantitative assessment of a variety of thin
film coatings in preventing such soldering, and the liquid aluminum adhesion
properties (sticking behavior) of both uncoated and PVD coated H13 steel coupons
were quantified using this approach. The preliminary results indicated that the
aluminum adhesion behavior depends on either the coating composition or the
coating roughness or both. In an effort to assess the relative importance of these two
parameters, AlCrN coatings with varying Al/Cr ratios were deposited using magnetron
sputtering onto H13 steel coupons that had been either polished or surface textured
using a femtosecond laser. The structural and mechanical properties of these
coatings as well as their adhesion behavior with a liquid aluminum alloy were
characterized and the results will be presented and discussed. The overall objective is
to develop robust coatings for die casting dies that are non-wetting with liquid Al with
the long-term objective of circumventing the need to use liquid-based organic
lubricants on the steel dies prior to each casting.
Keywords
Die Casting
Soldering and Liquid Aluminum Adhesion
AlCrN Coating
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Performance of HIPIMS deposited CrN/NbN nanostructured coatings exposed to
650°C in pure steam environment
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Agüero4
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In the current work, 4 μm thick CrN/NbN coating utilising nanoscale multilayer
structure with bi-layer thickness of 3.4 nm has been used to protect 9 wt.% Cr steel
such as P92 widely used in steam power plants. The unique layered coatingis a
combination of nitrides of chromium and niobium, which are not only resitant to
aqueous corrosion and corrosion-erosion and have excellent tribological properties,
but also has oxidation resistans in dry air up to a temperature of 850 oC. The novel
High Power Impulse Magnetron Sputtering (HIPIMS) deposition technology has been
used to deposit CrN/NbN with enhanced adhesion (critical scratch adhesion value of
Lc=80N) and a very dense microstructure as demonstrated by XTEM imaging. These
superior coating properties are achieved due to the unique high metal ionization (up to
90%) in the HIPIMS plasma, which allows particle accelerationby external electrical or
omagnetic fields thus delivering highly energetic material flux on the condensing
surface.
P92 bare and coated samples were oxidised at 650 oC in 100% stem atmosphere up
to 2000 hours using a spcialised testing rigin order to stimulate the future operation
conditions of steam turbines employed in power plants.The oxidation kinetics was
evaluated by mass gain measurements. In these conditions CrN/NbN provided
reliable protection of the P92 steel. The paper also discusses the effect of growth
defects and high temperature crack formation analysed by SEM and FIB-SEM
techniques on the high temperature corrosion resistance in pure steam atmosphere
thus revealing both the coatng failure and protection mechanisms.
Keywords
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Influence of Ti, Cr, Al and Si constituents in the triological response of
industrial vacuum arc coating at 400-500ºC
Gonzalo GARCIA FUENTES, Argyrios Georgiadis, Eluxka Almandoz, José
Fernández
AIN, Cordovilla, Spain
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TiAlN, TiAlSiN, CrTiAlN are coating formulations already in use by the industry for
several manufacturing tool elements such as hot forming, or high speed machining.
More specifically, hot forming technologies such as blank stamping, or die casting
requires the use of tough wear resistance steels able to operate at high contact
pressures under cycling temperatures between 400ºC-500ºC. PVD coatings enhance
the surface properties of these tooling elements, therefore, the understanding of the
tribological response of these films as a function of the elemental constituents is of
key relevance to achieve optimal formulations for each specific application.
In this study, a series of coating formulations have been deposited in an industrial
vacuum arc evaporation on hot work steel substrates (AISI H13). The films have been
tested in a Universal tribometer at temperatures between RT and 500ºC, and the wear
phenomena investigated as a function of the coating stoichiometries. At these
temperature ranges, the tribological response of the coatings depend on the chemical
reactions ocurring on the contact zones between the films and the counterbodies. The
chemical reactions as inspected by SEM and elemental analyses, exhibit differences
depending on the film stoichiometries. For example, the presence of Al in TiAlN films
favours the formation of oxides on the contact zones, which provides tribological
protection at high temperatures with respect to that shown by TiN. The tribological
response of the films shall be also investigated in terms of the ratio Cr/Ti and the
alloying of the TiAlN system with Si. Other coating properties such as roughness,
nano-indentation hardness, or adhesion strength shall be taken into account to
provide a solid interpretation of the results.
Keywords
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Effect of Cr additions on the structure, oxidation resistance and high
temperature tribological performance of TiAlN films deposited by sputtering
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Machining of hard to cut materials such as hardened steels or strong materials for
high temperature aerospace applications are challenges of modern engineering.
Nowadays, TiAlN is the most widespread coating because of its sufficient thermal
stability, up to 900°C, high hardness, oxidation resistance and adhesion resistance.
The addition of Cr to this system has been reported to hinder the spinoidal
decomposition of this system by slowing the diffusion and formation of c-TiN and
c-AlN domains. This work is focused on the effect of Cr alloying on the structure,
oxidation resistance, kinetics of ions diffusion and high temperature tribological
behaviour of TiAlN coatings. The coatings were deposited in an industrial chamber by
unbalanced close field magnetron sputtering with RF sources, onto Si, FeCrAl alloy
and WC substrates as well as onto tungsten carbide drills with 5.5 mm diameter. The
crystal structure of the films was analyzed by X-ray diffraction. Oxidation of films was
assessed by thermogravimetric analysis (TGA), by isothermal exposing the coatings
at temperatures in the range of 800-1000 0C. The surface, as well as the cross section
morphology, of oxidized coatings was characterized by SEM. Elemental line scans
along the cross section and elemental maps were acquired to study the oxide scale
growth. Tribological experiments were performed in a high temperature pin-on-disc
tribometer at RT, 600 and 700 ºC, using Al2O3 balls as counterpart. The tribological
experiments were then complemented with in-real machining tests by studying the
lifetime of coated drills. Increasing of Cr content on TiAlN coatings increases their
oxidation resistance. The tribological performance revealed a slight improvement at
room temperature with Cr content addition which abruptly increased at high
temperature. The in-service tests confirmed an improving in the lifetime of
Cr-containing TiAlN coatings in good agreement with their better tribological
performance.
Keywords
TiAl(Cr)N films
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Thermal stability and mechanical properties of Ta-Hf-C coatings for ultra-high
temperature applications
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A limiting factor in several industrial applications, e.g. combustion processes or milling
operations, is the thermal stability of the applied coating materials. In the last decades
the application of nitride based thin films lead to a tremendous increase of the
applicable temperatures. Nevertheless, the exploration of new coating systems,
exhibiting higher stabilities, is from scientific and industrial point of view inevitable.
Transition metal carbides such as TaC or HfC are due to their ultra-high melting
points promising candidates for such applications. Especially the combination of these
two binaries leads to the ternary material system Ta(1-x)Hf(x)C(y), which currently
exhibits the highest melting point among all materials. In addition, TaC as well as HfC
prefer the face centered cubic crystal structure, which is highly attractive for coating
materials synthesized by plasma assisted deposition systems.
Therefore, we study in detail the structure, morphology, thermal stability and
mechanical properties of magnetron sputtered TaC, HfC, and Ta(1-x)Hf(x)C(y) thin
films. All coatings deposited showed very dense, smooth, and fibrous like structures
with very low amounts of amorphous carbon phase fractions, which is essential for
outstanding thermal stability. Based on their single phase cubic structure, all coatings
exhibit excellent mechanical properties with hardness and Young’s moduli
comparable to Ti(1-x)Al(x)N. In addition, increasing bias potentials during deposition
leads to increased residual stresses up to 6 GPa. Various annealing treatments
(vacuum annealing and differential scanning calorimetry) proved the excellent thermal
stability up to 1600°C and higher for these coatings.
Keywords
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Ag-doped low friction coatings for wide temperature range applications
Andrey Bondarev, Philipp Kiryukhantsev-Korneev, Evgeny Levashov, Dmitry
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NUST MISiS, Moscow, Russian Federation
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One of the major challenges facing lubricant related research is the development of
materials capable of maintaining both low coefficient of friction (CoF) and low wear
rate in a wide temperature range. Nanocomposite coatings can combine advantages
of hard and self lubricating phases and therefore are good candidates for various
tribological applications at room and elevated temperatures. Doping with soft plastic
components such as silver allows decreasing the CoF without significant decrease of
materials hardness and wear resistance. In the present study, two groups of
multicomponent nanocomposite coatings were originally studied: MoCN-Ag and
TiNbCN-Ag. The coatings were deposited by magnetron and ion sputtering of metallic
and composite targets. Structure and composition of the coatings and wear debris
were investigated by means of XRD, HRTEM, SEM, Raman spectroscopy, and EDX
analysis. The nanocomposite MoCN-Ag coatings revealed hardness in the range of
16 – 22 GPa. A significant reduction of CoF values above 350 °C was achieved by
the formation of lubricious MoO3 and AgxMoyO phases during high-temperature
tribological tests. Free carbon phase in the MoCN-Ag coatings provided low values of
CoF (0.25) below 300 °C. Hardness of TiNbCN-Ag coatings was in the range of 10 –
41 GPa depending on Ag concentration (3 – 16 at.% Ag). The nanocomposite
TiNbCN-Ag coatings demonstrated low wear rate 1.7–3.6 ∙ 10-6 mm3/N∙m
irrespective of silver content. The room temperature CoFs for the Ag-free and
Ag-doped TiNbCN coatings were in the range 0.25 – 0.30. Above 450 °C, the
TiNbCN-Ag coatings demonstrated lower values of CoF compared with TiNbCN
coatings due to silver smearing in tribological contact zone. The maximum difference
was observed at 700 °C: 0.80 (TiNbCN) and 0.45 (TiNbCN-Ag).The authors gratefully
acknowledge the financial support from the Russian Scientific Foundation (Agreement
No. 14-19-00273).
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DSC Analysis of Nanocomposite ZrO2-Al2O3 Coatings
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The ZrO2-Al2O3 coatings were deposited at various coating compositions, ranging
from pure zirconia to 50% alumina content, 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 alumina distributed
in the nano-size ZrO2 grains (10-20 nm depending on the aluminum content). The
deposited coatings were studied using high temperature Differential Scanning
Calorimetry (DSC) up to 1350ºC, X-ray diffraction (XRD) and High Resolution
Transmission Electron Microscopy (HRTEM). It was found that after annealing, two
exothermic events were observed. The first event appeared at 600°C and was
completed at 800°C leading to alumina 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 grain growth and
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 which was attributed to zirconia transformation from monoclinic to
tetragonal phase. The results show 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 Al2O3 segregation because of the immiscibility of
the two phases.
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Duplex treatments are preserving adapted topogra-phies to enhance tool life
time of forging dies
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One of the dominating conditions determining the occurring wear in forging operations
are tribological loads in the contact zone between die and billet during the forming
process.
Thus, a key aspect of the latest collaborative scientific work of IST and IFUM in this
application field is the analysis of the influence of different topographies depending on
the manufacturing method and additionally applied finishing procedures by peening
the surface with varying intensities of the structures on occurring wear. While the
structures are vanishing quite soon during the first forging cycles, there is a need of
preserving them to overcome the running-in stage of the production process. This was
accomplished by combining a plasma nitriding treatment with hard pecvd coatings
based on ternary systems Ti-B-N in a multilayered structure. Additionally, there are
positive effects due to existing interdependencies between morphology, topography
and microstructure of tools on one side and achievable treatment results concerning
hardness depth, adhesion of hard coatings on the other hand.
Testing tools were investigated under forced tribological load conditions in several
industrial process near testing series showing promising properties compared to
standard tools. Besides the detection of the direct influence of the manufacturing
route, it is possible to improve the wear resistance in reference to negative
geometrical deviations expressing plastic deformation and abrasive wear. Additionally
the crack sensitivity of the treated surfaces decreases dramatically and thus the
amount of initial damages of the edge zone.
Results gained with treated production tools used in industrial operation show the high
potential of these combined technologies for a stabilization of the service life time and
higher efficiency of forging dies.
Keywords
topography
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wear reduction
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40 Years hydrogen-free a-C/ta-C DLC coatings deposited by CVAE: deposition
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Diamond-like carbon (DLC) films deposited by cathodic vacuum arc evaporation
(CVAE) have attracted worldwide interest from research groups and industry since the
beginning of the 1990s. Hydrogen-free amorphous carbon (a-C) coatings were first
deposited by CVAE about two decades after the first description of hydrogenated a-C
coatings (a-C:H) deposited by glow-discharge techniques. The first scientific report
describing carbon coatings deposited by CVAE was published in 1976 [1]. This paper
highlights the development and broad potential of hard ta-C/a-C coatings deposited
by direct (DCVAE) and filtered (FCVAE) cathodic arc evaporation, including pulsed
arc. The number of industrial applications of ta-C and a-C coatings continues to
increase, mainly for tribological coatings to reduce wear and friction. Various industrial
applications of coatings deposited by CVAE for tool applications are described.
.
[1] N.N. Matyushenko, V.E. Strel’niskij, A.A. Romanov, V.T. Tolok, X-ray investigation
of metastable modification of carbon (Russian), Dokl. Akad. Nauk UkrSSR, Ser. A, 5
(1976) 459-460
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Suppression of F- ion incidence to growing film surface by using a double-grid
retarding electrode in sputter deposition of MgF2 thin films
Eiji Kusano, Satoshi Jinbo
Kanazawa Institute of Technology, Hakusan, Japan
kusano@neptune.kanazawa-it.ac.jp
MgF2 thin films deposited by magnetron sputtering show optical absorption in the
visible range because of the formation of F defects by the incidence of energetic Fions to substrate. In this study, effectiveness of a double-grid electrode equipped in
the front of the substrate on suppression of F- ions incidence to substrate has been
examined in MgF2 sputter-deposition. The apparatus used in the experiments was a
batch-type system with the cathode of a sintered MgF2 plate (76.2 mm dia.). The
distance between the target and the substrate was 55 mm. A double-grid electrode (a
square of 120 mm × 120 mm) was equipped between the target and substrate. The
grid adjacent to the target was grounded and the other was driven. The distance from
the grounded grid to the target was 35 mm. The retarding voltage was changed from
0 to 200 V. The pressure of discharge gas of Ar was kept at 0.8 Pa. The cathode
power was 100 W. Borosilicate glass plates (80 × 80 × 0.9 mm3) were used as
substrate. Thickness of thin films was measured by using a stylus profiler. Optical
transmittance and reflectance were measured by a double-beam spectrophotometer.
The change in the retarding voltage affected both the film deposition process and
properties. By applying a retarding voltage of 50 V, the extinction coefficient of thin
films was reduced to <0.001 in the visible range. Film deposition rate was increased
by 2 to 3 times by applying a retarding voltage of 100 -150 V. In addition, the change
in the film thickness uniformity distribution showed that etching in the area opposite to
the cathode erosion was suppressed by applying retarding voltages > 50 V. A
self-bias generated on the cathode with an rf power of 100 W was measured to be 58
V. The retarding voltage needed to increase deposition rate and to reduce optical
absorption was well correlated to the self-bias of the cathode. The effectiveness of the
use of the retarding electrode has been well proved.
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Ductile behavior of hard partially crystalline Mo2BC nanolaminate
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State-of-art ceramic materials nowadays used as protective coatings such as TiN,
TiAlN, c-BN etc. generally exhibit high hardness and high stiffness. These positive
features are often accompanied by negative brittle deformation behaviour. To
overcome this limitation a new generation of materials with high hardness and
moderate ductility is desired. Recently, there has been an increased interest in boron
and carbon based nanolaminates such as Mo2BC which exhibit a very similar
structure to the MAX phases. In our research, co-sputtering of Mo, C and B4C targets
to finely tune the coating composition was used. Mid-frequency pulsed DC plasma
excitation was employed to enhance the ion flux on the substrate by factor of 3
compared to DCMS case which promoted the crystallization of Mo2BC. Coatings with
the same XRD patterns as those deposited by HiPIMS at the same substrate
temperature were prepared. The moderate deposition conditions resulted in grown of
partially crystalline Mo2BC coatings with nanocomposite structure where small Mo2BC
crystallites of approx. 10 nm size were embedded in an amorphous matrix. These
coatings showed high hardness of 31.6 ± 0.8 GPa and extremely high fracture
toughness – it was even impossible to form a crack in these coatings at extremely
high indentation load with cube corner indenter where both the coatings and the
underlying hard-metal substrate were severely plastically deformed. Only a shear/slip
plane defects typical for ductile materials were detected. This required ductile
behavior of hard coating observe for partially crystallite Mo2BC with nanocomposite
structure is hard to be met with other commercial coatings tested by similar manner.
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It is well known that the sputtering of a magnetic target in magnetron sputter
deposition processes is not an easy task. The magnetic field being perturbed by the
target, the sputtering efficiency is widely reduced as compared to a non-magnetic
element. A way to overcome this limitation could be to allow the target temperature to
increase up to the Curie temperature (Tc). At this step the magnetic material would
lose its properties. The magnetic field would not be decrease anymore leading to a
more efficient sputtering process.
We have investigated this magnetic transition on a Ni target by thermally
disconnecting the target from the cooled magnetron cathode. Nickel was chosen as a
case study because Tc is quite low (358°C). To evidence the transition,
measurements were carried out with a magnetic sensor placed in front of the target.
The change in the sputtering regime was investigated by means of an energy flux
diagnostic based on a thermopile sensor [1]. The relevance of such measurements
have been proved in a previous work [2], where a sharp increase of the energy
transferred to the substrate has been evidenced when Tc is reached. From the IR
radiation emitted from the hot target, the true surface temperature can be evaluated.
In this contribution the sputtering of a Ni target in a reactive atmosphere will also be
presented. Complementary measurements will be carried out by energy-resolved
mass spectrometry in order to evidence the species produced by the target sputtering
or created in the plasma, which finally interact with the substrate. This will be
investigated depending on the percentage of reactive gas in the atmosphere that
means along the well-known hysteresis curve, for both a cold and a hot target. The
effect of a possible un-suspected heating of the target surface on the reactive
magnetron sputtering regime would thus be able to be evidenced.
[1] P.-A. Cormier et al, J. Phys. D: Appl. Phys. 43 (2010) 465201
[2] A. Caillard et al, IEE Transactions on Plasma Science 42(10) 2802
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Tunable ion flux density and its impact on AlN thin films deposited in a confocal
DC Magnetron Sputtering System
Mathis Trant, Maria Fischer, Kerstin Thorwarth, Hans Hug, Jörg Patscheider
Empa, Dübendorf, Switzerland
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Ion bombardment during deposition is known to have a great influence on many thin
film properties such as stress states and growth morphology. In the present work the
effect of a variable magnetic field generated by electromagnetic coils on the plasma
parameters in a confocal dc magnetron co-sputtering system are studied, together
with the impact on aluminum nitride (AlN) thin film properties.
An increase of the ion current density by more than one order of magnitude could be
achieved with the help of the electromagnetic coils. Selected plasma parameters are
measured as a function of the magnetic field strength for both the open and the
closed magnetic field configuration. Because of its symmetric geometry the open field
configuration provides roughly double the ion current density when averaged over the
entire sample holder.
AlN nitride thin films deposited under various plasma conditions show striking
differences in stress states, growth morphology and crystalline texture. By increasing
the bombardment the residual stress in the films could be varied from tensile to
compressive. This goes along with a change from columnar growth morphology
towards more dense films. Highly (002) oriented films could be grown at room
temperature, while without the additional ion bombardment a more complex crystalline
texture is obtained.
Keywords
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Thin Films
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Influence of nitrogen content on NixN thin films deposited by reactive
magnetron sputtering.
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David GLOAGUEN3
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The Ni-N system can crystallized in many phases. Two NixNy phases are stable, Ni4N
which crystallizes in cubic phase and Ni3N which crystallizes hexagonal phase. Some
recent study highlighted a third structure corresponding to Ni2N. Other phases such as
Ni3N2 et NiN6 have been synthesized by chemical processes but never by reactive
magnetron sputtering. Most studies, related to NiN by reactive sputtering, report a
mixture of nitrided phases. Ni4N reveals ferromagnetic behavior while Ni3N and Ni2N
are paramagnetic. This material can also be used as negative electrode for Li battery
and solar cells. Furthermore, NixN can also be used as resistive switch.
This study deals with optimization of DC reactive magnetron deposition process using
a pure nickel target (99.995%) in an Ar-N2 gas mixture with varied nitrogen gas flow
and bias voltage (floating or -100V).
The characterization of the NiN films has been carried out by X-ray diffraction (XRD),
X-ray photoelectrons spectroscopy (XPS), Energy dispersive X-ray Spectroscopy
(EDXS), SEM and AFM.
XRD measurements have highlighted the deformation of the Ni cubic cell as a
function of nitrogen content and a mixture of nitrided phases (Ni4N, Ni3N and Ni2N)
appears for 20% N2 in the discharge.
XPS and EDX are well correlated. The XPS peaks of N1s situated at 396,2 eV and
397,6 eV are attributed to Ni-N-O and N-Ni bonds and permit us to determine three
zones : metallic between 0 and 20% N2, Ni4N between 20% and 42% N2 and finally Ni
3N for higher than 42% N2. These three zones are in good agreement not only with
deposition rate and optical emission spectroscopy measurements but also with
roughness, electrical resistivity and hardness.
Keywords
Nickel Nitride
Reactive Sputtering
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Correlation between process parameters and layer properties of
sub-stoichiometric Nb2O5-x Targets
Nikolaus Weinberger1, Vincent Van Karsbergen2, Georg Strauss2, Paul Angerer3,
Erich Neubauer4
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Innsbruck, Austria 3Material Center Leoben, Leoben, Austria 4RHP-Technology
GmbH, Seibersdorf, Austria

nikolaus.weinberger@uibk.ac.at
Sub stoichiometric targets of Nb2O5-x are used to produce optical coatings by DC
magnetron sputtering. A big advantage could be a good process control with a relative
small effort. Nb2O5 layers were deposited on highly transparent glass and silicon
wafer substrates. The transparency has been correlated with different process
parameters. One would imagine that additional oxygen is needed to produce a
stoichiometric Nb2O5 layer out of sub-stoichiometric targets. Therefore a mixture of
argon and oxygen as a reactive gas for the plasma has been used. In order to
determine the minimal amount of oxygen needed, different ratios of argon to oxygen
have been used for the deposition. It has been observed that it is also possible to
produce highly transparent, stoichiometric layers by using pure argon gas. This can
be achieved by lowering the energy per sputter-particle in the plasma. It was found
that deposition at high process pressure causes a highly transparent layer to be
formed. This may be due to the changing energy distribution of the plasma by
increasing the process pressure. This effect has been investigated by Langmuir probe
measurements correlated with transparency measurements. In addition HT-XRD has
been investigated to detect secondary phases such as NbO or NbO2.
Keywords
sub-stoichiometric Targets
optical coatings
magnetron sputtering
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Sputtering onto Graphene without Introducing Defects
Tomas Nyberg1, Patrik Ahlberg2, Fredrik Johansson3, Zhibin Zhang2, Ulf Jansson4,
Shi-Li Zhang2, Andreas Lindblad3
1

The Ångström Laboratory, Uppsala, Sweden 2Solid State Electronics, The Ångström
Laboratory, Uppsala, Sweden 3Molecular and Condensed Matter Physics, The
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The impact of energetic particles during sputter deposition can severely damage two
dimensional materials systems, such as graphene. Energetic particle bombardment
may introduce defects to these structures which will deteriorate their properties. The
challenges associated with sputtering onto graphene without introducing defects are
demonstrated in this work. The defect formation mechanisms in graphene exposed to
different kinetic energies of particle bombardment are disclosed and explained. This
was accomplished using an ion gun producing Ar ions at energies in the range from a
few eV up to 200 eV. Results from such study was used to tailor make a sputter
deposition process that was compatible with graphene. By choosing the correct
processing parameters, it is possible to significantly reduce the impact from kinetic
particle bombardment and sputter deposit films onto graphene without introducing
defects. A correlation between the simulated kinetic energy of the particles hitting the
graphene and the level of defects in the graphene is shown. Further, during reactive
sputtering of oxides onto graphene, unwanted side reaction such as oxidation of the
graphene has been shown to be problematic. The problems with oxide depositions in
a sputtering environment have been investigated and strategies to circumvent these
have been evaluated.
Keywords
sputtering
graphene
defects
ion bombardment
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Magnetron sputtered hard ceramic coatings with high electrical conductivity
and thermal stability in air
Jaroslav Vlcek
University of West Bohemia, Plzen, Czech Republic
vlcek@kfy.zcu.cz
Pulsed dc magnetron co-sputtering of a single segmented target (B4C-Zr or B4C-Hf-Si)
in Ar gas or Ar-N2 gas mixtures was used for deposition of different multifunctional
coatings. The repetition frequency of pulses was 10 kHz at a fixed 85 µs voltage pulse
length and the total pressure of 0.5 Pa. Energy-resolved mass spectroscopy was
used to correlate the energy of Ar+ ions bombarding the growing coatings with high
positive voltage overshoots after the negative voltage pulses. We present and discuss
the results obtained for nanocolumnar ZrB2-type Zr-B-C coatings [1], nanocomposite
Zr-B-C-N coatings [1,2] and nanostructured HfB2-type Hf-B-Si-C coatings [3],
exhibiting a high hardness of 34-37 GPa and high electrical conductivity (electrical
resistivity of 1.7-4.5x10-6 Ωm), and for amorphous Hf-B-Si-C-N coatings [4], exhibiting
a hardness of 19 GPa, optical transparency (extinction coefficient of 2x10-3 at 550 nm
up to 1100 °C) and very high oxidation resistance in air even above 1500 °C.
[1] J. Vlček, P. Steidl, J. Kohout, R. Čerstvý, P. Zeman, Š. Prokšová, V. Peřina, Hard
nanocrystalline Zr-B-C-N films with high electrical conductivity prepared by pulsed
magnetron sputtering, Surf. Coat. Technol. 215 (2013) 186.
[2] M. Zhang, J. Jiang, J. Houška, J. Kohout, J. Vlček, E.I. Meletis, A study of the
microstructure evolution of hard Zr-B-C-N films by high-resolution transmission
electron microscopy, Acta Mater. 77 (2014) 212.
[3] J. Kohout, J. Vlček, J. Houška, P. Mareš, R. Čerstvý, P. Zeman, M. Zhang, J.
Jiang, E.I. Meletis, Š. Zuzjaková, Hard multifunctional Hf-B-Si-C films prepared by
pulsed magnetron sputtering, Surf. Coat. Technol. 257 (2014) 301.
[4] P. Zeman, Š. Zuzjaková, P. Mareš, R. Čerstvý, M. Zhang, J.Jiang, E.I. Meletis, J.
Vlček, Superior high-temperature oxidation resistance of magnetron sputtered
Hf-B-Si-C-N film, Ceram. Int. 42 (2016) 4853.
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Synthesis of zinc oxide films without thermal assistance: achieving high
conductivity, epitaxy and exciton confinment
David Horwat1, Martin Mickan2, William Chamorro2
1

Insitut Jean Lamour, Nancy, France 2Institut Jean Lamour, Nancy, France
david.horwat@univ-lorraine.fr

Zinc oxide is a multifunctional semiconductor owing to its large bandgap, dopability
and large exciton binding energy.It can be doped with many different ions (Al, Ga, Zr,
B, V, …) and can show very low resistivity of the order of 10-4Ω cm while keeping a
large transparency in the visible range. These properties make doped ZnO a strong
candidate to replace Indium Tin Oxide (ITO). Moreover, the recombination of
electron-hall pairs in ZnO induces light emission at an energy located just at the
boundary between the UV and visible ranges. For UV-based applications (UV diodes,
photodiodes and lasers), it is required to shift this emission deeper in the UV. This is
usually achieved by the fabrication of quantum dots but other methods are highly
sought. In general, ZnO thin films of high optical and electrical quality are required for
a variety of applications. This is directly linked to their microstructure that must be
optimized. Also, new applications arise in which it is necessary to prevent the thermal
degradation of materials associated to zinc oxide and deposition on flexible substrates
is targeted. Therefore, the synthesis without thermal assistance of zinc oxide films
with controlled conductivity and optical emission is necessary.
This presentation reviews some of the achievements on the synthesis and
characterization of zinc oxide thin films we have made at Institut Jean Lamour. In
particular, we detail the possibility to lower the resistivity, manipulate the near band
edge emission and achieve epitaxy using reactive magnetron sputtering without
thermal assistance.
Keywords
ZnO
reactive magnetron sputtering
high conductivity
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The Development of a Zr-Cu-Al-Ag-N TFMG Coating in Pursuit of Improved
Mechanical, Thermal, and Antimicrobial Property for Bio-medical Application
Joseph LEE, Jenq-Gong Duh
National Tsing-Hua University, Hsinchu, Taiwan
j5427007@gmail.com
This study focuses on the antimicrobial property of Zr-Cu-Al-Ag-N thin film metallic
glass (TFMG). The Zr-Cu-Al-Ag-N TFMGs with various N contents were successfully
fabricated by manipulating the working power of Zr-Cu-Al-Ag target and nitrogen flow
rate in the DC magnetron sputtering process. The mechanical and thermal properties
of Zr-Cu-Al-Ag-N TFMG will be significantly increased as the N content raises from 0
to 15 at. %.
Liquid culture and plate counting methods are used to assess the antimicrobial
performance of TFMGs. The antimicrobial rate against Escherichia coli (E. coli) under
Japanese Industrial Standard JIS Z2801: 2000 is over 95%. It is revealed that the
deposited Zr-Cu-Al-Ag-N TFMG modified the surface of SS 304 stainless steel
substrate, and their improved anti-microbial efficiency against E. coli is attributed to
amorphous smooth surface and the release of copper ion. Finally, a Zr-Cu-Al-Ag-N
TFMG with appropriate composition to exhibit improved hardness, thermal stability,
and antimicrobial ability was revealed and discussed.
Keywords
Metallic Glass
Magnetron Sputtering
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Structural, electrical and gas sensing properties of Ag doped LaCoO3
nanowires deposited by reactive magnetron sputtering
Mohammad Arab Pour Yazdi1, Nicolas Martin2, Alain Billard3
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The perovskite oxides of general formula ABO3, where A is an alkali, alkaline earth or
lanthanide metal and B is a transition metal, have attracted the interest of many
scientists and have been the subject of intensive investigations mainly because of
their particular characteristics. Among these oxides, lanthanum cobaltites (LaCoO3)
are extremely promising in various fields and applications such as superconductors,
magnetic coatings and especially as gas sensors due to their high electrical
conductivity and their excellent electrocatalytic activity. To improve the catalytic and
sensing activities of LaCoO3 oxide, two solutions are proposed in the literature:
substitution on the A-site of LaCoO3 due to simultaneous formation of structural
defects and increase of specific surface area.
In this paper, La1-xAgxCoO3-αcoatings are deposited by reactive magnetron sputtering.
First part will be dedicated to the chemical, microstructural and structural
characterization (SEM, XRD …) of the coatings as a function of the film composition.
Hall effect measurements are used to investigate the electrical resistivity, free carrier
concentration and mobility in the coatings in a temperature range from 293 K to 573
K. Finally, the performance as dodecane-sensor of these coatings will be discussed
depending on dodecane concentration and sensitive surface’s temperature.
Keywords
Sputtering
Perovskite nanowires
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Dodecane sensor

Session 11: Multifunctional and Smart Coatings

Tuesday, September 13, 2016

OR1104
Plasma polymerization of 3-aminopropyltrietoxysilane (APTES) by an open-air
atmospheric arc plasma jet
Jerome PULPYTEL, Sarab Ben Saïd, Houssam Fakhouri, Farzaneh Arefi-Khonsari
LISE - UPMC - CNRS, Paris, France
jerome.pulpytel@upmc.fr
Non-equilibrium atmospheric plasma jets are extensively used for many in-line
industrial treatments related to cleaning, surface activation or coating. In this work, an
open-air arc plasma jet has been used to polymerize 3-aminopropyelthrietoxysilane
(APTES) on various substrates from air/APTES mixtures. Nitrogen containing silicon
oxide coatings have many interesting applications ranging from cell culture or protein
adhesion to bonding, and the challenge of plasma deposition is to control the
retention of functional groups to satisfy the desired application.
The pulsed arc plasma jet used in this work and generated from compressed air has
been characterized by different diagnostics elsewhere [1]. Briefly, the rotational and
vibrational temperatures are respectively around 1000K and 3000K, while the
emission spectra is dominated by the NO2 continuum chemiluminescence. APTES
polymerization has been reported at atmospheric pressure in He DBD [2], N2 plasma
jet [3,4] or post-discharge of Ar-O2 (1-2%) or Ar-N2 (8%) microwave plasma [5,6], but
not in hot air discharges. Therefore, in a hot and oxidative environment, one would not
except to have any retention of amine groups which are sensitive to temperature and
oxidation.
The results show that the 500 nm thick plasma polymerized APTES coatings
deposited by arc plasma jet are characterized by a relatively high content of nitrogen
(2%-8%) as compared to the monomer (7%). Both XPS and ATR-FTIR analysis
indicated the presence of amine groups as well as amides and/or oximes. The
important role of hydrodynamic and heat transfer was also studied and modeled.
[1] Dowling et al., Plasma Process. Polym. 2011, 8, 717-727
[2] Lachmann et al., Proc. of ISPC 20, 2011, 24-29 July, Philadelphia, US
[3] Alba-Elias et al., Thin Solid Films 2013, 540, 125-134
[4] Mugica-Vidal et al., Surf. Coat. Technol. 2014, 259374-385
[5] Lecoq et al., Plasma Process. Polym. 2013,10, 250-261
[6] Gueye et al., Proc. of ISPC 22, 2015, 5-10 July Antwerp, Belgium
Keywords
Atmospheric Plasma Jet
APTES polymerization

Session 11: Multifunctional and Smart Coatings

Tuesday, September 13, 2016

OR1105
Structure-property correlations in reactively sputtered Al-Ge-O-N thin films
Kristina Johansson, Erik Lewin
Uppsala University, Uppsala, Sweden
kristina.johansson@kemi.uu.se
Coatings consisting of Al, Ge, N and O have been deposited using reactive DC
magnetron sputtering in order to study the correlations between structure and
properties. In a previous study of ternary Al-Ge-N thin films, it was found that the
optical bandgap could be tuned through variation of Ge content. Due to weak Ge-N
bonds this material is metastable. A possibility to increase the stability would be to
substitute N with O. Thus, the aim of the present study is to investigate the effect of
alloying Al-Ge-N thin films with oxygen and it is the first study of the Al-Ge-O-N
material. The oxygen and germanium contents were varied by changing the amount
of O2 in the reactive gas flow and the target power of Ge respectively. The films were
analyzed using X-ray diffraction (XRD), X-ray photoelectron spectroscopy (XPS),
scanning electron microscopy (SEM), UV-vis spectroscopy and nanoindentation.
Coatings with up to about 20 at.% oxygen and up to about 15 at% germanium were
deposited. Generally, a wurtzite type AlN phase was observed, indicating a
(Al1-xGex)(N1-yOy) solid solution phase. Crystallinity was found to decrease with
increasing oxygen and germanium contents, resulting in X-ray amorphous coatings at
high alloying levels. The hardness decreased by the addition of oxygen, from 17 to 9
GPa. The optical absorption edge shifted to lower wavelengths with increasing
oxygen content, 323 to 294 nm. The combination of these properties, i.e. the
observed variation of the absorption edge and the relatively high hardness indicates
that these materials could be interesting as multifunctional coatings.
Keywords
PVD
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Electromechanical performance of nano-architectured piezoresistive Ti1-xCux
thin films for sensor applications
Armando Ferreira1, Joel Borges1, Cláudia Lopes1, Nicolas Martin2, Filipe Vaz1
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This work reports on the development of piezoresistive Ti1-xCux thin films for different
types of sensors. Conventional (normal incidence) and zigzag grown columnar thin
films were prepared with increasing amounts of Cu and then characterized in terms of
the most relevant properties for some targeted sensing applications (including
pressure, temperature and biological sensors, among others). For the zigzag growing
films, the GLancing Angle Deposition, GLAD, technique was used to change the
typical normal columnar growth microstructure into different growing architectures,
aiming the tuning of the mechanical and electrical responses of the thin films in order
to scan their potential use in the sensing applications. Two different incident angles of
the particle flux, α= 0º and 45º, were used to prepare the nano-architectured zigzag
Ti1-xCux thin films. For the conventional grown films (normal incidence deposition, α=
0º), the obtained results show that larger voids were formed, which began to elongate,
resulting in relatively well-defined void tracks. By using the GLAD 45º incidence
growth, the voids density started to decrease with the increase of the Cu content,
resulting in quite promising films for the targeted applications. The piezoresistive
response was then analyzed for different GLAD sputtered films, through the
evaluation of the Gauge Factor (GF). The results show that the structure has a
pronounced influence on the overall sensor response leading to values of the GF up
to 1.8 for the system Ti1-xCux and reaches values of 16 for Cu thin films which stability
has to be studied for potential use for sensor applications itself.
Keywords
Piezoresistive
Gauge Factor
GLAD
Thin Films
Titanium

Session 11: Multifunctional and Smart Coatings

Tuesday, September 13, 2016

OR1107
Advanced Layer-based Sensor Principles: Surface Plasmon Resonance,
Air-coupled Ultra Sonics, Magneto-optical Coupling
Uwe Beck1, Andreas Hertwig1, Matthias Bartholmai1, Mate Gaal1, Marc Kreutzbruck2,
Vivien Schukar1, Daniel Fischer1, Enrico Köppe1
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Plasma processing is the key technology for surface engineering. The
functionalization of surfaces can be accomplished beyond the thermo-dynamic
equilibrium at low temperatures on almost all substrate materials. Hence, micro- and
sensor-systems in sensor-on-chip technology can be realized with both vertical microand nano-designs.
Four layer-based sensor principles and their applications are presented, i.e. surface
plasmon resonance enhanced ellipsometry (SPREE) for detection and monitoring of
hazardous gases, air-coupled ultrasonic transducers based on either surface-modified
cellular polypropylene ones or thermo-acoustic ones with layers on quartz glass,
polycarbonate and polypropylene for applications in non-destructive testing (NDT),
and magneto-optical sensors consisting of smart-coated fiber Bragg gratings (FBG)
for structural health monitoring (SHM).
The interdependence of substrate features, coating properties, and layer design is
shown for specific target quantities such as gas sensitivity, selectivity, and
responsiveness of SPREE-sensors; efficiency, signal-to-noise ratio, pulse shape and
duration, lateral resolution, and broadband features of air-coupled sound transducers;
sensitivity and responsiveness to external magnetic fields, displacement of Bragg
wavelength, and self-diagnostic capability of FBG sensors with magnetostrictive
coatings.
Moreover, for all types of sensors, generic features such as short- and long-term
stability, crucial process-related fabrication conditions, and effects of operational and
environmental parameters are discussed with respect to the sensor performance. It
has been shown that appropriate layer design and adapted selection of layer
materials (SnO:Fe-Au; Al/Cr, Ti/Al/ITO; Ni/NiFe) result in improved sensor parameters
and may enable new sensor applications.
Keywords
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PVD/PECVD technologies for eco-friendly mobility
Hiroshi Tamagaki
KOBE STEEL LTD., Takasago, Japan
tamagaki.hiroshi@kobelco.com
More than two decades have been passed since the first commercial scale production
of PVD coating on automotive components; which was CrN coating on shoes for
compressors of car air conditioners. Since then, plasma-based coating technologies
have become popular as surface technologies to achieve eco-friendly mobility.
From the beginning of industrialization, CrN has been most commonly applied to
various components and the most successful application would be piston rings.
Today, CrN coating on piston ring is indispensable technology to reduce the friction in
automotive engines. As an equipment supplier, we have been deeply involved in this
commercialization through the development and supply of innovative equipment.
In the last decade, Diamond-like carbon (DLC) coatings with both low friction
coefficient and high hardness have become popular. As discussed elsewhere, there
are many processes for DLC deposition, including arc evaporation, sputtering and
PECVD. And various types of DLC coatings, including hydrogen free DLC,
hydrogenated DLC, metal doped DLC, have been commercially applied to various
automotive components; fuel supply systems, parts in valve trains, piston rings, and
parts in drive trains. For DLC coating we have been supplying numbers of UBMS and
PECVD systems, and recently we commercialized new arc sources for carbon
evaporation for ta-C deposition.
This paper will give a historical overview of applications of plasma-based coatings to
automotive components, and then will focus on recent advance in deposition
technologies, including arc evaporation, sputtering and PECVD equipment.
Keywords
PECVD
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Mobility
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Leading nanostructured coating systems for components enable “Mobility for
tomorrow”
Yashar Musayev, Nazlim Bagcivan, Tim Hosenfeldt
Schaeffler AG, Herzogenaurach, Germany
Yashar.Musayev@schaeffler.com
The focus areas of future mobility are environmental drives, urban and interurban
mobility and the corresponding energy chain. Environmental drives and their
corresponding digitalization are one of the major factors that determine energy
efficiency and mobility. The surface properties of engine components must be
adjusted to more stringent environmental requirements while friction losses can be
minimized by modern surface technology for improved fuel efficiency and reduced
CO2-emissions. This includes measures for corrosion, functional friction and wear
protection, and for optimum electrical or thermal conductivity for sensoric purposes.
For all cases nanotechnology contributes significantly to the development and
improvement of coated Schaeffler products in mass production. For example,
Triondur® DLC coated engine and bearing components in mass production has been
realized (about 100 million pieces/year). With the thin sensor coating Sensotect®
Schaeffler now introduces intelligent surfaces through an integrated sensor coating
system. It allows the measurement of load conditions in places where conventional
sensors, such as laminated strain gauges can not be used. In terms of precise
adjustment of the engine power to the resulting load, Sensotect® enables an accurate
determination of the torque in drive shafts or vehicle transmissions for precise
adjustment. This innovative measurement technology permits also an important
contribution in reducing CO2-emissions. In the future, due to the special material
properties of nanostructured coatings, there can be progress in completely new fields
of applications. Here, integrated sensor coating systems will contribute high
performance to the digitalization through new intelligent products. To use these
opportunities, a high degree of interdisciplinary cooperation between designers,
surface engineers and extern committees as well as with research organizations is
required to realize customized products with added value.
Keywords
coating systems
mobility
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Eco friendly mobility by vacuum coating: applications for low friction and light
weight.
Roel Tietema, Dave Doerwald, Ruud Jacobs, Chinmay Trivedi, Ivan Kolev, Jeroen
Landsbergen
IHI Hauzer Techno Coating B.V., VENLO, Netherlands
rtietema@hauzer.nl
For mobility eco-friendliness implies a reduction of pollution by toxic gasses,
particulates and since the last 20 years also a reduction of greenhouse gases. A large
development step was made with the introduction of high pressure injection systems
leading to a dramatic improve of combustion efficiency. Carbon based coatings were
enabling this because of their wear protection. Due to global heating the reduction of
CO2 became an important driver for further automotive developments in recent
decades. Maximum allowed emissions were imposed and the automotive industry
was forced to take strategic development measures. This caused a shift in the
functional requirements to the coating systems from wear resistance only to reduction
of friction and wear. Weight reduction plays an important role in saving fuel and thus
reduced CO2 emission. All these energy-saving developments have increased the
demand for wear protection. Carbon-based coatings and especially hydrogen free
tetrahedral carbon are playing a major role in achieving low friction and high wear
protection. Today component coatings are applied on tens of millions components
yearly. Large acceptance of coatings required cost reduction and thus high capacity
systems. Nowadays also in-line technology is applied for the production of component
coatings.Weight reduction causes a shift in applied materials, both in the engines as
in interior and exterior parts. The latter are increasingly replaced by the light weight
alternative of plastics. As hexavalent chromium will be banned in 2017, PVD-coatings
are a viable alternative to replace electroplating. Processes like Cromatipic offer
solutions for adhesion and levelling by application of a UV cured base lacquer
covered by a PVD metallization with Cr.In aerospace applications reduction of weight
is an important driver as well. Coatings are applied in engines. In bearings coatings
play an important role for wear protection. In case of oil starvation due to failures in
the lubrication system, safe operation is prolonged during the flight.
Keywords
Mobility
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Friction reduction in the automotive industry, present situation and future
trends.
André Hieke, Gerrit Jan van der Kolk
Ionbond Netherlands b.v., Venlo, Netherlands
andre.hieke@ionbond.com
The reduction of CO2 emissions is one of the global challenges of our modern
industrialized society. The automobile industry is proceeding further to develop engine
technology that is even more energy and fuel efficient than today. Initially the fuel
efficiency has been increased by raising the fuel injection pressure. PVD coating
technologies have facilitated this step. The present trend is a downsizing of the
engines, resulting in higher surface loads. Here PVD coatings have stepped in to
increase the load carrying capacity and reduce typical abrasive wear linked with the
increase of mechanical stresses. The next step now is to improve the thermal
efficiency by increasing the combustion temperature. Here we are confronted with
limitations of the present generations of coatings. Typical hydrogenated Diamond Like
Carbon coatings are limited in maximum operational temperature to ~300 °C. New
coatings have been developed and are in development linked with non-hydrogenated
DLC mainly. Furthermore there is an increased focus to reduce friction under normal
lubrication conditions. Coating systems are being developed to interact with specific
lubricants including dopants. A small overview will be given of present examples and
an introduction to developments ongoing.
Keywords
Friction reduction
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Wear protection coatings for Diesel injection systems
Ulrich May, R. Braak, G. Durst, M. Djoufack, A. Blau, L. Onuseit, G. Repphun
Robert Bosch GmbH, Diesel Systems, Stuttgart, Germany
ulrich.may2@de.bosch.com
The reduction of CO2 emissions is one of the global challenges our modern
industrialized society faces. Therefore the automotive industry has to develop more
energy and fuel efficient technologies. Because of their higher efficiency relative to
gasoline-operated engines, Diesel-operated engines play a key role.
Efficient combustion of Diesel fuel is achieved using high-pressure fuel-injection
technology. Today this technology injects Diesel fuel into the combustion chamber at
pressures around 2500bar. Due to the high pressures and requirements of the size
and weight of the components, the stresses are concentrated on very small contact
areas where contact temperatures can exceed 300°C. Nevertheless the amount of
injected Diesel fuel must be controlled with high precision and low drift over the entire
lifetime.
For wear protection, coatings are applied on these highly loaded parts. Diamond-like
carbon coatings (a-C:H and ta-C) play a special role here due to their superior
tribological properties, such as high wear resistance and low wear of the counterbody
in contact with the coated component.
The presentation will give an overview of coated machine elements in Diesel injection
systems as well as with their requirements for coatings with focus on wear resistance
and adhesion.
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Enabling mobility with plasma processes: An epic journey in power
David Christie
Advanced Energy, Fort Collins, CO, United States
dave.christie@aei.com
Advances in electronic technology have led to the rise of mobility, with disruptive
solutions now outpacing consumer anticipation and expectations. Users of mobile
devices may expect their data to be synchronized across platforms at the time of
creation. This technology is now widely integrated into our personal transportation
platforms, which also include powerful digital communications and control
infrastructures.
Manufacture of the electronic devices for recording, processing, storing, transmitting
and displaying data is based on industrial plasma processes which have been highly
developed to deposit sophisticated thin films and modify surface properties and
topography. These plasma processes have one thing in common: they require a
source of power. Electrical power is predominant in industrial thin film plasma
processes. Power systems for plasma processes have gradually transitioned from
simple to very sophisticated precision power delivery systems with internal computers
and connectivity to OEM and end user control systems.
Predominant deposition technologies include sputtering and plasma enhanced
chemical vapor deposition (PECVD). Patterning of surfaces and interconnects is
accomplished with various plasma based etch technologies. These systems are
powered with various combinations of power sources, with increasingly advanced
capabilities. DC and pulsed DC power are used for magnetron sputtering; RF power is
used for etch and CVD plasma sources, and for substrate bias in many applications.
Plasma processes can exhibit arcing, which can damage the product being coated
and reduce yield. Therefore, arcs must be detected and extinguished in a timely
manner to minimize damage. Arc detection and handling has been the focus of
considerable development effort.
The evolution and radically increasing capability of DC, pulsed DC and RF power
solutions that enable plasma processes used to manufacture mobile devices will be
reviewed, with a view to current capabilities.
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Reactive deposition of nitrides and oxide coatings for thermoelectrics
Per Eklund
Linkoping University, Linkoping, Sweden
perek@ifm.liu.se
Thermoelectric devices have the potential to contribute to energy harvesting in society
by directly converting heat into electricity or vice versa. However, the conversion
efficiency of thermoelectric devices of today is limited. The critical material-dependent
parameter is the figure of merit (ZT = S2T/ρκ, where ρ is the electrical resistivity, S is
the Seebeck coefficient and κ is the total thermal conductivity). In this keynote lecture,
I present an overview of our experimental and theoretical investigations of CrN-, ScN-,
and Ca3Co4O9-based systems by reactive magnetron sputtering. We have introduced
a two-step sputtering/annealing method for the formation of highly textured virtually
phase-pure Ca3Co4O9 thin films by reactive co-sputtering from Ca and Co targets
followed by an annealing process at 730 °C under O2-gas flow. The thermally induced
phase transformation mechanism was investigated by in-situ time-resolved annealing
experiments using synchrotron-based 2D x-ray diffraction as well as ex-situ annealing
experiments and standard lab-based x-ray diffraction. By tuning the proportion of
initial CaO and CoO phases during film deposition, the method enables synthesis of
Ca3Co4O9 thin films as well as CaxCoO2. ScN thin films exhibit an anomalously high
power factor (S2/ρ) for transition metal nitrides of 2.5-3.3×10-3 W/mK2 at 800 K [1]. We
have explained this result, from first-principles calculations [2], by nitrogen vacancies
generating an asymmetric sharp feature in the density of states which allows low
electrical resistivity with relatively large S. However, ScN has high thermal
conductivity, thus its ZT is low (~0.2). To reduce lattice thermal conductivity, potential
strategies are nanostructuring, alloying or nanoinclusion formation. Superlattice
structures and alloying with heavy elements have been demonstrated to reduce
thermal conductivity [3], and our experimental results demonstrate that alloying with
Cr approaches the high ZT value of CrN [4]. Our results demonstrate that pure CrN
exhibits a high power factor, 1.7×10-3 Wm-1K-2 at 720 K, enabled by a high electron
concentration thermally activated from N vacancies and corresponding to an
estimated thermoelectric figure of merit ZT as high as ~0.5.
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Amorphous Zr-Cu metallic alloys prepared by magnetron co-sputtering
Petr Zeman, Michal Zitek, Sarka Zuzjakova, Radomir Cerstvy, Stanislav Haviar
University of West Bohemia, Plzen, Czech Republic
zemanp@kfy.zcu.cz
A combination of appropriate metallic elements results in a formation of amorphous
metallic alloys with properties superior to their polycrystalline counterparts. If these
alloys exhibit the glass transition before crystallizing, they are called metallic glasses.
Magnetron sputtering, as a non-equilibrium process with high cooling rates, is a
proper technique for the preparation of such metastable materials as thin films.
In the present study, we focus on the preparation of amorphous metallic alloys from
the Zr-Cu system by magnetron co-sputtering and on detailed investigation of the
effect of the elemental composition and process parameters on film properties. The
Zr-Cu films were deposited using two magnetrons with Zr and Cu targets in pure
argon. The magnetron with the Zr target was operated in a dc regime while the
magnetron with the Cu target in a pulse regime either at low or high density discharge
conditions. The Zr and Cu contents in the films were controlled in a wide range (from
10 to 90 at.% Cu) by adjusting the dc power and/or the pulse repetition frequency.
The films were deposited onto substrates held at a floating potential and mounted on
a rotating substrate holder. Particular attention is paid to characterization of the
structure, microstructure, surface and mechanical, electrical and thermal properties.
Preliminary results show that Zr-Cu films are amorphous in a very wide composition
range (from 18 to 90 at.% Cu). The glass transition is, however, observed only in a
limited composition interval. An increasing Cu content in the films results in (a) a shift
of a very broad diffraction peak to higher 2θ values, (b) an increase of the hardness
reaching a maximum (~7GPa) between 70 to 80 at.% Cu, and (c) an increase of the
crystallization temperature. In addition, the films exhibit very smooth surface and high
water contact angle (> 100°). Further experiments, including an addition of other
elements, will be presented as well.
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Influence of enhanced ion bombardment on groove filling, roughness and
electrical insulation of magnetron sputtered dielectric films
Hagen Bartzsch, Jan Hildisch, Daniel Glöß, Andy Drescher, Peter Frach
Fraunhofer FEP, Dresden, Germany
hagen.bartzsch@fep.fraunhofer.de
One approach of improving properties of magnetron sputtered films is to combine the
film growth with energetic ion bombardment. In the experiments presented in this
paper, a reactive pulse magnetron sputtering process for the deposition of SiO2 and
AlSiOx films was used. Two techniques to enhance the ion bombardment of the
growing film were investigated. First rf substrate bias was applied simultaneously
during stationary film deposition. Secondly, an ion beam perpendicular to the
substrate surface was applied alternately with the film deposition.
Structured Si wafers with grooves of various width, distance and depth were used to
investigate groove filling. With both techniques, complete filling of the grooves was
achieved up to an aspect ratio of 1:1. Nearly flat film surfaces were achieved,
depending on film thickness, groove depth, width and distance. Results for the
different substrate surface morphologies can be explained quite consistently with the
angle dependency of the sputter yield.
With stationary coating and rf bias also roughness evolution during coating of rough
steel substrates and electrical properties of AlSiOx films were investigated. Different
types of roughness were considered and a dependence between the lateral
dimensions of the roughness and the required layer thickness for roughness reduction
was found. Electrical resistivity increased with rf bias especially for thick layers.
Keywords
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Additional control of bombardment by using highly ionized fluxes of film
forming species.
Joao Oliveira, Fabio Ferreira, Ricardo Serra, Filipe Fernandes, Albano Cavaleiro
SEG-CEMUC, University of Coimbra, Coimbra, Portugal
joao.oliveira@dem.uc.pt
In magnetron sputtering, the strength of the shadowing effect is primarily set by the
geometry of the deposition system and, thus, the ability to tailor the properties of a
thin film depends on the effective control of the bombarding species: flux, average
energy and impinging angle distribution. Increasing the deposition pressure increases
the gas phase collisions and, therefore, the low angle component of the angle
distribution of the impinging species becomes stronger, i.e., the shadowing effect is
enhanced. Bombarding the growing surface with argon ions extracted from the
plasma (substrate biasing) is a commonly used method to counterbalance the
shadowing effect. Additional control of the bombarding species can be obtained by
ionizing the sputtered flux as the ions can be controlled with respect to their energy
and impinging direction. 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 without the need for additional
components in the deposition system. This work is the first part of a study aiming at
evaluating the effectiveness of the DOMS technology (Deep Oscillations Magnetron
Sputtering), a variant of HIPIMS, as a tool to improve the control of the bombarding
species during magnetron sputtering. For this purpose metallic and nitride 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.
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On the phase evolution of Al-Cr intermetallics formed by cathodic arc
evaporation
Christian Martin Koller1, Valentin Dalbauer2, Rainer Hahn2, Beno Widrig3, Szilárd
Kolozsvári4, Jürgen Ramm3, Paul H. Mayrhofer2
1

CDL AOS, TU Wien, Vienna, Austria 2CDL AOS at Materials Science, TU Wien,
Vienna, Austria 3Oerlikon Balzers, Oerlikon Surface Solutions AG, Balzers,
Liechtenstein 4Plansee Composite Materials GmbH, Lechbruck am See, Germany
christian.martin.koller@tuwien.ac.at
The controlled low-temperature growth of Al-Cr-based oxide coatings for
industrially-scaled protective applications still represents a major scientific and
technological challenge. The growth of a crystalline structure and the associated
morphology–required to access their outstanding mechanical and thermal
properties–are key factors in coating design. Both are strongly influenced by
nucleation and atomistic progresses during film growth. In recent studies we could
show that in (Al,Cr)2O3 and (Al,Cr,Fe)2O3 coatings, nucleation on the surface of
droplets influences the phase formation and supports or counteracts the growth of the
hexagonal corundum structure. However, the preconditions for these mechanisms,
and therefore a potential utilisation of growing single-phased hexagonal coatings, are
still not fully understood. In this work we focus on the microstructural evolution of
cathodic arc evaporated intermetallic Al-Cr(-Fe) phases into oxides. Thereby, the
phase formation in reactive processes with varying oxygen content is compared with
post-deposition oxidation of non-reactively processed coatings as well as small
pancake-shaped macroparticles ejected from the cathode surface and subsequently
separated from the plasma stream. Initially, the formation of intermetallic phases very
well corresponds with the binary phase diagram of Al-Cr. The addition of oxygen to
the deposition progress results in distinct modifications in microstructure. In order to
grow crystalline stoichiometric oxides, a certain threshold value of the reactive gas is
required. Albeit the incorporation of Fe (model system based on Al0.7Cr0.3) does not
significantly improve the oxide formation at low oxygen partial pressure, its
incorporation within the prevailing intermetallic phase Al8Cr5 results in distinctively
different oxide scale formation during post-deposition annealing studies.
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Vacuum arc plasma generation and thin film synthesis from a TiB2 cathode
Igor Zhirkov1, Szilard Kolozsvári2, Peter Polcik2, Johanna Rosen1
1

Linkoping University, Linkoping, Sweden 2PLANSEE Composite Materials GmbH,
Lechbruck am See, Germany
igozh@ifm.liu.se

Titanium diboride exhibit a hardness of up to ~50 GPa, and is promising for the next
generation of hard and wear resistant coatings. However, the field is comparatively
unexplored, primarily due to challenges associated with materials synthesis.
Previously, deposition of TiB2 coatings by physical vapor deposition (PVD) has been
demonstrated by sputtering techniques. However, there is no reproducible synthesis
of TiB2 from arc evaporation, and from the reported few attempts on use of TiB2
cathodes for thin film synthesis, extensive instability, cracking, and cathode failure can
be concluded. In this work, we show analysis of the cathode, the plasma, and then
film, for utilization of TiB2 cathodes for thin film deposition in a DC vacuum arc system.
Two routes for preventing a non-stable plasma generation are presented. First, in the
absence of an external magnetic field, the observed rough cathode surface with sharp
grains of TiB2 crystals leads to dissipation of the arc, and consequently to reduction of
heat and stress which prevents cracking. The study of cathode surface erosion is
correlated to charge-state-resolved analysis of plasma ion composition and ion
energy, macroparticle generation, as well as resulting film composition. Plasma
analysis shows average ion energies of 115 and 26 eV for Ti and B, respectively, and
a plasma composition of approximately 50 % Ti and 50 % B. This is consistent with
the measured film composition, as obtained by X-ray photoelectron spectroscopy. A
second route for stabilizing the plasma generation is by adding carbon to the TiB2
cathode (1wt%). The stabilized synthesis process can be explained by the hindering
of crack propagation and the increase of thermal shock resistivity. Altogether, the
results are of importance for the use of cathodic arc as an efficient and useful method
for synthesis of metal borides.
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Recent innovations in hard coatings prepared by reactive cathodic arc
evaporation and their industrial applications
Jakub Blazek1, Markus Schenkel1, Farwah Nahif1, Uwe Zimmermann1, Stephan
Grasser1, Hynek Hruby2, Marcus Lartz1, Rene Scheibe1, Eckart Voss1
1

eifeler-Vacotec GmbH, Düsseldorf, Germany 2eifeler Werkzeuge GmbH, Schnaittach,
Germany
Jakub.Blazek@Eifeler-Vacotec.com

Reactive cathodic arc evaporation represents one of the leading technologies in the
tool coating industry. The successful concept and flexibility of the eifeler-Vacotec
alpha400P and alpha900P arc coating systems are demonstrated on recent examples
of several high-performance coatings offered by the eifeler-Vacotec GmbH.
The unique AlCrN based CROSAL® coating represents the latest development in the
field of high temperature coatings. Due to its excellent adhesion, high oxidation
resistance and high hot-hardness it is a versatile coating exhibiting improved
performance in highly demanding applications such as dry cutting, hobbing or fine
blanking.
Another innovation of the eifeler-Vacotec GmbH represents the SPCS ('strongly
poisoned cathode surface') technology which was specially developed in order to
challenge one of the main drawbacks of the state-of-the-art cathodic arc coatings - the
generation of so called macroparticles. Using this technology it is possible to produce
surface quality that is comparable to coatings deposited by filtered cathodic arc, yet
without the economical drawback of a reduced deposition rate. The resulting coatings
are characterised by a smooth surface, excellent adhesion and enhanced wear
resistance bringing economic benefits such as higher process productivity or reduced
costs for post-treatment of coated tools.
The talk will focus on presenting examples of successful industrial applications of the
above mentioned recent developments and their comparison to the state-of-the-art
coating solutions.
Keywords
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The cathodic arc plasma from AlCr composite cathodes
Robert Franz
Montanuniversität Leoben, Leoben, Austria
robert.franz@unileoben.ac.at
Cathodic arc deposition is a frequently applied method for the synthesis of thin films
and coatings. The use of alloy or composite cathodes with two or more elements is a
convenient and economic way to supply the non-gaseous elements for the film
growth. AlCr composite cathodes are typically used in reactive processes, where N2
or O2 are added to the discharge, in order to synthesise nitrides, oxides or oxynitrides.
A detailed understanding of the discharge properties is vital for the further
optimisation of the deposition processes to enable synthesising thin films or coatings
with improved properties. Within the current work the plasma properties of the
cathodic arc plasma from AlCr cathodes with compositions of 75/25, 50/50 and 25/75
at.% in Ar, N2 and O2 atmosphere was studied in detail. This included the evolution of
the charge states and the ion energies with changing gas background pressure as
well as the most probable ion energy or velocity as a function of the cathode
composition and type of gas atmosphere. The latter allows conclusions about the
origin of individual ion species, i.e. to identify ions that were formed near the cathode
surface. The information gained from analysing the plasma properties will be set in
the context of results obtained from characterising the eroded cathode surfaces. Due
to periodic melting and solidification of the cathodes' near-surface region in the vicinity
of cathode spots, intermixing of Al and Cr and the formation of intermetallic as well as
nitride and oxide phases occur. The eroded cathodes were analysed by X-ray
diffraction and cross-sectional imaging and elemental distribution mapping using
scanning electron microscopy. The formation of intermetallic phases depends on the
cathode composition. The presence of the reactive gases N2 and O2 only altered the
appearance of the cathodes in their main erosion zone to a limited extent. Significant
cathode poisoning due to the formation of nitride and oxide phases was only observed
outside the erosion zone.
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Properties of TiO2 thin films grown by reactive ion beam sputter deposition
Thomas Lautenschläger, Carsten Bundesmann, Erik Thelander, Daniel Spemann
Institut für Oberflächenmodifizierung, Leipzig, Germany
thomas.lautenschlaeger@iom-leipzig.de
Ion beam sputter deposition is a versatile technique for tailoring thin film properties as
it provides the opportunity to vary the properties of the film-forming, secondary
particles. This is possible because the place of generation of primary particles (ion
beam source) and secondary, sputtered and backscattered particles (target), and thin
film growth (substrate) are locally separated. Hence, by changing ion beam
parameters (ion energy, ion species) and geometrical parameters (ion incidence
angle) the angular and energy distribution of the secondary particles is changed,
which leads to a change of thin film properties.
TiO2 films were deposited by reactive ion beam sputter deposition under systematic
variation of ion beam and geometrical parameters. The films were characterized
concerning thickness, growth rate, structural properties, mass density, composition
and optical properties. Film thickness and growth rate show an over-cosine angular
distribution that is tilted in forward direction. The growth rate was found to increase
with increasing ion energy and ion incidence angle, which can be explained by the
known dependence of the sputter yield. The TiO2 films are amorphous and show
systematic variations in the optical properties. The index of refraction was found to be
influenced mainly by the scattering geometry, i.e. by the scattering angle. However,
reducing ion energy or ion incidence angle, results in a considerable lower index of
refraction. The index of refraction can be influenced by the stoichiometry or the mass
density. All films were found to be stoichiometric, but a strong correlation of the index
of refraction with the mass density could be revealed. The systematic variation of the
index of refraction and mass density is tentatively assigned to the influence of the
backscattered primary particles, because a considerable amount of primary particles
was found in the films.
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SiCxNy:H thin films deposited by plasma processes: opportunity as optical
coatings for PV applications
Eric Tomasella1, A Bachar1, A. Bousquet1, Christine Robert-Goumet2, G. Monier2, L.
Thomas3, M. Belmahi4, A. Goullet5, J. Cellier1, T. Sauvage6
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Hydrogenated Ternary materials such as silicon carbo-nitride (SiCxNy: H) are very
exciting materials. Indeed, preparing SiCxNy: H with different composition allows
obtaining coating with unique physical and chemical properties. This class of
materials has attracted much attention, because it exhibits new features different from
that of the mixtures of SiC and Si3N4. This kind of compound could be used to improve
thin-film solar cells light absorption. Indeed, it is important to reduce their reflection at
their top surface. Such a property could be achieved with the application, on a
substrate, of a one-layer film for a limited wavelength range or a multilayer coating for
a broad wavelength range. The challenge is to use graded composition SiCxNy: H thin
film, and so graded optical properties, once again to transfer the employed
technology, economically viable, to the PV industry. For this goal, SiCxNy: H thin films
with various compositions were deposited by sputtering in order to, in a first step
determine their structure and, in a second step, explain the optical properties
evolution versus the material composition and structure. For that, different coatings
have been deposited by sputtering a silicon target under mixed Ar-N2-CH4
atmosphere, at room temperature and at 400 °C.
This very complete work permits to suggest structure using ion beam analysis and
Infrared spectroscopy. With powerful method such as Electron Spin Resonance
spectroscopy we identify the dangling bonds and spin density. The optical properties,
in terms of refractive index, extinction coefficient, optical gap, and Urbach parameter,
were determined by spectroscopic ellipsometry and UV-Visible (UV–Vis)
spectroscopy. The main step forward of this work will be also to show that the use of
Nuclear Reaction and Elastic Recoil Detection Analysis allow the determination of the
composition but also the total hydrogen in the film.
All these results will be compared to other coatings deposited by PECVD.
Keywords
SiCN:H by sputtering
Ion Beam
Optical properties

Session 13: Energy Harvesting and Optical Coatings

Wednesday, September 14, 2016

OR1301
Solar selective absorber coatings based on double AlSiOx:W cermet layers
Luis Rebouta1, Duarte Dias1, Maria Benelmeki2, Martin Andritschky1, Carlos Tavares1,
Paola Santilli3, Kaj Pischow3
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It is reported the design, deposition and performance of a multilayer coating for
selective absorption of solar radiation. The optical stacks consist of four layers, a
metallic tungsten (W) layer as back reflector, a double AlSiOx:W cermet layers and a
AlSiOx layer, as antireflection (AR) layer. The spectral optical constants of a set of the
single layers were calculated from the reflectance and transmittance measurements
and used to design the optical stack. The coatings were deposited on stainless steel
substrates by magnetron sputtering.The X-Ray diffractograms of AlSiOx:W layers
show a broad peak around 2θ=40º, which could be assigned to (110) planes of bcc W
lattice. The intensity of the broad peak increased with tungsten volume fraction (f), but
the FWHM of about 7º, indicates that both, W and AlSiOx, are amorphous. The
Chemical analysis was performed using X-ray photoelectron spectroscopy (XPS) and
the results show that in the high metal volume fraction AlSiOx:W cermet layer, about
one third of W atoms are in the W0 oxidation state, another third in the Wx+ oxidation
state and the last third in the W4+, W5+ and W6+ oxidation states. The Al 2p core level
spectra show that Al atoms are mainly present in oxide state, but also show that some
Al atoms are present in the metallic state. Moreover, the peaks corresponding to
metallic Al are shifted towards higher binding energy, suggesting that Al atoms are
coordinated with Si atoms, which agrees with what is seen in Si 2p core level spectra.
The coatings exhibit a solar absorptance of 94%-96% and an emissivity of 10%-14%
(at 400 ºC). The coatings also exhibit good thermal stability, with small changes in the
optical properties of the coating during heat-treatments at 400 ºC in air and at 580 ºC
in vacuum.
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High temperature stable TCOs as selective transmitter for solar thermal
applications
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Materials used in the receiver tubes of a solar thermal power plant must exhibit
several properties, e.g. high temperature stability, high absorption in the solar region
and low thermal emittance. Nowadays, temperatures of up to 450°C and up to 550°C
are reached using parabolic trough arrays and solar tower absorbers, respectively,
whereas temperatures up to 800°C or higher could be reached if the receiver
materials were stable enough. Previous R&D approaches for high temperature solar
receiver materials include multilayer coatings deposited by PVD or sol-gel techniques.
Here, a new concept for solar-selective coating is presented. A transparent
conductive oxide (TCO) is deposited as a solar selective transmitter on a black body
absorber to implement both, high absorption (from the black body) in the ultraviolet,
visible and near infrared spectral range (300 nm – 2500 nm) as well as high
reflectivity (from the TCO) in the infrared (> 2500 nm) in a relative simple material
design.
Therefore SnO2:Ta and TiO2:Ta thin films are reactively magnetron co-sputtered from
tantalum doped and undoped metal targets at high temperatures (400°C - 700°C). By
changing dopant concentration, oxygen flux, process pressure and deposition
temperature the optical properties of these films can be tailored to meet the
requirements of a solar selective transmitter coating. It is also shown that the
electrical properties of the TCO, namely charge carrier concentration and mobility,
determine the optical behavior. The correlation between structural, optical, and
electrical properties is analyzed by Raman Spectroscopy and Spectroscopic
Ellipsometry (SE) both at room- and especially (in situ) at high- temperatures
simulating the conditions where the functional coating is supposed to operate.
Additionally, Rutherford Backscattering Spectroscopy (RBS), X-ray Diffraction (XRD),
UV-VIS spectrometry, and Hall Effect measurements are performed.
Financial support by the EU, grant No. 645725, project FRIENDS2, and the HGF via
the W3 program (S.G.) is gratefully acknowledged.
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Interplay between microstructure and chemical oxidation states in SiOx optical
thin films and multilayers
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Lopez-Santos3, Victor Rico2, Juan P. Espinós2, Alberto Palmero2
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This work shows the the stoichiometry and nanostructure of reactively sputtered SiOx
thin films can be independently controlled by adjusting the O2 flow and the deposition
angle during deposition. Using this parameter as an additional working variable for
controlling the deposition process has permitted the fabrication of thin films with
similar/different nanostructure and density and different/similar distribution of oxidation
states from Si4+ to Si0 . A large variety of thin films with variable composition (i.e., from
x=0.2 to x=2) and nanostructure (from nanocolumnar to homogeneous and a rich
variation in density values) have been preapred using the proposed procedure and
thoroughly characterized by a large set of methods including RBS, XPS, SIMS, AFM
or FT-IR. Moreover, the tight relationship found between the films optical and
electrical properties and their chemical and microstructural characteristics has
permitted to develop a large family of layers and multilayers with a precise optical
response in the IR region by independently adjusting composition and microstructure.
The possibilities of these materials for the fabrication of different photonic elements
for light control in the near-IR part of the spectrum are illustrated with the fabrication of
multilayers in the form of Bragg reflectors, Bragg microcavities and other similar
structures. The methodology employed for the fabrication of these complex structures
relies in a programmed control of the orientation of the substrate during deposition
and is proposed as a general and versatile procedure for the fabrication of other
layers and multilayers of compund thin films (e.g., nitrides, oxides, carbides, etc.)
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Advances in characterization and control of plasma ion assisted deposition
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Plasma ion assisted deposition (PIAD) is a technique employed for the production of
high-precision multilayer optical coatings. Typical applications are dielectric
antireflective coatings, beam splitters or specific spectral filters in various optical
components for ophthalmics, imaging or laser equipment. The key issue of PIAD is
the densification of the growing films by precise momentum and energy input from a
plasma ion beam. However, limits in repeatability and yield are observed, which are
due to process drifts. It is intended to extend the operational range of PIAD by plasma
characterization and related control schemes.
In this contribution we present results on the PIAD plasma sources APS (Bühler, hot
cathode glow discharge) and eH3000 (KRi, end-Hall design) which are operated in
argon, oxygen (except for APS) or mixtures thereof (both sources). Similarities and
differences of the gridless sources concerning electron parameters and the ion energy
distribution are discussed. In order to access plasma parameters during the
deposition process we employ optical emission spectroscopy (OES) and active
plasma resonance spectroscopy (APRS) as monitor diagnostics. The interpretation of
diagnostics data is assisted by collisional radiative modelling. On the basis of
radiance data obtained by OES and electron density measured by APRS novel
schemes for plasma based control are introduced. The standard approach of keeping
constant external parameters like voltages or currents is opposed by operating
internal plasma properties. Deposition experiments of Al2O3, Ta2O5 and TiO2 coatings
allow for a comparison of conventional and novel control concepts. Here, we focus on
layer properties such as refractive index, residual mechanical stress and refractive
index inhomogeneity.
This work is funded by the German Federal Ministry of Education and Research under
grants 13N13213 and 13N13214.
Keywords
optical coating
PIAD
APS
refractive index
mechanical layer stress

Session 13: Energy Harvesting and Optical Coatings

Wednesday, September 14, 2016

OR1305
Visible light induced photochromism in Yttrium based oxy-hydrides
Steffen Cornelius, Fahimeh Nafezarefi, Herman Schreuders, Bernard Dam
Delft University of Technology, Delft, Netherlands
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Smart windows have the potential to contribute substantially to achieving energy
neutrality of modern buildings. For this purpose the solar radiation towards and the
thermal radiation emitted from the building, respectively, have to be controlled to
maintain a certain temperature or illumination level under variable conditions in the
course of the day and/or the seasons. Approaches to this challenge can be classified
into static and dynamic technologies. In contrast to static solutions dynamic solutions
including electrochromic, thermochromic, and photochromic materials offer the
advantage of a flexible optical response to changing external conditions.
Electrochromic smart windows can be actively controlled but are based on a complex
‘battery-like’ stack of multiple thin film materials together with an external power
supply . Photochromic materials have received less scientific attention as potential
smart window coatings. This is partly because most photochromic materials react only
to UV light or are organic compounds with limited lifetime that must be blended to
achieve a color-neutral modulation of the visible light transmittance.
Recently, it was demonstrated that Yttrium-oxy-hydride (YOxHy) based thin films show
a visible-light-induced color-neutral photochromic effect at ambient conditions .
However, the material properties, performance limits and the nature of the reversible
photochromic effect are not well understood. Therefore, we set out to investigate
systematically the dynamic photochromic properties of YOxHy in correlation with its
crystalline structure and chemical composition. Recent results of our approach that
combines reactive magnetron sputter deposition with UV/VIS optical spectroscopy,
X-ray scattering/absorption as well as ion beam analysis methods will be discussed.
Despite the structural similarity between metallic Y-dihydride and YOxHy, the latter is
found to be a wide band gap insulator where the photon energy threshold for the
photochromic effect is given by the optical band gap. Further, cyclic illumination
experiments suggest the presence of a previously unreported ‘memory effect’ that
affects the photochromism dynamics even after complete optical relaxation of YOxHy
without illumination.
Keywords
photochromic
smart window
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Phase selectivity in the synthesis of manganese oxides by plasma assisted
pulsed laser deposition
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Manganese oxides have aroused considerable interest due to their technological
applications in energy storage devices, catalysis, electrochemistry and
supercapacitors. Manganese cations can exist in several oxidation states leading to
the crystallization of a variety of oxides into different phases of which MnO, Mn2O3,
Mn3O4, and MnO2 are the most commonly known. These have different
physico-chemical properties and one of the main challenges in the synthesis of such
oxides is to have good phase control of the synthesized material in view of a specific
technological application. In this work, we will be presenting results on the synthesis
of pure manganese oxide phases, in thin film form, using plasma assisted pulsed
laser deposition (PAPLD). We have determined the experimental conditions to grow
one phase of manganese oxide as opposed to another, and we particularly
emphasize the growth of highly crystalline manganese dioxide MnO2 layers. After the
oxygen plasma conditions are optimized, we show that operation at low pressure
values (10 – 25 mTorr) with plasma activation of the oxygen gas induces a shift in the
Mn-O phase diagram from Mn2O3 to MnO2. X-ray diffraction, infra-red spectroscopy,
raman scattering and atomic force microscopy analyses confirmed the synthesis of
the rutile structure β-MnO2 films having smooth surfaces with roughness values as
low as 0.63 nm. While deposition at high pressure (250-500 mTorr) also promoted the
formation of MnO2, the structure of the resulting films consisted of an irregular
intergrowth of two MnO2 polymorphs and consequently poor crystalline quality as well
as high surface roughness. The experimental conditions to synthesize Mn2O3 and Mn3
O4 compounds have also been determined. A comparison of our results with those
obtained using other film deposition techniques, such as atomic layer deposition, will
be presented as well as perspectives of applications for our PAPLD films.
Keywords
MnO2
remote plasma
pulsed laser deposition
XRD
Raman

Session 13: Energy Harvesting and Optical Coatings

Wednesday, September 14, 2016

OR1307
Tantalum based coatings deposited by HPPMS as an alternative to protect
stainless steel bipolar plates in PEMFC
Lucia Mendizabal1, Anders Oedegaard2, Ole Edvard Kongstein2, Javier Barriga1
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A proton exchange membrane fuel cell (PEMFC) converts hydrogen and oxygen
gases into electricity with water as the only by-product. Due to its high efficiency and
zero emission, PEMFC is of great interest as a clean energy device beyond
petroleum. The PEM drive electric vehicles are currently a technological reality but
several components durability and fabrication costs, like bipolar plates, must be
optimized for widespread commercialization.
The bipolar plate material must be chemically stable, highly electrical and thermal
conductive; have low contact resistance with the backing, good mechanical strength,
low gas permeability and inexpensive massive production. Stainless steel (SS) is
considered one of the most promising candidates for transport applications but its
chemical stability in PEMFC environment must be optimized to ensure an adequate
lifetime.
The aim of this study was to investigate the performance of Tantalum (Ta) based
coatings deposited on SS by High Power Pulsed Magnetron Sputtering technique
(HPPMS). HPPMS is a recently developed ionized physical vapour deposition
technique (i-PVD) characterized by the deposition of uniform, extremely dense and
well-adherent coatings. The utilization of HPPMS for the deposition of protective
coatings for bipolar plates in PEMFC has never been reported. Tantalum nitride (TaN)
coatings grown at different N2-to-Ar ratios and an innovative coating based on Ta and
ITO layers were deposited by HPPMS. Ex-situ electrochemical tests and interfacial
contact resistance (ICR) measurements were conducted in PEMFC environment to
evaluate the protection of these coatings for SS bipolar plates. The electrochemical
testing was carried out under different applied potentials (up to 1.4VSHE), pH values
and test durations (up to 180 min) in order to mimic the real operational conditions of
a PEMFC.
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Corrosion behavior, hardness and electrical resistivity of nitrogen-doped
hydrogenated carbon coatings
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Metallic bipolar plates in polymer electrolyte membrane fuel cells (PEMFC) have to be
electrically conductive and corrosion resistant. However, when using stainless steel
as bipolar plates it degrades during cycling tests. One solution is the deposition of
conductive corrosion resistant coatings like e.g. carbon-based coatings. For this
reason, amorphous N-doped hydrogenated carbon (a-C:H:N) coatings have been
deposited onto stainless steel foils by plasma-activated chemical vapor deposition
(PACVD) by using a plasma beam source (PBS). Molecular nitrogen is added to
acetylene (C2H2) to prepare N-doped coatings. The properties of the a-C:H coatings
are changed by varying the total pressure, the N2 partial pressure p(N2) and the
substrate temperature (100-300 °C). For the investigations, a-C:H:N coatings have
been deposited onto glass, silicon and stainless steel (1.4404) substrates.
The hardness of the coatings was measured by instrumented indentation tests. The
electrical resistivity was acquired by 4-point probe and contact resistance
measurements. The corrosion behavior was studied by a three electrode configuration
in sulphuric acid at 80 °C. The hardness was found to decrease with increasing total
pressure and with increasing p(N2). The reason for the reduced hardness with
increasing total pressure is the decrease in ion energy. It is assumed that the
generation of sp3 bonded carbon is reduced (less kinetic energy for subplantation)
and the number of sp2 bonded carbon is increased. However, the increase in sp2
bonded carbon enhances the electrical conductivity. The substrate temperature has
no significant influence on the hardness values. Electrically conductive coatings have
been obtained by N-doping the a-C:H coatings. The corrosion behavior will be
discussed with respect to the microstructure, defects and adhesion of the coatings.
Keywords
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Surface Ventures: What Exponential Growth of Technology Means for
Protective and Tribological Coatings
Tomasz Liskiewicz
University of Leeds, Leeds, United Kingdom
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Knowledge grows exponentially. The more we know, the greater our ability to learn
and the faster we expand our knowledge base. The growth of knowledge fuels the
growth of technology, with each new scientific discovery becoming a tool with which
novel technologies are invented. It might be difficult to appreciate and accept the fact
of exponential growth, as human perception is linear. Our brains have linear
expectations, because that has always been the case. However, it has been
postulated, that we are currently “on the knee” of the exponential growth of technology
curve. As a result, technology progresses so fast, that the past no longer looks like
the present, and the present is nowhere near how the future will look like.
Materials science will play a key role in enabling future technologies, and we are in
the midst of a materials science revolution that will impact every industry. Today,
materials scientists are engineering smart, novel materials and functional surfaces
with advanced properties well beyond state-of-the-art. Novel materials mean
breakthrough opportunities in medicine, energy generation, transportation, consumer
electronics, and high value manufacturing. This perspective talk will discuss the
current opportunities and future challenges for the protective and tribological coatings
in the context of exponential growth of technology.
Keywords
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New DLC coatings as enabler for the Mobility for Tomorrow for engine
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Ladislaus Dobrenizki1, Edgar Schulz2, Stephan Tremmel1, Nazlim Bagcivan2, Yashar
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The energy efficiency in internal combustion engines is a key factor for the reduction
of CO2-emissions of passenger cars and commercial vehicles. Diamond-like carbon
(DLC) coatings in highly stressed engine components are therefore widely used for
friction reduction and wear protection. One application is the valve train of the
combustion engine due to its considerable frictional losses especially under boundary
and mixed friction conditions at lower crankshaft speeds. In this regard, the
tribological contact bucket tappet/camshaft in the valve train offers high potential for
friction reduction but places also high demands on DLC coatings due to its complex
kinematics and different contact pressures depending on the cam contours and the
camshaft angle and speed. The aim of this work was to analyze the influence of the
contact pressure on ultra-low friction behavior within the sliding contact ball-on-disc.
This tribological contact was analyzed in a pin-on-disc tribometer using
series-production DLC coated tappets (16MnCr5, AISI 5115) and steel balls (100Cr6,
AISI 52100) ensuring same material pairing as in the real application. A synthetic oil
PAO (polyalphaolefine) formulated with the friction modifier additive glycerol
mono-oleat (GMO) was used for the tribometer tests. The influence of the contact
pressure on the ultra-low friction behavior was tested as a function of the surface
roughness under room temperature conditions (20 ± 1 °C) and a sliding velocity of 0,1
m/s. The wear of the superhard DLC coated functional surfaces was analyzed by
means of confocal laser scanning microscopy (CLSM). The findings were correlated
with the frictional behavior observed in the pin-on-disc tribometer. The results with
friction coefficients lower than 0.02 and no visible wear reveal potential of DLC
coating systems for energy efficiency as major enabler for the Mobility for Tomorrow.
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Effect of residual water during deposition on the mechanical properties of
Si-containing a-C:H Films
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Diamond like carbon (DLC) has widespread applications in many fields because of its
high hardness, low friction, chemical inertness, and other excellent properties. Our
group has developed MVP (Microwave sheath-Voltage combination Plasma), where
high density plasma is generated by microwave propagation along plasma-sheath
interface on metal surface, for increasing the deposition rate of DLC with PECVD.
Then, an ultra-high deposition rate of 156 μm/h was achieved with a nano-indentation
hardness of 20.8 GPa in Si-containing DLC (a-C:H:Si) coating. Such a high deposition
rate can drastically decrease the coating time to obtain a required film thickness,
typically 1∼5 μm. However, for increasing the process throughput as an industrial
coating instrument, not only coating time but also evacuation time before deposition
should be decreased together. Note that this requirement is essential for achieving
1-by-1 coating line of DLC with MVP. Therefore, rough pumping only with rotary pump
is desirable for ultra-high-speed DLC coating with MVP; however, the effect of
degraded vacuum quality, or increased residual water during deposition on the
properties of Si-DLC is not clear. In this work, we investigated the effect of residual
gases, especially water, on the mechanical properties of Si-DLC property. As a result,
with increasing water during deposition, O content in a-C:H:Si film increased from 1.0
to 2.4 at% accompanying the decrease of hardness from 21.3 to 18.9 GPa. However,
the friction coefficient in the sliding against SUJ2 ball under dry conditions 10 % and
50 % in humidity showed almost the same level of 0.04∼0.08 for all the a-C:H:Si films.
In other words, low-friction coefficient of 0.04∼0.08 were obtained with high
robustness against humidity variation during sliding and chemical structure variation
of a-C:H:Si film. (The authors gratefully acknowledge the funding by JST CREST,
Japan.)
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Structure Reinforcement and Phase Change in nc-TiC/a-C:H Coatings Induced
by HiPIMS
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Nanocomposite coatings consisting of TiC nanocrystallites embedded in carbon
amorphous matrix (nc-TiC/a-C:H) can be tailored to exhibit combination of high
hardness and modulus with low friction and wear. HiPIMS depositions usually lead to
much higher ionization of the sputtered titanium than DCMS which can alter the
deposition process and in turn the properties of the deposited nc-TiC/a-C:H coatings.
It was observed that using HiPIMS it was possible to make arc-free deposition of
coatings with higher carbon content (> 90 at.%) which was impossible for DCMS
(max. 70 at.% C). When DCMS was employed black carbon layers were created on
the target, whereas HiPIMS employment lead to a much cleaner target. This was due
to significant ionization of sputtered titanium and its back attraction to the target in
HiPIMS. Moreover the deposition rate of carbon rich coatings was higher for HIPIMS
compared to DCMS for coatings with high carbon content. Lower fraction of the a-C
matrix phase was found to be created in HiPIMS deposited nanocomposite coatings
with < 55 at.% of carbon as compared to DCMS. HiPIMS deposited coatings also
exhibited better stoichiometry of the TiC grains. This shows that HiPIMS promoted
carbon incorporation into TiC grains rather than forming of a-C matrix. Lower amount
of a-C matrix corresponded with smaller mean grain separation of the TiC grains by
the a-C matrix. This lead to overall higher hardness of HiPIMS deposited coatings
compared to those deposited by DCMS. The crucial parameters for obtaining hardest
coatings were found out to be the TiC grain stoichiometry and small mean grain
separation by the a-C matrix corresponding to only a few monolayers of the matrix
between the grains. HiPIMS utilization favored this structure enhancement making it a
promising method of nc-TiC/a-C:H coating preparation.
This research has been supported by the project CZ.1.05/2.1.00/03.0086 funded by
European Regional Development Fund and project LO1411 (NPU I) funded by
Ministry of Education, Youth and Sports of Czech Republic.
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Influence of the thermal properties of carbon-based coatings on their
application in tribological applications
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Carbon-based coatings and especially Diamond Like Carbon (DLC) coatings are
widely used since many years in tribological systems with high loads and/or high
pressures where friction and wear reduction is needed. However, DLC coatings have
a poor thermal stability and start to graphitize at temperatures higher than about
300°C. While this graphitization limits the application of DLC coatings in high
temperature applications, it also allows the outstanding running-in properties of these
coatings.
In this work we investigated the thermal degradation of different DLC coatings
(hydrogenated and non-hydrogenated) with a reciprocating pin-on-plate sliding wear
test under dry running conditions in a temperature range going from room
temperature up to 480°C. Even though most automotive applications are lubricated,
starved lubrication might temporarily occur and lead to dry running conditions with
high local contact temperatures which might exceed the thermal stability of DLC
coatings. The tribological testing was completed by measurements of the
depth-dependent coating hardness and the analysis of the structural properties of the
DLC coatings by means of Raman spectroscopy.
In addition, we investigated the effect of the thermal properties of DLC coatings on the
tribological properties of a lubricated contact using a two-disc tribometer and
compared it to other coating materials. This analysis was the completed by the
measurement of the thermal conductivity of the different coatings.
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Sustainable lowering of greenhouse gas emissions is one of the main drivers for
research and development in the automotive sector. Minimization of frictional losses
of highly loaded rolling-sliding contacts in automobile gearboxes by diamond-like
carbon (DLC) coatings offers high potential in terms of efficiency improvement.
Recent works using a gear efficiency test-rig revealed that the DLC coating ZrCg
(a-C:H:ZrCg) deposited on gears contributes not only to friction reduction under
boundary and mixed friction conditions but also reduces the coefficient of friction
under elasto- hydrodynamic lubrication (EHL) by maximum 39% compared to
uncoated gears. In this work, two different approaches were pursued to explain this
yet barely known effect of DLC coatings under EHL conditions considering the
thermal conductivity and the wetting behavior of the coatings. The investigations were
based on four different gear oils - mineral oil (MIN), polyalphaolefin (PAO),
polyethylene (PE) and polyglycol (PG) – and different a‑C:H:ZrxC1-x coatings
deposited by direct current magnetron sputtering. Coefficients of friction in fluid film
lubrication were measured at the FZG twin disc test-rig. Thermal conductivity was
determined by means of laser flash method at temperatures T=40°C and T=100°C.
The wetting behavior was analyzed determining interfacial tension and surface energy
of the DLC coatings and the gear oils by means of contact angle measurements. The
results from fluid coefficient of friction calculations as well as from contact angle
measurements were correlated to the frictional behavior of rolling-sliding contacts
under EHL conditions using the gear oils at T=40 °C und T=100 °C. Finally, Chemical
interactions between the DLC coated discs and the gear oils were investigated by
Raman spectroscopy and X-ray photoelectron spectroscopy.
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Wear resistance of Carbon / Boron Nitride nanometric multilayers and
photoemission microscopy (PEEM) analysis of their weartracks
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We have studied the tribological properties of multilayers composed of nanoscale
hexagonal carbon (h-C) and hexagonal boron nitride (h-BN) layers. These two
materials are soft and lubricant in bulk, with poor wear resistnace under high loads.
However, when a stacking of nanoscale layers is formed, the wear resistance
improves drastically, showing wear rates below 1x10-7 mm3/Nm. the C/BN
multilayers were formed by sequential evaporation of (i) carbon and (ii) boron with a
concurrent nitrogen ion beam. In this way, a series of multilayers with period between
3 and 80 nm is obtained [1]. Details on film preparation and characterization by SEM
and TEM microscopies are discussed. The friction and wear resistance are evaluated
by pin-on-disk tests under different conditions.
To perform a Photoemission Electron Microscopy (PEEM) analysis of the
tribochemistry taking place on these multilayered films, erosion by pin-on-disk was
performed to create a measurable weartrack where only a few of the topmost
sublayers were exposed to the environment. In this way, layers with nanometric
thickness appear as micrometric and nanometric bands along the sliding direction in
the wear track. The spectroscopic analysis of these compositional features in the
weartrack constitutes a perfect playground to evaluate the microscopy and
spectroscopy capabilities of PEEM analysis.
Several interesting observations are made on the tribochemistry between the
stainless steel balls and the C/BN film, among them the preferential reactivity of Fe
towards boron and Cr towards C.
Reference
[1] R. Torres et al. Reversed texture in nanometric carbon/boron nitride multilayers,
Carbon, 74, 374 (2014)
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Among the diamond-like carbon (DLC) coatings, hydrogenated amorphous carbon
(a-C:H) possess good tribological properties with a low friction coefficient (typically
inferior to 0.25 against unlubricated steel counterpart) and a low wear rate (typically
inferior to 0.01 10-6 mm3/N.m). Nevertheless, very large compressive stress are
included in these films that limit their thickness in order to keep a good adhesion on
the substrate, even in presence of interlayer. Many metallic elements have been
introduced in a-C:H coatings in order to reduce of the internal stresses or to improve
toughness. The resulting material is generally a nanocomposite with metal-rich
nanoparticles embedded in the hydrogenated amorphous carbon matrix. Some metals
like Nb or Mo exhibit a strong bond with the carbon and while some others metals like
Al or Cu are called weak-carbide-forming due to their very low affinity with carbon.
The purpose of this work is to compare the tribological properties of metal doped
a-C:H coating with four different metallic element : Nb, Mo, Al and Cu. Coatings are
deposited by a hybrid magnetron sputtering-PECVD process and the sputtering power
is adapted for each dopant to obtain a “low” metal content in the film with [M]/([C]+[M])
< 0.1 in order to limit the drop in hardness, generally observed in the literature.
Friction experiments are performed using an alternative ball-on-disk Plint TE77
tribometer with 100Cr6 steel balls of 6 mm diameter, under a normal load of 25 N in
unlubricated conditions at ambient temperature and a controlled relative humidity. The
results show that the metal insertion in the a-C:H lead to a reduction of the friction
coefficient (except in the case of Cu) while wear rates are equivalent. At last, the wear
behaviors of each film are interpreted thanks to the structural and chemical evolution
of both surfaces (wear tracks and wear scars on the counterface) characterized by
SEM, XPS and Raman spectroscopy.
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Plasma-assisted lubrication for the sliding between polymer and DLC
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Diamond like carbon (DLC) has widespread applications in many fields because of its
high hardness, low friction, chemical inertness, and other excellent properties.
Recently, DLC is applied to machine parts as coating to reinforce the surface
property. On the other hand, the use of polymer parts made of engineering plastics is
increasing instead of metal ones because polymer is light, low cost and easily
processed. It is expected in the future that the application of DLC to metal comes to
be more frequent in order to further improve the sliding property between
metal-polymer contact in sliding parts. For that reason, it is important to clarify the
characteristic of friction between DLC and polymer. In this research, silicon doped
DLC (a-C:H:Si), which is coated by plasma enhanced chemical vapor deposition
(PECVD) on a steel disk (SUS304, JIS) 25 mm in diameter, was used as a mating
material of sliding against Polyoxymethylene (POM) which is an engineering plastic.
Friction tests were conducted in a roller-on-disk apparatus under dry condition, where
the side surface of POM roller 5 mm in diameter and 5 mm in height was contacted to
DLC-coated disk at a normal load of 1 N. Sliding test was conducted for 20 minutes at
a rotation speed of 200 rpm, where the rotation radius of the roller changes from 5.5
to 10.5 mm along the roller axis. During the total sliding distance of 200 m, helium gas
flow and helium plasma flow were irradiated for 50 to 100 m, and 100 to 150 m,
respectively. Friction coefficient observed for the first 50 m without any irradiation was
around 0.2, which was not changed by the following helium gas irradiation. Then,
plasma irradiation caused seriously instable and high friction coefficient (around 1.0);
however, after stopping the plasma irradiation, the friction coefficient rapidly fell down
to around 0.066 and was stabilized. This result indicates the possibility of
plasma-assisted lubrication for the sliding between polymer and DLC. (The authors
gratefully acknowledge the funding by JST CREST, Japan.)
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In the last decade, high power impulse magnetron sputtering (HiPIMS) acquired much
attention from the sputtering community as a new successfully sputtering technology.
The technique is already well-established in several industrial applications. In HiPIMS,
a high power load is directed towards the target at a low duty cycle and frequency
such that the average power is comparable with classical direct current magnetron
sputtering (DCMS). However, during the high current pulse the fraction of sputtered
atoms that become ionized is greatly enhanced due to the high plasma density. Also
gas rarefaction effects in front of the target will play a more significant role compared
to typical DCMS conditions. These features will have their influence on the process
curve during reactive HiPIMS. It is reported that reactive HiPIMS suffers less from
hysteresis effects compared to DCMS. This diminishing hysteresis effect has been
linked with several causes: sputter cleaning due to the high ion current, high doses of
metal implantation or low surface reactivity due to reactive gas rarefaction. These
causes have been investigated by means of modelling. An extension on the RSD2013
model [J. Phys. D Appl. Phys. 47, 235302 (2014)] which originally aimed the
description of the hysteresis for DCMS, has been developed for HiPIMS. This RSD
HiPIMS model is capable to unravel the hysteresis behavior for the HiPIMS deposition
technology in combination with the Monte-Carlo codes SiMTra, for the transport of the
sputtered species, and SRIM, for the ion-target interactions. In the model the change
of the target condition from the metallic to the poisoned state is performed by
including mainly three target processes: the chemisorption of reactive gas species,
reaction of direct and knock-on implanted reactive species and the
redeposition/reimplantation of sputtered material. Both the state of the target and the
substrates are hereby described in a spatial and temporal resolved way.
Notwithstanding the more complex picture of reactive HiPIMS, most mechanisms
connected with the reactive aspect of the process show strong resemblance with
classical reactive DCMS.
Keywords
HiPIMS
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Enhanced ionization of magnetron by applying high power pulses (HiPIMS) has
demonstrated its interest in terms of ionization degree (up to 10% of the gas), target
sputtering, control of precursors flux, and improvement of the deposited thin film
properties. Very impressive results have been obtained combining the film and
plasma diagnostics of HiPIMS. However, the modeling of magnetized plasmas of very
high density (> 10 m-3) such as HiPIMS is still very challenging.
Recently, we developed at LPGP (Orsay) an improved approach PIC-MCC
(Particle-in-Cell Monte Carlo Collision) approach, called OHiPIC (Orsay High Density
Particle-In-Cell). It models the high density of the plasma magnetron, including the
temporal evolution of HiPIMS (), two dimension (2D), assuming the azimuthal
symmetry. OHiPIC has been first used to model the direct current (dc) test-case and
further the HiPIMS, which was deeply studies, with respect with the cathode voltage
and current assuming the pre-ionization and short-pulses.
Moreover, to describe the third (azimuthal) dimension, a novel algorithm, called
pseudo-3D, has been implemented to describe self-organizing structures called
“spokes” rotating around the magnetron axis and appearing with fast time acquisition
camera (). The pseudo-3D algorithm could successfully describe the spokes
extending thus OHiPIC capabilities. The numerical results clearly demonstrates the
interdependency between the spokes and the cathode (secondary emission) current
as well as between several drift instabilities.
Keywords
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High Power Impulse Magnetron Sputtering (HIPIMS) is a physical vapor deposition
(PVD) technique which utilizes magnetron discharges of extremely high power
(kW/cm2) in short pulses (tens to hundreds microseconds). Compared to conventional
magnetron sputtering, HIPIMS is capable of generating films of high density and
advantageous microscopic morphology. This capability is generally attributed to the
fact that the critical figure of merit of PVD processes, the average energy per
deposited atom, is nearly a factor of ten higher [Anders 2009]. Recent research has
studied the complex pathway of the process energy from the power supply to the
substrate.This contribution will focus on the first stages of this process. The electrons,
released as secondaries from the cathode, are accelerated in the boundary sheath
and enter the ionization zone above the “racetrack” where they are confined by the
electric and magnetic field. In a sequence of successive collisions, the fast electrons
deposit their energy to the other plasma species, particularly to the neutrals (via
excitation and ionization) and to the less energetic but much more frequent
background electrons (via Coulomb interaction). Both groups of electrons also exhibit
complex spatial motion which gives rise to localized plasma structures (known as
“spokes” or “humps”). To capture the processes just described, a model is
investigated which comprises a gyro-kinetic sector for the energetic electrons, a
gyro-fluid sector for the background electrons, and the assumption of quasi-neutrality.
The relevance of this model to the simulation of HiPIMS discharges [Gallian et al.
2015] and to the interpretation of recent experimental findings [Anders et al. 2013] is
discussed.
[A. Anders, Thin Solid Films 518, 4087 (2010)]
[S. Gallian, J. Trieschmann, T. Mussenbrock, R.P. Brinkmann, W.G. Hitchon, J. Appl.
Phys. 117, 023305 (2015)]
[A. Anders, M. Panjan, R. Franz, J. Andersson, P. Ni, Appl. Phys. Lett 103, 144103
(2013)]
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High-Power Impulse Magnetron Sputtering (HiPIMS) is a promising deposition
technique. However, the physical mechanisms operating in the HiPIMS plasma are
still far from being completely understood. This issue is even more pronounced when
adding reactive gases, which lead to loss of process stability, coupled with process
hysteresis, reduced deposition rates, as well as generation of detrimental energetic
negative ions. In this contribution we try to tackle these challenges through
computational modeling benchmarked with experimental plasma characterization. The
aim is to understand the interaction between the physical and chemical mechanisms
that operate in the bulk plasma and the coupling with surface reactions. A new
time-dependent, volume averaged plasma chemical model for reactive HiPIMS called
R-IRM has been developed. It calculates the time evolution of neutral and charged
species in the dense plasma region in the vicinity of the cathode. The main idea of the
model is to neglect the complexity which arises when spatial variations are
considered, while at the same time include a sufficiently large number of reactions in
order to model a HiPIMS plasma with limited computing power. As a first case study
we explore the influence of oxygen dilution on the discharge properties of a Ti-O
process in Ar/O2 atmosphere. Trends and changes in electron density and
energization, the ionization fraction of the sputtered vapor, and the oxygen
dissociation fraction have been analyzed. Striking differences between the metal and
poisoned modes will be highlighted and discussed in terms of internal process
mechanisms.
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Atmospheric-pressure plasma jets (APPJs) are non-equilibrium, highly reactive
plasmas that can operate at room temperature and in open air. This unique
combination of characteristics makes them ideal tools for industry, eliminating the
need for low-pressure operation as is common in many current
techniques.Optimisation of such devices for specific applications is often empirical,
making it time-consuming, because of a lack of understanding of both the plasma and
its interaction with the surface. Here we present a study into the mechanisms
underpinning APPJ plasma chemistry and the interaction with a surface.
Two case studies will be presented; the modification of polymer films for enhanced
wettability and the removal of photoresist from wafers for semiconductor
manufacturing. Our APPJ is a RF-driven plasma operating in helium gas with small
admixtures of O2 (0-1%). The effluent of the APPJ propagates through open air
towards the surface that is to be treated. In the case of polymer film treatment the
desired effect is an increase in wettability, i.e. reduction of contact angle, of the
surface without modifying the bulk properties of the film. For second application, the
aim is to completely remove photoresist from a wafer as quickly as possible, again
without damaging the underlying surface. We find that we can use the same device
for both applications by using different operational parameters to achieve the desired
effects.
We link the observed surface modification effects to two-photon absorption
laser-induced fluorescence spectroscopy measurements of atomic oxygen density
within the APPJ effluent, implying the importance of this radical. Furthermore, Fourier
Transform Infrared spectroscopy is applied to assess the details of the surface
modifications. It reveals a two-stage mechanism for the production of polar bonds on
the surface of the polymer, which is in agreementwith our contact angle
measurements. The quality of the photoresist removal was found to be equal to
low-pressure standards.
Keywords
atmospheric-pressure plasma jet
surface modification
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High-rate and low-cost synthesis of nanoparticles can be achieved by plasmas in
liquids. When spark discharges are ignited in a dielectric liquid, a strong heating of the
electrode material occurs, producing a metallic vapor from which nanoparticles grow
by condensation. This process can be conveniently used to synthesize core-shell
nanoparticles. Indeed, by processing between two metallic electrodes formerly
synthesized nanoparticles, it is possible to coat them and produce core-shell
nanostructures.
By contrast, producing alloy nanoparticles by discharges in liquids is much more
complicated. To understand the reasons that explain this behavior, several
experiments were done in order to understand the elaboration of CuZn and CuAg
alloys by discharges in liquid nitrogen. A pin-to-pin configuration was adopted for all
our study.
We used metallic copper, zinc or α-brass (Cu63Zn37) electrodes on the one hand and
metallic copper, silver or copper-silver alloy (Cu28Ag72) electrodes on the other hand.
These systems were chosen because of the large difference of melting points
between copper (1084˚C) and zinc (419˚C) and the small difference between copper
(1084˚C) and silver (961˚C). Furthermore, the high solubility of zinc in copper and of
copper in silver makes of both systems an excellent choice for comparison.
High-resolution transmission electron microscopy (HRTEM), energy-dispersive X-ray
spectroscopy (EDX), electron energy loss spectroscopy (EELS) and electron
micro-diffraction analyses were carried out to characterized the formed nanoparticles.
Time-resolved optical emission spectroscopy measurements were also performed to
improve our understanding of synthesis mechanisms.
We will show that the main difficulty associated with the synthesis of nanoparticles is
due to the differential melting of elements. Once evaporated, metallic vapors never
recombine in the plasma but produce separated nanoparticles of each type of metal.
Keywords
Nanoparticles synthesis
plasma in liquids
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Dynamical-Behavior Characterization of Atmospheric-Pressure
Dielectric-Barrier-Discharge Plasma Jets for Control of Reactive Oxygen and
Nitrogen Species in Liquid
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JWRI, Osaka University, Ibaraki, Osaka, Japan
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Non-equilibrium atmospheric-pressure plasmas have attracted great interests as
effective tools for materials processing and medical treatments. Especially,
applications in medical treatments have been extensively investigated worldwide as a
new scientific field "plasma medicine" due to significant medical effects including
cancer therapy. For development of innovative science and technologies for a variety
of applications, it is of great significance to understand basic characteristics in terms
of dynamical behaviors and interactions with substances including solid materials and
liquid. So far we have carried out a series of investigations on frequency dependence
of atmospheric-pressure discharge generation in a wide rage of discharge-power
frequency from kHz region with high-voltage DC pulses to VHF.
In this presentation, these studies are extended further to investigation of
dynamical-behavior characterizations and plasma interactions with liquid for
controlling reactive oxygen species (ROS) and reactive nitrogen species (RNS) in
liquid, as key parameters in medical treatments as well as in advanced materials
processing through plasma-activated liquids. Atmospheric-pressure dielectric-barrier
discharge plasma jets have been investigated using an intensified CCD (ICCD)
camera. The fluid dynamic behaviors of the plasma jet have further been studied
using Schlieren method for investigation of the gas-flow effects on discharge and
correlation of with radical formation in liquid. Furthermore, dynamical behaviors of the
plasma jet have been studied via electrical characterizations of the plasma-jet
propagations for explicit evaluations of plasma states in the vicinity of liquid surface.
Keywords
non-equilibrium atmospheric-pressure plasma
reactive oxygen species (ROS)
reactive nitrogen species (RNS)
plasma medicine
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Isotope labelling, a classical method in catalysis to ascertain reactions routes [1, 2],
has been scarcely applied in plasma processes [3]. In this work we have used
deuterated water as labelling compound to analyse the molecular fragmentation
during the plasma wet reforming of methane in a parallel plate packed-bed DBD
reactor filled with ferroelectric material [4]. Reaction products were monitored by
means of a mass spectrometer. Apart from the expected hydrogen (H2) and carbon
monoxide (CO), deuteromethanes and molecular hydrogen isotopes (D2, HD, CH3D,
CH2D2) appear in the reaction products. The existence of isotope labelled molecules
(CH3D, CH2D2) is a clear proof of the occurrence of backwards reactions during the
wet reforming of methane. These processes imply a waste of energy and, thus, a
decrease in the efficiency of the DBD plasma processes, one of the major drawbacks
for its industrial implementation. The influence of different parameters, namely, the
gas residence time, the current and the addition of oxygen on the H/D distribution and
efficiency of the process is analysed. [1] J. Wei and E. Iglesia, Phys. Chem. Chem.
Phys., 2004, 6, 3754. [2] L. Y. P. Luk, J. J. Ruiz-Pernía, A. S. Adesina, E. J.
Loveridge, I. Tuñón, V. Moliner and R. K. Allemann, Angew. Chem., Int. Ed., 2015,
54, 9016. [3] F. Daou, A. Vincent and J. Amouroux, Plasma Chem. Plasma Process.,
2003, 23, 309. [4] A. M. Montoro-Damas, J. J. Brey, M. A. Rodriguez, A. R.
González-Elipe and J. Cotrino, J. Power Sources, 2015, 296, 268.
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Plastic injection moulding of high-precision plastic components with high output
volumes, using low cycle times without compromising on a high product quality and
still keeping zero tolerance towards failures, is extremely important to increase both
the productivity and keeping a competitive edge. At the same time, many moulds are
becoming more and more complicated and costly. Hence, it is important to increase
the lifetime, the wear resistance and the performance of the applied moulds.
The ejection force has been quantified in situ in an injection moulding process by
incorporating a force sensor. The developed method was found to be so reliable that it
was possible to measure a difference between 'as machined' moulds implying that
each mould was used as its own reference. The model mould was designed to mimic
the injection moulding of a real medical device.
The impact on the ejection force when adding different surface pretreatments to the
injection moulding core ('as machined', grinded, blasted and laser textured) in
combination with different PVD coatings (CrN, HiPIMS CrN, low-temperature pulsed
TiAlN) combined with post treatment involving high-current implantation of nitrogen or
oxygen has been investigated.
The ejection force was measured for four industrial relevant plastic types (ABS, PP,
POM, TPU) before and after adding the wear-resistant coating as well as after ion
implantion. The results revealed that the ejection force could be lowered by close to
70% for some of the plastic types by adding a combination of wear-resistant coating
and ion implantation. These findings will be compared with empirical results from
industrial-scale injection mouldings.
Nanoscale characterization of the applied coatings will be adressed based on
nanoindentation, SEM and RBS.
Keywords
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PVD as an Alternative for Hard Chromium Plating: PVD-Coatings for
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Due to the health hazard, emanating from chromium trioxide based coating
processes, the longtime approved hard chromium platings have to undergo a complex
and cost intensive authorization procedure due to the European REACH directive
from 2017 onwards. Therefore, the development of alternative coatings with
comparable properties is a key demand for the coating industry. On the one hand
alternative coatings have to achieve the requirements for hardness and corrosion
resistance, and on the other hand fulfill the current sustainability criteria in terms of
environment protection and health.
Recently, the authors developed a TiMgGdN coating system with improved corrosion
properties, which protects even magnesium ‑ which is known as the most corrosive
construction metal ‑ against corrosion for at least 300h in the salt spray test.
In the present work, the TiMgGdN coating concept has been developed for low
alloyed steel substrates. The coating composition and the deposition parameters were
varied to optimize the coatings for steel substrates. In addition, the Mg-Gd-alloying
concept was tested for other typical tribological coating systems like CrN and ZrN.
The coatings were characterized concerning their microstructural, mechanical and
chemical properties. Salt spray tests as well as electrochemical measurements were
carried out to examine the corrosion properties of the coated specimens.
Furthermore, the electrochemical properties as well as the open circuit potentials of
the coating materials themselves were determined.
It will be shown that alloying the base coating materials with Mg-Gd improves the
corrosion properties of steel substrates. The corrosion performance of these coatings
is superior in comparison to standard PVD coatings like TiAlN or CrN.
Keywords
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corrosion protection
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Hard protective coatings deposited by physical vapour deposition (PVD) methods
have been characterised for decades for their corrosion protection capabilities.
However, due to growth defects single PVD deposited hard coatings with a thickness
below 10 µm are usually not capable to reliably protect steel substrates from corrosion
in neutral salt spray (NSS) tests.
In this study, 2.5 µm thick TiN and TiMgN films with Mg-contents between 10 and 35
at.-% were deposited onto 1.3505 steel samples by DC magnetron sputtering. The
growth defect concentration on each as-deposited sample was determined by large
area high resolution (LAHR) mapping, a confocal microscopy based measurement
and evaluation method recently introduced. The NSS test results were thus evaluated
not only in relation to the Mg content, but also to the amounts and sizes of growth
defects, which markedly reduced random influences. Further characterisations of the
TiMgN-coated samples comprised hardness, tribological and electrochemical
behaviour of the films as well as the microstructure of selected growth defects.
TiMgN with a high Mg content of 35 at.-% showed drastically improved corrosion
protection capabilities for steel substrates compared to pure TiN. Coated polished as
well as sandblasted samples showed almost no corrosion after 24 h in a NSS test.
The defect concentration data further indicated an improved corrosion protection also
for TiMgN with lower Mg contents. Cathodical corrosion protection was identified to be
the main corrosion protection mechanism. The hardness of TiMgN with 35 at.-% Mg is
markedly reduced, nevertheless it showed a good tribological behaviour against e.g.
steel. This coating material hence demonstrates a unique combination of wear and
corrosion protection properties.
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This work presents a new approach to investigate the microporosity of Physical
Vapour Deposition (PVD) coating systems. Therefore different Chromiumnitride (CrN)
coatings were deposited on X153CrMoV12 steel using a combined technique with
Direct Current Magnetron Sputter (DCMS) and High Power Impulse Magnetron
Sputtering (HiPIMS). In order to prepare contrary cases in terms of porosity different
coatings were prepared. One system type had a dense micro structure, another a
more columnar crystal growth and therefore a higher porosity in this system was
expected. The different microstructure was obtained by a modification of the
BIAS-Voltage. The porosity of the coatings was investigated using the Scanning
Electrochemical Microscopy (SECM) method, polarization curves and optical
inspection. Because of the spatial resolution of the SECM the determination of the
specific positions where the ions of the iron substrate were able to penetrate the
coating reaching the surface was possible. The current changes due to the presence
of iron ions were detected at the tip of a polarized platinum microelectrode. The
described process is capable of correlating the porosity and the different coating
structures in a quantitative and qualitative way. The results show a good agreement
between SECM, polarization curves and optical inspection
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A simple and cost effective approach to stabilize the sputtering process in the
transition zone during reactive high-power impulse magnetron sputtering (HiPIMS)
has been used in growth of Hf-N in an Ar–N2 atmosphere and Ti-O in an Ar-O2
atmosphere. The method is based on real-time monitoring and control of the
discharge current waveforms. To stabilize the process conditions at a given set point,
a feedback control system was implemented that automatically regulates the pulse
frequency, and thereby the average sputtering power, to maintain a constant
maximum discharge current. In this way stoichiometric HfN and TiO2 could be grown
over a wide range of reactive gas flows, maintaining the process stably in the
transition zone. The physical reasons for the change in the current pulse waveform for
different process conditions are discussed.
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High-power impulse magnetron sputtering with a pulsed reactive gas flow control [1,
2] was used for reactive depositions of Hf-O-N films with tunable composition and
properties. The depositions were performed using a strongly unbalanced magnetron
with a planar hafnium target of 100 mm diameter in argon-oxygen-nitrogen gas
mixtures at the argon pressure of 2 Pa. The nitrogen fractions in the reactive gas flow
were in the range from 0 to 100%. The repetition frequency was 500 Hz at a fixed
deposition-averaged target power density of 30 Wcm-2 with the duty cycle of 10%. The
substrate temperatures were less than 140°C during the depositions of films on a
floating substrate at the distance of 100 mm from the target. A pulsed reactive gas (O2
and N2) flow control made it possible to produce high-quality Hf-O-N films of various
elemental compositions with high deposition rates of 175 - 240 nm/min. All films were
nanocrystalline and their elemental compositions were varied gradually from HfO2 to
HfN. We present the gradual change of hard (18 GPa), highly optically transparent
(extinction coefficient of 5x10-4 at 550 nm) and hydrophobic (water droplet contact
angle of 101°) HfO2 films into harder (25 GPa), opaque and more hydrophobic (water
droplet contact angle of 107°) HfN films.
[1] J. Rezek, J. Vlček, J. Houška, R. Čerstvý, High-rate reactive high-power impulse
magnetron sputtering of Ta–O–N films with tunable composition and properties, Thin
Solid Films 566 (2014) 70–77.
[2] J. Vlček, A. Belosludtsev, J. Rezek, J. Houška, J. Čapek, R. Čerstvý, S. Haviar,
High-rate reactive high-power impulse magnetron sputtering of hard and optically
transparent HfO2 films, Surf. Coat. Technol. (2015,
doi:10.1016/j.surfcoat.2015.08.024)
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A global plasma model has been developed to describe the TiAlSiN thin film
deposition by reactive modulated pulsed power magnetron sputtering (MPPMS)
discharges in Ar/N2 mixture gas, based on the particle balance and the energy
balance in the ionization region, and considering the formation and loss of compound
at the target surface. The modeling results show that, as increasing the N2 partial
pressure from 0 to 40 % at constant working pressure of 0.3 Pa, the maximal electron
density in the ionization region increases from 2×1019 m–3 to 3×1019 m–3 after inletting
the N2, and decreases to 2.5×1019 m–3 with further increasing the N2 partial pressure,
the electron temperature during strongly ionized period increases from 5 eV to 7 eV,
the effective power transfer coefficient increases from 0.05-0.06 to 0.08; as increasing
the working pressure from 0.1 to 0.7 Pa at constant N2 partial pressure of 30 %, the
maximal electron density increases from 1.3×1019 m–3 to 2.6×1019 m–3, the electron
temperature decreases from 13 eV to 5 eV, the effective power transfer coefficient
decreases from 0.1-0.12 to 0.04-0.09. Using the modeled plasma parameters to
evaluate the kinetic energy of arriving ions and the substrate temperature, the
variations of processing parameters which decrease both values lead to a weakened
diffusion ability of adatom and a reduced input energy to the substrate, corresponding
to the experimental observation of surface roughness increase, the microstructure
transition from dense amorphous structure to columnar structure, and the reduction of
phase separation. The increase of electron temperature shifts the discharge balance
of Ti species from Ti+ to Ti2+, results in a higher return fraction of Ti species as well as
a higher Al/Ti ratio of the deposited TiAlSiN thin films. The characteristics of reactive
MPPMS discharges are explained based on the modeling as well as its correlation
with the experimentally observed composition and microstructure transition of
deposited thin films.
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Polycrystalline and nanocrystalline semiconducting iron pyrite FeS2 is recently an
attractive material for optoelectronic and photonic applications. Due to its relatively
large optical absorption coefficient in the visible region and narrow band gap of 0.95
eV this material can be suitable for applications in photovoltaics, photodetectors and
photoelectrochemistry. Semiconducting polycrystalline and nanocrystalline FeS2 thin
films were deposited by high power impulse magnetron reactive sputtering system
(R-HIPIMS). The magnetron system with SmCo magnets and a pure circular iron
target (diameter 50 mm) was used for the impulse reactive sputtering. The gas
mixture of Ar and H2S was used for the reactive sputtering process. The partial
pressure of H2S in the deposition plasma reactor was changed in a wide range. The
substrate was heated during the deposition by an external furnace and the deposition
temperature was controlled in the range 300-600 K. FeS2 thin films were deposited at
different magnetron pulsing frequency, magnitude of impulse power, substrate
temperature and H2S partial pressure. Some optimum deposition conditions were
found and nanocrystalline and polycrystalline FeS2 films were deposited by the
reactive process. In order to improve semiconductor quality, FeS2 films were annealed
in sulphur vapors. FeS2 films were deposited on single crystal silicon and SiO2 quartz
glass substrates. In order to be able to make photoelectrochemical measurements,
FeS2 films were also grown on Si substrate with Pt electrode and on glass with ITO
electrode and TiO2 anatase n-type semiconductor. FeS2 films were characterized by
Raman spectroscopy, SEM, EDAX, XPS and measurement of electrical conductivity.
Films on Pt electrode and ITO/TiO2 structures were studied by photoelectrochemistry
in three electrode photoelectrochemical cell.
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Metallic titanium films have many attractive applications, e.g. in biomedical
applications, as they allow for the metallization of polymer substrates. The coating of
polymeric implants by plasma spraying techniques, which are presently the standard
techniques in orthopaedic implants, lead to a high thermal load of the substrates'
surface and thereby to the loss of surface structural feature, which is an undesired
situation.
In this work Ti coatings were deposited by chopped HiPIMS, a technique where
HiPIMS pulses are decomposed into a sequence of short micropulses. The
combination of these pulse trains distinctly influence the properties of titanium
coatings prepared by this technique. The plasma was characterized using
voltage/current measurements, optical emission spectroscopy and Langmuir probing,
along with caloric measurements during deposition. The prepared coatings were
examined using X-ray diffraction, scanning electron microscopy and X-ray
photoelectron spectroscopy. It is shown that the pulse sequence is decisive for the
applicability of Ti coatings on polymeric substrates, as it strongly influences properties
such as process stability, deposition rate, morphology and thermal load during
deposition, which can be improved with respect to standard HiPIMS and DC sputter
deposition. The coatings' microstructure shows increased smoothening of the coating
surface and shallower surface oxidation for samples deposited using chopped
HiPIMS.
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Coating deposition by magnetron sputtering is a common method for various
applications including e.g. surface enhancement in optical technologies, scratch and
wear resistance, anti-finger print layers, photocatalytic coatings as well as the
utilization in photovoltaics and semiconductor industry.
High Power Impulse Magnetron Sputtering (HiPIMS) is a comparatively new
technology and its application potential is quite high. It is distinguished from
conventional sputtering methods by a significant higher ionization rate of target ions
[1]. That allows a defined adjustment of coating structures and offers a high surface
homogeneity even for complex shaped substrates. This deposition method reveals
lower thermal stress on coated surfaces compared to e.g. DC magnetron sputtering
[2].
Innovative combination of HiPIMS and plasma based ion implantation (PBII), the
second method used for doping surfaces, offers new possibilities for homogeneous
surface modification taking advantage of the high density of target ions and high
ionization rate. This technology enables coating and doping of surfaces successively
or even simultaneously.
We present recent results on measuring the energy flux onto substrates pulsed with
high voltages up to several kV during HiPIMS based Cu deposition. The
measurements have been performed by a calorimetric probe [3] analyzing the time
dependent change in probe temperature. Due to the use of thermocouples the probe
surface could not be biased directly by several kV. Therefore, a grid was installed in
front of the probe which was driven by high voltage pulses. Several effects, e.g. the
time delay between bias pulse and HiPIMS pulse, have been investigated revealing a
parameter setup by which a maximum ion and energy flux towards the substrate can
be obtained.
[1] A.P. Ehiasarian et al., JAP, Vol. 101, 054301, 2007
[2] D. Lundin et al., J. Phys. D: Appl. Phys., Vol. 42, 185202, 2009
[3] S. Bornholdt et al., SCT, Vol. 205, S388, 2011
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Tetrahedral amorphous carbon (ta-C) is a technologically important form of carbon
containing a high fraction of sp3 bonded atoms. Conventional approaches based on
DC sputtering or High Power Impulse Magnetron Sputtering (HiPIMS) have struggled
to produce ta-C due to insufficient ionization, and so ta-C is typically produced
commercially using cathodic arc deposition. Here, we show that operating HiPIMS in
a mixed mode, in which controlled arcs ignite on the surface of the cathode, produces
a sufficiently high ionization fraction to enable deposition of ta-C.
Films were deposited onto silicon substrates using a substrate bias between 0 and
–500V, pulse lengths between 90 and 210 us and Ar pressures between 1.75 and 4
mTorr. Optimal conditions for ta-C production involved long pulse lengths, pressures
no greater than 2.25 mTorr and a bias of –100V. Varying the substrate bias
reproduced the well-known energy window effect in which the sp3 fraction is
substantially reduced for high and low biases, thus demonstrating that the deposition
flux is highly ionized.
The sp3 fraction was determined using XPS and confirmed independently using EELS
measurements. Ellipsometry showed that the Tauc optical gap is as high as 2.7 eV for
the ta-C films and 1.7 eV for the films with low sp3 content. Other key signatures of
ta-C were all present, including high compressive stress, a symmetric Raman peak, a
high water contact angle and very low surface roughness as measured by AFM.
Nanoindentation measurements yielded a reduced modulus of 345 GPa, very similar
to that of ta-C deposited by filtered cathodic arc, and elastic recoil detection analysis
showed the hydrogen content was very low, at around 0.3 at. %.
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The high power impulse magnetron sputtering (HIPIMS) has been widely studied due
to its ultra-high peak current and peak power density to achieve unique thin film
microstructure and mechanical properties. In this study, a hybrid coating system
consisting of a high power impulse magnetron sputtering (HIPIMS) and a radio
frequency (RF) sputtering was used to deposit eight TiZrN and ZrTiN coatings. The
phase of the coatings was analysis by X-ray diffractometer (XRD). The
microstructures of thin films were examined by the field-emission scanning electron
microscopy (FE-SEM). Atomic force microscopy (AFM) was used to characterize the
surface morphology. The nanoindentation was used to evaluate the hardness
properties of thin films. The scratch tests, Daimler- Benz Rockwell-C (HRC-DB)
adhesion tests and pin-on-disk wear tests were used to evaluate the adhesion and
tribological properties of thin films, respectively. Electrical conductivities of eight
coatings were measured using a four-point probe. Effects of Ti and Zr concentrations,
duty cycle and pulse frequency of HIPIMS system on the microstructure, electrical
and mechanical properties of TiZrN and ZrTin thin films were discussed in this work.
Keywords
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High power impulse magnetron sputtering (HiPIMS) is a versatile PVD technique for
growth of the thin films with advanced properties. Versatility of HiPIMS originates not
only from the additional external parameters such as pulse duration and frequency,
but also from the complex plasma where the plasma composition and the charge
state of the metal ions can be controlled. Understanding the complex nature of the
HiPIMS plasma is necessary in order to exploit its full potential.
A time resolved analysis of the emission of HiPIMS plasmas reveals self-organised
patterns in the form of rotating spokes. It has been shown that the plasma oscillations
are commonly found in magnetrons, regardless of the power supply and power levels
obtained. In HiPIMS, The shape of the spokes is very characteristic depending on the
target material. The localised enhanced light emission has been correlated with the
ion production. Based on these data, the peculiar shape of the emission profiles can
be explained by the localised generation of secondary electrons (SE), resulting in an
enhanced outward diffusion. This general picture is able to explain the observed
emission profile for different target materials including gas rarefaction and second
ionization potential of the sputtered elements.
The spokes have been extensively investigated in a non reactive HiPIMS discharges,
and here we present the results of the plasma diagnostic of HiPIMS plasma in
reactive mode. The target poising occurring when reactive gas is introduced strongly
affects the sputter yield and the secondary electron sputter yield. We present the
evolution of the spokes along the hysteresis curve during a reactive HiPIMS discharge
for different target material/reactive gas combinations.
This work is funded by the DFG within the framework of the SFB-TR 87.
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Study of the energy transfer between plasmas and substrate surfaces is of major
interest for many plasma processes of material modification, including magnetron
sputter deposition. It is well known that the global energy deposited during the growth
determines the features of the film, such as its crystalline phase, micro-structure,
morphology etc. Estimation of this energy is a quite old issue. This can be done either
by energy balances or by measurements performed with specific probes. Calorimetric
probes, based on the recording of the temperature evolution, have been widely used.
Other kinds of heat flux sensors, exhibiting higher sensitivity and fast response time
are now emerging to investigate magnetron sputtering deposition.
Many works dealing with energy transfers have shown that a key parameter to predict
thin film features could be the global energy per incoming atom. However recent
studies have evidenced that, in some cases, this parameter alone may not be
relevant. It has also been shown that other contributions, like IR radiation emitted by
the sputtered-heated target has to be taken into account.
Beyond the control of the film properties, energy measurements, coupled to
conventional plasma diagnostics, could lead to a better understanding of the
mechanisms involved both, in the sputtering process (at the target) and the film
growth (at the substrate). For example, chemical reactions at the growing film during
reactive sputtering or modification of the sputtering regime of a magnetic target above
the Curie temperature have been evidenced by studying energy transfers.
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The ultimate goal of our work is to contribute towards the understanding of the role of
atomic oxygen on the growth mechanism of reactivly magnetron sputtered metal
oxide thin films. To achieve this goal, we are developing an experimental set up that
should allow us to synthesize oxide thin films from a source of atomic oxygen [1]. To
develop the source of atomic oxygen, we choose to use a surfaguide microwave
discharge operating at 2.45 GHz in order to dissociate molecular oxygen in a
controlled way. In the present case, we explored the working parameters space and
the dissociation efficiency of O2 was monitored by Two-photon Absorption
Laser-Induced Fluorescence (TALIF). The measurements were carried out in the
post-discharge. The main advantage of this technique is to give access to the
ground-state population of the O atoms by using 225.6 nm photons [2]. Because
TALIF doesn’t give the absolute density of atomic oxygen, a calibration, thanks to NO
titration, was used prior to TALIF measurements [3]. Once the calibration was done,
the following parameters were varied systematically: mean power, Ar/O2 ratio, total
flow and pulsed effect (DC and pulsed mode). According to our study, a maximum in
the production of atomic oxygen can be found e.g. as a function of the Ar/O2 gas
mixture. In order to understand the influence of the Ar concentration, the metastable
argon (Arm) density was also measured with LIF while varying the microwave
discharge parameters.
1. L. Hergot et al, MIATEC-RSD 2015, 8-11 december 2015, Paris, France
2. A F H van Gessel et al., Plasma source Sci. Technol. 22 (2013) 055010
3. A. Ricard et al., Plasma Process. Polym. 4 (2007) S965-S968
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Active species in RF and microwave (HF) afterglows of Ar-N2 gas mixtures were
studied under similar flowing reactors : small discharge quartz tubes ( dia.5-6 mm)
directly connected to chambers of dia.15-20 cm , at low gas pressures (2 – 6 Torr) ,
flow rates of 0.4– 1.0 slm and a constant power of 100 W. These experiments were
undertaken to investigate surface treatments , specifically sterilization processes , in
afterglow conditions . Densities of N-atoms, N2(X,v > 13) and N2(A) metastable
molecules N2+ ions and O-atoms in impurity have been measured using the line ratio
intensity method after calibration of N-atom density by NO titration. It is obtained in
diffuse HF afterglows at (10-3 s after the plasma) the following density values
:(1-5)1014 cm-3 for N-atoms, (3-6)1010 cm-3 for N2(A), (1 1012– 5 1013 cm-3) for
N2(X,v > 13) and 2 108 – 1010 cm-3 for N2+, depending on the x value of Ar-xN2 gas
mixtures and of the gas pressure between 2 and 4 Torr. In RF afterglow a luminous
jet is produced at 3 10-3 s after the plasma at 6 Torr in pure N2 with active species
densities a little lower than in the HF diffuse afterglow .Outside this jet and at a long
afterglow time ( 10-1s) , it is obtained diffuse RF afterglows without N2+ ions , with
density about one order of magnitude lower than inside the jet. In RF afterglow , the
O-atom density ratio was found to be only about 10-6 (1ppM) of the total N2 molecular
density. In HF afterglow ,it was measured an O-impurity density more than two order
of magnitude higher (150-400 ppM) than in RF (1 ppM). The high atom density in the
HF afterglow could explain in part the active specie densities higher in HF than in RF ,
by a combined effect of increase of plasma electric field and decrease of active
species destruction on a polluted tube wall.
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Pulsed laser deposition (PLD) is a very versatile research tool for the preparation of a
wide variety of thin films, especially of oxides [1]. We want to use PLD as a fast and
flexible plasma-assisted deposition technique for a high-throughput screening of
photoelectrode materials for solar water splitting [2]. Our focus is on the preparation of
combinatorial libraries of different metal oxides with 1- or 2-dimensional composition
distributions on a substrate with a size of 50x50 mm2. For this purpose, it is important
to know the film thickness profile on the substrate for the ablation from each oxidic
target.Therefore, in this work we report on the measurement of the thickness (-rate)
distributions from different binary and ternary oxide targets (Bi2O3, V2O5, Al2O3, Nb2O5,
WO3, BiVO4, CuWO4 etc.). The PLD system (Prevac, Poland) consists of a large PLD
chamber where up to six 1” or 2” targets can be ablated subsequently. The ablation
laser is a 0.8 J KrF excimer laser (LPXpro, Coherent), which is focused onto the
target under an angle of 45°. The ablated area on the target can be varied from 1 to
10 mm2, thus allowing energy densities from 0.1 to 10 Jcm-2. The thickness
distributions are measured with a quartz crystal monitor (QCM) which is moved over
the ablation spot. Typically, during the ablation from an oxidic target oxygen is lost
during the passage from the target to the substrate, resulting in oxygen-deficient films
for depositions in vacuum. In order to obtain stoichiometric films, an oxygen
background has to be added. This can also be used for the thermalization of the
energetic particles which are formed in the ablation process. The background gas not
only thermalizes but also scatters the ablated atoms and therefore changes the
thickness distributions. Additionally, we measure the energy of the ions by a
time-of-flight measurement of the ions on the front electrode of the QCM.
[1] M. Lorenz, Pulsed Laser Deposition of ZnO-Based Thin Films, in: K. Ellmer, A.
Klein, B. Rech (Eds.) Transparent Conductive Zinc Oxide: Basics and Application in
Thin Film Solar Cells, Springer, Berlin, 2008, pp. 55.
[2] L.M. Peter, Electroanal., 27 (2015) 864.
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Determination of the absolute concentrations of the atomic or molecular particles in
gaseous discharges is one of the most important plasma diagnostics tasks, for which
Resonant Optical Absorption Spectroscopy (ROAS) is often used. This technique is
based on measurement of the absorption of light coming from an external source and
passing through the discharge of interest. ROAS method faces some difficulties in the
pulsed plasmas, however, when the particle density has to be determined in the bright
discharge area, e.g. in the arc plasma, high-power sputtering plasma, microwave
discharge, etc. These difficulties are mainly related to the lack of intensity and stability
of the reference light source used for absorption.
In this work we propose the solution targeted to increase the measurement reliability
during the particle density determination in the pulsed discharges by ROAS
technique. A special way of synchronization between a gated light detector and two
pulsed discharges, representing the discharge of interest and the reference source, is
developed. In the proposed method, called “dynamic source triggering”, light from the
pulsed reference source is precisely synchronized with the gates of a sensitive optical
detector, passing through the discharge of interest only when necessary. This allows
utilizing short-pulse plasmas for the time-resolved ROAS measurements, which
dramatically increases the intensity of reference source as well as the total reliability
of measurements.
In addition to the dynamic source triggering, the absorption measurements can be
further improved by using the simultaneous spectral detection, as also demonstrated
in this work. The proposed methods are illustrated by the time-resolved ROAS
measurements of the metal atom density in a high-power impulse magnetron
sputtering (HiPIMS) discharge, using either a hollow cathode lamp or another HiPIMS
discharge as a pulsed reference source.
Keywords
absorption spectroscopy
plasma diagnostics
pulsed plasma
dynamic triggering

Session 19: Properties of Technological Plasmas

Thursday, September 15, 2016

OR1905
Predator-prey dynamics stabilised by nonlinearity explain oscillations in
dust-forming plasmas
Annie Ross, David McKenzie
The University of Sydney, Sydney, Australia
a.weeks@cantab.net
Dust-forming plasmas are ionised gases that generate particles from a precursor. In
nature, dust-forming plasmas are found in flames, the interstellar medium and comet
tails. In the laboratory, they are valuable in generating nanoparticles for medicine and
electronics. Dust-forming plasmas exhibit bizarre and thus far puzzling behaviour in
which they oscillate with timescales of seconds to minutes. Here we show how the
problem of understanding these oscillations may be cast as a predator-prey problem,
with electrons as prey and particles as predators. The addition of a nonlinear loss
term to the classic Lotka-Volterra equations used for describing the predator-prey
problem in ecology not only stabilises the oscillations in the solutions for the
populations of electrons and particles in the plasma but also explains the behaviour in
more detail. The model explains the relative phase difference of the two populations,
the way in which the frequency of the oscillations varies with the concentration of the
precursor gas, and the oscillations of the light emission, determined by the
populations of both species. Our results demonstrate the value of adopting an
approach to a complex physical science problem that has been found successful in
ecology, where complexity is always present.
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Atmospheric microwave plasma devices have the advantage of being applicable
without any complicated and expensive vacuum system. Using microwaves for the
power supply also helps to avoid geometrical restrictions and allows one to obtain a
free-standing plasma for various applications. The focus of this work is on a stepwise
description and investigation of the physical processes taking place in a microwave
plasma torch at atmospheric pressure. That was done by setting up various numerical
models with the software COMSOL Multiphysics®.
In a first model the cold gas flow through the torch without any plasma was described.
This lead to an optimisation of the geometry and the development of a tangentially
arranged gas supply which later helps to envelop the hot plasma and to keep it away
from the quartz tube which contains it.
A first simulation of the plasma was carried out by using the Drude theory. For that
purpose parameters like the electron density and the collision frequency were
implemented into the model and the frequency dependent conductivity and permittivity
of the plasma were taken into account. The results showed how the electron density
affects the distribution of the electric field in the resonator of the microwave plasma
torch.
In a further step the plasma was modelled using a fluid approach which contains drift
diffusion equations and a set of reaction mechanisms for an argon plasma. It could be
shown how the behaviour of the plasma changes considerably when simulated at
atmospheric pressure and at low pressure respectively.
In a final step the single models could partly be coupled in order to get a better insight
into the complex interactions and to describe and predict the plasma processes.
This work is funded by the DFG within the cluster project OGAPlas (project number:
STR 662/4-1).
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The surfactant and capping-free synthesis of copper-based nanostructures in liquids
by means of cold atmospheric pressure plasmas is here presented. The process was
performed (i) with an atmospheric pressure microplasma, driven by a DC generator,
to synthesize nanostructures in pure ethanol and (ii) with a non-equilibrium
atmospheric pressure plasma jet, driven by a nanopulsed generator, to produce
nanostructures in two electrolyte solutions. The synthesis was achieved by using the
plasma source as cathode and a copper foil as anode. Regarding the synthesis in
ethanol with the microplasma, non-agglomerated CuO quantum dots (QDs) with a
size of 2.2±1.3 nm were produced. Purity and homogeneity of the obtained system
were evaluated through FTIR and XPS spectroscopies, underlining the formation of
pure CuO. As a further step, the energy-band diagram was also evaluated in order to
investigate the properties of the synthesized CuO QDs for their eventual application in
photovoltaic devices. The potentialities of the nanopulsed plasma jet for synthesis of
nanostructures was tested on two electrolyte solutions, named SOL1 and SOL2.
SOL1 was composed of distilled water in which NaCl and NaOH were dissolved.
SOL2 consisted in distilled water containing only NaCl. TEM images showed the
formation of nanostructures: nanorods and nanoparticles were obtained from SOL1,
while nanoparticles were produced from SOL2. The d-spacing and XPS analysis
underlined the presence of pure Cu phase for nanostructures obtained from SOL1
and of CuO phase when SOL2 was subjected to plasma; so highlighting how the
composition of the solution affects the morphological and chemical characteristics of
the nanostructures produced in liquid. Finally, mechanisms leading to the synthesis of
nanostructures are also proposed and discussed.
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Atmospheric pressure non-equilibrium plasmas, or cold atmospheric plasmas (CAPs)
due to their low temperature, are able to support innovative processes for material
modification. While the use of low pressure plasma is well assessed, CAPs
potentialities are still largely unexplored notwithstanding their advantages of cost and
ease of use. In this contribution, two different processes performed by means of a
non-equilibrium atmospheric pressure plasma jet are presented: (i) Acrylic acid (AA)
plasma polymerization for deposition of polyacrylic acid (pPAA) coatings and (ii) a
single-step plasma process for synthesis and co-deposition of nanocomposite
coatings containing silver nanoparticles (AgNPs) embedded in a pPAA matrix.
Regarding the AA plasma polymerization, the process was carried out onto organic
and inorganic substrates. The results underlined that the proposed method enabled
the deposition of pPAA coatings with a high amount of –COOH groups, generally
higher than 22%, while the thickness and the morphological characteristics of the
obtained coatings turned out to be tuneable by varying the operating conditions.
Concerning the deposition of AgNPs/pPAA coatings onto polyethylene (PE)
substrates, the chemical analysis highlighted a high retention of carboxyl groups
(21%) and the presence in the coating of superficially oxidized AgNPs, also assessed
by SEM top views. Similarly to the pPAA coatings, the thickness of the coatings was
affected by the deposition time. Finally, the antibacterial efficacy of the AgNPs/pPAA
coatings was demonstrated. In fact, while no growth inhibition area could be observed
around the uncoated PE and pPAA coated PE samples, a clear zone with no bacterial
growth was detected around the AgNPs/pPAA coated PE samples due to the release
of silver ions, which, diffusing into the agar layer, prevent the growth of microbial
colonies.
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Mixing of thermodynamically incompatible polymers may lead to phase separation
which can be of use for tailoring of the properties of such blends at nanoscale. Here,
plasma-assisted vapor phase co-deposition of poly(ethylene) (PE) and poly(ethylene
oxide) (PEO) was performed to mix both components in the form of thin films. The
composition of the blends was controlled by varying the supply of individual polymers
whereas the discharge power was held constant at 15 W. SPM methods were used to
detect micro-phase separation, the mechanism of which was dependent on the ratio
between PE and PEO. For PE-rich mixtures, nucleation and growth of spherical PEO
domains was observed with average height of 22 nm and average diameter of 170
nm. For PEO-rich mixtures, the mechanism changed to spinodal decomposition that
led to the formation of bicontinuous structures with the characteristic domain size of
50-70 nm and domain spacing of 300-400 nm. The availability of hydrophobic (PE,
WCA=101°) and hydrophilic (PEO, WCA=43°) domains provided these plasma
co-polymers with amphiphilic properties with the wettability precisely tuned by the
ratio between the two polymers. Seeding with the Balb/3T3 immortalized mouse
fibroblast cells showed that the cell response was controllable by the amount of the
non-fouling PEO component, and therefore the films can be attractive in protein- and
cell-mediated applications.
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Surface plasmon resonance (SPR)-based methods are currently among the best
choice to assess bioaffinity interactions at interfaces dues to their sensitivity to local
changes in the refractive index to adjacent media. Over the last decades, a lot of work
was carried out to improve the SPR sensor by chemical coating and/or lithography,
consisting in preparing "bifunctional coatings" that can provide a high specificity for a
targeted molecule and also allow the avoidance of nonspecific adsorption.1 Since
plasma deposition provides highly stable polymer films, we investigate this technique
to prepare sensor chips. In this study, two different plasma polymer films (PPFs) are
prepared, i.e. amino-containing and carboxylic acid-containing PPFs, thanks to an
electrical discharge in a mixture of C2H4/NH3 and C2H4/CO2 respectively. Using the
high control over both deposition processes that has recently been achieved in our
laboratory,2,3 multilayer and micropatterned films were prepared in order to obtain a
bifunctional coating that can enhance biomolecules sensing. It was observed from
preliminary studies that the surface zeta potential of the coating were in accordance
with the anti-fouling properties. Moreover, zwitterionic coatings showed a good
stability in water. Coatings were characterized by SEM, XPS and WCA
measurements. Sensing tests were also carried out to prove that the coating is
selective and can bind specifically one protein in a mixture of proteins or in a
biological fluids.
(1) AM Ross, J Lahann, Annu. Rev. Biomol. Eng. 6 (2015) 161-186.
(2) M Vandenbossche et al., Plasma Chem. Plasma Process. (2016) doi:
10.1007/s11090-015-9690-1
(3) D Hegemann et al., Langmuir (2016) doi: 10.1021/acs.langmuir.5b03913
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The use of bone implantable devices has become a viable alternative treatment for
patients suffering from bone diseases. In 2010, there were more than 400,000 knee
and hip replacement surgeries undertaken in Germany alone. Zirconium-based alloys
are promising materials for orthopaedic prostheses due to their low toxicity, superb
corrosion resistivity, and favourable mechanical properties. The bare surfaces of
metals, however, lack the specific surface chemistry and may trigger foreign body
response, inflammation, or infection. The integration of such bio-implantable devices
with local host tissues can be strongly improved by the development of plasma
polymerized acetylene and nitrogen (PPAN) that covalently immobilizes bio-active
molecules. The stability of the plasma polymerized layer in body fluids is critically
important and must resist failure even when scratched. In this study, we present a
novel approach for the fabrication of chemically and mechanically robust films through
deposition of PPAN on biased zirconium substrates. A custom-made plasma
polymerization system consisting of a RF electrode and a pulsed voltage source was
utilized for plasma polymerization. As evidenced by both XPS data and SEM
observations, the PPAN film resisted failure, while no delamination, cracking, or
buckling was observed after scratching and subsequent incubation for 1 week to 2
months in Tyrode’s solution at 37oC. XPS results revealed that excellent
zirconium-PPAN adherence is linked to the formation of metallic carbide and
carbonate bonds at early stages of film growth induced by ion implantation. Such
atomic interfacial mixing resulted in the formation of a continuous smooth film near the
substrate as suggested by AFM and ToF-SIMS results. Deposition of PANN via this
technique holds great promise for the fabrication of robust bioactive surfaces on other
carbide-forming early transition metals such as titanium and niobium.
Keywords
Bone implant
Plasma polymerization
Stability
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Adhesion
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Drug delivery and controlled release devises has been extensively studied in the last
decade and are among the most aspiring means of treating diseases where
systematic chemotherapy is failing to address. Problems like poor water solubility, low
therapeutic index, cytotoxicity and short circulation time can be successfully
addressed by means of controlled release and drug delivery.
In this work, we present results of the implementation of nanoporous (np-) and
mesoporous (mp-) silicon thin films for the control release of anticancer drug
Epirubicin Hydrochloride (Epi HCL). Plasma Enhanced Chemical Vapor Deposition
through RF Silane / hydrogen discharges was used for the direct deposition of np-Si
thin films while anodization of these films in controlled electrochemical cell of
Hydrofluoride:Ethanol:Water (HF:EtOH:H2O) was used for the preparation of mp-Si
films.
Furthermore, both np-Si and mp-Si thin films where drug loaded and characterized for
the release kinetic of Epi HCL in Phosphate Buffered Saline (PBS) solution via UV-Vis
spectroscopy. Epi delivery profiles show efficient encapsulation of the drug in the
porous media and control release for times of about 2 hours.
Finally, for further control of the drug release the porous – Epi system was coated with
either Silicon Oxide-like (SiOx-like) or Polyethylene Oxide-like (PEO-like) films. These
materials were deposited through Dimethoxyethane (DME)/Argon (Ar) and
Hexamethyldisiloxane (HDMSO)/Ar RF discharges respectively, and show excellent
biocompatibility and biodegradability. The effect of these layers on the release kinetic
was studied and compared to the uncoated np- and mp-Si drug loaded surfaces.
Keywords
drug delivery
epirubicin
porous silicon
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Due to the lack of dislocation-like crystalline defects and no long-range structural
periodicity, bulk metallic glasses (BMG) display attractive physical and chemical
properties. They have been intensively studied but metallic glasses are however
generally limited to relatively small sizes in order to achieve fast quench rates. Also,
thin film metallic glasses (TFMG) has recently emerged as alternative film materials
for many applications, such as biomedical use [1]. On the other hand, physical vapor
deposition (PVD) techniques like sputtering make possible synthesis of TFMG in an
extended range of compositions. It has been especially demonstrated that binary
Zr-Cu films [13-85 at.%Cu], presenting a glassy-like microstructure, can be obtained
using pure Cu and Zr targets [2, 3]. Nosocomial infections are commonly associated
with the transmission of pathogens from medical instruments or devices. Conventional
biomaterials generally do not exhibit intrinsic antibacterial properties. Moreover, it is
well establish that metallic ions, such as Ag and Cu, added in adequate amount can
be an effective antimicrobial agent [4]. As an example, Zr-Cu-Ag-Al TFMGs
investigations have recently shown promising antibacterial properties, due to the low
roughness of surfaces and ions release [5-6]. In the present work, binary Zr-Cu and
ternary Zr-Cu-Ag TFMGs were elaborated by PVD magnetron sputtering using
multi-targets reactors. Structural, microstructural, mechanical, and electrochemical
properties and thermal stability were characterized. These films are amorphous,
smooth and display high hardness and an interesting passive behavior. Finally, the
antibacterial activity of these TFMGs against E. Coli and S. Aureus were evaluated.
[1] J.P. Chu et al., Thin Solid Films 520 (2012) 509. [2] M. Apreutesei et al., Thin Solid Films 561 (2014) 53. [3] M. Apreutesei et al., J. Alloys
and Comp. 619 (2015) 284. [4] J.A. Lemire et al., Nat. Rev. Micro 11(2013) 371. [5] H.-W. Chen et al., Thin Solid Films 561 (2014) 98. [6] B.
Subramanian et al., Int. J. of Nanomedicine 10 (2015) 17.
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Biofunctional surfaces are suitable for various applications, reaching from promoting
the adsorption of specific molecules in order to achieve high biocompatibility and at
the same time a defense against bacteria up to the prevention of the interaction
between biological materials and the functionalized surface. In the investigations
reported here, the control of interaction between biofunctional surfaces and proteins is
of major importance for the development of biosensors.
The presented results are about the optimization of a specific chemical
functionalization by deposition of plasma polymers exhibiting a high density of
electrophilic functional groups. Plasma-enhanced chemical vapour deposition
(PECVD) using dielectric barrier discharges (DBDs) allows coating of substrates with
various geometries at atmospheric pressure. Thin films with a high retention of
functional groups were achieved by plasma polymerization of trans-2-hexen-1-al, an
a,b-unsaturated aldehyde, or glycidyl methacrylate (GMA) as precursors. Thickness
and chemical composition of the plasma polymers pp-GMA and pp-hexenal were
studied by ATR-FTIR spectroscopy and TOF-SIMS measurements. Derivatization of
pp-GMA by epoxide ring opening in the presence of HCl vapors can be used to
quantify the density of functional groups by FTIR or XPS spectroscopy. Aldehyde
coatings were derivatized by reaction with 4-(trifluoromethyl)benzylamin followed by
ATR-FTIR-spectroscopy. While a very high retention (> 90 %) of the epoxide group
can be achieved during DBD-activated plasma polymerization of GMA, the deposition
of pp-hexenal is complicated by multiple possibilities of polymerization of the –C1H=C2
H-C3H=O4 moiety: Aside from the desired 1,2 addition, 1,4 and 3,4 additions are
possible, too. Promising results obtained by LIONEX GmbH on biomedical
applications of the technology mentioned above shall be presented. Research results
presented here were obtained within the EU funded project with the acronym
“IP4Plasma” and the grant agreement no 604048.
Keywords
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Opening of ring compounds in plasma is a way to produce plasma polymers
possessing chemical functions, which were not present in the parent compound [1]. In
this way it is possible to produce plasma polymer with hydroxyl functionality from
cyclic ethers, e.g. tetrahydrofuran; with thiol functionality from tetrahydrothiophene;
with amine functionality from cyclic secondary amines, e.g. pyrrolidine; and with
aldehyde functionality from cyclic ketones, e.g. cyclopentanone. In each case, the
desired functional group is produced by ring opening in the vicinity of the functional
precursor in the plasma, followed by saturation of the radical generated in this way by
a hydrogen atom. We opted for 5-member rings due to the easy availability of the
precursor compounds, their suitable vapor pressure, and favorable ratio of the
functionalities to "bulk". The plasma polymers were produced by RF plasma at
relatively high power density of approx. 0.2 W/cm2. The deposits were highly adhering
and highly stable, with deposition rates of about 25 nm/min. The presence, chemical
availability, and concentration of the corresponding functional groups were proved by
FTIR spectroscopy, by XPS, and by derivatization. The stability on different substrates
was tested by prolonged immersion into a range of solvents as well as water buffers
at different pH values.An important factor influencing chemical stability of plasma
polymers is presence of radicals produced in the process of deposition. We measured
the radical densities and their change over time using ESR. The initial number of
radicals after deposition was shown to be approximately proportional to the layer
thickness, with relatively low initial spin density of (5..10).1017cm-3. The concentration
change with time for all deposits can be well described by formula
C = A1exp(-t/τ1) + A2exp(-t/τ2) + C0, with τ1 of around 50 min, and τ2 of 400..800 min.
[1] B. Elkin, M. Mueller, and C. Oehr. DE 102004057155 B4; WO2006056390 A1
(2006).
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In most cases, materials do not meet the requirements for both surface and bulk
properties when used as an implant material. An example is PEEK
(Polyetheretherketone), a radiolucent alternative to metallic implants well established
in the spine surgery community. While having excellent bulk properties like a modulus
closely matching cortical bone (18 GPa), an unconditioned PEEK surface is known to
display poor bone integration. Therefore, titanium coatings on PEEK by means of
titanium plasma spray processes (VPS, APS) have been established, but bear the
drawbacks of incomplete and feature reducing surface coverage.
A cost effective coating method with superior adhesion values allowing for excellent
replication of the original surface structure is presented. High adhesion strength
values (>30 MPa) can be obtained with HiPIMS including penetration into narrow
trenches and to surfaces with a high inclination towards the sputter target. Finite
Element simulations are used to illustrate that standard adhesion testing according to
ASTM D4541 is not applicable to polymer substrates as a strong deformation of the
soft substrates leads to incorrect adhesion strength values. It is shown that a tailored
surface pre-treatment is essential to secure layer adhesion to the PEEK surface. XPS
and ToF-SIMS measurements confirm film qualities compliant to surgical grade II
Titanium (ISO 5832-2). SEM is used to study the layer structure with respect to the
HiPIMS parameters.
Keywords
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Drug delivery systems (DDS) are intensively studied and developed for their
application in the medical treatment of various diseases. By controlling the drug
release around a treatment area over a prolonged period of time it is possible to
precisely maintain locally the drug concentration within a therapeutic window and
avoid overdoses as well as a sub‑therapeutic concentration of the drug. Present
research work is devoted to developing plasma methods to deposit functional
coatings on collagen membranes by plasma processing to fabricate multi-layered
DDS.
Biocompatible collagen membranes were used as substrates. ε‑caprolactone and
diethylene glycol dimethyl ether were used as precursors to achieve amphiphilic
PCL:PEG films. To fabricate DDS, the first layer was a dense barrier layer (200nm)
deposited in a low pressure capacitively coupled plasma reactor (13.56 MHz, 25W,
0.5 mbar). The second layer was a carboplatin drug, dried from an aqueous solution
on the surface of the barrier layer with a drug load of 200 µg/cm2. The third layer was
a dense barrier layer deposited at the same conditions as the first layer, to form
“sandwich” like structure of DDS. The last top layer was deposited in soft plasma
condition at atmospheric pressure plasma (18 kHz, 2W, in order to preserve the
desired chemical moieties of the precursor). Our challenge is to find an approach to
make dense and crosslinked barrier films at atmospheric pressure, to completely
replace low pressure systems.
NIH:OVCAR3cancer cell line was used for in vitro measurements of cell interactions
with the surface of fabricated DDS. Proposed model of DDS prevents migration,
adhesion and growth of cancer cells on its surface, and by tuning the thickness of the
dense barrier films it is possible to control drug release kinetics and improve the
therapeutic effect. In vivo experiments were carried out where mice lymph nodes were
injected with OVCAR3 cells and after development of a tumour DDS membranes
were implanted to evaluate the feasibility of the proposed model.
Keywords
drug delivery system
PCL-PEG copolymerization
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To increase the photovoltaic efficiency of crystalline Si-based solar cells a surface
passivation layer can be applied (so called PERC-structure). Typically aluminum
oxide or an aluminum oxide / silicon nitride layer stack is deposited. The proposed
paper will deal with the plasma properties/reactions and the deposition process as
applied in an industrial Si-wafer coating machine and is split in three parts: At first the
deposition process using an inductively coupled plasma source will be discussed. The
plasma runs a chemical vapor deposition process (PECVD) with
trimethylaluminum/oxygen or silane/ammonia gases. To understand the plasma
excitation in more detail the inductively coupled source was modeled using either
Monte Carlo-particle in cell or FEM based plasma calculation tools. Using argon as
working gas the results from the different plasma models will be shown and compared
to experimental results obtained by Langmuir probe measurements. In the second
part spectroscopic plasma monitoring investigations of the trimethylaluminium/oxygen
or silane/ammonia PECVD will be discussed. Emission lines from the different plasma
species were identified in the wavelength range of 200 to 1100nm and their intensities
monitored as function of the plasma power and the concentration of the PECVD
gases. The decomposition of the gases and the formation of new plasma species
were observed; also plasma effects induced by the plasma ignition will be discussed.
In the third part the achieved passivation and their relation to the PECVD details will
be presented. Using shiny etched monocrystalline Si-wafers a thickness of 3nm
aluminum oxide is sufficient for a perfect passivation of the surface.
The work was funded by the German government (Bundesministerium für Wirtschaft
und Energie).
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Recently, applications of DLC (Diamond-Like Carbon) are spreading gradually and
steadily with increasing demands for energy saving by friction reduction and lifetime
extension by wear reduction. In particular, higher-speed coating method with
applicability to 3-dimensional shapes is strongly desired in mechanical fields. Hence,
we have proposed a high-speed coating method of DLC with a novel plasma CVD
employing high-density plasma (ne~1011−1013 cm−3), which is sustained by
microwave propagation along plasma-sheath interface on metal surface. In our
previous work, an ultra-high-speed deposition rate of 1065 µm/h was achieved with
integration of the above-mentioned high-density plasma and locally blowing source
gases through nozzle to substrate during DLC coating . However, the area of locally
increased deposition rate was a few times of nozzle aperture and the thickness
distribution of the DLC was not uniform in the area. Therefore, we need to further
understand the mechanism of locally increased deposition rate for its industrial
application. In this work, in order to understand the effect of source gas flux from the
nozzle on the thickness distribution of the DLC coated, a particle simulation with
DSMC for rarefied gas was conducted to the source gas flow employed.
For applying gas blowing, the glass nozzle with the inner diameter of 1mm was
installed at the distance of 1 mm from the substrate. First of all, we deposited DLC
with different total flow rates with the constant flow ratio, which is Ar : CH4 : TMS = 2 :
10 : 1. The maximum deposition rates in the area of locally increased deposition rate
for the total flow rates of 65, 260, and 520 sccm were 960, 1890, and 3700 µm/h,
respectively. Besides, we performed the simulation to obtain the flux distribution on
the substrate. The calculated flux distribution on the substrate closely matched the
thickness distribution of the DLC in the area of locally increased deposition rate.
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The performance of synthetic polymers can be improved by modifying their surface
properties. Polymer surfaces generally have low chemical reactivity, not capable of
forming adhesive bonds, and are poorly-wetting. Among different modified surfaces,
thiol-terminated ones have been progressively gaining interest over the past years.
They have been shown useful for many applications, such as promoting adhesion of
gold layers and nanoparticles, and for immobilizing biomolecules.In this work, thin
organic films incorporating sulfur-bearing functional groups have been prepared by
“co-polymerizing” gas mixtures of ethylene (C2H4) or butadiene (C4H6), as the
hydrocarbon source, with H2S, as the source of bound S in the coatings. This has
been accomplished by either (i) low-pressure r.f. plasma-assisted chemical vapor
deposition (PACVD); or (ii) by vacuum-ultraviolet (VUV) irradiation of the reagent gas
mixtures at reduced pressure with near-monochromatic radiation from different lamps
(λ=112-254 nm). Different VUV lamps have been used to investigate the wavelength
dependency of the deposition chemistry and the stability of these films. All deposits
were characterized by X-ray photoelectron spectroscopy (XPS) before and after
chemical derivatization with N-ethylmaleimide, which serves to quantify the thiol
concentrations on the surfaces. The stability of the coatings was measured as loss of
thickness in water after 24h of immersion.XPS survey spectra of the deposited films at
different R values reveal important amounts of bonded sulfur, the concentration, [S],
being found to increase with rising R, up to [S] = 48 at. %. This analysis also shows
that both deposition methods, low-pressure plasma and VUV irradiation, influence [S]
in quite similar ways. After derivatization with N-ethylmaleimide, some differences
between the two film types can be observed: plasma-polymers show higher [SH]
values, up to 3 %. After immersion in water for 24h, all coatings remained of
essentially unchanged thickness.
Keywords
plasma polymerization
vacuum ultraviolet photo-polymerization
sulfur-rich organic films

Session 21: Plasma-Enhanced Chemical Vapour Deposition PECVD I

Thursday, September 15, 2016

OR2103
Plasma polymerization as an effective tool for surface modification of glass
fibers applied in polymer composites
Vladimir Cech1, Antonin Knob1, Tomas Lasota2, Jaroslav Lukes3, Lawrence T. Drzal4
1

Brno University of Technology, Brno, Czech Republic 2Honeywell spol.s.r.o., Brno,
Czech Republic 3Czech Technical University in Prague, Prague, Czech Republic 4
Michigan State University, East Lansing, United States
cech@fch.vutbr.cz

The fiber coating method is essential for improving the interfacial adhesion in glass
fiber reinforced polyester composites. In our study, plasma polymer interlayers of pure
tetravinylsilane monomer and monomer in a mixture with oxygen gas (0-71%) were
used to surface modify glass fibers at an effective power of 2.5 W. We demonstrate
that elemental composition and chemical structure of plasma polymer can be
influenced by an amount of oxygen atoms (0-18at.%) partly incorporated into plasma
polymer network (Si-O-C, C-O-C) and partly forming side hydroxyl and carbonyl
groups eliminating cross-linking of the network. The Young’s modulus of the interlayer
decreased (19.3-12.2 GPa) with enhanced oxygen concentration as was controlled by
the level of polymer cross-linking. The adhesion at the interlayer/glass interface can
be maximized at an amount of 33-46% oxygen in the mixture as the result of sufficient
concentration of Si-O-C bonding species and adequate cross-linking of the network.
The vinyl groups at the interlayer surface are responsible for chemical bonding to the
polyester resin at the polymer/interlayer interface. The polar groups (hydroxyl,
carbonyl) at the interlayer surface are favorable for wetting the surface by the resin. A
fiber bundle (unsized fibers) coated by plasma polymerization was embedded in
polyester resin and cured to fabricate composite specimen that was cut and polished
using conventional metallographic techniques to form composite cross-sections. The
microindentation test was carried out on the individually selected glass fibers on a
cross-section of GF/polyester composite to determine the interfacial shear strength.
The interfacial strength for plasma coated fibers depended on oxygen amount in the
mixture and varied from 0 to 32% above the strength of industrial sizing.
Keywords
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Synthesis of high refractive index (n > 1.65) polymeric films is a topic of interest for
the implementation in advanced photonic devices. Due to their high molar refractions,
the chemical polymerization of sulfur containing monomers is one of the approaches
successfully used for the development of high refractive index material. In this
regards, the present work investigates the solvent-less synthesis of
highly-sulfur-concentrated organic thin films by the plasma polymerization of
propanethiol. The films were deposited in a radio frequency inductively coupled
plasma reactor that can be operated in two different regimes denominated capacitive
(E) and inductive (H) modes. Our first results revealed that the atomic sulfur
concentration varies within a wide range (15-40 %) depending of the plasma mode.
Further mass spectra analyses suggest that such high concentration may be
accounted by the preferential incorporation of sulfur based moieties. As a main
novelty this work shows that this process depends on the substrate temperature
which in case H mode is strongly affected by the physicochemical processes at the
growing-film/plasma interface. Experiments conducted at controlled temperature, with
the help of an external cooling circuit, shows that the S content of the films is related
to the production of H2S in the glow discharge. These experiments also confirm the
role of the substrate temperature on the synthesis of plasma polymeric films with high
sulfur content. The acquired control enables to develop optical thin film with a
controllable refractive index, from 1.69 to 1.82, being the latter one within the highest
refractive index reported in organic materials.
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Superhydrophobicity is a very desirable property for applications such as
water-repellent, self-cleaning or low adhesion surfaces. Deposition of a
superhydrophobic coating is a practical way to obtain this property since coating
deposition is less substrate-dependant than other treatments. In this case, deposition
of a coating with strong mechanical resistance is necessary if a good durability of
superhydrophobicity is targeted.
It was recently demonstrated that superhydrophobic surfaces can be obtained from
the deposition of perfluorodecylacrylate (PFDA) plasma coatings [1] and that
particular plasma conditions are responsible for the deposition of a plasma polymer
with great function retention of acrylate side chains [2]. The mechanical resistance of
these coatings is evaluated here by nanoscratch testing, as already performed in a
previous work [3].
Plasma polymers obtained from pure dodecylacrylate (DOCA) exhibit a stiff but fragile
behaviour when subjected to scratch loading, whereas the coatings from PFDA show
large permanent deformation. Therefore, the admixture of small amounts of DOCA as
a reinforcing agent in PFDA coatings is investigated. Furthermore, it is shown that
coatings obtained from admixtures lower than 25% (vol) of DOCA in PFDA are still
superhydrophobic. Thus, the scratch resistance of plasma polymers obtained from
0%, 10% and 25% DOCA in PFDA is compared. Reduction of permanent deformation
of coatings under constant scratch load is observed when admixture of DOCA is
increased. However, coating obtained with 25% of DOCA exhibits interfacial spallation
at low scratching load. Molecular structure of these plasma polymers can be analysed
through recent advances in characterization methods [4] and linked to their
mechanical behaviour.
[1] Superamphiphobic Surfaces by Atmospheric Plasma Polymerization, patent
application WO2013113875; [2] J. Petersen et al. RSC Advances, 2013, 3, 4416; [3]
J. Petersen et al. Appl. Mater. Interfaces, 2012, 4, 5872; [4] T. Fouquet et al. Plasma
Process. Polym., 2015, 12, 980
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Plasma diffusion treatment has been used in industry for more than forty years now.
Many of the long-standing processes are still used daily. However, extensive new
developments were necessary to keep plasma diffusion treatment competitive.
Industrial use of plasma nitriding and plasma carburizing of ferritic steel started in the
70s and 80s. This happened close to new developments in the automotive industry
like diesel direct injection systems and gearboxes with a fifth gear. Surface hardness
and wear resistance were the important technical features at this time. Nowadays, the
requirements of surface treatment processes are much more versatile. As a matter of
course the wear protection is still the reason for most of the plasma diffusion
treatments, but properties like corrosion protection, electrical conductivity or surface
morphology become more and more important. Therefore, over the years, plasma
diffusion processes were optimized and tailored to operating conditions. Besides the
desired technical properties of treated parts, the development of new steel alloys and
the application of austenitic stainless steel require changes in the methods. A brief
introduction to the plasma diffusion treatment outlines the way to the current state of
the technology. Then the contribution exemplifies typical industrial processes such as
plasma nitriding and carburizing as well as new procedures like plasma boriding. A
new approach is the plasma boriding of nickel-based alloy, which is used in high
temperature applications. Plasma boriding for 2 h at 700°C leads to a surface
hardness up to 2500 HV. This results in increased wear resistance for hot forming
tools. The latest scientific research shows efforts focused on plasma diffusion
treatment of steel, titanium, nickel-based alloy and aluminum.
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Stainless steels play vital role as materials of construction for many industrial
applications where corrosion resistance is an essential requirement. However, low
hardness and the consequent poor wear resistance of these steels have hindered
their use in applications also needing good tribological properties. Among the
thermochemical diffusion techniques, plasma nitriding and nitrocarburizing are
considered as emerging technologies for surface modification, for providing high wear
resistance combined with corrosion resistance, under optimized process conditions.
Under these optimized conditions, the plasma delivers chemically reactive nitrogen
species to the substrate surface such that CrN formation is avoided, leading to high
surface hardness, retaining or even enhancing corrosion resistance. In this paper an
attempt is made to enhance the surface hardness without compromising on the
corrosion resistance of plasma nitrocarburized AISI 304L and A286 (AISI 660)
stainless steels. Plasma nitrocarburizing process was carried out using 78 vol. %
nitrogen, 20 vol. % hydrogen and 2 vol. % acetylene gas mixture. The treatments
were done at 350, 400, 450 and 500 °C for a duration of 4 h. Plasma nitrocarburizing
process produced dual layers on AISI 304L and A286 (AISI 660) austenitic stainless
steels where the top layer was found to have enriched with nitrogen and carbon and
the bottom layer only with carbon. The surface hardness of these plasma
nitrocarburized stainless steel specimens increased by a factor of two compared to
the untreated specimens. In addition a raise in hardness, a marginal improvement in
the corrosion resistance was found of these stainless steels, when treated at
temperatures below 400 °C. This improvement was attributed to the presence of
expanded phases saturated with nitrogen and carbon. The advantages of having high
surface hardness along with good corrosion resistance after plasma nitriding and
nitrocarburizing process were exploited commercially by Inst. Plasma Research for
various applications.
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The development of ZnMgAl coatings for steel is aimed to improve the corrosion
resistance and adhesion properties for application such as the automotive, house hold
appliance, and aerospace industry. In general, the surface of ZnMgAl alloy is covered
by a thin oxide layer (MgO, Al2O3 and ZnO and their hydroxides) that exhibit special
electronic properties that make them suitable for the direct application of thin organic
coatings without the need for application of a chemical conversion process [1].
Plasma surface modification technology has been widely using to enhance interfacial
surface properties. Recently, Giza et al [2] investigated the plasma induced surface
modification on the MgZn2 alloy. The chemical composition of the surface oxide was
compared to the surface state after sequences of reductive and oxidative plasma
treatments by means of in-situ IRRAS and ex-situ XPS. Also the chemical
composition of the passive film and its electronic properties as displayed by its work
function could be significantly modified by the applied plasma processes [2]. In this
contribution we present a study of the characterization of the oxide film of novel
ZnMgAl alloy as function of different plasma parameters (i.e. fluence, potential,
duration and gas composition). The goal is to understand the extend to which the
complex surface oxide film can be adjusted in terms of composition, thickness and
morphology by plasma treatment. Moreover, we study the influences of oxidative,
reductive and sequential plasma treatments on the band gap, surface potential and
the resulting corrosion potential of oxide films on ZnMgAl alloys, which would enable
tailoring of these properties for various technical applications.
References:
[1] R. Hausbrand, M. Stratmann, M. Rohwerder, Corros. Sci. 51 (2009) 2107.
[2] M. Giza, and G. Grundmeier, Plasma Processes and Polymers 8 (2011) 607-616.
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Formation of expanded austenite by nitrogen insertion into austenitic phases including
austenitic stainless steel, CoCr and Ni base alloys is a well-established phenomenon.
Similiarly, the thermally activated decay into Cr-N precipitates and a Cr-depleted
matrix has been known for a long time. However, exact evidence on atomic transport
and growth of these precipitates on a nanometer scale is hard to come by. Using in
situ X-ray diffraction (XRD) measurements during low energy nitrogen ion
implantation into steel AISI 304 followed by fast and short annealing allows the
formation of a graded structure with complete decay at the surface and the expanded
phase at a depth of less than 5 µm. Thus, transmission electron microscopy (TEM)
investigations of a single sample allows the investigation of the time, respective depth
dependent decay of this expanded phase with coalescing and growing CrN
precipitates and the elemental segregation associated with this decay: Fe and Cr are
rapidly separated while Ni agglomeration in the Cr and N depleted zones is slower.
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Ni-based superalloys, widely used in aerospace, aeronautics but also in chemical
industries thanks to their high mechanical and corrosion resistance, were nitrided
using two R.F. plasma based facilities, using either floating potential or pulsed
high-voltage polarization (PBII at 10 kV). Using low pressures (0,8 to 8 Pa) with
various contents of H2 and N2, the nitriding treatments were performed with
temperature ranging from 350 to 650°C for several hours. The studied Ni-based
superalloys were: Haynes®230, composed of a polycrystalline austenitic-like FCC Ni
phase γ hardened with solid solution of alloying elements, the main one being Cr (∿25
at%); Udimet 720Li, a similar polycrystalline γ phase but strengthened by a high
fraction of ordered FCC precipitates γ’ (Ni3(Ti,Al,Ta) type), with a multimodal sizes
distribution (from few µm to few 10s nm); MC2, a single crystal γ phase matrix with
coherent γ’ precipitates of cuboidal shape. Depending on the composition or
microstructure of the materials and on the nitriding treatments parameters, various
behavior can be obtained: non-nitrided γ’ precipitates, formation of the expanded
nitride austenitic phase γN, like in low temperature nitrided ASS, chromium nitride
(CrN) and/or possible other nitrided phases (like TiN, Ni4N…). In addition to
macroscopic characterizations like XRD and GDOES, accurate investigations were
conducted by SEM (EDS), TEM (SAED, EFTEM, EELS) or tomographic atomic probe
to clearly identify the distribution of the nitrogen distribution at the nano-scale. It was
moreover demonstrated that the high nitriding potential conditions (high temperature,
high nitrogen content with few hydrogen) favor the CrN or γN phase, whereas PBII
nitriding, reaching same results without use of hydrogen, enables the elimination of
CrN thanks to the surface ion sputtering.
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Plasma nitriding has become a powerful tool to improve wear resistance of stainless
steels, and sustain or even improve corrosion resistance with an adequate selection
of process parameters. This was achieved with the so called S phase in austenitic
stainless steels, but corrosion results were not so promissory in the case of
martensitic stainless steel such as AISI 420. Temperatures should be kept under 400
°C to avoid massive CrN precipitation and the width of the nitrided layer diminishes at
that low temperature.
In this work, the route of the short treatment with high nitrogen or high temperature
was selected, nitriding samples previously hardened by a conventional heat
treatment. A wide nitrided layer, and good wear and corrosion results were obtained
simultaneously.
A 5 hours treatment at 420 °C in a 20% nitrogen atmosphere resulted in a 15 microns
modified layer. Wear resistance was improved between three and four times in
erosion and sliding tests compared to the non nitrided material, heat treated and with
a martensitic structure. Similar results were obtained with samples nitrided for 3-6
hours at low temperature (400 °C) but with high nitrogen partial pressure, 70%. The
nitrided layer reached 10-12 microns. Nitrogen penetration depth was inferred from
hardness depth profiles and reached almost 30 microns. The hardness depth profile
was better in the case of 5 hours, 420 °C, compared with a traditional 10 hours
treatment at 390 °C.
XRD revealed an expanded Fe-a layer, also revealed “white” with Villella etching. Fe
and Cr nitrides were detected in small quantities at the surface as well. Corrosion
resistance was tested by salt spray fog test, anodic polarization curves, always
comparing with a non nitrided material and a traditional 10 hours treatment. In both
tests the samples treated in the short time duration had good results.
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Bio-composite coatings can be defined as interlayers made of at least two
components: an organic/inorganic synthetic matrix, well adherent to substrates and
working as supporting network, and biological compounds (such as proteins, nucleic
acids, lipids, and even cells, virus or their fractions) embedded, conjugated or mixed
to the matrix. They are normally employed to improve the biological activity
(antibacterial, cell-adhesive, biomolecule-sensing, etc.) of the material they are
deposited on, without altering its bulk properties. Recently, an atmospheric pressure
plasma deposition process of bioactive molecules (biomolecules, drugs and alike)
embedded coatings has been optimized for application in the field of drug delivery. In
particular, it consists in coupling an aerosol generator, fed with the bioactive molecule,
to a Dielectric Barrier Discharge with the addition of a monomer, suitable for the
formation of the matrix of the composite material.In this contribution recent advances
in this field will be reviewed with particular emphasis to the preparation of
antimicrobial composite coatings. It will be shown that a good control of the plasma
process parameters can lead to tune antimicrobial agent content and release, making
such approach appealing for future applications.
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In this study the antibacterial activity and cell viability of fluorinated diamond-like
carbon (F-DLC) films as bio coating on medical implants were investigated. The
F-DLC films were deposited on polycarbonate (PC) substrates by the radiofrequency
(RF) plasma (direct mode) and microwave (MW) afterglow plasma (remote mode).
Acetylene (C2H2) and carbon tetra fluoride (CF4) were used as process gases for
deposition of F-DLC films at room temperature. The influences of RF power in the
direct mode and MW power in the remote mode on the fibroblast cell proliferation and
antibacterial activity against E.coli were studied. Additionally the relevance of F atoms
concentration, surface roughness and surface energy with the antibacterial activity
was investigated. The fibroblast cell cultivation and proliferation in 3 and 6 days tests
revealed that the F-DLC coated PC which were deposited by the both modes has no
toxicity for cells. Increasing the RF power to 200 w increased the F concentration and
surface roughness, lowered the surface energy which made the films hydrophobic,
and eradicated 70% of E.coli bacteria. A drop in this growing trend happened in the
mode. As the MW power increased to 450 w, the F content and surface roughness
decreased, and surface energy increased which gave a hydrophilic character to the
film, and only thirty percent of bacteria was killed. This unexpected result in the
remote mode may be due to the high electro negativity and reactivity of F atoms.
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Spatially controlled protein immobilization plays a key role in the fabrication of
functional protein microarrays, biosensors, and continuous flow reactor systems.
Nonthermal plasma surface modification avoids the use of hazardous chemicals and
represents a straightforward strategy for grafting polymeric surfaces with proteins.
As a model microarray pattern, we selected recently developed two-dimensional
nano-structure of poly(ethylene) (PE) islands on silicon produced by vapor phase
deposition. The islands consist of uncross-linked linear (-CH2-)100 oligomers and are
attainable in the compact, flat-top terrace shape with constant thickness of 7-8 nm
and different lateral size. After the island deposition, they were modified with
capacitively coupled RF plasma under 3 Pa of argon. The parameters of the treatment
were optimized to avoid any change in the topography of the islands. However at
molecular scale, the plasma treatment resulted in breaking of hydrocarbon chains and
in generating reactive radicals which can be used subsequently for binding
biomolecules specifically on the surface of the nano-islands. Thus-activated surfaces
were immersed into the water solution of tropoelastin immediately after the plasma
treatment. The attachment of the protein was examined by measuring the XPS N 1s
signal before and after rigorous SDS washing to determine the proportion of the
protein immobilized covalently. The level of nitrogen on the surface after SDS
washing was in direct relation to island coverage, which proves the spot-selective role
of the PE nano-structures. Using the AFM technique, we visualized the appearance of
anchored proteins on top of the nano-islands.
Taken together, these findings suggest plasma surface engineering of PE
nano-islands to be effectivein promoting one-step covalent biomolecule attachment.
Financial support from the Charles University in Prague through the project GA UK
1926314 and the grant SVV-2016-260215.
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Composite electrodes Ti-Ti3P-CaO, TiСх-Ti3POx-CaO, TiСх-Ti3POx-CaO-CoTi,TiСx-Ti3
POx-CaO-CoTi-Ag7Ca2 and others were synthesized by sintering, conbustion
synthesis and used in pulsed electrospark deposition (PED). Coatings deposited
using the Ti-Ti3P-CaO electrode onto Ti substrate mainly consisted of TiOx phase and
Ti solid solution. When the TiC0,5-Ti3POx-CaO electrode was used, TiCx phase was
additionally observed. The Co-free coatings contained 0.2-0.9 at.% of Ca and 0.6-1.0
at.% of P. Addition of Co improves mass transport from electrode to substrate and
leads to an increased Ca (1.5-2%), P (0,8-1,2%), and Ag (0,8-1,1 at.%) contents. It
was shown that interaction between anode and cathode resulted in the formation of
secondary structures both on the electrode working tip and in the coating. Three main
phases were observed in coatings deposited in air and in water: (1) Ti solid solution;
(2) composite structure Ti-TiC(N)-Ag; (3) nano- sized particles of TiOx and complex
oxide of Ca and Ag.
Optimal pulsed energy provided the deposition of layer with a thickness 20-30 µm,
hardness 10-12 GPa, roughness Ra=1,9 µm. The coating structure and composition
were well characterized using SEM, XRD, Fourier transform infrared spectroscopy,
Raman spectroscopy, and glow discharge optical emission spectroscopy. The
coatings were also characterized in terms of their mechanical and tribological
properties. Bioactivity of coatings were evaluated in vitro using SBF and compared
with that of bioactive glass Biogran. The results showed that the PED coatings were
bioactive, induced the formation of an apatite layer during exposure in SBF, and
provide antibacterial properties due to the presence of Ag in the required quantity.
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Electroactive polymers are the most interesting class of polymers used as smart
materials in various applications, such as the development of sensors and actuators
for biomedical applications in areas as smart prosthesis, implantable biosensors and
biomechanical signal monitoring, among others. The aim of this work was the
development of multifunctional coatings on a polymeric base substrate for biosensor
applications. The coatings were deposited by magnetron sputtering on polymers
based sensors and the different processing conditions allowed obtaining two different
systems: Ti1-xAgx with different Ag/Ti atomic ratio and different Ag-TiNx samples with
increasing N content. These electrodes were deposited at room temperature on
poly(vinylidene fluoride), PVDF. The deposition conditions do not affect the
piezoelectric response of the polymer which maintains its suitable characteristics for
sensor applications. The mechanical and piezoresistive performance of the two
systems was assessed by uniaxial stretch tests and electrical resistance variation
measurements during mechanical stimulus, respectively. It was possible to conclude
that all electrodes show piezoresistive properties, with an increase of the electrical
resistance as the applied strain increases. The antimicrobial activity of samples from
both series was assessed by agar diffusion method (Halo test). Only electrodes from
the Ag-TiNx series presented antibacterial activity. Osteogenesis was also evaluated,
in samples from both series, using MC3T3 osteoblastic cells. As a result a
multifunctional electrode was achieved with antibacterial activity, which at an early
stage does not promote animal cells adhesion and it still has proper electrical and
mechanical properties.
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Atmospheric pressure DC jet operating in N2 at current density of 6 mA/cm2 and
voltage of 15 kV is used as a source of non-thermal plasma for engineering of
antibacterial nano-composites on surface of polymeric meshes. Nanoparticles of Ag,
Cu and ZnO are incorporated in between two layers of organosilicon film in
“sandwich-like structure” where top layer of variable 5 - 50 nm thickness is used for
precise control of metal ions release. Deposition is carried out on non-woven
polyethylene terephthalate. The deposition process and surface chemistry of the
coatings are studied by emission spectroscopy, and surface analysis techniques:
XPS, AFM and SEM. The use of atmospheric pressure jet provides possibility for
plasma to penetrate inside of the treated non-woven textiles with uniform deposition of
the coatings on both sides of substrate. It is revealed that thickness of top (barrier)
layer plays a key role in release of antibacterial agent and no antibacterial activity is
observed if barrier thickness exceeds 50 nm. Antibacterial activity of novel class of
biomedical materials is tested for variation of immobilized nano-particles
concentration in double layer coatings. Tests with E. coli and S. aureus show up to
99.7% bacterial reduction at Ag or Cu nanoparticles content of 2.1 at.% and complete
reduction at concentration above 7 at.%. Antibacterial activity of ZnO coatings is
found considerable lower which agrees with difference in morphology of deposited
films. The results clearly indicate that plasma of atmospheric pressure can be used as
effective tool for immobilization of nano-particles in composite coatings. Control of
antibacterial activity can be achieved through variation of deposition parameters and
the approach might present a new route to preparation of effective antibacterial
materials.
This work is supported by the European Research Council (FP/2007–2013)/ERC
Grant Agreement no. 279022 (PLASMAPOR) and M.Era-Net project IWT 140812
“PlasmaTex”.
Keywords
palsma jet
nano-composites
antibacterial properties
plasma depostion

Session 24: Plasma-Enhanced Chemical Vapour Deposition PECVD II

Friday, September 16, 2016

KN2400
Interface Chemistry of SiOx-Plasma Polymer Barrier Films on Polymer
Substrates
Guido Grundmeier1, Teresa de los Arcos1, Christian Hoppe1, Felix Mitschker2, Carles
Corbella2, Achim von Keudell2, Peter Awakowicz2
1

University of Paderborn, Paderborn, Germany 2Ruhr-University Bochum, Bochum,
Germany
g.grundmeier@tc.uni-paderborn.de

PE-CVD of SiOx thin films is a common technology to cover polymer substrates with
barrier coatings. However, especially for aliphatic polymers such as PE poor adhesion
of the deposited films as well as a critical density of defects can be a crucial issue. In
the frame of a coordinated research program of the German Research Foundation
(TRR 87), the main objective is to bridge the gap between the analysis of plasma
physics and the interface chemical processes during activation and film formation.
Moreover, fundamental plasma parameters such as electron density and oxygen
fluence serve to predict the interaction of the plasma with the polymer substrate and
the structure of the growing SiOx films independent of the plasma reactor. For the
activation process, even very defined particle beam experiments can be employed for
the analysis of the interface chemistry. The lecture will present both in-situ and ex-situ
interface analytical approaches as well as the mechanistic understanding of polymer
activation, nucleation and film growth. Self-assembled monolayers and spin coated
polymer films served as substrates for the fundamental interface analysis. FTIR
spectroscopy and XPS which can be used as in-situ or quasi in-situ analytical
techniques reveal the change in interfacial chemistry while high resolution UHV or
ambient pressure AFM allows for the analysis of the change in the surface
morphology during activation and film growth. Moreover, the role of interfacial
SiOCH-films for the coating of PP with barrier SiOx-films could be explained on a very
fundamental level. To further correlate the structural information with the macroscopic
permeability of coated polymer substrates, electrochemical analysis allowed for the
analysis of nanoscopic defects in thin barrier films.
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A specially designed dielectric barrier discharge (DBD) cell and associated equipment
has been used to carry out precise measurements of electrical energy, Eg, dissipated
per discharge cycle of the applied a.c. voltage, Va, over the frequency range 5 ≤ f ≤ 50
kHz. Twin pairs of several different dielectric materials (2.54 cm diameter discs,
thicknesses = 2.0 or ca. 0.1 mm) with relative permittivities between 2.1 ≤ K' ≤ 9.5
were used as dielectric barriers in DBDs of four different gases: He, Ne, Ar and N2.
This part of the work relates to the study of atmospheric pressure glow discharge
(APGD) plasma in flowing He gas; five separate thermometers (including fiber-optic
probes immune to high voltage and high-frequency electromagnetic fields) have
enabled us to perform a detailed calorimetric (heat balance) investigation in He
APGD, believed to be the first of its kind. Fair agreement in the overall energy
balance, which includes vacuum ultraviolet (VUV) light emission, lends strong support
to the validity of both measurements and methodology. The latter includes refined
algorithms that permit rapid data acquisition and processing. The present results are
compared with literature, allowing several important conclusions / recommendations
to emerge.
Next, we turn to the particular case of DBD in Ar in a pilot-scale reactor dedicated to
plasma polymerization (PP) of thin films, e.g. for biomedical applications. We found
that transfer of data from the small to the large (near 50-fold greater surface area)
apparatus has been very successful, and that we can now precisely measure the
amount of energy (ΔEg) consumed in a particular PP process. We finish by presenting
reactions involving specific “monomers”, and link energy measurements with
physico-chemical characteristics of PP deposits, for example a family of
hydrocarbons.
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The deposition of primary amine-based plasma polymer films (PPFs) has attracted
great attention due to its potential for various biomedical applications, such as
biomolecule immobilization, cell colonization or biosensor development. In this
context, in order to better understand the growth mechanism of such coatings, this
work aims to investigate the impact of the precursor mixture on the plasma chemistry
and ultimately on the coating properties. PPFs are synthesized from both
cyclopropylamine (CPA) and ammonia/ethylene (NH3/C2H4) mixtures in low pressure
(2.7 Pa) inductively-coupled plasma discharges keeping the N/C ratio constant in the
precursor flow rate. The studied parameter is the power injected in the discharge. The
plasma phase is analyzed by in-situ gas phase FTIR and mass spectrometry, while
the coating properties are evaluated by FTIR and XPS combined with chemical
derivatization.
The results show that, in similar deposition conditions, the use of CPA allows a better
nitrogen incorporation in the film compared with the NH3/C2H4 mixture.This
phenomenon is attributed to the presence of C-N bonds in the CPA molecule, while
for the mixture, NH3 and C2H4 molecules and fragments do not react together in the
gas phase and are therefore incorporated separately in the layer, lowering the
probability to generate C-N bonds.
The composition of the plasma phase has therefore and logically a strong influence
on the layer growth but, from our set of data, it appears that it is necessary to consider
additional rearrangements in the layer to explain the higher content of some chemical
functionalities in the film, as for example alkyne groups, whereas this content is lower
in the gas phase, when comparing the two precursors.
Keywords
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Optimization of low pressure plasma polymerization of allyl glycidyl ether for
deposition of water-stable epoxy-rich layers.
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CEITEC-Masaryk University, Brno, Czech Republic
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The surface functionalization is an important step for immobilization of biomolecules
(antibodies, enzymes, DNA, etc.) for biosensing and bioelectronics applications.
Recently, the epoxy surface functionalization gain considerable interest thanks to the
easy, efficient one-step covalent binding of biomolecules induced by a rapid reaction
between epoxy and amine groups, including primary, secondary and even tertiary
amines. Nevertheless, there are just few papers dealing with the deposition of epoxy
layer by plasma polymerization, although some promising results were obtained by
plasma polymerization of glycidyl methacrylate. Unfortunately, this compound was
found to be highly toxic. The plasma polymerization of non-toxic ally glycidyl ether
(AGE) was pioneered by Thierry et al. However, the reported high thickness loss
(40%, after 24 h in methanol) of AGE plasma polymers would be a problem for
bio-application of these layers.
In this work the low pressure plasma polymerization of AGE is thoroughly studied.
Different discharge parameters including plasma power (P), duty cycle (D.C.),
monomer flowrate (F) and pressure are varied in order to optimize the conditions for
deposition of stable epoxy-rich layers. The IR spectroscopy, chemical derivatization
and X-ray photoelectron spectroscopy were employed to characterize layer chemistry,
whereas the spectroscopic ellipsometry was used for the determination of the layer
thickness. Analyses revealed that the influence of duty cycle, power and AGE flowrate
can be summarized by a macroscopic parameter W/F=P*D.C./F. The AGE
fragmentation is increasing with W/F. The pressure in the reactor has a strong
influence of the monomer fragmentation. The retention of epoxy groups increases by
a factor of 4, when the pressure is increasing from 10 to 50 Pa. Finally the layers
remain stable at -20C for several weeks and they demonstrate thickness loss below
1% after 1 day in water.
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This research work aims at developing an alternative to the electrolytic brass plating
process that is currently used in tire industry and allows good adhesion levels
between steel cords and rubber. In this work, an in-line plasma process, based on an
atmospheric pressure dielectric barrier discharge in a tubular coaxial geometry, is
used to enhance the adhesion between a conventional rubber and zinc plated steel
wires. The process includes a first Ar/O2 plasma pretreatment followed by the
deposition of a plasma layer in an Ar/CH2Cl2 gas mixture. Optimization of the
processleads to an increase by a factor of 5 the adhesion levels between the
galvanized steel wires and the rubber after the vulcanization step. Extensive
characterization of both thin film and the interface created during vulcanization has
been performed using different analysis techniques (FTIR, SEM, cross sectional EDX,
XPS, TEM, ToF-SIMS). The results reveal the complex mechanisms involved in the
establishment of the strong adhesive interface2. First, a thick ZnO layer is formed
during the pretreatment step. Afterwards, a chlorine-containing organic thin film is
deposited, with a precisely-controlled homogeneous thickness of 75 nm. Then, the
vulcanization step induces the occurrence of several reactions between the ZnO layer
andthe chlorine-containing species coming from the plasma layer, producing porous
bump-shaped ZnwOxHyClz nanostructuresthat allow mechanical anchorage with the
rubber. At the same time, sulfur-containing rubber additives diffuse through the thin
film, leading to the formation of ZnS on the wire surface. Thus, two distinct interfaces,
rubber/thin film and thin film/substrate are identified, resulting in a strong adhesion.
According to these observations, hypotheses explaining the high bonding strength
results are formulated.
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A new paradigm in atmospheric plasma processing for low cost manufacturing
of ultra-barrier films, for patterning and surface modifications.
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Flexible electronic devices such as OLED displays require encapsulation envelopes
with high gas permeation barrier properties. A low cost production process for gas
permeation foils remains the holy grail for the massive market introduction of flexible
electronic devices.
PECVD processing under Atmospheric Pressure (AP-PECVD) is a manufacturing
technology with great promises, but the gas moisture barriers produced with this
technology were not adequate for flexible electronic applications. Fujifilm succeeded
to use now a recently developed AP-PECVD process for thedesign of high quality
moisture barriere films on PET foil.
In this contribution we report aboutour novel Atmospheric Plasma reactor, consisting
of a dielectric barrier discharge (DBD) plasma, ignited between two rotary drum
electrodes that are covered by a transparent PET foil, transported through the reactor
space. Scientific and engineering challenges have been met. The present reactor
space design results in a 100% precursor-to-product ratio, absence of parasite
depositions and full control ofprocessing temperature. Research data demonstrate
that high power densities of more than 30 W/cm2 could be applied without filamentary
discharges. Defect-free silica layers were deposited, characterised by a 20 nm
thickness in combination with a WVTR of 10-4 gr/m2.day. We report about these SiOx
deposition process characteristics, thin layer characterisations (AFM, ATR-FTIR, SE,
SIMS, XPS), and about recent steps forward in the field of surface patterning and
surface engineering with use of this novel AP-PECVD process, that has now been
developed up to pilot plant scale. The audienceis invited to explorethe
opportunitiesoffered bythis novel technology platform.
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It was recently demonstrated that high quality dense inorganic oxide films can be
synthesized on polymers utilizing the roll-to-roll AP-PECVD process assisted by the
diffuse dielectric barrier discharge between cylindrical drum electrodes. In such
reactor configuration the local deposition rate (DR) as well as the local plasma
chemistry is highly non-uniform along the gas flow due to the depletion of the
precursor and spatio-temporal non uniformity of the discharge. So it is expected that
the properties of the film will vary depending on deposition location within the reactor
and the analysis of the spatially averaged layer deposited on the substrate roll-to-roll
transported through the active reactor length is not sufficient for understanding the
film growth. The aim of the present contribution is to study the local kinetics, gas
phase transport and film growth mechanisms by means of space resolved analysis of
the film properties, which includes DR profile, morphology, chemical composition and
microstructure.The variation of DR along gas flow was accessed by measuring film
thickness profile by means of focused beam spectroscopic ellipsometry with the beam
size of 120 µm. The surface morphology of SiO2 films was measured using Atomic
Force Microscopy, complemented with scanning electron microscope imaging.
Spatially resolved composition and microstructure was analysed by ATR-FTIR.
Surprisingly it was found that deposition rate profile along gas flow has two distinct
maxima. These two maxima indicate difference in the transport kinetics of the
precursor fragments arriving to the surface. This coincides well with the observed
variation in film microstructure in downstream direction, assessed by ATR-FTIR
analysis, with higher network porosity for lower gas residence time and denser films
deposited in high residence time regions. This spatial non-uniformity within the reactor
results in depth gradient of the film properties synthesized on web-rolled substrate.
One can conclude that, for the studied AP-PECVD process, the film density will
increase from the silica/polymer interface towards silica/air interface when the
polymer substrate is transported along gas flow.
Keywords
thin films
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surface morphology
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Plasma driven atomic layer deposition, extending the precise technology to
new application areas
Daniel Haehnel
Plasma Electronic GmbH, Neuenburg am Rhein, Germany
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The atomic layer deposition (ALD) has outstanding properties such as conformity,
uniformity, and Å-precise thickness control on complex shaped substrates. Due to
these unique properties, the ALD has become a key coating technology in the
semiconductor industry and gaining more interests in other technology areas.
Especially the plasma driven ALD is becoming more and more popular for functional
coatings in the life-science or consumer environment. In particular, new approaches in
transparent sensor and actor electrode arrays in biomedical applications and
biosciences e.g. in the new fields of optogenetics and electroceuticals, are a perfect
playground for the PA-ALD technology to establish transparent electronics. For this
application, a precise and thin catalyst layer (metallic and none-metallic) is deposited
by means of ALD to initiate the growth of ultrathin carbon films, which emerges as a
promising component of transparent biocompatible electrode nano-composite
material. Further applications are in the encapsulation of polymeric substrates in
microsystems technology, and in the coating for functional surfaces film deposition on
life science disposables, e.g. polymerase chain reaction plates (PCR) for DNA
sequencing. These application areas of plasma driven ALD will be addressed in the
talk. The aforementioned demands are addressed by plasma driven ALD tools,
developed by the Plasma Electronic GmbH. The ALD tools can be separated in a
radical enhanced, a plasma enhanced (my-plas ALD system) and an inductively
assisted deposition system (ALD 3D). With the plasma driven ALD, new previously
inaccessible precursors can be applied, and temperature-sensitive substrates can be
handled. The new ALD 3D system is enabling a three dimensional coating for
complex structured parts, which is in particular not feasible with conventional ALD
reactor systems, will be explained in detail.
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Enhanced oxidation of TiO2 films prepared by pulsed magnetron discharges
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Deposition of metal-oxide films is typically provided by pulsed sputtering of a target,
made of material to be deposited, in a reactive atmosphere. However, additional
reactive gas, e.g. O2, causes so-called target poisoning effect responsible for drastic
decrease of the deposition rate. This is caused by significantly lower sputtering yield
of TiOx film formed on the target surface and by so-called hysteresis behavior
observed on discharge I-V characteristic. Some methods of target poisoning
suppression have been already introduced. These methods are usually based on
precisely controlled delivery of the reaction gas in feedback with measured cathode
voltage.
In this contribution we introduce a novel and modified method of target poisoning
suppression during deposition of TiO2 thin films by pulsed magnetron sputtering; wide
range of the discharge repetition frequency and the duty cycles was tested. The
experimental configuration is based on delivery of activated O2 in the substrate
neighborhood. Because of higher reaction rate of active oxygen species (O, O+, O-)
they are responsible for preferential formation of TiO2 film. Furthermore, advanced
plasma diagnostics enables to optimize the deposition process at which the sputtering
can run in metallic mode that guarantees high deposition rate while TiO2 with enough
incorporated oxygen is formed. The deposition rate, target poisoning and
crystallization are influenced not only by the amount of O2 but also by excitation level
of reactive oxygen. Presented will be a complex study based on plasma diagnostics
(Langmuir probe measurement, optical emission spectroscopy, ion flux measurement)
and film analyses (chemical composition XPS, crystallography by Raman
spectroscopy, transmittance etc.).
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Highly thermoelectric efficient Ge2Sb2Te5 and GeSbTe thin films by Pulsed DC
Plasma Sputtering Process
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Development of alternate sustainable energy generation techniques for the time when
fossil fuel supplies will become sparce in future is a societal demand. In this regard,
highly efficient thin thermoelectric films recently have gained acceptance for potential
applications in the microelectronics industry as low-power generators, sensors, and
micro-coolers. The key issue for enhancing the efficiency of thermoelectric devices is
to obtain material with precise control over crystallinity, chemical composition,
surface, electrical and thermoelectric properties. Here, using a pulsed DC-magnetron
sputtering technique, we have prepared good quality Ge2Sb2Te5 and GeSbTe thin
films. It is found that control over plasma power density enhances the growth rate of
the films more than 450 nm/min. The electron temperature during the plasma
processing induces the atomic displacement based structural disorders, which govern
the enhancement of Seebeck coefficients (in optimized conditions > 300 μV K–1). The
role of plasma power, working pressure, film thickness, vacuum annealing and
composition variation on the films properties will be presented in details. Further,
theoretical justifications using molecular orbital and molecular dynamic simulations
will be presented for the obtained findings.
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Diamond-like-carbon (DLC), featured by lower friction coefficient, has been widely
utilized in industries related to tribological applications. A cage-like hollow cathode
discharge has been utilized to produce large volume plasma for rapid deposition of
thick DLC films. High current pulse is applied to the cage-like metal-mesh cathode to
produce the required plasma, whose density is dependent on the coupled power. To
further improve the DLC film properties, a new approach is proposed, in which the
energy of ions incident to the sample surface can be independently controlled by an
additional voltage applied between the samples and the metal meshed cage. The
samples inside the cage are biased with a voltage from 0V to -500V with respect to
the cage while the cage is biased with 1000-4000V (pulse).Si-DLC films have been
synthesized with a mixture of Ar, C2H2 and tetramethylsilane(TMS). The results have
demonstrated that the DLC films were deposited with a higher rate (~4um/h) due to
higher plasma density produced by high-current pulse in the mesh cage. The intense
ion bombardment significantly densified the films, reduced the surface roughness,
decrased the H and Si contents, and increased the nanohardness (H) and modulus of
elasticity (E). The surface hardness was about 10-15GPa, similar to that of typical
Me-DLC. High values of H3/E2 and H/E were obtained on the biased films, indicating
the potential excellent mechanical and tribological properties of the films. With the
assistance of this additional bias the thick multilayered DLC films (~40um) with higher
adhesion (critical load of ~100N) have been achieved. It is attributed to alternative
change of additional bias to reduce the internal stress in the DLC films. Our
preliminary results have proven that this novel discharge may be a very effective tool
to fabricate DLC films with high deposition rate and excellent properties with denser
microstrcture.
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The outstanding tribological performance of super-hard carbon coatings (ta-C)
proofed to be a promising solution for energy efficiency and wear reduction
applications. During the last years ta-C coatings becameaccessible for industrial
applications on tools and components due to improved coating adhesion and the
development of industrial suitable coating technologies. Vacuum arc based
techniques established to be the most favorable for many applications. Among others,
the laser controlled pulsed vacuum arc (Laser-Arc-Technology), a development of the
Fraunhofer IWS, proofed to be capable for mass production. Nevertheless, for a more
extensive use of ta-C coatings in a wider field of industrial applications more efforts
are needed to further increase the productivity of this deposition technique. In this
work we present our latest developments in optimizing the effectivity of the ta-C
deposition process. We will show concepts for upscaling the Laser-Arc-Technology
with and without plasma filtering up to coating heights of more than 1000 mm and
show first prototypes and coating results. Furthermore, new approaches to reduce
plasma losses which occur on the way from the target to the substrate will be shown.
Finally, we investigated the limitations of upscaling and increased plasma
transparency concerning the mechanical properties of the coating due to increased
deposition rates.
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Hot Filament technology has been used for a long time for the ionisation
enhancement of different PVD technologies such as Electron Beam Evaporation
(eBE) and Magnetron Sputtering (MS). These applications already form part of
standard industrial production processes in varied coatings such as eBE TiN and
Magnetron Sputtering DLC. In terms of large area scalability Magnetron Sputtering is
one of the most attractive PVD technologies. However, the basic MS process, with no
assisted filament, would generally be lacking in ionisation. When larger ionisation is
needed, an additional technology needs to be coupled, such as inductively coupled
RF or HIPIMS which offer the possibility of higher plasma density. Both methods
however present challenges when it comes to large area. RF discharges become
difficult to handle and control over large areas. In a similar way, HIPIMS discharges
on large area cathodes present some challenges, such as the levels of peak power
delivery ability from commercial power supplies, arcing control, tuning and cabling.
An alternative method to achieve enhanced ionisation for large area systems would
be to add a hot filament based technology for enhanced electron emission. Although
this method could offer a simpler and more economic route to large area
industrialisation, further control of the ionisation enhancement is needed. Design of
the deposition system, integration and control of the ionisation enhancement is
necessary in order to achieve the consistency in the results demanded in industrial
production. The present paper will present results on the development of such a
system and processes which are able to achieve dense hard coating structures.
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Plasma-assisted molecular beam epitaxy (PA-MBE) is one of effective tools for
high-quality GaN and InGaN film growth. However, the growth rate with this
conventional technique is much lower than that realized in metal organic vapor phase
epitaxy (MOVPE). It was pointed out that the nitrogen (N) atom from N2 gas
dissociation in plasma was crucial for improving both growth rate and film quality. In
order to improve PA-MBE, a high-density radical source (HDRS) was developed and
examined in this study.
The HDRS consists of an inductively coupled plasma (ICP) combined with
magnetically enhanced capacitively coupled plasma (CCP) source. The discharge
tube of a pyrolytic hexagonal boron nitride was surrounded by a solenoid antenna,
which is located downflow of the CCP electrodes with permanent magnets for plasma
confinement. This tandem structure enables stable discharge to obtain high density
plasma. At the end of the radical source, an orifice for the radical emission isolates
the plasma region from an MBE chamber at low pressure. The gases of N2 and H2
were introduced to the radical source. The absolute densities of both H and N were
measured by vacuum ultraviolet absorption spectroscopy (VUVAS). A VUV light
source was constructed using hollow-cathode plasmas of hydrogen- or
nitrogen-diluted helium gas in atmosphere. For the H atom, Lyman α (2P-2S) at 121.6
nm wavelength was used, and for the N atom, emissions (4P-4S) at 119.96, 120.02,
and 120.07 nm were used.
According to vacuum ultraviolet absorption spectroscopy (VUVAS) measurement,
nitrogen radical density generated employing the HDRS increased up to 3 x 1012 cm-3
with increasing N2 gas flow rate. This value is more than one order of magnitude
higher than that obtained by the conventional ICP. Then, faster growth rate of 2.5
µm/h in GaN homoepitaxy was performed by the PA-MBE employing the HDRS. It
was also confirmed that the growth rate and crystalline quality of InGaN was much
enhanced by this method.
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Recently we proposed a modification of two plasma surface engineering methods:
Impulse Plasma Deposition (IPD) and magnetron sputtering. In both cases the
working gas injection was used as an igniter and controller of plasma generation and
distribution processes. Gas Controlled IPD (GCIPD) and Gas Injection Magnetron
Sputtering (GIMS) showed that the gas modification led to improvement of the useful
properties of the deposited coatings. In the case of GCIPD a dozen times prolong of
cutting tools life time was observed (for TiN coatings deposited on non-heated tools)
and the use of GIMS allowed to improve the coatings adhesion to the non-heated
large area glasses. The GIMS has been implemented to the industry (Bohamet Ltd.,
Poland) for deposition of Ti/TiO2 coatings on the large area glasses 2x3 m. Our last
studies showed the presence of multiple ions both of metallic and gas plasma
constituents in plasmoids generated during the GCIPD for the lower discharge energy
in comparison to the IPD case and that the rutile was always present in the phase
composition of TiO2 coatings deposited by the GIMS on non-heated substrates. In our
opinion these results proved our hypothesis that the plasmoids generated and
distributed during the GCIPD and GIMS are more energetic than in the case of their
standard equivalents.
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A two-stage atmospheric electromagnetic plasmadynamic system (AEMAPS) with the
first stage in the form of a three DC plasma torch with power 7 kW and plasma flow
temperature ~ 8000 К at atmospheric pressure, and with the second stage in a form of
a coaxial plasma accelerator has been devised and applied to the powder particles
acceleration , powder coating modification , surface hardening. At the exit of the
accelerator, a large-diameter underexpanded plasma flow is formed which is
characterized by high velocity as great as 3 – 5∙103 m/s with the diameter of plasma
flow up to 2 cm . As working gas of DC torch nitrogen or air is used with a small
amount of argon. The plasma flows with duration 200-300 µs and plasma temperature
up to 1,5 ∙103K were obtained. Several AEMAPS are developed with energy of
pulsed flow 6 - 24 kJ and frequencies up to 4 Hz.In the AEMAPS, being considered ,
the transition regime from vacuum to atmospheric pressure regime of plasma current
sheath acceleration is realized. At high pressure the movement of plasma sheath can
be considered in the framework of the subsonic radiation wave when gasdynamic
pressure in plasma sheath in together with the radiative flux and heat conduction
afford movement of plasma sheath along with shock wave with the velocity several
km/s. The results of the use of this plasma source for the acceleration of powder
particles (10-30 μm) as well as for powder coating modification are presented .Powder
particles are injected into gas, compressed by leading shock wave up to 20-40 bar,
thereby resulting high drug coefficient .Pulse- periodic plasma flow action on plasma
sprayed coating NiCr –Fe +50% Cr3C2 results in decreased porosity, increased
microhardeness , amorphous phase formation. Amorphizm of structure contributes to
an increase of wear –resistance.The mechanisms of atmospheric pulse-periodic
plasma flow action on surface are considered.
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In this work we describe a new patented method [1] that allows reconstructing the
topography of a surface using a set of at least 3 SEM images acquired at different
tilting angles. In that regard, the output is similar to what is obtained by conventional
AFM measurements. This method is based on Digital Image Correlation of the images
and a posterior analysis of the displacement field according to a rigid-body model.
The advantages of this approach are threefold. First, the method does not require any
detailed knowledge of the geometry of the chamber or the movement of the stage,
and therefore no complex calibration processes are needed. Second, the method is
fully software-based and it can be implemented in any SEM equipment. Third, this
approach works at any magnification used by SEM, which can be an advantage over
AFM equipments.
First, the main steps of the approach will be described and explained, including a brief
explanation of the mathematical background. Next, its applicability and accuracy will
be illustrated with examples from materials science and biology. Finally, an outlook
summarizing future directions of developments and improvements to solve some
detected issues will be presented.
[1] D. Martinez-Martinez, V. Ocelik, J.Th.M. de Hosson, C. Mansilla, E. Faber,
Determining quantitative three-dimensional surface topography from two-dimensional
microscopy images, patent WO2015185538 (2015).
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Comparison of film stress in a-C:H and a-Si:H layers on PET substrate
Markus Brochhagen, Marc Böke, Jan Benedikt
Ruhr-Universität Bochum / EP II, Bochum, Germany
markus.brochhagen@rub.de
Amorphous hydrogenated carbon (a-C:H) and amorphous hydrogenated silicon
(a-Si:H) films are of high interest, because they can improve the gas barrier of
polymers. One of the important properties of such coatings is their compressive
stress, which has beneficial as well as unwanted effects. The stress can cause
deformation of the bulk material or de-lamination of the film. The mechanical stability
can be improved and it is possible to reduce cracking due to elongation, as the
compressive stress can compensate externally applied tensile strain.
To improve the elongation tolerance property of the system, the understanding of the
intrinsic stress in all different layers is of high relevance. Therefore, either carbon
layers or silicon containing layers are deposited in inductively and capacitively
coupled plasmas with different gas mixtures and duty cycles. Afterwards the
properties of the deposited layers are investigated thoroughly by optical diagnostics
and by measuring the gas barrier and strain tolerance. Applied bias voltage influences
the hardness of the coating and the stress characteristic. To get more information
about this influence, the residual stress is measured as a function of the bias voltage
for coatings on Si-wafers, Si-cantilevers and PET-cantilevers. In addition, thermal
influences during the deposition process are analyzed by heating experiments,
because PET is very susceptible for mechanical changes if heated above its glass
temperature. For carbon containing layers, it was proved that the intrinsic stress can
improve the strain tolerance of the whole system. By adding a bias voltage it changes
from tensile stress to compressive stress. As a next step, this behavior will be
compared with the properties of silicon films.
This work is supported by DFG within SFB-TR87
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Comparative study of the deposition of highly reflectant metal thin films by
ionized PVD techniques
Gonzalo Rincón Llorente1, Elena Guillén Rodríguez1, Erik Schumann2, Irene Heras
Pérez1, Marcel Mesko2, Frans Munnik2, Matthias Krause2, Ramón Escobar Galindo1
1

Abengoa Research, Seville, Spain 2Helmholtz Zentrum Dresden Rossendorf,
Dresden, Germany
grincon@abengoa.com

The degree of ionization during Physical Vapor Deposition (PVD) plays a critical role
on the final surface quality of the deposited coatings. In this work a comparative study
of metal thin films (Al, Cu, Ag) deposited by conventional DC-Magnetron Sputtering
(DCMS) and highly ionized techniques such as Filtered Cathodic Vacuum Arc (FCVA)
and high power impulse magnetron sputtering (HiPIMS) was performed. The final
scope of the study is aimed to optimize the deposition parameters to achieve higher
specular reflectance as this have a critical influence in the yield of solar plants based
on concentrated solar power. In this regard, the optical constants of the deposited
films were modeled departing from ellipsometry data. A comparison of the
experimental reflectance with that obtained after optical simulation was also carried
out. The achieved optical performance of the films was further compared to the
structural properties resulting from different deposition techniques. Rutherford
Backscattering Spectrometry (RBS) and Elastic Recoil Detection Analysis (ERDA)was
applied to explore the potential oxidation of the films during deposition. Surface
morphological changes were explored by Scanning Electron Microscopy (SEM). In
addition, Atomic Force Microscopy (AFM) measurements at different deposition times
allowed exploring the dynamics of the growth mechanism of the films.
Keywords
PVD techniques
Optical properties
Simulation
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Oxygen vacancy stabilized zirconia thin films: A joint experimental and
theoretical study
Stephanos Konstantinidis1, Mohsin Raza1, David Cornil1, Jérôme Cornil1, Pascal
Boulet2, Jean-François Pierson2, Stéphane Lucas3, Rony Snyders1
1

University of Mons, Mons, Belgium 2Université de Lorraine, Nancy, France 3
University of Namur, Namur, Belgium
stephanos.konstantinidis@umons.ac.be

In the present study, we investigate the role of the incorporation of oxygen vacancies
on the phase formation of cubic zirconia synthesized at room temperature.
100 nm - thick films were grown in the poisoned mode and also while working in the
transition zone with the help of a voltage feedback control loop. During the synthesis,
oxygen was introduced at the target vicinity in order to optimize the feedback control
loop response. This way, we could get a tight control over the film chemistry (e.g. O/Zr
ratio). By systematically varying the working parameters, we identified that for 200
mA, 10 mTorr, with the oxygen inlet positioned at the target, and working in the
poisoned regime, the XRD spectrum only exhibits reflections from the
low-temperature stable monoclinic phase. To the contrary, by working inside the
transition i.e. by growing sub-stoichiometric zirconia thin films, the film phase
constitution was dramatically modified and only the cubic reflections were observed.
Chemical analysis results showed that films grown in the transition are
oxygen-deficient, indicating that only oxygen vacancy are necessary to stabilize the
c-phase. Quantum-chemistry based calculations are in remarkable agreement with
the above mentioned experimental data.
In conclusion, our experimental and theoretical data demonstrate that only the
incorporation of O vacancies stabilizes the high-temperature cubic phase, at room
temperature. Temperature–resolved X-Ray Diffraction analysis, performed in air,
revealed that these oxygen-deficient cubic zirconia thin films were stable up to 700
°C.
Keywords
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Non-evaporative getter (NEG) coatings for ultrahigh vacuum in very narrow
chambers
Andre Anders, Csaba Toth, Yuchen Yang, Charles Swenson, Thomas Oliver,
Christoph Steier, Wim Leemans
Lawrence Berkeley National Laboratory, Berkeley, California, United States
aanders@lbl.gov
Some applications, such as diffraction-limited electron storage rings for the next
generation synchrotron light sources, require long and narrow vacuum chambers.
Such chambers have extremely low pumping speed, yet ultrahigh vacuum is needed
to ensure the required long beam life time. Pioneered at CERN, non-evaporative
getter (NEG) coatings are the obvious technical solution, turning the vacuum chamber
into a pump. NEG materials are usually alloys of Ti-V-Zr deposited by magnetron
sputtering from axially aligned, twisted wires of transition metals. Going to narrow
chambers, less than 10 mm in diameter, pushes the envelope of this technology.
First, it is shown that (difficult to produce) alloy wires are needed to obtain NEG
coatings of uniform composition. We report on coatings made by sputtering alloy wire
at relatively high pressure. For even narrower chambers, less than 6 mm in diameter,
wire sputtering becomes impractical due shorts and other issues. We therefore also
report on an alternative approach to narrow tube coating using pulsed laser
deposition.
Advanced sputtering development was supported by the Laboratory Directed
Research and Development Program of Lawrence Berkeley National Laboratory,
while funding for the exploratory pulsed laser deposition was provided by the
Accelerator Stewardship Program of the U.S. Department of Energy under Contract
No. DE-AC02-05CH11231.
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Use of simulation tools to model a complete plasma deposition process:
Application to Ar-O2 plasma for TiO2 thin films deposition with a dual
magnetron plasma system.
Romain Tonneau1, Pavel Moskovkin1, Thomas Melzig2, Andreas Pflug2, Stéphane
Lucas1
1

University of Namur, Namur, Belgium 22Fraunhofer Institute for Surface Engineering
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This work reports the study of Ar-O2 plasma chemistry obtained by dual magnetron
setup operating in DC mode. Simulations tools had been used to predict the
hysteresis behavior of the discharge as well as the coating’s properties. In order to
simulate the whole plasma deposition process, we have combined two different
simulations methods implemented into two packages. The first one use particle-based
algorithms to solve the Boltzmann equation and provide spatially-resolved results:
(i) Direct Simulation Monte Carlo (DSMC) method for the neutral particles transport [1]
(ii) Particle-in-Cell Monte Carlo (PICMC) method for the charged particles transport [1]
The separation of charged and neutral particles in simulations allows studying plasma
deposition over several seconds of real time deposition. Finally the third software:
(iii) NASCAM (Nano SCAle Modeling [2]) which implement a Kinetic Monte Carlo
(kMC) method to simulate the film growth.
We will present how we have combined those three methods to finally get plasma and
coating characterization from a simulation point of view. By using this method,
simulations had been performed with various Ar/O2 ratios. The generation of species
like O-, O2+, O2-, Ar+, Ti+ and Ti and the behavior of Ar and O2 will be discussed.
Energy and angular distributions of all species as well as their fluxes on substrate will
be presented. Partial pressure of neutral species will be compared to experimental
data. Finally film growth simulation will be benchmarked with analysis of experimental
deposition by various techniques (RBS, SEM,…)
References:
[1] A. Pflug, M. Siemers, T. Melzig, L. Schäfer, G. Bräuer, Surf. and Coat. Technol.,
260 (2014): 411
[2] S. Lucas and P. Moskovkin, Thin Solid Films 518(2010): 5355
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Study of Reactive Gas Pulsing Sputtering Process as a technique to elaborate
efficient and low cost silicon oxynitride antireflective coatings
Angélique Bousquet1, Amira Farhaoui1, Joel Cellier1, Eric Tomasella1, Rafik Smaali2,
Emmanuel Centeno2, François Reveret2
1

ICCF, Aubière, France 2IP, Aubière, France
angelique.bousquet@univ-bpclermont.fr

The conversion efficiency and the production cost are both key parameters in solar
cell industry. Concerning sun light absorption, it should be maximized without leading
to higher fabrication cost. Our challenge is to explore powerful and economical routes
to develop complex antireflective systems for thin film Si-based solar cells. Unlike
antireflective systems obtained with 2 or 3 different materials, we are currently
focusing on the deposition of multilayers and gradient layer using only one silicon
target sputtered in a reactive atmosphere (Ar/O2/N2). With a refractive index tunable in
a large range, these ternary silicon oxynitrides are interesting candidates for this kind
of system. In this work, we investigate the control of thin film refractive index via
tuning the elemental composition of SixOyNz layers deposited by Reactive Gas Pulsing
Process. First, a deep study by time-resolved optical emission spectroscopy allow us
determining the different sputtering modes and their reaction kinetics. Then, by
controlling the pulsing parameters of O2 reactive gas flow rate injection, we
demonstrate the possibility to tune thin films composition in a large range (determined
by RBS): from an oxide to a nitride for silicon oxynitrides but also for silicon-rich films
with various silicon content. Nature of bonds between silicon and other elements have
been studied from different techniques (IR and Raman spectroscopies, XPS) and
linked to film optical properties, such as refractive indexes and optical band gap (from
UV-visible spectroscopy and ellipsometry). Finally, antireflective structures have been
simulated and optimized by genetic algorithm for wavelength at 600 nm on silicon
substrate. Better structures have been realized and present reflectivity in good
agreement with simulated one, demonstrating RGPP technique allows easy
deposition of efficient antireflective layer, with reasonable deposition time and low
reflectivity (lower than 5 %).
Keywords
reactive sputtering
silicon oxynitride
antireflective coating
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In situ RBS, Raman, and ellipsometry studies of layered material systems at
elevated temperatures
Matthias Krause1, Robert Wenisch1, Irene Heras2, Frank Lungwitz1, Daniel Janke1,
Elena Guillen3, Rene Heller1, Sibylle Gemming1, Ramon Escobar Galindo3
1

Helmholtz-Zentrum Dresden-Rossendorf, Dresden, Germany 2Abengoa Research
S.L., Seville, Spain 3Abengoa Research S.L., Seville, Germany
matthias.krause@hzdr.de

The detailed knowledge of composition and structure is essential for the
understanding of processes and properties of functional materials at elevated
temperatures. To ensure materials functionality under in operando conditions, new
concepts for analysis and process monitoring are necessary. In this contribution,
selected layered material systems were studied in situ at temperatures up to 830°C by
Rutherford backscattering (RBS), Raman spectroscopy, and ellipsometry within a
cluster tool.
Metal induced crystallization (MIC) is a promising technique for hydrogen-free
synthesis of two-dimensional materials. Here, Si/Ag bilayers are studied as model
system. The Si/Ag layer stacks are annealed at temperatures of 380 to 700°C.
Simultaneously, depth profiles of the elements are investigated by RBS revealing the
diffusion kinetics. The changes in the phase structure and the degree of crystallinity
are analyzed by Raman spectroscopy. Both the quick initial nucleation and ensuing
growth processes are investigated. MIC is observed for all temperatures under study,
while layer exchange occurs only for optimized process conditions.
As an example for high-temperature functional coatings, AlTiOxN1-x thin films were
investigated in order to understand the influence of the oxygen to nitrogen ratio on the
optical properties and their failure mechanisms at high temperatures. Ellipsometry and
RBS results showed the influence of the initial oxygen content in the sample, inward
diffusion of oxygen into the coating, and the high temperature stability of AlTiOxN1-x
thin films. The low emittance of AlTiOxN1-x, allowed performing in situ RBS analysis at
temperature up to 830°C for the first time.
Financial support by the EU, grant No. 645725, project FRIENDS2, and the HGF via
the W3 program (S.G.) is gratefully acknowledged.
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Design oriented modelling for the synthesis process of copper nanoparticles by
a radio-frequency induction thermal plasma system
Matteo Gherardi, Simone Bianconi, Marco Boselli, Vittorio Colombo
University of Bologna, Bologna, Italy
matteo.gherardi4@unibo.it
Radio-frequency inductively coupled plasma (RF-ICP) technology has proven to be a
viable means for continuous production of nanoparticles (NP), thanks to its distinctive
features, such as high energy density, high chemical reactivity, high process purity,
large plasma volume, precursors long residence time and the high cooling rate (104
–105 Ks−1) in the tail of the plasma, and its large number of process variables, e.g.
frequency, power, process gases, phase of the precursor and system geometry [1].
Nonetheless, this high versatility comes at a price, as process optimization (in terms
of yield and size distribution of the NP) is a challenging process that can hardly rely
on try and fail experimental approaches due to equipment costs and to the limited
amount of information that can be obtained from conventional diagnostic techniques.
Therefore, process optimization of the NP synthesis process in RF-ITP systems has
to rely extensively on modelling techniques [2-3].
In this work, we report on design-oriented modelling for the optimization of an RF-ICP
synthesis process of Cu NP starting from a solid precursor. In particular, the effect of
i) the geometry of the reaction chamber (the volume downstream the plasma source,
where NP are formed and grow) and of ii) the quenching strategy (injection of gas in
the reaction chamber that affects flow fields, temperature distributions, cooling rates
and particle deposition at the chamber walls, which must be minimized) will be
investigated. The adopted simulative model can describe plasma thermo-fluid
dynamics, electromagnetic fields, precursor trajectories and thermal history, and
nanoparticle nucleation and growth [4]. Radiative losses from Cu vapour and their
effect on the precursor evaporation efficiency have also been taken into account in
the model.
[1] M I Boulos, Pure Appl. Chem. 681007 (1996)
[2] X Fan, J. Cryst. Growth 171166 (1997)
[3] M Shigeta, J. Phys. D: Appl. Phys. 40 2407 (2007)
[4] V Colombo, Plasma Sources Sci. Technol. 21 055007 (2012)
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High throughput, room temperature synthesis of cluster assembled silicon
based nanostructured materials
Giorgio Nava1, Francesco Fumagalli2, Fabio Di Fonzo2
1

Politecnico di Milano, Milano, Italy 2Center for Nanoscience and Technology, Milano,
Italy
giorgio.nava@iit.it

Silicon based nanomaterials, given their appealing tunable optical, electronic and
mechanical properties, represent a promising choice in a range of applications
spanning from lithium ion batteries, up to photovoltaics and light emitting devices [1].
Standard fabrication methods (e.g. PECVD) suffer however from high processing
temperatures (T > 100 °C; not compatible with cheap flexible substrates), low
deposition rates (nm/s) and lack of morphology control, being not compliant with
industrial requirements [2].
In the present work a novel large area (100 cm2), high yield (up 1μm/min and 300
mg/h), low temperature, plasma-based deposition technique – named Nanoparticles
Jet Deposition (NANO JeD) - is presented for fabrication of silicon cluster assembled
films. The process is based on the segmentation of the gas phase material synthesis
in two steps: (i) precursor dissociation chemistry control in a non-thermal dusty
plasma environment, allowing low temperature crystallization and narrow size
distribution synthesis of nanoclusters [1]; (ii) physical impaction of nanoparticles via
sonic jet at room temperature, ensuring material morphology control [3].
Crystalline volume fraction and grain size, governing the material optoelectronic
properties, are tuned by controlling over the processing parameters of the plasma
reactor (e.g. gas mixture and coupled RF power), while morphologies ranging from
aerogels, to quasi 1D hierarchically organized tree-like structures, up to compact films
are obtained by controlling over the aerosol gas dynamics of the jet flow field [3].
The described fine degree of control over material properties offered by presented
method makes it suitable candidate for synthesis of nanostructured lithium ion battery
anode architectures and dense cluster assembled active materials for thin film
transistors.
[1] U. Korthsagen, J. Phys. D Appl. Phys. 42, 113001 (2009)
[2] J. Gope et al., J. Non-Cryst. Solids 355, 2228–2232 (2009)
[3] Sauvage et al., Nano Lett. 10, 2562-2567 (2010)
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OES characterization of a nanoparticles source based on magnetron sputtering
Vanessa Orozco, Cédric Jaoul, Frédéric Dumas-Bouchiat, Pascal Tristant
Université de Limoges, Limoges, France
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Among the processes allowing the production of nanoparticles, gas aggregation
technique based on magnetron sputtering is a very interesting method. This technique
is compatible with classical microfabrication methods and thus nanoparticles can be
integrated in a functional thin film obtained by vapor deposition. Moreover it can be
applied to numerous materials, a high flux can be achieved and thanks to the plasma,
particle agglomeration is limited. The size of the nanoparticles can be tuned by
varying the operation parameters like gas flow-rate, aggregation distance and
sputtering power. Nevertheless, depending on the sputtered material and the
processing gases, the process operating windows allowing the nanoparticles
nucleation and growth can be limited and temporal instabilities may occur
[1,2].Objective of this work is a better understanding of a nanoparticles source
dedicated to the deposition of ceramic based nanocomposite thin films. Silver, was
chosen as a first material to be sputtered by argon at room temperature and a
pressure of 2×10-1 mbar. A quartz crystal microbalance (QCM) was used for
measuring the deposition rate during the nanoparticle generation. The intensities of
light emitted by the desexcitation of excited species from the plasma were measured
by optical emission spectroscopy (OES). The influences of the discharge power, the
aggregation length and the presence of additional gas like He, N2 or O2 were
investigated.Nanoparticles deposition rate depends of the reactive gas flow injected
into the aggregation chamber. The size distributions of nanoparticles have been
investigated using TEM. The metallic nanoparticles can be synthesized in a broad
range of sizes – from a few nanometers to tens of nanometers - according to the
operating conditions.
[1] T. Peter, O et al. J. Appl. Phys 112, 114321(2012).
[2]. J Polášek et al. Thin Solid Films (2015)
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Ag nanoparticles produced by DC magnetron sputtering applied to optical
biosensor
Lucia Mendizabal, Nestor Bolaños, Eva Gutierrez- Berasategui, Javier Barriga
IK4-TEKNIKER, Eibar, Spain
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Ag nanoparticles (Nps) are attracting huge interest owing to their unique optical
properties combined with high chemical stability and biocompatibility. Ag Nps are
among the most studied nanomaterials and have led to the development on
innumerous techniques and methods for molecular diagnostics, imaging, drug delivery
and therapeutics. Incident light interacting with Ag Nps with smaller sizes than the
wavelength of the incident light induces localized surface plasmon resonance (LSPR)
used for the construction of sensitive biosensors.There are numerous techniques to
synthesize Ag Nps, but the most popular ones are chemical methods including
chemical reduction, photochemical reduction, co-precipitation, thermal decomposition
or hydrolysis. All these technique are wet techniques including chemical reactions
where the control over the size of the nanoparticles and the up-scale of the process
present serous issues. In this work, we present the manufacturing of Ag nanoparticles
from a plasma gas condensation process based on magnetron sputtering. This
technique is a one-step Nps manufacturing process that allows the accurate control of
the composition, size, shape and density through the control of the deposition process
parameters. It is an optimum technique to manufacture Nps at industrial scale. A deep
study of the influence of the process parameters, such as pressure, Ar/He ratio and
intensity on the shape, size and particles density, has been carried out to be able to
accurately control the manufacturing process.The Ag manufactured Nps will be used
as as a robust tool for bio-sensing based on localized surface plasmon resonance
(LSPR). They can be used both as a LSPR sensor of silver nanoparticles very
sensitive to the immediate surroundings of the nanoparticle surface, and as a method
to amplify the wavelength shift observed from a LSPR sensor consisting of a
nanostructured silver thin film.
Keywords
Ion cluster source
Gas aggregation
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Biosensor
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Size control, transport, and collection of nanoparticles grown in pulsed hollow
cathode discharge: Theory and modeling
Nils Brenning1, Iris Pilch2, Emil Kalered2, Lars Ojamäe2, Robert Boyd2, Rickard
Gunnarsson2, Mohammad Hasan3, Ulf Helmersson2
1

Linköping University, IFM, Linköping, Sweden 2Linköping University, IFM-material
physics, Linköping, Sweden 3Electrical Engineeering & Electronics, University of
Liverpool, Liverpool, United Kingdom
nils.brenning@ee.kth.se

The progress in theory and modeling is reported for a project based on nanoparticle
(NP) synthesis using pulsed hollow cathode (HC) discharges. In this technique NPs
nucleate in high density plasma clouds ejected from the HC, and then grow mainly by
the collection of ions of the sputtered material. Different approaches are needed in a
sequence of five stages: (I) the production and ionization of sputtered material ejected
from the HC, (II) the nucleation and early growth of NPs which have no charge, in our
case up to about 1 nm radius, (III) the continued growth to the final size of NPs that
acquire a negative charge, (IV) the transport of these NPs from the growth zone to the
substrate vicinity, and (V) the final attachment to a substrate. Stage (I) is modeled by
a global plasma-chemical model combined with COMSOL. The nucleation rate in
stage (II) is treated as a free parameter, to be based on experimental data. For the
calculation of the NP charge and growth in stage (II), accurate values of the size- and
material dependent electron affinity and work function are needed. These are
obtained by separate density functional theory modeling and used to quantify
thermo-ionic emission (TIE) and electron field emission (EFE). In stage (III) both TIE
and EFE are shown to be negligible below a critial NP tempearature, and above a
critial NP size. For this case the NP growth is modeled based on orbit motion limited
theory, combined with collision-enhanced collection of ions. The transport in stage
(IV) is assessed analytically and modeled by COMSOL, which reveals an interplay
between Brownian motion, electric fields, and gas flow drag, with a relative
importance that depends on the NP size and charge. For the collection phase (V) on
substrates, particle agglomeration or aggreagation both need to be considered as
they will affect the types of structures formed.
Keywords
nanoparticles
HC discharges
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DFT theory
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Size control, transport and collection of nanoparticles grown in pulsed hollow
cathode discharge: Experiments.
Sebastian Ekeroth, Rickard Gunnarsson, Sadegh Askari, Iris Pilch, Nils Brenning,
Robert Boyd, Ulf Helmersson
Linköping University, Linköping, Sweden
sebastian.ekeroth@liu.se
The experimental progress and challenges are reported in a broad project, in which
different types of nanoparticles (NPs) are produced in pulsed hollow cathode
discharges. The key to the pulsed power technique is a NP growth environment built
up of a sequence of partially overlapping high density plasma clouds, in which the
sputtered growth material has a high degree of ionization. This technique opens new
opportunities, but also adds new challenges. In particular, electric fields and NP
charging become important in all phases: the growth, the transport, and the final
collection of NPs on substrates. In the reported project the production goals are
defined by three different applications: we aim at Fe-oxides as MRI tracers which
need to have a radius 2-4 nm and narrow size distributions, CuZr NPs for catalysis
which requires deposition structures with a large effective surface area, and
InAl-nitrides and Zn-oxides for high-efficiency light-emitting electrochemical cells. In
this case the NPs need to have radius 2-4 nm, narrow size distributions, and a
uniform spread-out deposition without agglomeration. The state of the project is as
follows.
Productivity can be influenced by seeding the discharge gas, argon, with trace
oxygen, probably through stimulating nucleation. With optimized discharge conditions
a high fraction of the available growth material can be transformed to NPs.
Size control is demonstrated by various alternative control parameters: pulse
frequency, pulse amplitude, pulse length, discharge geometry, gas pressure, and gas
flow speed. A size dispersion below 10 % is shown to be achievable.
Transport and collection is a challenge. We need to operate in a complicated regime
where Brownian motion, electric fields, gas flow drag and substrate bias all play a
role, depending on NP size and charge. We present experimental observations that
identify some problems with transport and discuss involved mechanisms.
Keywords
nanoparticle
sputtering
hollow cathode
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Introducing reactive species into a plasma environment leads to the formation of ions,
neutrals and radicals of its dissociated products. If some of these overcome a certain
concentration nuclei can be formed in the gas volume. The growth from a nucleus to a
nanoparticle is then dominated by different mechanisms.
Vice versa, the nanoparticles influence their own environment. During different stages
of particle growth the plasma density and electron temperature vary which affects not
only the density of ions but also the dissociation of the precursor and, thereby, the
chemical composition of the process gas.
Therefore, the understanding of nanoparticle formation requires knowledge of
chemical processes in the plasma. In this study particle synthesis from an acetylene
containing CCRF-plasma was observed by means of mass spectrometry. Choosing
the total gas pressure and acetylene admixture to argon allows to generate distinct
particle growth cycles [1] with mono-disperse sizes of the particles, so that the growth
process can be monitored in-situ.
Correlating the mass spectra with electrical measurements of the selfbias voltage in
combination with former studies [2] makes it possible to link the spectra directly to a
particle size. In this way the importance of different chemical species during
nucleation, agglomeration and accretion will be discussed.
[1] M. Hundt et al., J. Appl. Phys. 109, 123305 (2011)
[2] A. M. Hinz et al., J. Phys. D: Appl. Phys. 48 055203 (2015)
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Metallic particles, of nano or micrometer size, have been intensively studied due to
their outstanding properties and their broad range of applications. As a consequence,
a wide variety of particle generation methods were reported. This is due to the fact
that controlling the synthesis process one can tailor specific particle's properties,
namely size, shape, composition, surface area, etc. As metallic source for particles
generation one may use either gas, liquid or solid.
In our study titanium particles were obtained using a radio-frequency (RF) plasma jet
that operates at atmospheric pressure. It must be mentioned that the plasma jet works
in inert gaseous atmosphere (argon) and expands from an initiation discharge
chamber into a deposition chamber. The metal source was represented by the RF
powered electrode, hence we used titanium solid bulk material as a precursor.
Energy Dispersive X-ray Spectroscopy (EDS) investigations show that titanium oxide
particles were obtained. Optical and Scanning Electron Microscopy (SEM) analyses
reveal that spherical nano and micro-particles were deposited. The nano-particles
form a continuum thin film and have a diameter in the range of 20 up to 50 nm,
whereas the micro-particles have 1 up to 3 μm. The particle's structure, as
investigated by Transmission Electron Microscopy (TEM), point out that the all the
obtained micro-particles have a surface oxide layer. However, the size and structure
of the particles is influenced by the plasma particularities and the particle's
characteristics depend on the appropriate plasma parameters (temperature, species,
etc).
Acknowledgements: This work was supported by a grant of the Romanian National
Authority for Scientific Research and Innovation, CNCS – UEFISCDI, project number
PN-II-RU-TE-2014-4-2035.
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Depending on the size range of interest and on the required material involved,
different techniques can be used to prepare metallic nanoparticles (NPs). This
includes wet chemical techniques (colloidal, sol gel, water-in-oil) and physical vapor
deposition (PVD) methods. Among PVD techniques, the gas-aggregation source
(GAS) technique based on a planar magnetron, where the NPs are formed before
their landing on the substrate, is attracting special interest. In this case, thermal post
treatment is not required to form near-monodisperse NPs or to remove ligand. Such a
source is already employed for the production of a wide variety of metal NPs of
various sizes (2-10 nm) and shapes (nanorings or cubes). It could be coupled to
vacuum deposition techniques to embede nanoparticles in matrix or to form quasi
core-shell NPs [1].
In this contribution, we investigated the synthesis of Ag, Pt and AgPt NPs by the use
of magnetron based gas aggregation source. Their size and their morphology were
investigated by adjusting typical parameters as the power applied to the magnetron,
the aggregation distance and the gas pressure, or by powering the magnetron
cathode in high power impulse magnetron sputtering (HiPIMS) regime. Because NPs
exhibit high degree of electrical charging, mass filtering has been also used to control
the size of the NPs impinging onto the substrate. Moreover, we investigated the
increase of the deposition rate already reported when oxygen is added to the working
gas. Complementary measurements will be carried out by energy-resolved mass
spectrometry in order to evidence the species produced during the target sputtering in
O2/Ar gas mixture and to explain the rise of deposition rate of the NPs in reactive
sputtering.
[1] A. Caillard et al 2015 J. Phys. D: Appl. Phys. 48 475302
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More than 750 million people lack access to clean water, and every minute a child
dies because of a water-related disease. Herein, we present the fabrication of highly
negatively charged particles via an innovative plasma-assisted approach for the
removal of heavy metal ions from water. Thiophene plasma polymerization has been
used to deposit sulfur-rich films onto silica particles followed by the introduction of
oxidized sulfur functionalities via water plasma treatments. The deposition and
treatment processes were carried out using a radio frequency inductively coupled
reactor fitted with a rotating chamber. Surface chemistry analyses were conducted by
X-ray photoelectron spectroscopy (XPS) and time of flight secondary ion mass
spectroscopy (ToF-SIMS). Electrokinetic measurements quantified the zeta potentials
and isoelectric points (IEP) of modified particles, and indicated significant decreases
of zeta potentials and IEP’s upon plasma modification of particles. The effectiveness
of developed surfaces in the adsorption of heavy metal ions was demonstrated
through copper (Cu) and zinc (Zn) removal experiments. The removal of metal ions
was examined through changing initial pH of solution, removal time, and mass of
particles. Increasing the water plasma treatment time up to 20 minutes significantly
increased the metal removal efficiency (MRE) of modified particles; whereas further
increasing the plasma treatment time reduced the MRE due to the influence of an
ablation mechanism. The developed particulate surfaces were capable of removing
more than 96.7% of both Cu and Zn ions in 1 hour. The combination of plasma
polymerization and oxidative plasma treatment has shown to be an effective method
for the fabrication of new adsorbents for the removal of heavy metals.
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Graphite is nowadays the material of choice for the negative electrode in most Li-ion
intercalation batteries (LIBs) utilized in portable electronic devices. However, its
relatively low electrochemical specific charge capacity (theoretically 372 mAh g−1)
impedes it from being used in those applications, such as vehicle electrical
propulsion, where much higher available capacity is required. A possible approach to
improve the material performance consists of realizing a Si/graphite composite
material, which shows good galvanometric-cycling stability and available capacity up
to 6 times higher compared to pure-graphite one. Towards this end, an innovative
processing technique for graphite micropowder based on plasma-enhanced chemical
vapor deposition (PECVD) was developed [1] [2]. In this study the results of PECVD of
Si-containing coatings onto a synthetic flaky graphite micropowder (TIMREX®
provided by IMERYS Graphite & Carbon) are presented. The PECVD experiments
were performed in the pressure range 10 to 100 Pa with a glow-discharge reactor
designed for micropowder processing. The processed micropowder was examined
with characterization methods including galvanometric cycling, scanning electron
microscopy (SEM), X-ray photoelectron spectroscopy (XPS),
spark-discharge-in-argon optical emission spectrometry and powder diffractometric
sizing. The obtained results show that the PECVD can modify the surface
characteristics of graphite without alteration of powder size distribution. SEM and XPS
show the presence of a Si-containing coating on the surface of the processed powder.
The galvanometric results are related to the coating characteristics to demonstrate the
potential of the PECVD as a feasible and versatile tool for improving the performance
of graphite-based LIBs.
[1] M. Holzapfel et al., Electrochemical and Solid-State Letters (2005).
[2] V. Giampietro et al., Plasma Processes and Polymers (early view 2015).
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Development of a Wurster type fluidized bed reactor coupled with an
atmospheric plasma jet for the deposition of titanium oxide coating on
micrometric particles: experiments and modeling
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In order to deposit photocatalytic TiO2 layers on micrometric particles at large scale, a
new process has been developed by combining an atmospheric pressure plasma jet
and a Wurster type fluidized bed reactor. Geldart’s class A and B particles were
chosen as they are non-cohesive and easily aeratable.
A model based on the so-called population balance approach has been developed
using a Scilab code, while the two-phase flow CFD model was performed with
COMSOL Multiphysics to determine the velocity field inside the reactor and the
behavior of particles.
For the experimental part, a pulsed arc atmospheric pressure plasma jet (APPJ)
system was used to coat the particles by introducing a vapor of titanium
tetraisopropoxide (TTIP) into the air discharge. The plasma torch was introduced into
a 100 mm diameter reactor, in the middle of a metallic gas distributor. An internal
Wurster tube was added to control the residence time of particles in the plasma jet,
and therefore the homogeneity of treatments.
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It’s matter of fact that friction causes loss of efficiency and induce wear. But modern
machines and mechanical gears operating under severe conditions still require
lubricants that can resist high temperatures and pressure. Enhanced lifetime of
machinery and improved energetic efficiency can be achieved by development of new
lubricating oil additives. Boron nitride is well-know solid lubricant with hexagonal
structure that possess high temperature resistance of 1200ºC in an oxidizing
atmosphere. Meanwhile an information about BN as lubricating oil additive is very
limited, moreover BN nanotubes and nanospheres were synthesized only in recent
years. In present work a comparative tribological investigation of different types on BN
nanoparticles (nanosheets, nanospheres, nanotubes) is presented. Initially, structure
of nanoparticles was studied in terms of SEM, XRD and HRTEM. All types of BN
nanoparticles were added in polyalphaolefin (PAO 6) in concentrations 0.005 – 0.1
wt.% and tested using ball-on-disk tribometer. Steel plate (100Cr6) and steel ball
(100Cr6) were dipped in PAO 6 doped with BN nanoparticles and tested in
reciprocating motion mode for 10000 cycles. It is shown different tribological behavior
according to shape of added nanoparticles. The nanosphere additive leads to
increase of wear rate with increasing of particle concentration. In contrast, the
nanosheets additive cause drop of wear rate from 2.5 ∙ 10-7mm3/N∙m to (pure PAO
6) to 2.32 ∙ 10-9 mm3/N∙m (0.1 wt.%). Further SEM, HRTEM investigation of wear
debris were carried out. Deformation inside TEM targeted at determining the
deformation resistanceof BN nanoparticles was also performed.
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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 this characteristics
has many applications, for instance in magnetic thin film applications, 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, theformation 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.
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The quantification of the density of various functional groups (amines, carboxyls,
aldehyde, anhydrides) are often performed by gas phase of liquid phase chemical
derivatization coupled with X-ray Photoelectron Spectroscopy (CD-XPS). This
approach is very useful for the analysis of the plasma polymers, as the
characterization of their branched structure by direct XPS measurement is often rise
many questions. The advantage of CD-XPS is the possibility to precisely measure the
density of specific functional group. Nowadays, the derivatization of various groups
including carboxyl, primary amine, anhydrides is successfully established. However,
researchers are often rise the questions of the appropriateness of each methodology.
The hardest discussions touches CD-XPS of primary amines using
trifluoromethylbenzaldehyde (TFBA). To date the conclusion was that this method can
be used for the characterization of amine films, although several side reactions could
occurred and might lead to the overestimated NH2 densities and this should be taken
into account. Nevertheless, quite important question related to the depth of the
derivatization process was not studied before. Indeed, the depth of the derivatization
reaction will depend on the porosity of the plasma polymer and the size of the reacting
compound (e.g. TFBA).
In this work the depth of the reaction of TFBA with amine-rich cyclopropylamine
plasma polymers was analysed by CD-XPS depth profiling. It was found that the
reaction occurs only in the outermost surface (5-10 nm) and never in the bulk. In
contrary, the trifluoriethylamine derivatization of anhydride groups in the maleic
anhydride-acetylene plasma copolymers occurred at the entire depth of the sample.
Hence, CD-XPS derivatization of primary amine by TFBA has one more limitation, i.e.
low depth of the derivatization process which can be lower than the XPS analysis
depth. Therefore it is important to take into account that the amount of NH2 groups
can be underestimated by TFBA derivatization unless the angular resolved XPS
analysis is performed.
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CO2-BASED TEST FOR THE DETECTION OF DEFECTS IN OXYGEN BARRIER
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Barrier layers’ performances for food packaging and encapsulation of electronic
devices are severely limited by the presence of punctual micro- and
sub-micro-metrical defects. In order to determine the density of defects in barrier
layers obtained by means of Plasma Enhanced Chemical Vapor Deposition, their
origin and overall effect on oxygen and water vapor transmission rate, a new
non-destructive test has been developed and optimized.
Thin films acting as oxygen barrier layers have been deposited by means of an
Electron Cyclotron Resonance (ECR) low-pressure, microwave-sustained plasma,
with HMDSN/O2 gaseous feeds.
The coated sample in the sealed testing cell is interposed between a pure CO2
atmosphere and a saturated limewater solution: carbon dioxide permeates
preferentially through the pinholes in the barrier layers, causing the precipitation of
calcium carbonate crystals on top of the defects. Real-time analysis is performed by
means of an optical microscope on top of the cell’s transparent lid.
The position of the crystals and the underlying defects can be later retrieved for
further investigations at a scanning electron microscope by means of markers placed
on the sample itself.
Average defect densities for different substrates and for a wide range of thicknesses
and chemical compositions of silica-like barrier layers have been calculated and
compared to their respective oxygen transmission rate and barrier improvement
factor. The time required for crystals to appear on top of defects (i.e. the time required
for CO2 to permeate through the whole length of the defect) has also been calculated
and correlated to the rise time of the oxygen and CO2 permeation curves.
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Rare earths (RE) are naturally not luminescent materials, however when adequately
placed in specific matrices they can become optically active and lead to photo
luminescent or electro luminescent phenomena. The associated modification of
quantic selection rules is intimately related to the neighbourhood of the active centres.
So, knowing where the optical centres are in the material is a key issue to progress in
the understanding of their physical mechanisms. Nitrides (gallium, indium or
aluminium based) doped with RE are known to exhibit a so called "concentration
quenching" translating a saturation effect that is often mentioned to be due to
precipitation of RE rich phases when increasing the doping of the luminescent
element. The authors have used TEM and XRD to study the AlN system prepared by
reactive magnetron R.F. sputtering on a doping range of Erbium from 0 to 6 atomic %.
One will present the analysis of the data and stress on the specific XRD detexturation
procedure achieved by the authors on the films. One will show that this process
allows AlN:Erx to be a solid solution even when x reaches 6 atomic %. One will also
present the analysis of the XRD measurements thanks to intensity calculations based
on atomic models confirming that the main location of Erbium in the AlN würtzite is the
metal substitution site on the whole range. Results also authorize to think that both
octahedral and tetrahedral sites of the würtzite do welcome Er ions over the [1.6 – 6
%] range. Finally, the localization of the atoms will be confronted to the diverse
interpretations of literature concerning the concentration quenching luminescence, for
instance to the model published by Benz [1].
[1] F. Benz, A. Gonser, R. Völker, T. Walther, J.-T. Mosebach, B. Schwanda, N.
Mayer, G. Richter, H.P. Strunk, J. Lumin. 145 (2014) 855–858
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This work presents a new approach to investigate the microporosity of Physical
Vapour Deposition (PVD) coating systems. Therefore different Chromiumnitride (CrN)
coatings were deposited on X153CrMoV12 steel using a combined technique with
Direct Current Magnetron Sputter (DCMS) and High Power Impulse Magnetron
Sputtering (HiPIMS). In order to prepare contrary cases in terms of porosity different
coatings were prepared. One system type had a dense micro structure, another a
more columnar crystal growth and therefore a higher porosity in this system was
expected. The different microstructure was obtained by a modification of the
BIAS-Voltage. The porosity of the coatings was investigated using the Scanning
Electrochemical Microscopy (SECM) method, polarization curves and optical
inspection. Because of the spatial resolution of the SECM the determination of the
specific positions where the ions of the iron substrate were able to penetrate the
coating reaching the surface was possible. The current changes due to the presence
of iron ions were detected at the tip of a polarized platinum microelectrode. The
described process is capable of correlating the porosity and the different coating
structures in a quantitative and qualitative way. The results show a good agreement
between SECM, polarization curves and optical inspection.
REFERENCES:
[1] H. Scheerer, E.M. Slomski, T. Troßmann, C. Berger. Characterization of CrN
coatings concerning the potential to cover surface imperfections. Surf. Coat. Technol.
205/1 (2010) 47-50.
[3] K. Fushimi, et al. Microelectrode techniques for corrosion research of iron.
Electrochimica Acta 113 (2013) 741– 747.
[4] Christine Kranz. Recent advancements in nanoelectrodes and nanopipettes used
in combined scanning electrochemical microscopy techniques. Analyst (2014) 139,
336-352.
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Wetting properties of glass surfaces play an important role for the soiling behavior and
the engineering of anti-soiling functions. Soiling is of particular interest in
photovoltaics when solar modules are to be utilized in dusty urban or arid
environments.
In this work macroscopic (water contact angle, optical transmission) and correlated
microscopic (surface structure, surface chemistry) properties are studied as a function
of layer deposition parameters. Zn oxide films are deposited on glass using
Pulsed-DC Magnetron Sputtering of an intrinsic and an aluminum doped zinc oxide
target. The process parameters pressure, sample temperature, plasma frequency,
plasma power and deposition time are varied. Furthermore, heating experiments
under atmospheric conditions with temperatures up to 600°C are performed.
The film thickness, optical transmission and surface contact angle of water are
determined in dependence of the process parameters. To identify the origin of
changes in water contact angle, surface morphology and surface chemistry are
investigated by atomic force microscopy (AFM), electron microscopy (SEM) and X-ray
Photoelectron Spectroscopy (XPS). In addition to the variation of process parameters,
influences of sample storage are analyzed.
By changing the deposition process, variations in the contact angle of more than 70°
are detected. Furthermore, the film thickness changes significantly by varying the
process parameters. Therefore, shifts in peak positions of optical transmission can be
seen, which is important in terms of optimization for photovoltaic application. The
anti-soiling functionality of the deposited Zn oxide films will be tested in a laboratory
soiling test setup.
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For the last ten years, carbon based thin films have been widely studied due to their
interesting physical and chemical properties, such as high hardness, low friction
coefficient, optical transparency, high thermal conductivity and biocompatibility.
However, these films still present many disadvantages for industrial use, such as low
adhesion on stainless steel substrates and high internal stress.
In this work non hydrogenated amorphous carbon (a-C) films deposited by a filtered
dc vacuum arc discharge on stainless steel were studied. A titanium interlayer grown
by vacuum arc was introduced in order to improve the adhesion of the coatings. Both
floating and negatively biased substrates with a voltage of 100 V were used to adjust
hardness and elastic modulus of the carbon films. The properties of the coatings were
characterized by scanning electron microscopy, x-ray photoelectron spectroscopy,
secondary ion mass spectroscopy and Raman spectroscopy. The a-C films were
found to have a layered structure, consisting of an sp2-rich surface layer, a bulk film
and an sp3-dominated layer near the interface with the titanium coating. No evidence
of carbide formation was found at this interface.
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XPS is a surface analysis technique that can be used to determine the surface
chemistry of a material in its as-received state or after a treatment, as instance ion
beam etching to clean off some or all of the surface contaminations. Detection limits
for most of the elements are around one percent. Last few months, the surface IP
team has developed a new method for the determination of the correction function of
a hemispherical electron analyzer based on elastic electron images [1]. This
apparatus parameter is essential for quantitative interpretations of XPS signals.
In the present study, SiCxNy:H thin films with various compositions elaborated by
PVD, which could be used as antireflective coating in photovoltaic devices, were
characterized by XPS. Firstly, an optimization of the deconvolution parameters for
XPS spectra allowed the identification of the different atom bonds. In light of the
binding energies obtained for different surface compositions, the results have shown
the existence of a preferentially bonding of silicon with carbon or nitrogen. Moreover,
Ar+ ion etching was used to determine the composition profile of the created layers
using theoretical modeling of XPS signals.

[1] Journal of Electron Spectroscopy and Related Phenomena 197, 2014, 80–87.
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Properties of nanocrystalline thin films have been shown to be highly dependent on
their microstructure (in terms of texture, size and shape of grains) and stress state.
Even in single layered films, gradients of microstructure associated with an inherent
variation of surface atomistic processes during subsequent growth stages result in
avariation of stresses and film properties across the film thickness. A detailed
knowledge of the structure-stress-property relations can be successfully employed in
designing films with acomplex architecture and extraordinary properties, e.g.
mechanical properties and thermal stability. We will demonstrate in this work how
structural variations in multi-layered arc evaporated AlCrN films affect the
development of stresses across their thickness. We predominantly focus on the effect
of energy of the film forming particle flux on crystallographic structure, microstructure
and subsequently on residual stresses of multi-layered AlCrN films with various
thicknesses of individual layers. The characterization of depth-evolutions of phases,
texture, grain size and residual stresses of the films across their thicknesses relied on
cross-sectional position-resolved synchrotron X-ray nanodiffraction experiments
performed in transmission geometry with sub-50 nm beam size. The effect of the
variation of deposition conditions and combination of constituents of various phase
composition within the multilayer structure will be discussed in detail. The results
document that pronounced gradients of residual stresses develop within individual
layers and across interfaces. This allows to establish structure-stress relationships for
multi-layered films with various architecture.
Keywords
Structure-stress
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Highly doped (1018 atoms/cm-3) n-type silicon structured thin films and flat surface
deposited onto aluminum surface by e-beam deposition technique using Kurt J.
Lesker equipment. Silicon films’ thicknesses were about 400nm for all samples.
Structured thin films were deposited at 80o to form slanted structures with no rotation
and at 80o with 25rpm to form vertical columnar structures. Then highly conductive
and transperant PEDOT:PSS (Heraeus-Clevios) was coated onto silicon structured
thin films and flat surface. First PEDOT:PSS was droped onto surface and left for
1min. then it was spin coated with 2000rpm/min twice.
Columnar structures possess lower reflectance value in UV-VIS spectroscopy which
means they have higher absorbance so we can use these structures both for solar
cell application and other opto-electronic devices as anti-reflection coating to increase
efficiency and other PV parameters such as fill factor, open circut voltage and short
circut density.
Also columnar strucutres have hydrophilic surface due to the high porosity that
characteristic eases the distribution of PEDOT:PSS hole conductor polymer on
surface and provide better distribution and larger p-n junction interface area. Flat
silicon has 98o while columnar structures possess 71o and 61o contact angle.
Cross-sectional SEM images shows that columnar structures with PEDOT:PSS have
better distribution and larger surface area due to the hydroplicity and porosity while
flat surfaces possess relatively smaller junction area and non-homogenous
distribution.
AFM images of flat surface and vertical columnar structures fabricated in 1μmx1μm
area show that columnar structures have higher surface roughness compared to the
flat surface.
PEDOT:PSS exhibits high transparency in UV-VIS spectroscopy which means light
can pass through it and reach the silicon absorber layer to generate electrons and
holes.
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The development of hard protective coatings for machining applications relies mainly
on the stabilisation of the metastable cubic structure of transition metal nitrides such
as AlTiN and AlCrN by alloying to preserve their exceptional mechanical properties
also at high temperatures. The suppression of thermal decomposition of the
metastable cubic phase (accompanied by loss of strength) thus allows for a better
performance of coated tools at high loads and speeds. The cubic structure can also
be stabilized by sophisticated stress design and architecture of the coatings.
However, although these materials are very strong, they suffer from low fracture
toughness. This can be effectively enhanced if phases with different structure and
properties are combined in a layered architecture and propagating cracks
subsequently arrested or deflected at interfaces. In this work, hard fcc-CrAlN was
combined with soft hex-AlCrN in amulti-layered architecture and the effect of
microstructure on the development of the stresses and mechanical properties studied.
The depth-evolution of the structure and stress state across the coating thickness was
revealed by position-resolved cross-sectional X-ray nanodiffraction. The dependence
of the mechanical properties of the coatings, such as stiffness and fracture toughness,
on their microstructure was studied by micromechanical testing of cantilever beams.
Besides the study of as-deposited coatings, the specimens were also annealed above
the decomposition temperature to investigate the subsequent development of the
microstructure and stresses across the coating thickness and its effect on the
mechanical properties. The experiments revealed development of pronounced
microstructure-related stress depth gradients dependent on the coating architecture
and the stage of decomposition, which significantly affected the mechanical
properties.
Keywords
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Electrical and Structural properties of Cu2O thin films deposited at different
temperature by magnetron sputtering
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Semiconducting cuprous oxide films were deposited by dc reactive magnetron
sputtering onto glass substrates at temperatures between 60° and 400°C.In this work,
the effect of substrate temperature on the structural, electrical, and optical properties
was investigated.
The microstructure and surface morphology were determined using X-ray
diffractometer and SEM. Electrical and optical properties were performed by Four
point probe method; Hall effect, Raman and UV–vis–NIR spectrum measurements.
Experimental results show that the crystalline orientation and the electrical properties
of Cu2O thin films deposited were influenced by the increase substrate temperature.
Keywords: PVD, cuprous oxide, resistivity.
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Influence of hydrogen incorporation associated to thermal treatments on the
optical and electrical properties of Al-doped ZnO thin films.
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Doped ZnO is considered a promising transparent conductive oxide (TCO) for
advanced technological applications. So far, elements from III group (Al,Ga) proved to
be suitable dopants to increase both electrical and optical properties of ZnO. On the
other hand, the realization that hydrogen itself can act as an electrically active
impurity in ZnO opened new routes towards the production of TCOs with adequate
performances. In fact, hydrogen incorporation in the oxide structure during film growth
or by post-treatments may result beneficial to further improve the optical and electrical
quality of n-type semiconductors, even in presence of other extrinsic dopants. In this
work we studied the effect of post-deposition annealing in Ar:H2 atmospheres on the
properties of Al-doped ZnO (AZO) thin films. AZO thin films were deposited by RF
sputtering in pure Ar discharges using a ceramic target containing 98 wt.% ZnO and 2
wt.% Al2O3. The films were sputtered at room temperature as well as at high
temperature (Tsubstrate>250°C) then annealed in Ar and Ar:H2 atmospheres in a
temperature range of 250-550°C, reaching resistivity values as low as 1E-3 Ωcm,
carrier density values of 5.2E+20cm-3, mobility values of 10 cm2/Vs, while
maintaining excellent transparency levels in the visible range (average T>82%). A full
characterization of the films chemical, structural and optical properties by X-ray
photoelectron spectroscopy (XPS), X-ray diffraction (XRD) and UV-visible
spectrophotometry and of their electrical characteristics by Van der Paw and Hall
effect measurements allowed to get insights on the role of hydrogen in improving films
quality. We observed that hydrogen rich atmospheres during post processing thermal
treatments have a synergic effect on the doping of the oxide matrix, by introducing
free carriers into defect energy levels near the bottom of the conduction band which
results in a significant increment (+7%) of the optical band gap.
Keywords
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Titanium dioxide (TiO2) is used in many applications as a photocatalyst. However,
TiO2 activity is mostly limited to the UV spectral region due to its wide band-gap
(~3eV). For this reason, many efforts1 have been focused on band-gap narrowing to
achieve visible-light (VISL) response in TiO2, mostly by doping. Metal (cation) doping
increases VISL absorption significantly but, unfortunately, it introduces structural
distortions in the host matrix that result in a large number of defects acting as carrier
recombination centers.1 Post-processing thermal treatments are normally employed
here to improve the structural order.2 In this work, we study the impact of rapid
non-contact thermal processes as flash-lamp annealing (FLA) on the electronic
structure of Cr-doped TiO2. For this purpose, (amorphous) thin films with different Cr
contents were produced at room temperature by magnetron co-sputtering. The dopant
concentration was quantified by Rutherford backscattering spectrometry (RBS)
whereas the resulting structural phases after FLA were assessed by Raman and
X-ray diffraction (XRD). Due to the disordered nature of the samples, the structural
characterization has been complemented with local-order information around host and
dopant sites from the X-ray near-edge structure (XANES). Finally, the optical
properties have been studied by spectroscopic ellipsometry (SE). It is found that FLA
can selectively tune the anatase/rutile phase formation in pure TiO2. In addition, films
with low doping (Cr < 6 at.%) display a rutile structure. For higher doping level, the
formation of high-valence Cr sites is observed, which seems to be detrimental for the
structural promotion. Nonetheless, these sites are thermally unstable and annihilated
upon FLA. REFs: 1Asahi et al. SCI 293, 269 (2001); 2W. Zhu et al. PRL 103, 226401
(2009).
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Monoclinic bismuth vanadate (m-BiVO4) has attracted attention as a photoelectrode
for water splitting caused by its band gap energy of about 2.5 eV and quite high
photocurrent densities of more than 4 mA/cm2 [1].
In order to generate hydrogen by water splitting as a perspective renewable energy
fuel, large-scale photoelectrolysis installations are required [2]. This needs also a
large-scale deposition technology for the preparation of photoactive photoelectrodes.
Therefore, in this work we used reactive co-magnetron sputtering from a Bi and a V
target to deposit m-BiVO4 films which were photoactive. By tailoring the Bi-to-V ratio in
the films we could show that the highest photoactivity occurs under slightly V-rich
deposition conditions (jph > 1.5 mA/cm2). A significant increase of the photovoltage
and the photocurrent was achieved by doping with molybdenum. At substrate
temperatures above about 250 °C the films exhibit a porous morphology which is
beneficial for a high photocurrent, caused by a high charge injection from the BiVO4 to
the electrolyte. Time-resolved microwave conductivity (TRMC) measurements to
extract the charge carrier lifetime and impedance measurements for the determination
of the effective surface area were used in order to elucidate the charge separation
and the charge injection efficiency of our BiVO4 films. The presented co-magnetron
sputtering preparation route for photoactive m-BiVO4 films opens new possibilities for
the fabrication of large-scale devices for water splitting.
[1] F.F. Abdi, L. Han, A.H.M. Smets, M. Zeman, B. Dam, R.v.d. Krol, Nature Comm.,
4 (2013) 2195.
[2] B.A. Pinaud, J.D. Benck, L.C. Seitz, A.J. Forman, Z. Chen, T.G. Deutsch, B.D.
James, K.N. Baum, G.N. Baum, S. Ardo, H. Wang, E. Miller, T.F. Jaramillo, Env. Sci.
Techn., 6 (2013) 1983.
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InZnO (IZO) is an amorphous TCO with interesting properties such as low electrical
resistivity, high electron mobility, optical transparency in the visible and near-infrared
spectrum range and low surface roughness. Due to its amorphous character, it can be
deposited at Room Temperature (RT), which makes IZO an ideal material for flexible
devices and a candidate for replacement of the ITO/glass combination. The primary
source of carriers in IZO is the native defect doping via oxygen vacancies in the
amorphous phase. Precise control of the oxygen gas amount during sputter
deposition is required to optimize the oxygen vacancy concentration and hence the
carrier density. The conductivity of the IZO films can be changed from electrically
insulating to conductive by varying the oxygen concentration in the argon sputtering
gas (less than 5%). The optimum oxygen content to maximize the conductivity is also
dependant on the In to Zn ratio. In order to achieve reproducible results in both
conductivity and transparency, it is crucial to obtain a stable and precise deposition
process. In this paper, we show the use of a feedback control of the reactive gas to
stabilise the surface composition of the metallic targets by adjusting the reactive
oxygen flow in response to the plasma conditions. A co-sputtering arrangement with
two rectangular magnetrons (40 x 10 cm2) with individual In and Zn targets is used. A
closed loop reactive gas controller is used to monitor the plasma emission lines and
adjust the oxygen flow in order to stabilize the sputtering process. As changes occur
in the plasma, the optical sensor monitors the variations of the intensity of the
emission lines providing an input to the fast process control that automatically
actuates the mass flow controller to adjust the oxygen flow. The balance of metal and
oxygen atoms is maintained at the optimum level for obtaining high deposition rates
and accurate control of the film stoichiometry, which is crucial for obtaining high
optical transparency and electrical conductivity of the IZO films. IZO films with
electrical resistivity in the 10-4Ohm.cm range and average optical transparencies of
85% were achieved.
Keywords
TCO
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Recently Co3O4 semiconductor thin films and nanostructures are of great interest for
various applications as gas sensors and also for many optoelectronic and photonic
applications. Co3O4 is usually p-type semiconductor with the spinel crystalline
structure and band gap in a suitable range. The possible application of Cobalt (II, III)
oxide is as a resistive type humidity and gas (CH4, H2, NH3, CO and NO2) sensors,
catalyst for oxygen evolution and reduction reactions, supercapacitor, solar selective
absorber material and pigment for glasses and ceramics. Recently, cobalt oxide films
has attracted interest for possible application in the field of optical sensors technology.
This work presents comparison of different Co3O4 preparation techniques e.g. the
direct oxidation in the deposition process, and the thermal separation process of the
deposition Co films. A DC magnetron sputtering system with SmCo magnets and 50
mm pure cobalt target was used for the deposition of metallic cobalt films with a good
adhesion. These metallic cobalt films were annealed in furnace at elevated
temperature transferred on Co3O4 films. The further approach of the deposition was
the reactive magnetron sputtering of metallic cobalt target in gas mixture of Ar+O2.
Different partial pressures of oxygen in the plasma reactor were used and some
optimum deposition conditions were found. The substrate temperature during the
reactive deposition process was controlled by external heater in the range 300-800 K.
The deposition rate of Co3O4 films was measured in dependence on oxygen partial
pressure, discharge power and the substrate temperature. The deposited Co3O4 were
further investigated by SEM, XRD, Raman spectroscopy and electrochemistry.
Keywords
cobalt oxide
film
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magnetron sputtering for photoelectrochemical water splitting
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Iron oxide (α-Fe2O3) in hematite crystalline structure has been extensively examined
for application to solar water splitting using photoelectrochemical cells due to its high
chemical stability, nontoxicity, abundance, ability to absorb within the significant part
of the solar spectra, and the low cost. We report on preparation of hematite thin films
by means of reactive magnetron sputtering in several pulsing modes together with so
called high power impulse magnetron sputtering (HiPIMS) regime. Three pulsing
frequencies of the magnetron discharge including 100 Hz, 1 kHz with “on” time 100
ms and 50 kHz with “on” time 15 ms were investigated as well as the role of the
substrate applied including Pt coated Si and fluorine doped tin oxide (FTO)
substrates. It was revealed using Raman spectroscopy and XRD the superior role of
the HiPIMS mode and Pt substrate on the PEC activity of the films fabricated, which
was attributed to a high ion flux bombarding the substrate during the depositions. All
the frequencies applied provided crystalline films with the hematite phase already
during the coatings. For each particular pulsing frequency, however, a different
orientation of crystallites was found, which was verified by Mössbauer spectroscopy.
The films were also characterized using a broad range of methods (XRD, Raman
spectroscopy, XPS, spectroscopic ellipsometry, AFM, SEM, etc.). The solar
photocurrent measurements were done to assess the photoelectrochemical
performances of the hematite electrodes.
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The search for a cost-effective alternative material to Sn doped In2O3 oxide has
stimulated substantial research efforts in the field of ZnO based transparent
conductive oxide (TCO) thin films. An important question relevant for fundamental
research as well as practical applications is to which extent the charge transport
properties of TCO materials can be ultimately improved. Considering that the ionized
extrinsic donor impurities (Al) deliberately introduced into the ZnO host lattice in order
to increase the electron density also generally dominate the charge carrier transport, it
seems plausible that a certain limit exists where further extrinsic doping results in
diminishing returns in resistivity, i.e. the gain in electron density is compensated by a
loss of electron mobility. Therefore, it is attractive to decrease the Al concentration to
a minimum while achieving as high as possible electrical activation, However, despite
intense research related to ZnO, systematic and reliable quantitative experimental
studies of Al electrical activation are rarely found in literature.Therefore, in this study,
the effective electrical activation of Al in ZnO thin films grown by pulsed reactive
magnetron sputtering is quantified experimentally for a wide range of Al
concentrations [1]. We find that the activation does not exceed 35% remaining
constant for growth temperatures below a certain optimum value at which the highest
free electron density and mobility are achieved. Above this temperature, the Al
activation decreases rapidly, while Al is accumulating in the films and their
micro-structure as well as electrical properties deteriorate significantly. The analysis of
possible mechanisms of Al deactivation suggests that the observed effects may be
explained only by considering Al doped ZnO as metastable solid solution showing a
tendency to segregation of Al into secondary phases.
[1] S. Cornelius and M. Vinnichenko, TSF 2015,
http://dx.doi.org/10.1016/j.tsf.2015.11.059
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Zn(O,S) thin film is a promising alternative to the classical CdS buffer layer for CIGS
solar cell. Unlike to the CdS grown by chemical bath deposition, Zn(O,S) layers can
be deposited by RF sputtering of a ZnS target under O2 atmosphere or co-sputtering
of ZnS and ZnO targets [1][2]. These processes are well adapted to further industrial
application. Within a large project dedicated to the development of CIGS solar cell
fully fabricated by magnetron sputtering [3], we investigated the deposition of Zn(O,S)
buffer layer by magnetron sputtering of a ZnS target in a reactive Ar-O2 plasma by two
different routes: RF magnetron sputtering (RFMS) and pulsed DC magnetron
sputtering (DCMS). Pulsed DCMS appears as more suitable for a further
industrialization thanks its compatibility for deposition on large area and a significant
cost reduction.
The properties of both types of Zn(O,S) layers, i.e. chemical, structural, morphological
and optical properties, were investigated by XPS, XRD, SEM, TEM, ellipsometry and
UV-visible spectroscopy and will be presented. We will compare the specificity of
each supply type, RFMS and pulsed DCMS, on the layers properties. We will focus on
the correlation between the oxygen content in the layers and their optical properties.
In particular, the energy band gap value may be tuned by the oxygen content with a
high average transmittance in the visible range.
[1]A. Grimm et al, Thin Solid Films vol. 520 1330-1333 (2011)
[2] B-K. Meyer et al, Applied Physics Letters vol. 85 4929-4931(2004)
[3] R. Meunier et al, submitted; oral communication at COFMER'01 and AVS' 61
(2014)
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As reported in [1], Ta-O-N material can provide appropriate properties (i.e., band gap
width and alignment) for splitting of water into H2 and O2 under visible light irradiation
(without any external voltage). This could bring a great possibility to convert the solar
light into a useful chemical energy. However, it is still impossible to prepare the
Ta-O-N electrodes by conventional (chemical) methods at the temperatures less than
500°C without post-annealing. Moreover, the efficiency of this material for water
splitting is limited due to fast recombination rate of photogenerated electrons and
holes.
Recently, we have demonstrated in our laboratory [2] that high-power impulse
magnetron sputtering is a suitable technique for low-temperature (less than 250 °C)
and high-rate (higher than 150 nm/min) deposition of Ta-O-N coatings with tunable
elemental composition and optical band gap width. In this work, we focus on a further
optimization of deposition conditions (e.g., average pulse target power density,
working gas pressure, substrate bias and temperature) in order to reach proper
crystal and electronic structures of Ta-O-N coatings with respect to the water splitting
application. Moreover, we propose to modify the surface of the coatings by Cu
nanoclusters in order to enhance the efficiency of water splitting due to a reduced
recombination rate of electrons and holes. For this purpose, we have designed a
unique dual magnetron-based system combining the reactive high power impulse
magnetron sputtering with a source of metallic nanoclusters. The results of our
experiments including the coating properties investigated using atomic force
microscopy, spectroscopic ellipsometry and high-resolution SEM and preliminary data
on photocatalytic activity will be presented in detail.
[1] R. Abe, J. Photochem. Photobiol. C Photochem. Rev. 11 (2010) 179.
[2] J. Rezek et al., Thin Solid Films. 566 (2014) 70.
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We report on the properties of transparent semiconducting amorphous indium gallium
zinc oxide (IGZO) thin films prepared by conventional sputtering methods and those
prepared by high power impulse magnetron sputtering (HiPIMS). Transparent
semiconducting amorphous IGZO films have attracted great attention due to their
excellent electrical properties and possible utilization in thin film transistors or in
photovoltaic applications. It is known that the properties of IGZO films are highly
sensitive to process parameters, especially to oxygen partial pressure. In this study
we have focused on the comparison of various methods of magnetron sputtering in
order to optimize electrical and optical properties of the IGZO thin films and to
investigate possibility to apply these coatings on thermally sensitive flexible
substrates. We employed dc, pulsed dc, mid frequency sine wave and HiPIMS power
supplies for magnetron deposition. Magnetrons were equipped with ceramic InGaZnO
targets. In all experiments we focused on the effect of oxygen partial pressure,
discharge power and pulsed power mode on the electrical, optical and mechanical
properties of IGZO thin films and also on the thermal load deposited to the substrate.
We have observed a very fast transition between low- and high- resistivity films
depending on oxygen partial pressure. It is shown that the electrical resistivity can be
effectively controlled in the wide range of values from 10-2 to 1011 Ω.cm. The highest
mobility of charge carriers (up to 50 cm2/V.s) was obtained at very low oxygen partial
pressures. Deposition rate as a function of discharge power and oxygen partial
pressure was also systematically investigated and the results from optical, electrical
and structure analysis will be discussed in detail.
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The most desirable method of hydrogen production, which represents a sustainable
fuel of the future, is photoelectrochemical (PEC) splitting of water by visible light. A
very important issue in the PEC hydrogen generation is the development of a high
performance photoelectrode that exhibits high efficiency in the conversion of solar
energy into chemical energy, resistance to corrosion in aqueous environments, and
low processing costs. However, after four decades of intensive research, since the
first report on water photo-splitting, no material has been found to simultaneously
satisfy all the criteria required for widespread PEC application. No wonder that a
quest for new materials for photoelectrodes is still ongoing. Recently, the PECVD
technique is also heavily involved in this search. In this paper, we will present our
research on plasma-deposited non-noble metal oxide films as potential electro- and
photo-catalysts for the water splitting. The films, such as FeOx, CoOx, CuOx, were
prepared on a carbon paper or a calcined kanthal substrate from appropriate
metalorganic precursors in an RF (13.56 MHz) glow discharge and then they were
tested as electrodes for the oxygen evolution reaction (OER). The electrochemical
experiments were carried out in a three-electrode electrochemical cell adopted for
photoconductivity measurements. In addition to the characteristics of the
electrochemical properties of the films, their composition and nanostructure were
examined by EDX, XPS, SEM and Raman spectroscopy. The obtained results seem
to be promising and encourage further research on cold plasma produced metal oxide
films as the electrochemical catalysts for processes related to the water splitting. The
study was supported by the Polish National Science Center, on the bases of decision
DEC‑2012/07/B/ST8/03670.
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Felipe Carreri, Volker Sittinger, Ralf Bandorf, Michael Vergöhl, Günter Bräuer
Fraunhofer IST, Braunschweig, Germany
felipe.carreri@ist-extern.fraunhofer.de
Aluminum doped zinc oxide films (AZO) is a transparent conducting oxide (TCO)
suited for applications in photovoltaics, for example, as a front electrode in CIGS solar
cells. For such applications, high quality films are required, presenting a low resistivity
and low absorbance. Present processes rely on the use of ceramic targets to sputter
the oxide film. The advantages of such process are its stability and reproducibility. On
the other hand, the high production cost of ceramic targets is a serious disadvantage.
A good alternative for cost reduction is a reactive process from lower cost metallic
targets. Nevertheless, a reactive process needs sophisticated control in order to
obtain constant film properties. In this work, AZO thin films were produced by reactive
mid-frequency sputtering from dual rotatable targets (133 mm diameter x 700 mm
length). The oxygen partial pressure is measured by lambda probes and the average
power of the power supply is controlled by a feedback system in order to stabilize the
process in the desired working point. Such system was designed to be an industrially
suited process, capable of producing high quality films, with equivalent or better
properties than state-of-the-art films, and with reproducible properties. Films were
characterized in terms of electrical and optical properties. The suitability of these films
for applications in solar cells is discussed.
Keywords
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CERN’s accelerators complex consist in a sequence of machines with increasing
energy, (ranging from MeV up to TeV), supplying beams of protons, antiprotons and
ions to the physics experiments. For high intensity beams, the electrical impedance of
the surfaces facing the beam must be as low as possible in order to minimize RF
losses that can lead to heating of components and beam instabilities.
Collimators provide machine protection in case of beam-instability. Low Z materials
with high melting temperature are required. Carbon fibre Composites (CfC), Boron
Nitride (BN) and graphite absorbers are used. However, their poor electrical
conductivity has to be compensated by a highly conductive thin film coating.
In the first part of this paper we report on the development and production of
conductive thin films, (usually copper), for the hundreds of collimators presently in use
at CERN. The surface preparation and the multilayer structuring to improve adhesion
are discussed. Results of impedance measurements after 3 years of operation are
compared with the respective initial values.
In the second part we present the developments of thin films to cope with the
candidate materials for next generation of absorbers of the collimators for the Large
Hadron Collider, (LHC) and future accelerators. With the ever increasing demand on
beam intensity, the traditional collimators with the copper coating will not withstand an
accidental impact of the beam as temperatures can rise up to 1700 ºC. The
optimization of TiN, TiB2 and molybdenum coatings on Molybdenum-Graphite
(MoGr), (one of the candidates for absorber), is presented.
Keywords
electrical conductivity
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Electrical properties and thermal stability of Mg2Si co sputter deposited
coatings
Alain Billard1, Mohammad Arab Pour Yazdi2, Nicolas Martin3
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Recent works showed that Mg2X (X = Si, Sn, Ge) are potential interesting candidates
as n- or p-type thermoelectric materials depending on the nature of X.
In this paper, we investigate the deposition of about 5 µm thick Mg1-xSix (0 < x < 1)
coatings by co-sputtering in pure Ar atmosphere of Mg and Si targets by maintaining
constant the total power dissipated on both targets. In these experiments, the
substrate holder is rotating at a sufficient rotation speed to ensure the deposition of
alloy coatings. The structural and morphological features of the amorphous
as-deposited coatings are then investigated as a function of the annealing
temperature under vacuum and their electrical properties are determined in the
amorphous and crystallized states by means of both four-point and Hall probes
measurements.
Finally, the thermal stability of crystallized coatings is investigated by annealing
treatments performed in air at temperatures up to 500°C followed by X-Ray diffraction
and electrical measurements to determine the oxidation resistance of those coatings
and its influence on their conduction properties.
Keywords
Mg-Si
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High performance resistive switching device fabricated from NbO2-x and HfO2
layers deposited by high power impulse magnetron sputtering
Rajesh Ganesan, Benjamin Treverrow, Dougal. G. McCulloch, David. R. McKenzie,
Marcela. M.M. Bilek
The University of Sydney, Sydney, Australia
rajesh.ganesan@sydney.edu.au
Owing to the impressive electrically-induced resistive switching characteristics, metal
oxide based high density non-volatile memory devices is of interest as a potential
replacement for flash memories. Lowering the threshold currents and increasing the
ratio of high-to-low resistance state is crucial for the enhanced device performance.
The resistance switching characteristics of NbO2‑x/HfO2 layers, deposited on platinum
coated Si by reactive high power impulse magnetron sputtering (HiPIMS) of niobium,
were investigated for non-volatile memory application. Sub-stoichiometric niobium
oxide NbO2-x is favourable than the stoichiometric one (NbO2) as selector layer to
reduce the threshold current and the write/erase power. The stoichiometry and
composition of the niobium oxide films were precisely controlled by tuning the duty
cycle of HiPIMS voltage pulses. The fine control of oxygen content in the deposited
niobium oxide films was obtained by the use of smooth transitions of the reactive
HiPIMS discharge between the target covered with compound layer on low duty cycle
and the metallic target obtained at high duty cycle of the applied HiPIMS voltage
pulses. The enhanced switching performance was exhibited by the devices made
from these films, as the switching from high resistance state (HRS) to low resistance
state (LRS) occurs at 2.8 V, while HRS is restored by inversing the voltage to -0.96 V.
The stable retention behaviour was observed for the period of 5.2 x 106 s with the
resistance ratio between HRS and LRS states maintained greater than 930. Different
switching features were observed depending on the film composition, which
demonstrates the simplicity of HiPIMS process in determining the functional
properties of the depositing films. This study also demonstrates that HiPIMS can be
used to synthesize graded layer films where the stoichiometry is varied either
continuously or abruptly during the deposition.
Keywords
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Electrical resistivity and structural properties of TiN and ZrN coatings deposited
at low temperature
Kristian Rechendorff, Søren Sørensen, Klaus Pagh Almtoft, Bjarke Holl Christensen,
Morten Karstoft Rasmussen, Christian Ole Viktorin, Lars Pleth Nielsen
Danish Technological Institute, Aarhus, Denmark
krr@dti.dk
The resistivity of both TiN and ZrN films can be relatively low, and the coatings may
be suitable for robust electrical contacts operating in corrosive environments.
Unfortunately, the substrates used for electrical contacts cannot always withstand the
high temperatures usually required to make dense and hard TiN and ZrN coatings
with low electrical resistivity.
In this work, we have studied the electrical resistivity of TiN and ZrN coatings,
sputtered at a low temperature, as a function of the microstructure. HiPIMS, or a
combination of HiPIMS and DC sputtering, was used to grow dense coatings with low
stress, at a low temperature, similar to recent studies [1,2]. Several depositions were
carried out varying substrate bias voltage, N2 gas flow, average target power, pulse
frequency and pulse duration using an industrial CemeCon CC800/9 sputter
deposition unit. In all depositions the temperature was at or below 300oC in order not
to damage the substrates. The electrical resistivity was measured with a four-point
probe setup. Coating hardness was found using nanoindentation, and stress
measurements were carried out using Stoneys method. Chemical composition was
measured by RBS, while XRD was used to determine the texture and grain size.
References:
[1] M. Lattemann; Thin Solid Films 518, 5978 (2010)
[2] G. Greczynski, et al.; J. Vac. Sci. Tech. A 32, 041515 (2014)
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Solid-State Crosslinking of water soluble polymers by Atmospheric Pressure
Non-Equilibrium Plasma: A Novel Straightforward Approach
Anna Liguori, Matteo Gheradi, Chiara Gualandi, Silvia Panzavolta, Adriana Bigi, Maria
Letizia Focarete, Vittorio Colombo
University of Bologna, Bologna, Italy
anna.liguori@unibo.it
An interesting class of polymers for applications in pharmaceutical and biomedical
field is represented by biopolymers. Due to their high biocompatibility, biopolymers
are also ideal building blocks and protective agents to improve performances of
biologically active molecules. Despite their interesting properties, the range of
applications of biopolymers is not as high as expected, since the majority of them
turns out to be extremely soluble upon water contact, bringing out the necessity to
crosslink the polymeric chains to insure stability in a wet environment. Many chemical
and physical methods have been so far investigated. However, the most common
crosslinking agents often give rise to cytotoxicity and are therefore not suitable for
biomedical applications. This work reports an innovative, easy and environmentally
friendly approach to successfully crosslink electrospun mats of polysaccharides,
gelatin and gelatin + genipin, directly in the solid state, through exposure to
non-equilibrium atmospheric pressure plasma, generated by a Dielectric Barrier
Discharge (DBD) source operated in air under various operating conditions. Plasma
treated mats showed increased structural stability and excellent retention of fibrous
morphology after 24 h of immersion in water or aqueous solutions. The mats also
displayed improved mechanical properties, as shown by the slightly increased values
of elastic modulus and stress at break, and the significantly reduced value of strain at
break. Interestingly, as assessed also by the determination of the crosslinking extent,
further stabilization of mats in gelatin and gelatin+genipin was obtained through
immersion in PBS after plasma exposure. PBS is proposed to promote the formation
of covalent bonds involving reactive groups originated by plasma treatment and
ε-amino groups of gelatin.
Keywords
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water resistance properties
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Investigation of the nucleation stage of plasma-deposited SiOx barrier films as
function of substrate chemistry
Christian Hoppe1, Felix Mitschker2, Teresa de los Arcos1, Guido Grundmeier1, Peter
Awakowicz2
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SiOx is a material of great interest, since it is optically transparent and achieves a
significant improvement of barrier performance against permeation of gases such as
O2 or H2O vapor. In particular, the initial stages of polymer exposure to the plasma are
crucial in order to achieve growth of thin layers with good adhesion to the polymer
while at the same time, avoiding destruction of the plastic material by contact to the
highly reactive plasma phase. In order to understand the processes that take place
during the initial growth stages it is necessary to have (i) precise information about the
flux of reactive species produced in the plasma, and (ii) to determine in which way
chemical modification of the plasma-exposed substrate might influence the nucleation
of the barrier film. Some of these aspects were addressed in the previous work by
Ozkaya et al. [1] and Mitschker et al. [2]. The goal of this work is to investigate the
interfacial processes during the initial stages of barrier coating deposition as function
of the surface chemistry. To determine the chemical stability of the supporting layer,
different polymer-like substrates are investigated, such as spin-coated polypropylene,
and crystalline aliphatic self-assembled monolayers (SAMs) with different terminations
(thiol-based C12-alkyl chains with an end group like hydroxyl (-OH), carboxyl (-COOH),
alkyl (-CH3), etc) . In order to follow the changes depending on the end group of the
SAMs, three different characterization methods are employed: atomic force
microscopy (AFM), polarization modulated infrared reflection-absorption spectroscopy
(PM-IRRAS) and x-ray photoelectron spectroscopy (XPS).
[1] Ozkaya et al., PPaP, 2015, 12 (4), 392-397
[2] Mitschker et al, PPaP. 2015, DOI: 10.1002/ppap.201500085
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Efficient surface treatment of polymers by means of atmospheric pressure high
current diffuse dielectric barrier discharge
Sergey Starostin1, Hindrik W. de Vries2, Bernadette van der Velden-Schuermans1, Jan
B. Bouwstra1
1
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Surface functionalization of polymers for better wettability and adhesion is the process
continuously demanded by industries. For in-line web-rolled production the common
approach is the application of the filamentary dielectric barrier discharge (DBD), often
referred as “corona”. Yet the corona treatment is sometimes not sufficient to provide
efficiency and uniformity for critical applications. This contribution adopts a high power
density, uniform type of DBD, operating in diffuse glow-like mode and benchmarks the
treatment results against the standard techniques.
The diffuse DBD was sustained between rotary drum electrodes in the N2 and N2/O2
based gas mixtures. The most common industrially used polymer foils: polypropylene
(PP), polyethylene (PE), polyethylene terephthalate (PET) and polycarbonate (PC)
were roll-to-roll plasma-treated at various web speeds and specific discharge power.
The effect of ultrathin SixOyHzCw layers (< 5 nm) deposited in discharge plasma on
surface properties was also investigated. The surface energy and aging behaviour
was studied by means of contact angle analysis. Surface morphology and chemical
composition was assessed by AFM and XPS respectively.
The results indicate what the direct treatment by the diffuse high current DBD is
significantly more efficient when compared to standard corona in terms of energy
costs and exposure time. The aging (hydrophobic recovery) was found to be only
moderate. For the nitrogen plasma treatment, even after one month aging in ambient
environment up to 10% concentration of grafted nitrogen atoms was found on PET
surface by XPS. It is discussed that the enhanced treatment effect can be related to
the high rates of radicals production in the cathode sheath of the glow-like discharge,
as well as to the uniform and relatively high incident flux of ions and electrons to the
surface.
Keywords
polymer
treatment
roll to roll
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atmospheric pressure
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One step plasma texturing of polytetrafluoroethylene: surfaces with unique
morphology and dynamic water repellent behaviour
Fabio Palumbo1, Rosa Dimundo2, Francesco Bottiglione2, Giuseppe Carbone3, Chiara
Loporto4, Pietro Favia5
1
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Chemistry, University of Bari, Bari, Italy

fabio.palumbo@cnr.it
Mask-less plasma texturing has been widely investigated in the recent years as a way
to properly design nano/micro-features on polymer surface to prepare water repellent
surfaces. Commonly, beside a morphological modification of the polymer surface, the
chemistry should also be carefully tuned if a superhydrophobic material with low water
contact angle (WCA) hysteresis is desired. This target is generally reached by the
addition of a hydrophobic coating on the plasma textured material. In this contribution,
we present our last achievements on the plasma texturing of polytetrafluoroethylene
(PTFE), material that so far has been scarcely studied with such a process. The
rationale of the approach is using as substrate the most hydrophobic among the
conventional polymers in order to: i) achieve a water repellent behaviour in one
texturing step (avoiding the subsequent film deposition) ii) limit the deterioration of the
superhydrophobic performance upon abrasion events; a bulk hydrophobic material
should remain highly hydrophobic even after the damage of the texture.PTFE has
been plasma textured with a single step oxygen-fed plasma process in a low pressure
RIE reactor. Both wettability (WCA/drop bouncing) and chemical/morphological
(XPS/SEM) characteristics of the samples have been investigated. It has been
observed that an abrupt change in the texturing morphology appears when increasing
time and/or power. In particular, while at low time and power input features have a
typical hairy appearance, then at higher process duration unique “sphere-on-cones”
structures appear. WCA measurements indicate that surfaces with very low water
adhesion can be prepared in a broad range of experimental conditions. However, the
surface response in terms of water drops impact at medium/high speed can be quite
different, and under certain conditions the shortest reported time-of-contact for a
textured superhydrophobic surface has been found
Keywords
plasma texturing
PTFE
superhydrophobic
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Influence of the Texture on the Plasma Nitriding of AISI 304L
Jasmin Biehler, Jasmin Biehler, Holger Hoche, Matthias Oechsner
Center for Engineering Materials, Darmstadt, Germany
biehler@mpa-ifw.tu-darmstadt.de
Austenitic stainless steels (ASS) are widely used in chemical and in food industries
due to their corrosion resistance. Since the wear resistance of ASS is poor, the
surface hardness can be significantly improved by plasma nitriding diffusion
treatment. The diffusion in austenitic steel is known to be grain orientation dependent.
Therefore, knowledge about the microstructure before and after the nitriding process
is required to describe the influence of the grain orientation on the nitriding behavior
and the resulting properties.
In the present study, EBSD texture measurements of AISI 304L annealed in solution
and three cold-rolled states with polished surfaces are examined at identical positions
before and after plasma nitriding. Moreover, three samples of each state were
arranged radially in the nitriding furnace. The nitriding process was carried out at
420°C for 6 h. The local nitrogen contents were measured using EDS and hardness
was analyzed using nanoindentation. Corrosion initiation tests were performed.
Prior to the nitriding, the samples show different textures caused by cold-rolling.
However, during the nitriding process texture changes occur which could be observed
for each grain as well as a local distortion. The distortion increases with the
cold-rolling degree and with plasma nitriding due to incorporation of nitrogen at
interstitial lattice sites. In general, nitriding induced texture changes are less
pronounced with a higher degree of deformation. No grain coarsening is observed for
any deformation degree. Furthermore, no influence on texture by the radial positioning
occurs. After the nitriding process a swelling of single grains is monitored. These
grains exhibit higher nitrogen contents and show a near {100} orientation, due to a
higher nitrogen diffusion. However, those grains do not show higher hardness. In
addition, results inidcate, that the grain orientation influences the corrosion initiation.
Keywords
plasma nitriding
austenitic stainless steel
texture
hardness
corrosion
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Surface modification of AZ91 magnesium alloy by high current pulsed electron
beam treatment
Shengzhi HAO, Mincai LI, Zhiyuan WANG
Dalian University of Technology, Dalian, China
hao_shengzhi@aliyun.com
High current pulsed electron beam (HCPEB) treatment was conducted on AZ91 cast
magnesium alloy with accelerating voltage 27 kV and energy density 3 J/cm2. The
surface microstructure was characterized by optical microscope (OM), X-ray
diffraction (XRD), scanning electron microscope (SEM) and transmission electron
microscope (TEM). The surface microhardness was tested. It was found that the
preferential evaporation of Mg element occurred on irradiated surface and the
Mg17Al12 phases were dissolved in surface modified layer. The thickness of surface
modified layer reached ~ 8 µm. The main phase composition in surface modified layer
was changed as Mg-based supersaturated solution and noticeably increased Mg17Al12
phase. As a result, the surface microhardness was improved to 141 HK after 30
pulses of HCPEB treatment from the initial 62.7 HK.
Keywords
Surface modification
High current pulsed electron beam
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Linear Ion Source Applications in Industry and Research
Victor Bellido-Gonzalez1, Victor Bellido-Gonzalez1, Frank Papa2, Heqing Li1,
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Linear Ion Sources have been slowly pushing their way through into vacuum coating
technology arena. Although these type of sources are not so widely used, there have
been substantial efforts to bring the technology to new research and industrial fields.
The main application is still dominated by ion cleaning pre-treatment of substrates
prior to coating deposition in order to enhance the coating adhesion. This is now a
common application for high end market products of some display coating
applications. Indeed functional coating structures which are subject to extensive
stress have shown remarkable improvements by the ion source pre-treatment. Within
the families of ion sources the linear ion sources have offered a clear advantage in
terms of controllability and scalability. The ability to reproduce and upscale processes
from the small R&D to large industrial level has made this type of source an
interesting proposition.
The present paper will present an overview of applications of the linear ion source in
several fields and technologies of interest such as plasma polymerisation, ALD,
nanotexturing, catalysis and clustering control. Some of these applications are at the
research and development level but the development tools used make it a low risk for
its implementation at the industrial level.
Keywords
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texturing
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Influence of Plasma Bullets in Helium Atmospheric Pressure Plasma Jet on the
Surface Modification of LDPE
Zheng-Shi Chang, Cong-Wei Yao, Guan-Jun Zhang
Xi'an Jiaotong University, Xi'an, China
changzhsh1984@163.com
Pursuing a very effective approach which is used to improve the surface properties of
polymers without altering their intrinsic bulk properties is always popular. The
technology has shown attractive perspectives in the field of surface modification of
polymers as atmospheric pressure cold plasma is particularly rich in active
components. In the past decade, many researchers devoted their interests to the
plasma treatment effects and mechanism. These works have constructed a
foundation for conducting the further investigations. In the present work, the surface
modification of low density polyethylene (LDPE) by using a glow-like helium
atmospheric pressure plasma jet (APPJ) was investigated. The influence of plasma
bullets on the LDPE surface properties was examined in detail. The APPJ was
electrically and visually characterized by employing the probes and digital camera.
The APPJ’s length and deposited power with the gas flow rates and the applied
voltage were researched statically. A stable and uniform APPJ with suitable power
was selected to treat LDPE thin film (about 50um). The photo treated after APPJ
showed a concentric annular structure but not a uniform area on surface of LDPE.
Then the dynamic evolution of the plasma bullets with nanosecond scale worked on
the surface of LDPE were captured with an intensified charged couple device (ICCD)
camera. The hydrophilicity measurement results indicated a spokewise distribution of
water contact angle (WCA). This result maybe not our respect. On the basis of our
previous researches about the plasma bullets, we considered the penning effects and
added a little nitrogen into the pure helium. Using the optimized APPJ to treat the
surface of LDPE, the surface modification effects was examined by employing
different analyzing techniques including water contact angle (WCA) measurements for
the wettability and surface energy, X-ray photoelectron spectroscopy (XPS) for the
chemical composition.
Keywords
APPJ
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Angular dependence of SiO2 etch rates during fluorocarbon plasma etching
Jeong Geun Bak, Chang-Koo Kim
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Fluorocarbon plasmas are widely used to etch SiO2 contact holes in the fabrication of
integrated circuits (IC). Because the minimum feature size of the device keeps
shrinking, precise control over etch profiles is important during SiO2 contact hole
etching. Understanding the angular dependence of the SiO2 etch rates is essential to
predict and control the etch profile of SiO2.
Also, it is important to understand the etch mechanism of SiO2 in various fluorocarbon
plasmas because etching characteristic can be affected by plasma chemistry. In this
work, the angular dependence of SiO2 etch rates was investigated in various
fluorocarbon plasmas using a Faraday cage system.
The etching was carried out in an inductively coupled plasma system. The substrate
was a SiO2 film deposited on a p-type Si wafer. The discharge gases were C4F8, C2F6,
CHF3, and CF4. The angular dependence of SiO2 etch rates were analyzed in terms of
normalized etch rates and normalized etch yields in each fluorocarbon plasma. It was
shown that the degree of contribution to etching mechanism (either physical
sputtering or chemical etching) was strongly dependent on etch chemistry during
fluorocarbon plasma etching of SiO2.
Keywords
fluorocarbon plasma
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Reactive ion-beam machining of aluminium
Jens Bauer, Frank Frost, Thomas Arnold
Leibniz Institute of Surface Modificatio, Leipzig, Germany
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Metal optics are of increasing interest, since refractive optical elements reach their
physical limitations within the technological progress in EUV/XUV lithography, X-ray
and synchrotron optics. The upcoming needs of most flexible shape adjustment and
increasing surface quality demand improved deterministic tools in ultra-precision
surface machining. Ion beam figuring (IBF) is an established method in high-end
surface manufacturing. However, the direct processing of desired materials as
standard aluminum alloys (e.g.Al6061) fails, since the surface roughness increases
drastically as a result of inhomogeneous etching due to structural, crystallographic
and chemical irregularities inside the material matrix. One technological solution is the
coating of the aluminum device with an amorphous Ni(P) layer. Ni(P) is
well-shapeable and reveals ultra-smooth surfaces after machining with IBF. But the
additional process steps in fabrication of those optics are costly and time demanding.
Moreover, the spectral reflection properties of Ni(P) are not as brilliant as pure
aluminum surfaces.
We present an alternative figuring technology providing direct surface machining of
aluminum alloys while preserving the surface roughness almost in its initial state. This
promising route is based on reactive ion-beam etch (RIBE) processing. In addition to
conventional IBF the process gas contains chemically active species as oxygen
changing the etch mechanism from pure sputtering to a chemical-enhanced sputter
etch process. Deterministic RIBE machining was performed on diamond-turned RSA
Al6061 and Al905 aluminium alloy surfaces. The morphology and the chemical
modification of the surface were analyzed by optical microscopy, atomic force
microscopy, secondary ion mass spectroscopy, and energy dispersive X-ray
measurements. The direct ion-beam machining process has been optimized for figure
error correction of standard alloy aluminium surfaces with focus on superior optical
surface quality.
Keywords
ion-beam figuring
mirror optics
reactive ion-beam etching
metals
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SURFACE ROUGHNESS DIAGNOSTICS DURING ELECTROLYTIC PLASMA
POLISHING OF STAINLESS STEEL
Veta Mukaeva, Evgeny Parfenov, Rimma Nevyantseva, Andrey Bybin
Ufa State Aviation Technical University, Ufa, Russian Federation
veta_mr@mail.ru
Electrolytic plasma polishing (EPP) is advanced atmospheric plasma assisted
electrochemical process which is used for polishing of stainless and low-carbon
steels, titanium and nickel superalloys. The benefits of the EPP are environmental
safety and high performance. The drawbacks are phenomena non-linearity and
increased power consumption. To overcome the drawbacks, a diagnostic approach
providing estimation of the surface properties during the treatment is proposed.
Realization of this approach increases the polishing accuracy, and it contributes to the
reduction of the power consumption and improvement of the workpiece rejection rate.
An experimental study dedicated to the electrolytic plasma polishing of stainless steel
BS420S29 was carried out according to a full-factorial design with four factors:
treatment time 3-5 min, voltage 250-350 V, temperature 70-90 ○C and initial surface
roughness Ra 0.3-0.6 μm. The evolution of the resultant surface roughness Ra and
geometric size change h was adequately approximated by exponential and linear
functions, respectively. Relations between the coefficients of the functions, and input
and process parameters were uncovered. As a result, diagnostic models providing
estimation of the surface roughness and geometric size change were developed. The
simplest model is of a linear regression type; it takes into account the voltage,
temperature, current density and initial roughness. The advanced model is a neural
network also taking into account the in-situ impedance spectra and providing more
accurate estimates.
Finally, the diagnostic mathematical models which evaluate the surface roughness
and geometric size change during the EPP treatment were implemented into
software. The models provide high accuracy (R2 = 0,95..0,98) of the surface
properties estimation, reduce the workpiece rejection rate twice, and they constitute a
key element of a smart automated process control system for the EPP treatments.
Keywords
electrolytic plasma polishing
surface properties estimation
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Plasma electrolytic oxidation (PEO) is a promising method for production of
biocompatible coatings on titanium implants. High voltages promoting plasma
microdischarges in the surface layer generate unique coating morphology exhibiting
porous and rough structure contributing to the cell adhesion and further
osseointegration. The surface layer provided by the PEO technology shows good
mechanical compatibility with the human bone, because it forms a gradual descent of
the elasticity modulus from the metal of the implant to the material of the bone.
Moreover, the PEO process opens the possibility to incorporate Ca- and P- containing
phases into the oxide coating; this supplies tricalciumphosphate, hydroxyapatite and
other bioactive phases for the osteosynthesis. However, this approach provides
physical and chemical compatibility, but the biological processes are left out of the
scope. Therefore, the idea of this research is to functionalize the PEO coating with
organic compounds acting in the extracellular matrix in order to improve
osseointegration.
An experimental study of the PEO process on Cp-titanium was conducted in pulsed
bipolar mode at different frequencies. It was shown that increasing the frequency from
20 to 10000 Hz does not affect dramatically the coating thickness and morphology,
but it increases the bio-crystalline and amorphous Ca-, P- phase content. The PEO
coatings were functionalized with phosphonates of polysaccharides (hyaluronic acid,
carboxymethyl cellulose), which showed good adhesion to the modified metal surface
and increase the corrosion resistance compared to bare Ti surface. It is assumed that
the introduction of phosphorylated polysaccharides prevents non-specific protein layer
formation, enhances the biomineralization process and, therefore, osseointegration
compared to simple PEO coated and uncoated Cp-Ti.
Keywords
plasma electrolytic oxidation
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Plasma electrolytic oxidation (PEO) is an electrochemical process to create
ceramic-like oxide coatings on light alloys like aluminum, magnesium and titanium.
Similar to conventional anodizing, in PEO the coating process occurs on the anode.
The major difference in PEO is that the anode-potential reaches the dielectric
breakdown voltage, which causes discharges on the surface. This results in
interesting tribological properties as well as high biocompatibility and durability,
making PEO increasingly important for material and surface technologies that are
used in optical, space and medical applications. It has been shown that the
application of pulsed alternating current (AC) improves the quality of the coating.
Using AC also allows for coating two objects simultaneously, with each object acting
as one of the electrodes. This is possible since each electrode functions as the anode
during its corresponding negative pulse half-cycle. Coating two objects at the same
time doubles the efficiency of the process. In practice, however, this is difficult to
achieve because of differing electrode sizes and shapes. The coating process is also
inherently unstable towards one of the electrodes: the coating on one of the objects
grows faster, which leads to a runaway effect of the process. To compensate for this
effect, we have developed a power supply and an electronic control system that
adjusts current and waveform to stabilize the AC-PEO process. The system facilitates
uniform coatings on asymmetric electrode configurations, which opens the technology
to new applications in research and development as well as for industrial use.
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Angular dependence of Si3N4 etch rates and SiO2-to-Si3N4 etch selectivity in
C4F6/O2/Ar/CH2F2 plasmas
Jeong Geun Bak, Chang-Koo Kim
Ajou university, Suwon, South Korea
indiancorn@ajou.ac.kr
Plasma etching of SiO2 contact holes is one of the key processes in the fabrication of
ultra large scale integrated circuits. During contact-hole etching, Si3N4 films are
usually used as mask materials. An increase in the etch rates at the curved Si3N4
surface is known to lower the etch selectivity of SiO2 to Si3N4, resulting in device
failure. Therefore, it is important to control the angular dependence of Si3N4 etch rates
and SiO2-to-Si3N4 etch selectivity.
In this work, the angular dependence of Si3N4 etch rates and SiO2-to-Si3N4 etch
selectivity in C4F6/O2/Ar/CH2F2 plasmas was investigated using a specially-designed
Faraday cage system.
The etching was carried out in an inductively coupled plasma system. The discharge
gas was a mixture of C4F6/O2/Ar/CH2F2. The flow rate of CH2F2 was varied to
investigate the effects of CH2F2 on the angular dependence of Si3N4 etch rates and
SiO2-to-Si3N4 etch selectivity. The shape of the normalized etch yield (NEY) of Si3N4
showed a maximum at angles between 45°and 70°. However, the maximum value of
NEY and the ion-incident angle at the maximum NEY were affected by the CH2F2
ratio. In addition, the angular dependence of the etch selectivity of SiO2-to-Si3N4 was
strongly affected by the CH2F2 ratio.
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Infrared gas phase study on plasma-polymer interactions in high-current air-like
dielectric barrier discharge
Yaoge Liu1, Stefan Welzel1, Serguei Starostin2, Richard van de Sanden1, Jan
Bouwstra2, Richard Engeln3, Hindrik de Vries1
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A high current diffuse dielectric barrier discharge (DBD) was operated in air-like gas
mixture in an atmospheric-pressure roll-to-roll plasma reactor. The exhaust gas from
the discharge was studied using a high-resolution Fourier-transform infrared (FTIR)
spectrometer in the range from 750 to 3000 cm-1. The absorption features of HxNyOz,
COx, and HCOOH (formic acid) were identified and used to establish production rates
(X) for these stable products. The HxNyOz chemistry was discussed according to the
reaction pathways for plasma remediation and can be characterised by X(HNO2)
<X(N2O) <X(NO2) <X(NO). In this study it was observed that HCOOH can be a
sensitive indicator for the etching of the polymer substrate in which the oxygen
content plays a main role. COx is produced at high rates as soon as the polymer
etching occurs while other COx sources (e.g. impurities) are at least 1 order less
efficient in production. OH cannot be observed in the absorption spectra because of
its high reactivity and therefore short lifetime. But the increase in the production of
HCOOH and HNO2 when PEN etching occurs indicates that OH may be produced
from the oxidation of PEN. The absence of O3 is attributed to the high electric field
and high power density (therefore high temperature) in this study.
Keywords
FTIR
infrared
molecule production rate
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Schlieren photography of gas flow structuration in atmospheric pressure
plasma jet
Iuliia Onyshchenko, Anton Nikiforov, Nathalie De Geyter, Rino Morent
Ghent University, Ghent, Belgium
Iuliia.Onyshchenko@UGent.be
The non-stop considerable interest for nonthermal atmospheric pressure plasma jets
is still growing for decays due to its importance in plasma physics technology,
medicine and industry. The unique ability to generate highly reactive chemical species
in a localized area together with the separation of formation and application zone
makes the plasma jet one of the best simple to handle tools for gentle but efficient
treatment. Moreover, plasma jets are environmentally friendly, comparably cheap (no
need for expensive vacuum equipment) and have a simple structure. Such devices
are also safe, reliable, compact and easy to use. The typical construction of an
atmospheric pressure plasma jet consists of a thin capillary with different electrode
configuration. The working gas is blown from the capillary with a defined speed and
leads to various dynamics in ambient air. Development of new designs and controlling
the already existing plasma jet systems require deep understanding of the plasma
and gas–surface interactions. One of the possibilities to look at the invisible
laminar/turbulent nature of the gas stream is to use Schlieren photography. The first
part of this work investigates the influence of gas flow rate on the length of the laminar
part of the gas stream with and without the plasma discharge. Furthermore, the
behavior of gas flow during the treatment of flat samples as well as tubes and 3D
structures is investigated. Modeling in COMSOL helps to obtain more information
about the stream gas dynamics and demonstrates the trustworthiness of the
experimental results. Schlieren photos clearly show that plasma discharges drastically
change the gas flow dynamics. The results illustrate significant changes of the
dynamics in gas outflow with plasma on or off. Accordingly the presence of charged
particles in a plasma jet increases the turbulent region of the gas stream. The size,
curvature and pores of the solid substrate cause additional changes in gas stream
dynamics that are recognized on Schlieren photos.
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Synthesis of carbon nano/micro-structures using extreme plasma fluxes
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We demonstrate the synthesis of carbon nanowalls decorated microparticles by
exposing highly oriented pyrolytic graphite (HOPG) to a high-flux plasma. The
synthesis method is a one-step processing route, and does not require surface
pre-treatment or additional precursor injection. The effective surface area of the
modified surface with nanowalls/microparticles is extremely large, i.e., ~4000 m2/g.
These micro/nanostructures are considered as potential candidates for energy
applications. The HOPG samples are exposed to a hydrogen plasma in linear plasma
generator Pilot-PSI with an average ion flux of ~1024 m-2s-1. In order to optimize the
growth of these microparticles, insights into the conditions in which these particles
occur, as well as their growth mechanisms are required. Experiments were performed
as functions of the ion energy, plasma flux and surface temperature. The samples are
post-mortem analyzed by Raman spectroscopy, SEM, BSE, EDAX and XPS. The
results show that the growth occurs significantly at peak surface temperatures of
about 1200 oC. The microparticles are composed of a agglomeration of wavy
graphene sheets. The spherical shape of the core and surrounding elongated layers,
indicate initial growth in the gas phase and further growth by surface accretion after
deposition (up to 0.6 μm/s). The surface surrounding the particles remained smooth
and no traces of flaking were found, suggesting that initial nucleation occurred by
either polymerization or agglomeration of (hydro)carbon. At temperatures above
1600 oC, no microparticles were observed, possibly due to heavy radiative enhanced
sublimation and flaking. At temperatures below 600 oC only few particles were
observed (<1 % of the surface area). The particles have a hemispherical shape and
are grown on metal impurities. In conclusion, the surface temperature strongly
influences the growth mechanisms. Future work will investigate the plasma chemistry
of hydrocarbons in high-density plasma and application of these particles in Li-ion
batteries.
Keywords
carbon nanostructures
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Experimental Study of Atmospheric pressure Argon /Oxygen Plasma Jet and
Treatment of Polycarbonate and Polyamide-Nylon Surface
Rajendra Shrestha, Deepak Subedi
Kathmandu University, Dhulikhel, Nepal
rajendra.ts2002@gmail.com
In this work, we report a plasma jet with a capillary electrode working at atmospheric
pressure is developed to create non thermal plasma. It was operated with Ar/O2 gas
using 3.5 kV, 27 kHz, sine wave as an excitation source. The discharge has been
characterized by electrical and optical methods. The electrical properties of discharge
have been studied by means of voltage and current measurement to determine
electron density. Electron temperature has been estimated by optical emission
spectroscopy. This plasma jet has been used for surface modification of
polycarbonate (PC) and polyamide-nylon (PA6,6). The aim of this study is to
determine the optimal treatment conditions and also to compare the polymer surface
modification induced by argon plasma jet with the one obtained by Argon/Oxygen
plasma jet. Different discharge power density, distance from the nozzle and treatment
time are selected to study the effects of discharge operation parameters on the
surface treatment. The surface properties of the untreated and plasma-treated
samples are characterized through contact angle and surface energy measurement.
Changes in surface composition and chemical bonding were analyzed by Fourier
transformed infrared spectroscopy (FTIR) that detected incorporation of
oxygen-related functional groups. Results showed that after the atmospheric pressure
Ar/O2 plasma jet treatment, the water contact angle decreases with the increase of
treatment time leading to an increase in surface energy.
Keywords
Atmospheric pressure plasma jet
Polymer surface modification
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Use of conventional plasma etching system for the fabrication of
superhydrophobic Si surfaces
Jun-Hyun Kim, Chang-Koo Kim
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Superhydrophobic surfaces find applications including self-cleaning and anti-fogging
surfaces, DNA arrays, microfluidics, and so on. Hydrophobicity of surface has been
achieved by manipulating chemical compositions and morphological structures of the
surface. Surface coating with hydrophobic materials constitutes a simple and easy
means of modifying the chemical composition of the surface. However, this method
has limitations to realize superhydrophobic surfaces with contact angles above 150°.
Superhydrophobicity can also be achieved through surface nanostructuring, which is
used to fabricate one-dimensional (1-D) nanoscale structures, such as nanorods and
nanowires, on the surfaces of interest. The fabrication of 1-D nanoscale structures
has advantages that the surface can be easily modified. However, it is extremely
difficult to control the uniformity of nanoscale structures on a solid surface.
In this work, Si surfaces having microscale rod structures were fabricated in a high
density plasma, and their hydrophobicity was investigated. The aspect ratio of the
rods were varied in order to analyze the effect of the surface roughness on the
contact angle of the surface. Deposition of the fluorocarbon films on the microscale
rods was also carried out to investigate the effect of surface energy on the
hydrophobicity of the surface. By combining the fabrication of microscale rod
structures and the deposition of fluorocarbon films on Si surfaces, a superhydrophobic
Si surface with contact angle of 165° was achieved in a plasma etching system.
Keywords
Superhydrophobicity
Plasma etching
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Fluorocarbon film
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Marina Ratova1, Peter Kelly1, Glen West1, James Bradley2, David Donaghy2
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Efficient plasma modification of polymeric web at atmospheric pressure is of great
industrial interest, due to the environmental benefits and cost savings such a process
route provides. The goal of surface treatment of polymeric webs is to provide uniform
functionality without damage to the surface. However, atmospheric plasma treatments
often used for this purpose are typically non-inhomogeneous processes and may lead
to partial degradation of the treated films. Therefore, obtaining a homogeneous
discharge is very desirable, with respect to delivering a uniform surface treatment with
reduced surface damage and high functionality at higher rates over large areas.
A laboratory-scale dielectric barrier discharge reactor has been used to assess the
effects of key process parameters for surface modification of polypropylene films.
Nitrogen, both on its own, and with small concentrations of acetylene, nitrous oxide
and carbon dioxide, were used as the process gases. Work presented here provides
comprehensive analysis of process parameters, such as gas flow rate, additives
concentration, power and voltage waveform on the surface properties of the
polypropylene web. XRD was used to assess crystal structure changes of the
polypropylene due to the treatment process, whilst FTIR spectroscopy was used to
corroborate these measurements as well as examine the functional groups that have
been formed on the surface of the treated polypropylene. White light profilometry was
used to assess changes in surface topology, whilst surface energy calculations were
made from contact angle measurements. Therefore optimum process conditions to
improve atmospheric plasma treatment uniformity and functionality of the treated film
have been identified.
Keywords
atmospheric plasma
dielectric barrier discharge
polymer treatment
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Design, realization and testing of a 2D-gradient DBD reactor for combinatorial
plasmachemical surface treatment
Andreas Klaus Czerny1, Jens Philipp1, Claus-Peter Klages2
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Combinatorial methods can be used to reduce experimental effort and cost of
determining optimum conditions for surface-technological processes. While such
methods are well-established in chemistry and biochemistry, systematic studies in
plasma-based surface science and technology are relatively rare.
The present contribution reports on design and testing of a new kind of reactor for
plasmachemical surface modification based on dielectric barrier discharges (DBD).
The reactor allows a two-dimensional gradient of process parameters: a concentration
gradient of a reactive gas i, dci/dy in a corresponding negative gradient of a carrier
gas g, dcg/dy, so that ci + cg = constant, transverse to the gas flow direction, and a
gradient of power density in flow (x) direction. To constitute the concentration
gradient, a so called “gradient mixer” is used. The gradient mixer consists of two
halves, each providing manifolds with outlets of adjusted cross sections, allowing a
controlled mixing of defined volume flows of two gases. A power density gradient is
established by spatially varying capacitive voltage division of the applied external AC
voltage. This is achieved by using a sequence of glass plates with varying
thicknesses as a dielectric. With this setup, a two-dimensional variety of major
process parameters can be realized at once, greatly increasing the sample throughput
and reducing costs for materials.
The new reactor is tested using DBDs in Ar with small admixtures of H2, N2, or O2 to
modify the surfaces of polymers or inorganic materials such as ZnMgAl-coated steel
sheets. The aim of the studies on the metal surfaces is to analyze how the properties
of the modified native oxide films correlate with the plasma parameters and what the
plasma-induced changes in the surface chemistry and composition of the oxide are.
Keywords
Combinatorial surface technology
Plasma-assisted surface modification
Gradient surfaces
High throughput experimentation
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Study of biocompatibility of Plasma Polymerized Diethylene Glycol Dimethyl
Ether Films
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This paper deals with the study of biocompatibility of plasma polymerized
(CH3OCH2CH2)2O diethylene glycol dimethyl ether (PP-diglyme here in) deposited
by RF excited low pressure plasma discharges. The study was carried out using mass
spectrometry and goniometry. The mass spectra were collected by a mass
spectrometer, from Hiden Analytical, operating in the mass range from 1 to 300 amu.
Plasmas were generated within a stainless steel cylindrical reactor in a plane parallel
plate configuration. The 13.56 MHz RF power was coupled to the chamber through an
appropriate matching network. Mass spectrometry allowed one to follow the trends of
several chemical species resulted from diglyme’s molecule fragmentation for different
values of pressure and RF power aiming the customization of PP-diglyme
biocompatibility. The results showed that for a fixed pressure, the increase of the RF
power coupled to the plasma chamber from 5 to 45 W produced a plasma
environment much more reactive which reduces the population of the heavier species
and increases the population of the lighter one. This fact may be attributed to the
increase of the electronic temperature that makes predominant the occurrence of
inelastic processes that promotes molecular fragmentation. The contact angle
measurements of PP-diglyme deposited over PMMA substrates were carried out
using a ramé-hart and a home-made goniometers. The results showed that
PP-diglyme obtained from discharges generated at lower RF power levels caused a
pronounced decreasing in contact angle from 75° to 25° soon after the deposition.
These results suggest that if one wants to keep the monomer’s functionality and
therefore the PPMA biocompatibility resulting from PP-diglyme deposition one may
operate at low RF power level.
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The effects produced by two types of atmospheric pressure plasma sources on
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The objective of this study is to determine the optimal treatment conditions, to
compare the modifications and also to analyze the local effects produced on
polymeric foils by two types of atmospheric pressure cold plasma sources, namely by
a dielectric barrier discharge (DBD) and a discharge with bare electrodes (DBE).
Argon is used as feeding gas while the discharges are generated with radiofrequency
(13.56 MHz) power. Both sources produce planar jets and have similar operating
operational (RF power, gas flow rates) and dimensional (discharge volume, size and
shape of nozzle) parameters. The treatments were performed in open atmosphere
using a scanning procedure which allowed a uniform surface modification. Studied
polymers were polyethylene terephthalate (PET) and polymethylmethacrylate
(PMMA). Treatment conditions were varied to observe their effects in terms of
changes in surface proprieties of polymeric materials. The effects were evaluated by
atomic force microscopy and static contact angle measurements. The results show a
significant increase of surface wettability after very short (50 ms) cold plasma
exposure, for all materials. Polymeric surfaces studied were converted from a
hydrophobic character into a hydrophilic behavior with a water contact angle less than
45 degrees. After treatment, the studied samples were deposited in air at room
temperature. The hydrophobic recovery (ageing effect) of the modified surfaces was
monitored as a function of time. These results indicate that both types of plasma
sources improve the wettability of the studied materials; still in similar working
conditions the DBE plasma is more efficient for modification of surface properties. In
addition, the planar jets were characterized by Optical Emission Spectroscopy to
reveal the difference between the two source types and to infer the role of active
plasma species in surface modification.
Acknowledgments: This work was financially supported under projects PN
III/Nucleu/NILPRP/Romania
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Lucie BRES1, Nicolas GHERARDI2, Nicolas NAUDE2, Bertrand RIVES1
1

IRT Saint Exupéry, Toulouse, France 2LAPLACE ; Université de Toulouse, CNRS,
INPT, UPS, Toulouse, France
lucie.bres@irt-saintexupery.com

Carbon Fiber Reinforced Polymer (CFRP) using thermoplastic polymer matrices are
increasingly being used in structural engineering, particularly in aeronautics, due to
their light weight coupled with high mechanical properties. Poly-etheretherketone
(PEEK) and poly-etherketoneketone (PEKK) matrices composites are especially
interesting because of their excellent physical and chemical properties, including high
thermal stability, high chemical resistance and their ability to withstand high
mechanical load. In most applications, the adhesive bonding or the covering of these
composites by an additional coating is required. However, the low surface energy and
the high chemical resistance of PEEK and PEKK CFRP imply to develop surface
activation aiming at increasing their surface reactivity before painting. Among them,
atmospheric pressure cold plasma has been widely studied and has shown to be an
effective process to improve wettability and surface energy of thermoplastics.
Moreover, this technology attracts many industrials looking for a cost-effective and
eco-friendly surface activation process. The possible implementation of the
atmospheric plasma in a production line without significant changes is also an
advantage for its deployment. In this work, we have used a remote atmospheric
pressure cold plasma (ULS - AcXys Technologies) to treat large surface of PEEK and
PEKK CFRP, in order to improve the adhesive bonding between CFRP and an
aeronautical coating. More precisly, the influence of discharge and process
parameters (gas process, gas flow rate, discharge power, distance between nozzle
and substrate, scanning speed...) on the surface properties is investigated. Chemical
composition analyzed by X-ray Photoelectron Spectroscopy and morphology and
roughness determined by Atomic Force Microscopy are discussed with respect to
surface energies obtained by contact angle measurements. Ageing of the surface
following the plasma treatment is also considered, using four storage conditions
representatives of industrial environment.
Keywords
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To improve wear resistance or fatigue resistance of steel, surface hardening
processes such as carburizing and nitriding have been used. For example, ion
nitriding is a representative process of the nitriding processes currently being used.
The treatment time of ion nitriding is much shorter than that of gas nitriding. In
addition, harmful gases such as ammonia are not used; therefore it is not harmful to
environment. However, this process needs a vacuum furnace, and spent on the preand post-processes for creating, vacuum and cooling the furnace. The use of plasma
has many kinds of advantages in the surface modification. Plasma can be generated
in a liquid by high frequency or microwave irradiation from an underwater electrode. In
this study, a nitriding process is proposed which has a much shorter treatment time
with very simple equipment by using plasma electrolytic treatment. To produce
plasma in the electrolyte, a JIS-SCM420 specimen was used as the cathode and a
rolled punched stainless steel plate was used as the anode. Voltage was applied
between the electrodes using a pulsed DC power supply. The pulsed power supply
was used to prevent the discharge from concentrating on only one point. Urea, which
was added into distilled water as an electrolyte, was used as the supply source of
nitrogen or carbon. In addition, potassium hydroxide was added for adjusting the
electrical conductivity. The voltage was 600V, and experiments were conducted by
varying the conditions, such as treatment time and concentration of electrolyte. After
the plasma electrolytic treatment, many fine discharge pores could be seen on the
treated steel surface. In addition, a modified layer which has 1.9~2.7µm deep was
formed on the steel surface within 5min of the start of the plasma electrolytic
treatment. From the results of the XRD analysis, iron nitrides and chromium iron
carbides were detected with α-Fe peaks, and the hardness of the modified-layer was
found to be about 800HV.
Keywords
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fluorination combined or not with plasma treatment
Eric Tomasella1, J. Peyroux1, M. Dubois1, N. Batisse1, A.P. Kharitonov2, D. Flahaut3,
L. Romana4, P. Thomas4
1

ICCF-CNRS, Aubiere, France 2Branch, Moscow, Russian Federation 3IPREM-CNRS,
Pau, France 4GTSI, Pointe à Pitre, France
eric.tomasella@univ-bpclermont.fr

Low Density Polyethylene (LDPE) films were treated by fluorination either at different
conditions, i.e. static and dynamic ones with F2 gas, or controlled process with atomic
fluorine. Modification of the treated films chemical composition was studied by
spectroscopic methods (solid state NMR, XPS and IRTF). Surface morphology was
investigated by SEM and AFM. Also surface energy measurements and electron
paramagnetic resonance (EPR) were carried out. Direct fluorination resulted in a
formation of outmost fluorinated layer mainly consisted of specific fluorinated groups
like CF2 and CHF. Some oxygenated polar groups have been also detected mainly
during the transfer to air after the fluorination. Multifunctional films were obtained
using fluorination with F2 gas. If the fluorination rate is sufficiently high, in other terms
if the thickness of the fluorinated layer is high enough, the following commercial
properties of LDPE can be improved: printability, barrier properties towards O2 (due to
presence of CHF and CF2 groups even in low amounts), low friction coefficient.
Improved tribological properties, close to that of the reference PTFE, allow the film to
be proceeded at the industrial plant. Nevertheless, those lubricating properties are not
achieved if the thickness of the fluorinated layer is not enough. The present work is a
contribution to explain the improvement of various properties. Moreover, some C-H
and C-C bonds could be broken during the fluorination processes, forming dangling
bonds (radicals), which could react mainly with the oxygen and moisture from air or, in
a few extend, with O2 admixtures in F2 or O2 and H2O absorbed on the polymer
surface and in the bulk. This results in changes of the surface properties during the
exposure to air after the fluorination. In order to avoid such side reactions, a plasma
treatment was applied prior to fluorination. It activated the surface and changed the
relative content of fluorinated groups CHF and CF2. The resulting properties of LDPE
after combined plasma and fluorination will be discussed.
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Our earlier study (Mater. Sci-Medzg 18 (2), 132-7, 2012) has shown that the
low-temperature plasma treatment is a very promising method of improving the
adhesive properties of commercial SBS rubbers and it can replace the wet chemical
methods in industry. To better characterize the plasma treatment process, it is
necessary, however, to determine the role of the rubber additives in the process.
The studies have focused attention on the effect of carbon black content on the
adhesive properties of plasma modified rubber.The carbon black content was
changed from 0 to 80%w/w. The plasma-treatment was performed using plasma
generated by an RF discharge (13.56 MHz) in argon (Ar), oxygen (O2) or carbon
dioxide (CO2). The 180°-peel test, analysis of surface energy and scanning electron
microscopy (SEM) with EDX microanalysis, FTIR–ATR and XPS spectroscopy were
employed to investigate the molecular structure, morphology and adhesive properties
of the rubber surface. The obtained results indicate that the increase in carbon black
content in the SBS rubber has a significant impact on the adhesive properties of its
plasma-treated surface. This paper attempts to explain influence of carbon content on
the peel strength after plasma treatment.
The work was financed by the Polish National Centre for Research and Development
(NCBiR), project number: PBS3/A5/51/2015.
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Cellulose is the most widespread bio-polymer and has outstanding potential as
thermoplastic reinforcement. At our department the modification of cellulose by
microwave plasma discharge is studied in order to improve mechanical properties of
cellulose-filled thermoplastic composites.
In the technological point of view, the interfacial adhesion is the fundamental
parameter with a significant effect on mechanical properties of fabricated composites.
Composites based on polypropylene are frequently grafted by organosilanes using
wet chemical methods in order to increase interfacial adhesion. Maleic anhydride
grafted-polypropylene (MAPP) is frequently used for this purpose.
Plasma functionalization is a promising method to modify the surface avoiding
conventional wet chemical methods. It is possible to carry out the process using
suitable precursor of organosilane groups (e.g. hexamethyldisiloxane). The key part of
this research is the development of suitable design of plasma apparatus. Developed
design plays a major role in terms of transportation of precursor to the substrate. It is
difficult to study this behavior experimentally, so the computer simulation was firstly
used for this purpose.
The main goal of this research is to establish organosilane groups on the cellulose
surface by plasma functionalization in order to increase the interfacial adhesion in
thermoplastic composites. The rate of cellulose functionalization was studied by XPS
analysis. Fabricated composites were tested for tensile strength and Young’s
modulus. Failure modes and interfacial adhesion were studied by SEM. Mechanical
properties of composites reinforced by plasma functionalized cellulose were
compared to composites fabricated using MAPP. Both the theoretical and the
experimental results are presented in this contribution.
Keywords
Plasma functionalization; cellulose; polypropylene; composite material
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Plasma nitriding of Al alloys – process technology and surface properties
Anke Dalke, Heinz-Joachim Spies, Horst Biermann
IWT/ TU Bergakademie Freiberg, Freiberg, Germany
dalke@ww.tu-freiberg.de
Plasma nitriding is an efficient and ecological surface treatment enhancing the
hardness and wear performance of Al materials. In contrast to steels, the nitride layer
formation is an outer nitriding mechanism. Due to this, the treatment technology
strongly differs especially concerning the interactions between plasma and materials
surface. These processes are investigated using plasma diagnostics, e.g. OES
measurements.
Nitriding of Al alloys leads to the formation of hard and dense AlN surface layers. The
nitriding behavior is influenced by alloying elements like magnesium and silicon. The
resulting properties gradient between the very hard nitride layer and the soft Al matrix
limits the load capacity of the AlN layer. Electron beam (EB) surface alloying offers a
possibility to modify the chemical composition in a surface near area generating hard
and thermal stable surface layers that can provide the function of support for the AlN
layer. The additive materials used for surface alloying can influence the resulting
nitride ability.
In the present work, the surface modification of Al alloys by plasma nitriding and by a
combination of electron beam (EB) surface alloying and plasma nitriding have been
investigated. For EB surface alloying additional materials basing on Fe, Cr, Cu, Co
and Ni were used. Plasma nitriding of Al alloys and the EB alloyed state was carried
out by using adequate treatment condition. The effect of the particular alloying
elements on the nitridability was investigated. Furthermore, the metallurgical
compatibility of both technologies was examined. The nitride layer support was
investigated by means of hardness measurement and wear tests.
The relations between treatment conditions, structure and properties of both the EB
alloyed and plasma nitrided condition, as well as the resulting properties of the
compound layers were examined and will be discussed.
Keywords
nitriding
aluminium
surface alloying
nitride layer
wear
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Comparative study of nitrogen expanded phases properties on stainless steels
Bruno Ramos, Keila Kleinjohann, Ana Maria Maliska
Universidade Federal de Santa Catarina, Florianópolis, Brazil
bruno.borges.ramos@posgrad.ufsc.br
The formation of a supersaturated nitrogen phases was already largely described for
austenitics stainless steel and many others studies are on the way to investigate the
similar expanded phases on ferritic and martensitic stainless steels. Usually this
phase formation is achieved by a plasma asssisted nitrited process in low
temperatures (300ºC to 450ºC) producing thin layers with a smooth diffusion profile
with very different properties when compared with nitrides. The low temperatures lead
to lower diffusion coefficient implicating in longer treatments time, making this kind of
treatment not so interesting for industrial purposes. Although, this new metallurgical
development can be useful for several areas bringing solutions to improve corrosion
and tribological properties, simultaneously. Aiming to show it, this work focused on the
characterization of these properties for the three matrix types of stainless steel, the
specimens were nitrided between 320ºC and 420ºC by PAN. The mechanical and
chemical properties were investigated by sliding tests and corrosion tests to simulate
work applications. Techniques of microscopy, x-ray diffraction, nanohardness and
GDOES were also used to determine the microstructure.
Keywords
PAN
expanded austenite
nitriding
expanded ferrite
DC plasma
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Changes in the angular dependence of SiO2 etch rates with bias voltage in a
C4F8 plasma
Chang Jin Park, Chang-Koo Kim
Ajou university, Suwon, South Korea
plack99@ajou.ac.kr
Plasma etching is widely used to etch SiO2 in the fabrication of integrated circuits (IC).
Because the etch rate is strongly dependent on the angle between the incident ion
and the substrate surface, it is essential to understand the angular dependence of the
SiO2 etch rates. To obtain the angular dependence of etch rates, the angle between
the incident ion and the substrate surface needs to be precisely controlled. In a
conventional plasma etching process, a sheath is formed along the surface of the
substrate. The direction of ions incident on the substrate is vertical to the surface of
the substrate irrespective of the angle of the substrate. Accordingly, the ion-incident
angle is not controlled in a conventional plasma etching system.
In this work, the angular dependence of SiO2 etch rates in a C4F8 plasma was
investigated using a Faraday cage system. A Faraday cage is simply a closed box of
a conductor, having a grid on the top plane. Because the Faraday cage formed a
closed box, the electric potential in the cage was uniform and unaffected by outside
electric fields. Therefore, the ions traveling inside the cage maintained their initial
direction. The etching was carried out in an inductively coupled plasma system. The
substrate was a SiO2 film deposited on a p-type Si substrate. The discharge gas was
C4F8. The bias voltage applied to the substrate was varied to investigate the effect of
the bias voltage on the angular dependence of SiO2 etch rates. The angular
dependence of SiO2 etch rates was correlated with changes in thickness and F/C
ratios of the steady-state fluorocarbon films formed on the surface of SiO2.
Keywords
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Highly selective deposition of CVD diamond on Si wafers by using a combined
technique of photolithography and ion etching
Stepan Linnik, Vitaliy Ohotnikov, Alexander Gaydaychuk
Tomsk Polytechnic University, Tomsk, Russian Federation
stepan_lin@mail.ru
We report the development of a new technique of highly selective deposition of
polycrystalline diamond films on monocrystalline silicon wafers. This technique based
on the deposition of desired pattern by using standard photolithography with addition
of a nanodiamond suspension in photoresist, and the subsequent ion etching the
surface of wafer. Ion etching is allows to remove the remaining parasitic nanodiamond
particles in areas where the diamond film should not grow. Etching was carried out
with 3.5 keV argon ions generated with closed drift ion source. Diamond films were
deposited in selective regions using high-current glow discharge PACVD reactor. The
effects of the nanodiamond concentration in photoresist and the thickness of etching
layers on the nucleation density of diamond were also investigated. The resolution of
this method appears to be around 1-3 μm. This technique is much simpler than those
that are currently in use (e.g. selective oxidation method), and is very promising for
the development of different microelectronic devices, displays, sensors, etc.
Keywords
Chemical vapor deposition
diamond film
nanodiamond
ion etching
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Use of a novel cold RF atmospheric pressure plasma jet as a cleaning and
restoring tool for daguerreotypes
Paolo Scopece1, Alice Delva2, Emanuele Verga Falzacappa1, Sandra M Petrillo3,
Alessandro Patelli4, Paolo Ugo2
1
Nadir S.r.l., Venezia, Italy 2Department of Molecular Sciences and Nanosystems,
University Ca’Foscari of Venice, Venezia, Italy 3SMP Photoconservation, Genzano di
Roma, Italy 4Department of Physic, University of Padua, Padova, Italy

scopece@nadir-tech.it
The daguerreotype is the first example of photographic technique that reached a
worldwide circulation around 1850. Each daguerreotype is a unique and irreproducible
image that presents high detail and clarity still unmatchable by any other photographic
image. The image is formed by silver-mercury amalgam particles produced by
photosensitization and following development of a plate made of copper and silver,
sensitized with silver iodide and developed with mercury vapours and eventually
stabilized by guilding. Resulting artefact is particularly fragile and, if in contact with the
environmental atmosphere, can be easily oxidized leading to the formation of silver
oxides and silver sulfides. Typical cleaning techniques include the use of chemical
reagents, of electrochemical processes or laser equipments. However, such
techniques present several drawbacks: can leave residues, require the use of
electrolyte solutions, or may cause the partial removal of the outermost layer of the
surface of the daguerreotype.
In this work a new atmospheric pressure plasma jet (APPJ) source, has been used
and evaluated as innovative technique for cleaning and restoring daguerreotypes.
Results on removal of biological material, cleaning and reduction of oxidised and
sulphide layers are here presented as a function of several treatment parameters,
together with the characterisations obtained by using non-invasive techniques such
as: SEM-EDX, optical profilometry, photography in visible, grazing, and UV light,
optical and metallographic microscopy. The obtained results confirmed that the novel
proposed APPJ device is an effective cleaning tool, particularly respectful of the
delicate daguerreotype surface and of the silver and amalgam microparticles that
compose the image, allowing the localized tuning of the cleaning procedure.
Keywords
APPJ
Plasma Cleaning
Daguerreotype
Silver reduction
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Nanostructured Ti surfaces by low-energy ion-beam irradiation
Jens Bauer, Frank Frost, Thomas Arnold
Leibniz Institute of Surface Modificatio, Leipzig, Germany
jens.bauer@iom-leipzig.de
Titanium is of high interest for biological and medical applications, since it has
superior physical properties as low-weight, resistance against corrosion and a
considerable strength, which can be easily combined with the outstanding nature of
high bio-compatibility of titanium oxide via simple surface oxidation of a titanium
device. Nano-patterning is a powerful method for customization of the surface
properties to gain a substantially increased effective surface size, a specific local
shape, or a defined surface periodicity. Hence, the combination of a controllable
inorganic surface based on titanium together with functionalized molecules or specific
bio-species bears a great potential for innovative future applications [1].
A flexible processing tool to fabricate different kinds of nanostructured surfaces in
form of ordered fields of nano-dot or nano-ripple structures is ion-beam erosion by
low-energetic ions (<1.5keV) [2]. Deterministic processing by scanning a narrow
ion-beam with a typical size of 5 mm over a sample area allows a homogeneous
nanostructuring onto a broad device surface. Moreover, applying a 4-axis motion
system for device positioning also complex formed surfaces can be precisely
machined. We applied this technique to create differently shaped nano-ripple
structures on polished titanium surfaces. The morphology was analyzed by optical
microscopy, atomic force microscopy, and secondary electron microscopy. Ordered
nano-ripples with saw-tooth cross-section were fabricated with a structure period of 20
– 200 nm and a height of 10 – 70 nm. Furthermore, the local crystal structure was
determined by electron back-scatter reflection experiments. The ripple morphology
was found to be strongly correlated to the crystallographic orientation of the titanium
grain structure.
[1] J. P. L. Gonçalves et al.: Beilstein J. Org. Chem. 10, 2765–2773 (2014)
[2] F. Frost, B. Ziberi, A. Schindler, and B. Rauschenbach: Appl. Phys. A 91, 551–559
(2008)
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Calcium-phosphate coatings deposition on titanium and Ti-15Mo by plasma
electrolytic oxidation
Lyubov SNIZHKO1, Oksana Banakh2, Tony Journot3, Oleg Kalinichenko1,
Pierre-Antoine Gay2
1
USUCT, Dnepropetrovsk, Ukraine 2Haute Ecole ARC Ingénierie, La
Chaux-de-Fonds, Switzerland 3Haute Ecole Arc Ingénierie, La Chaux-de-Fonds,
Switzerland

lsnizhko@mail.ru
In this work, the relationship between a composition of the calcium-phosphate
containing electrolytes and a composition of the coatings produced from these
electrolytes on commercially-pure titanium (CP-4) and Ti-15Mo alloy by plasma
electrolytic oxidation was studied. The surface morphology and phase composition of
the anodized layers were investigated.
Eleven series of electrolytes, resulting in different Ca/P mass fraction, were
investigated. Each series was prepared from two salts containing calcium and
phosphorus compounds, e.g. calcium acetate and sodium pyrophosphate, calcium
oxalate and sodium tripolyphosphate. The mass fraction ratio of Ca/P in every series
was changed in the range between 1 and 6. Coatings were obtained using the same
electrical conditions (galvanostatic regime with an average current density of 400A/m2
and positive pulses of 50Hz, time of electrolysis 15 min).
The incorporation of Ca and P ions into a growing oxide layer was confirmed by
means of XRF and EDS analyses. Regardless the electrolyte composition, linear
dependence between the Ca/P mass fraction in the electrolyte and the atomic Ca/P
ratio in coatings was observed. It was found the electrolytes resulting in the highest
Ca/P ratio in the coatings are (Na3PO4×12H2O + CaC4H4O6) and (Na3PO4×12H2O+
Ca(OH)2).
The coatings bioactivity, studied by an immersion of the coatings in a simulated body
fluid (SBF), will be discussed. The Ca and P ions release from an oxidized layer was
observed after SBF tests, which indicates that the coatings are bioresorbable. The
coating surface morphology was also significantly changed.
Keywords
titanium
Ca-P coatings
bioactivity
PEO
SBF-test
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FABRICATION AND CHARACTERISATION OF REGULAR AND COMPLEX
CERAMICS SHAPES BY PEO PROCESS
Husein Meshreghi1, Mikhail Gorbatkov2, Allan Matthews3, Aleksey Yerokhin4
1

The University of Sheffield, Sheffield, United Kingdom 2Ufa State Aviation Technical
University, Ufa, Russian Federation 3University of Manchester, Manchester, United
Kingdom 4University of Sheffield, Sheffield, United Kingdom
hdmeshreghi1@sheffield.ac.uk

Alumina thick and thin films are widely used as dielectric substrates in
semiconductors, electronics, and functional device applications. The films can be
produced by conventional methods such as roll compaction and tape casting from
ceramic slurry. However, these methods offer limited part geometries and cause
defects in the film structure. In contrast, plasma electrolytic oxidation (PEO) allows
production of ceramic surface layers on valve metals with various shapes. This
technique was applied to convert 50-μm thick pre-formed Al substrates into
freestanding ceramic alumina shapes under the pulsed bipolar potentiostatic current
mode in alkaline electrolytes. Composition of plasma discharge and evolution of its
main components during the PEO process were investigated by optical emission
spectroscopy. The plasma electron temperature was calculated using two
independent peaks of aluminium in the near ultraviolet band. COMSOL Multiphysics
software was used to model the distribution of electric field in the electrolyser and
investigate a possibility of achieving a uniform coating thickness on complex shape.
The coating thickness, morphology, phase composition and micromechanical
properties were analysed using SEM, XRD and nanoindentation techniques. The
effect of the electrolyte contents on the current density, surface morphology and
phase composition of oxide layers were studied. The results show that depending on
treatment parameters, the metal-to-ceramic conversion ratio varies from 10 to 80%.
The shape of samples has strongly affected the coating thickness. Phase analysis
has revealed presence of crystalline gamma and alpha alumina phases in the ceramic
surface layer. Correlations have been studied between characteristics of plasma
discharge, such as plasma electron temperature, and phase transitions in the surface
layer to develop in situ diagnostic methods for the PEO processes.
Keywords
Plasma electrolytic oxidation
Thin walled ceramics
Optical emission spectroscopy
Electric field modelling
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Cromatipic®; A Modern way of Metallization on plastics with inline technology
for high productivity and high quality.
Chinmay Trivedi1, Ivan Kolev2, Dave Doerwald2, Roel Tietema2, Jeroen Landsbergen2,
Jaume Amigo2
1

IHI Hauzer Techno Coating B.V., Venlo, Netherlands 2IHI Hauzer Techno Coating
BV, Venlo, Netherlands
CTrivedi@hauzer.nl

Plastics are historically familiar in various applications due to its easily shaped, low
weight and non-corrosion nature. Especially in automotive industry, plastics are
metallized to provide light weight components, having a bold look with bright or satin
finish. Automated lacquering and PVD based Metallization; on plastics can provide a
high quality coating to satisfy various requirement standards. Metal plating has long
been the only solution for decorative coatings on particular plastics, to ensure
hardness and a bright color. This conventional method has its own limitation related to
environmental restrictions and is mainly applicable to ABS or PC/ABS substrates.
Several technological processes have been developed to make alternative techniques
combining; lacquer and PVD coatings with and without top coat. In-line metallization is
one of the proven processes which are getting matured. This process aims to fulfil the
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 and therefore high productivity. In combination
with PVD coating technology is a market requirement to reach better yields. The
author will explain about metallization by PVD integrated with lacquering in a
production line. In an optimized set up, high productivity with low down time and less
handling cost can be achieved.
In this talk various technological aspects of the process including lacquering and its
influence on PVD process will be informed by the author. This will show the results; a
high quality product fulfilling various industrial standards.
Keywords
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Influence of electrolyte concentration and additives on the plasma electrolytic
oxidation treatment of Ti-6Al-4V alloy
Bih-Show Lou1, Feng-chuan Chang2, Chaur-Jeng Wang2, Jyh-Wei Lee3
1

Chemistry Division, Center of General Ed, Taoyuan, Taiwan 2Department of
Mechanical Engineering, National Taiwan University of Science and Technology,
Taipei, Taiwan 3Department of Materials engineering, Ming Chi University of
Technology, New Taipei City, Taiwan
blou@mail.cgu.edu.tw
Recently, the plasma electrolytic oxidation (PEO) treatment has been widely applied
on Ti alloys to create functional oxide layers. In this work, the PEO process on the
Ti-6Al-4V alloy was studied using six electrolytes containing different concentrations
of NaAlO2 and K3PO4 under a duty cycle of 50% and a frequency of 1000 Hz. The ,
Sodium dodecyl sulfate (SDS, NaC12H25SO4) and s were also added to explore the
influence of additives on the PEO process. The structures of PEO coating was
determined by the X-ray diffractometer (XRD). The surface and the cross-section
morphologies and chemical compositions of the PEO coatings were examined by
scanning electron microscopy (SEM) and energy dispersive spectrometer (EDS),
respectively. The nanoindentation, pin-on-disc wear test and scratch test were used to
evaluate the hardness, wear resistance and adhesion property of the coating,
respectively. Effects of and additives on the microstructure and mechanical
properties of PEO grown oxide layers were discussed in this work.
Keywords
Plasma electrolytic oxidation
Ti-6Al-4V
electrolyte concentration
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MoS2 nanoparticle
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Atomic-scale strengthening mechanism of transition-metal nitrides (TM=Ti, Zr,
Hf, V, Cr) single phase films with large composition ranges
Kechang Han1, Qing Yao2, Guoqiang Lin2, Chuang Dong2, Kaiping Tai3, Xin Jiang3
1

Dalian university of technology, Dalian, China 2Dalian University of Technology,
Dalian, China 3Institute of Metals Research,Chinese Academy of Sciences,
Shenyang, China
hankechang@foxmail.com

Five groups of transition-metal nitride(TM=Ti, Zr, Hf, V, Cr) films with different nitrogen
contents were synthesized on the Si(100) substrates by magnetic filtering arc ion
plating for further study on the atomic-scale strengthening mechanism. The
morphologies, thickness, microstructures, residual stress, composition, hardness and
elastic modulus of as-deposited films were characterized by FESEM, GIXRD, XPS
and NanoIndenter. The results showed that TMNx films all have the single-phase
structure within large composition ranges. The preferred orientation, thickness, grain
size and residual stress keep consistent in the five groups respectively. The
nanohardness and elastic modulus of TMNx films all first increase and then decrease
as the nitrogen content x rise, TiNx, ZrNx and HfNx films reaching the top near
x=0.82, VNx films at x=0.93, CrNx films at x=1.0. The strengthening mechanism was
discussed and found the decisive factors of hardness enhancement come from the
atomic-scale chemical bonding and the different electronic structure, rather than the
conventional meso-scale factors, such as preferred orientation, gain size and residual
stress.
Keywords
Transition-metal nitride films
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Modified Four Ball Tester as a Quick Verifying Tribometer for Different
PECVD-DLC – Coatings in Extremely High Load Applications
Kamel Silmy1, Jurij Ossipov2, Volker Bucher2, Michael Banghard1, Tarek Lutz1
1

NMI, Reutlingen, Germany 2Furtwangen University, Villingen-Schwenningen,
Germany
kamel.silmy@nmi.de

For extremely high load applications, a quick test method for evaluating hard coatings
is necessary. We present the development of a tribometer being able to test hard
coatings exposed to high loads above 2 GPa without lubricant. A four ball tester was
modified for testing coated metal surfaces with one ball. Only one rotating ball is
pressed on the coated surface with a high pressure. The ball and the coated surface
are analyzed microscopically after some minutes and give clear results on the wear
resistance and tribological effects of the interface. DLC multilayers and DLC layers
with a hardness gradient were deposited on a 100Cr6 steel substrate with roughness
Ra = 0.31 µm and Rz = 1.5 µm. a) DLC 9 fold Multilayer Hard/Soft (d=9.5 µm) b) DLC
Multilayer Hard/Soft (d=2.2 µm) c) DLC Gradient Hard - Soft (d=3.0 µm) d) DLC
Gradient Soft - Hard (d= 2.4 µm). Coated samples were exposed to a dry test with this
modified ball tester at four different Hertzian loads: 1037 N/mm2, 1565 N/mm2, 2126
N/mm², 3206 N/mm2. For understanding failure mechanism and wear behavior, SEM
with FIB, Nanoindentation, Nano-Scratch test, Optical microscope and XPS were
used. Wear behavior of these DLC – coatings could be proven clearly. Best results
were obtained with a DLC gradient layer starting with a hard DLC-layer on the steel
substrate and ending with a soft carbon layer on top (thickness 3.0 µm). The
formation of a carbon tribolayer at the interface coating/ball leading to a dry lubricant
effect could be clearly observed. At a load of 1037 N/mm² the diameter of the calotte
was approximately 250 µm, slowly increasing to 300 µm (@1565 N/mm²), 390 µm
(@2126 N/mm²) and finally 610 µm (@3206 N/mm²). The other coatings showed
significantly higher damage. Further evaluation of this method in comparison with
other tribometers is in progress.
Keywords
DLC diamond like carbon
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Tribological properties of the high temperature protective amorphous SiCxNy
coatings
Jan Tomáštík1, Radim Čtvrtlík2
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Palacký University of Olomouc, Olomouc, Czech Republic 2Joint Laboratory of
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The superior mechanical properties, low coefficient of friction and oxidation resistance
puts the amorphous silicon carbonitride (SiCN) into the position of very promising
material for high temperature protective coatings. With the ability to withstand
temperatures above 1000°C it can surpass the operational limit of widely used
transition metal nitrides based coatings.
Magnetron sputtered a-SiCxNy (y≥0) coatings with thickness of approx. 2.5 µm were
annealed at temperatures up to 1300°C in air and their performance was thoroughly
evaluated prior and after high temperature exposure. The mechanical and tribological
properties were tested using nanoindentation technique and scratch test. The latter
was used to assess the critical load to failure of coatings and in the advanced modes
also to evaluate the gradual degradation of coatings during multiple pass wear test.
The detection capabilities of the tribological tests were enhanced by the friction probe
and using the continuous acoustic emission record. Especially in the latter case
comprehensive analysis was performed. The compositional and structural changes
with annealing were evaluated using electron probe microanalysis and various
spectroscopic techniques and related to the variation of mechanical and tribological
properties.
Keywords
scratch test
nanoindentation
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Effect of hydrogen on the mobility of surface defects induced in plasma
etching process for silicon
Masaru Nakamura, Taehoon Kim, Hayato Izumi, Shoji Kamiya
Nagoya Institute of Technology, Nagoya, Japan
masa0705spring@yahoo.co.jp
Reactive ion plasma etching (RIE) is widely used to fabricate mechanical structures in
micro electro-mechanical systems (MEMS). However, RIE inevitably induces defects
to the surface. Recent studies have shown that fatigue lifetime of silicon MEMS
structures was intimately correlated to the initial surface damage [1], and that the
fatigue lifetime was significantly shortened in humid [2] and hydrogen environment [3].
In the meantime, dislocation mobility in silicon crystal within the temperature range of
390 to 480°C was reported to significantly increase while being exposed to hydrogen
plasma [4]. Therefore it was investigated in this study if hydrogen enhances surface
defect mobility, even at room temperature, possibly leading to shorter fatigue lifetime.
To prepare the specimens, mirror polished silicon wafers were exposed to RIE
plasma to introduce surface damage. The wafers were further exposed to either
boiling water or hydrogen plasma to introduce hydrogen underneath the surface. For
the comparison, counter specimens without being exposed to RIE plasma and with or
without further hydrogen introduction were also prepared. Mechanical properties
were then characterized with nano-indentation technique. Consequently, wafers with
both RIE damage and further introduced hydrogen had significantly deeper indents
than those with the other conditions.
The results means that hydrogen strongly interacts with crystal defects to enhance
their mobility even at room temperature leading to easier plastic deformation, while
the interaction with defect-free crystal was hardly visible within the experiment in this
study. This fact could be a key information to understand and control the fatigue
behavior of micro-scale structures fabricated by plasma etching process.
[1] S. Kamiya et al., IEEE 24th International Conference on MEMS (2011), pp
404-407.
[2] T. Tanemura et al., J. Micromech. Microeng. 23 (2013), 035032.
[3] H. Izumi et al., Materials Letters 142 (2015), pp 130-132.
[4] Y. Yamashita et al., Physica Status Solidi (A) 171 (1999), pp 27-34.
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Mechanical properties of a-SiC:H films: an influence of surface topography on
nanoindentation measurements
Vladimir Cech1, Tomas Lasota2, Erik Palesch1, Jaroslav Lukes3
1

Brno University of Technology, Brno, Czech Republic 2Honeywell spol.s.r.o., Brno,
Czech Republic 3Czech Technical University in Prague, Prague, Czech Republic
cech@fch.vutbr.cz

Hydrogenated amorphous silicon-carbon films were prepared on polished silicon
wafers from a tetravinylsilane precursor via plasma-enhanced chemical vapor
deposition. The grain structure was developed at the film surface using high powers
(50-70 W), as observed by atomic force microscopy (AFM). Conventional and cyclic
nanoindentation measurements revealed different mechanical responses for
indentation into and outside of the selected isolated grain with a spherical cap
geometry with a radius greater than that of the indenter (50 nm). The finite element
method was employed to simulate the behavior of the grain under deformation by an
indenter to correctly interpret the nanoindentation data. Scanning probe
measurements using Modulus Mapping (dynamic mechanical analysis) and atomic
force acoustic microscopy confirmed that the surface topography had a critical
influence on the determined mechanical properties, which were significantly
underestimated. Our experimental and simulation study demonstrates that
nanoindentation and scanning probe measurements must be performed on strictly flat
surfaces. This conclusion applies to all AFM measurements performed in contact and
semi-contact mode used to characterize mechanical properties based on the
geometry of the contact. Modulus Mapping may potentially be used to characterize
the mechanical properties of a specimen with rough surfaces if the surface
topography is known with high spatial resolution.
Keywords
PECVD
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High temperature oxidation of silicon carbide and silicon carbonitride films
Radim Ctvrtlik1, Valeriy Kulikovsky2, Jan Tomastik3, Vaclav Ranc3, Petra Bazgerova3
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Amorphous SiC a SiCxNy films were deposited by reactive DC magnetron sputtering
on Al2O3(0001) and a-SiC(0001) substrates at room temperature and 600°C. The films
with thickness of approx. 2.5µm and nitrogen content ranging between 0-40 at.% (
C/Si~1) were sputtered from SiC target at various N2/Ar gas flow ratios (0-0.48). The
as-deposited films were additionally annealed up to 1500°C in Ar and air. Mechanical
properties (nanoindentation), chemical composition (SEM-EDS and EPMA), structure
(Raman spectroscopy and XRD) and topography (AFM, laser scanning confocal
microscopy) of oxidized layers were investigated in dependence on annealing
temperature and content of nitrogen.
All SiCxNy films preserve their amorphous structure up to 1500 °C, while partial
crystallization of a-SiC films starts above ~1000°C. The hardness of all as-deposited
and both air and Ar annealed SiCxNy films decreases with growth of nitrogen content.
The surface of the films is rather smooth without any surface defects bellow 1300°C.
Bloom-like patterns are observed on the surface of the SiCxNy films after annealing in
Ar starting from 1400 °C. These patters cover all the films deposited at RT and only
the SiCN film (35 at.% of N) deposited at 600°C. This suggests that both the better
structure of the films deposited at higher temperatures and the lower nitrogen content
prevent formation of such surface structures, respectively. No bloom-like patterns are
present after air annealing at these temperatures. Detailed analyses of hardness and
modulus mapping reveal correlation between values of mechanical properties and
indentation site. The highest hardness and modulus are observed at the center of the
blooms, while the lowest values at the bloom boundary.
Keywords
SiC films
SiCN films
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Adhesion of a-SiC:H and a-SiOC:H films deposited on silicon wafers by PECVD
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Adhesion of thin film to the substrate is one of the most important properties in
determining its application possibilities. Thin films of hydrogenated amorphous
carbon-silicon (a-SiC:H) and hydrogenated amorphous carbon-silicon oxide
(a-SiOC:H) alloys were deposited on silicon wafers from tetravinylsilane (TVS)
monomer or its mixtures with argon or oxygen gases by plasma-enhanced chemical
vapor deposition (PECVD). The silicon wafers were pretreated with argon or oxygen
plasmas (10sccm, 5.7 Pa, 5-200 W) using continuous wave for 10min to clean the
surface from adsorbed gases and reach reproducible adhesion of thin films. A total
mass flow rate of 3.8 sccm was used for film deposition; the argon or oxygen fraction
in gas mixture was set to 0.92. Pulsed plasma was employed to deposit thin films at
an effective power ranging from 2 to 150 W. Three sets of thin films with a thickness
of 0.1 μm were deposited from pure TVS, TVS/Ar, and TVS/O2 mixtures to be tested
by scratch test using a conical (90°) diamond tip with a radius of 1 µm, loading up to
10 mN at a loading rate of 20 mN/min, and using a scratch length of 10 μm. The film
adhesion was characterized by the critical load that is defined as the load at which the
adhesive failure occurs in the scratch track observed by atomic force microscopy. The
critical load corresponding to a-SiC:H films deposited from pure TVS started at 2.0
mN (2 W), sharply increased to 3.9 mN (25 W), and then slightly varied 3.8-4.2 mN for
higher powers (25-150 W). Whereas, the adhesion of a-SiC:H films deposited from
TVS/Ar mixture was almost independent of power (2-150 W) with the critical load
varying about 3.5 mN. For a-SiOC:H films deposited from TVS/O2 mixture, the critical
load started at 2.6 mN (2 W), sharply increased to the maximum at 6.5 mN (10 W),
and then decreased with enhanced power to 3.7 mN (150 W). We found out that
changes in power (5-200 W) applied for pretreatment of silicon wafers by argon or
oxygen plasmas do not affect the film adhesion.
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Wear measurement in real time with a new ball cratering equipment
Reinhold Bethke1, Nadine Noecker1, Michael Eder2
1

Fraunhofer IST, Braunschweig, Germany 2BAQ, Braunschweib, Germany
reinhold.bethke@ist.fraunhofer.de

Wear measurements using a modified ball cratering arrangement operated in a new
way wherein the crater-depth is measured in real time reveal additional information on
the wear behaviour of coatings and materials. The position of the rotating sphere is
controlled during the measurement by a sensor. The crater-depth (wear coefficient) is
displayed simultaneouly. This method allows realizing measurements of the wear
behaviour depending on the pressure, different to the traditional ball cratering
operation. The study of dynamic wear behaviour provides additional more useful
information. The Poster will show the modified ball cratering test, the technical
innovation and fields of application (hard coating and surface-treated materials)
Keywords
ball cratering test
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PECVD OF SILICON THIN FILMS WITH AND WITHOUT DUST FORMATION
Dimitrios Mataras1, Giannis Alexiou2, Giannis Tsigaras2, Eleftherios Amanatides2
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Hydrogenated microcrystalline (μc-Si:H) and amorphous (a-Si:H) silicon thin films
have attracted particular attention in the last decades due to their properties and their
application in thin film solar cells and optoelectronic devices. Plasma Enhanced
Chemical Vapor Deposition (PECVD), is the most common technique which is used
worldwide. Microcrystalline and amorphous silicon thin films were deposited here
using radio frequency (RF), capacitively coupled silane/hydrogen (SiH4/H2)
discharges. Dust formation is common drawback of such type of discharges which in
turn affects the properties of the films and their suitability for solar cells and
optoelectronic devices.
Different techniques have been proposed to suppress the generation and the growth
of harmful particles. In this work, we deposited silicon films in conditions with and
without dust particles. The experiments were performed under Continuous Wave
(CW) and Pulsed Plasma generation in order to control particles and dust formation.
Different time-resolved plasma diagnostics, such as Optical Εmission Spectroscopy
(OES) and self-bias voltage (Vdc), were used for the detection of particle formation.
Mass spectrometry was also used in order to estimate higher silanes formation during
the deposition.
The deposited films were characterized in terms of crystallinity, hydrogen content and
optical properties by Laser Raman Spectroscopy, Fourier Transformed Infrared
Spectroscopy (FTIR) and UV/Vis spectroscopy, respectively. Finally, Atomic Force
Microscopy (AFM) was applied to monitor the morphology and roughness of the films.
The properties and the morphology of the deposited films are compared in order to
determine the effect of the dust particles on the material’s quality.
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The use of microwave plasma enhanced chemical vapour deposition resonant cavity
based systems for the growth of diamond layers is a well-established and understood
technique, but fundamentally it is limited in the deposition area and therefore limiting
its application for multi wafer handling technologies. In this work we review the
preparation and characterisation of intrinsic, nitrogen and boron doped diamond
layers grown over large areas, over a range of temperatures from 250 °C to 800 °C
using the relatively recently developed microwave plasma enhanced linear antenna
chemical vapour deposition apparatus (MW-LA-PECVD), which due to its design and
modular nature can enable diamond coating of multiple wafers. We describe the linear
antenna system used and discuss the principal layout of the coaxial line plasma
source. We discuss the effects of growth parameters such as chemistry, pressure and
high frequency microwave pulsing on the diamond layer characteristics. Finally, we
present examples of the applications of diamond layers produced in the
MW-LA-PECVD system from passive protective layers to active layers used in MEMs
devices.
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diamond
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Electrical and microstructural properties of ultrathin copper films grown by
DCMS and HiPIMS
Felipe Cemin1, Daniel Lundin1, Thomas Maroutian2, Davide Cammilleri1, Gregory
Abadias3, P. Lecoeur2, T. Minea1
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Copper has attracted much attention in microelectronics industry as an interconnect
material for submicron ultra large scale integrated circuits due to its low electrical
resistivity and good electromigration resistance. More recently, this material has also
been studied as a spacer layer between two ferromagnetic layers in spin valve
structures based on giant magnetoresistance for sensor and memory applications. In
all cases, the interest of having ultrathin copper layers with both resistivity and
roughness as low as possible is central for the proper functioning of such devices.
However, as the thickness reaches the nanometer scale, increase in electrical
resistivity of a metal thin film is expected, which is normally associated with higher
grain density, not fully covered surface, and inhomogeneous film growth. Although
these undesired effects are usually observed in ultrathin copper layers grown by
conventional direct current magnetron sputtering (DCMS), there are no reports of
such investigations using high power impulse magnetron sputtering (HiPIMS), which
generates a high ionization fraction of the sputtered vapor and allows better control of
film growth. In the present work we compared and studied the electrical and
microstructural properties of ultrathin copper layers grown by DCMS and HiPIMS for
different deposition conditions. Films were deposited onto p-type Si(100) substrates
using argon to bombard a pure copper target at the same average power (100 W) and
pressure (0,5 Pa). The initial results show a significant improvement in terms of
reduced copper resistivity for ultrathin films (< 100 nm thick) grown by HiPIMS
compared to DCMS. The findings will be correlated with microstructural investigations
including detailed studies of the early stage growth in order to describe the dominating
mechanisms responsible for these beneficial process conditions.
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Thickness dependent wetting properties of thin films of ceramics based on
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We have previously shown [Zenkin, S., Kos, Š., Musil, J. (2014), Journal of the
American Ceramic Society, 97: 2713–2717] that oxides and nitrides of
low-electronegativity metals form intrinsically hydrophobic hard ceramics needed for
various harsh-environment applications. The van Oss-Good-Chaudhury approach
based on the Lifshitz-van der Waals/acid-base theory used for the analysis of the
results revealed that the dominant component of the surface free energy of these
ceramics is the electrostatic Lifshitz-van der Waals component, strongly suggesting a
thickness dependence of the wetting properties. We used the reactive high power
impulse magnetron sputtering with a pulsed reactive gas flow control as a novel
technique capable of producing dense films with smooth surfaces and well controlled
thickness down to units of nm. We prepared films of HfO2 as a typical case of a
low-electronegativity-metal based ceramic. We have found a thickness dependence of
the water droplet contact angle ranging from 120º for the thickness of 50nm to 100º
for the thickness of 2300nm considered as bulk material. The Lifshitz-van der Waals
component of the surface free energy remained the dominant component throughout
the range of measurement and exhibited a corresponding thickness dependence. The
XRD and FTIR showed only minor differences among the films. We propose two
explanations for the observed thickness dependence of the wetting properties:
influence of the sub-dominant texture and/or non-monotonic size dependence of the
crystal grain surface energy.
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nanocoatings
Manuel Evaristo1, Albano Cavaleiro2
1

SEG-CEMUC University of Coimbra, Coimbra, Portugal 2SEG-CEMUC University
Coimbra, Coimbra, Portugal
manuel.evaristo@dem.uc.pt

Uniform growth of pristine two dimensional (2D) materials over large areas at low
temperatures without sacrifice of their unique physical properties is a critical
pre-requisite for seamless integration of nanodevices. WS2 is well known as a low
friction material and most recently, as potential semiconducting material for 2D
nanoelectronic devices.
In this work WS2 coatings were deposited by Physical Vapor Deposition, with different
conditions to obtain the highest S/W ratio and the preferential orientation of the basal
planes (002) parallel to the substrate. The coatings were deposited with different
power applied from 100 to 900 W, the Ar pressure was set to 1.7 Pa and deposited
with and without rotation of the substrate. At this stage, the thickness was set to be at
least 1 micron to be able to characterize the coatings by X ray diffraction and
SEM-EDS. The decrease of the power leads to an increase of the S/W ratio with a
maximum value of 1.6 for the coatings deposited with 200W with rotation of the
substrates which also contributes to its increase. With this conditions the coatings
were deposited with a deposition rate of 30 nm/min.
A set of coatings with the optimized conditions were deposited with decreasing
thickness from 1000 to 30 nm. The coatings roughness Ra obtained by AFM
increases with the increase of the thickness with a nonlinear growth. The coatings
with a thickness higher than 250 nm presents a surface morphology with valleys
oriented in one direction related with the shadowing effect due to the rotation of the
substrates. The coating deposited with 30 nm presents on TEM images in plan view
grains of approximately 5×20 nm with the basal planes (002) oriented in the longest
dimension perpendicular to the substrate.
Keywords
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Titanium aluminum nitride (TiAlN) coatings are commonly used for cutting applications
because of their high hardness and high thermal stability. Doping with additional
elements and a multilayered film structure can further increase the hardness and
oxidation resistance of these hard coatings. The influence of multilayered TiAlN films
doped with chromium, zirconium and silicon on the cutting performance of milling
inserts was investigated. The multilayered TiAlN/(Cr,Zr,Si)N films were deposited on
tungsten carbide-cobalt (WC-Co) milling inserts by direct current (DC) magnetron
sputtering. The influence of the doping element content on the adhesion, hardness,
microstructure and cutting performance was determined by glow discharge optical
emission spectroscopy (GDOES), scratch tests, hardness indentation tests, electron
microscopy and milling tests. Moreover, to increase the adhesion of TiAlN/SiN films
the effect of gradient in the SiN layer thickness and a variation of the TiAlN/SiN bilayer
period were studied. As reference for the cutting performance commercially available
TiAlN inserts were used. The TiAlN/CrN and TiAlN/ZrN coated milling inserts showed
no improved cutting performance in comparison to the TiAlN reference coating
whereas the lifetime of the TiAlN/SiN coated milling inserts was increased
significantly. The adhesion and cutting performance of TiAlN/SiN films with silicon
contents ≥ 4 at.-% decreased rapidly which could be enhanced by a gradient in the
SiN layer thickness and a lower TiAlN/SiN bilayer period.
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Aluminium-chromium-based oxides and nitrides, for instance, are typically applied to
cutting and forming tools, or milling devices, owing to their outstanding
thermo-mechanical properties, wear and oxidation resistance, representing crucial
capabilities for such forming and machining tools. In this regard, we have studied the
architectural design and resulting mechanical properties of Al-Cr-based oxide, nitride,
and oxide/nitride coatings. Therefore, AlxCr1-xN and (AlxCr1-x)2O3 multilayers as well as
mixtures thereof were synthesised by reactive arc evaporation using powder
metallurgically prepared Al0.7Cr0.3 targets. By careful adjustment of deposition time and
reactive gas configuration, the individual (AlxCr1-x)2O3, AlxCr1-xN, and multilayers could
be designed with different bilayer periods and interfaces. Scanning electron
microscopy (SEM) analyses revealed the influence of the deposition time per layer to
the architectural structure and surface topology. By reducing the time per layer during
the deposition (thus increasing the total number of layers), the (AlxCr1-x)2O3 and AlxCr1-x
N layers have different thicknesses, resulting in a decreased bilayer period,
decreasing roughness and an increasing hardness. According to TEM and XRD
results the Al-Cr-based multi-layered coatings indicate a single phase face centred
cubic (fcc) structure with a preferred (200) and (220) orientation. With decreasing
layer thickness, we observe a slight shift of the diffraction peaks to higher 2ϴ angles,
which suggests reduced compressive stress formation. Evaluation of the full width at
half maximum, based on the B1-like cubic (200) XRD peak, reveals a lower grain size
for coatings with lower deposition time per layer. Based on our results we can
conclude that arc evaporation and the knowledge-based reactive gas flow control and
arrangement leads to AlxCr1-xN/(AlxCr1-x)2O3 multilayers with excellent hardnesses and
moderate surface rouhgnesses, when the bilayer period is optimized.
Keywords
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Effects of modulation periods and deposition temperation on mechanical
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Nanoscale HfN/HfB2 multilayers which have a constant modulation ratio of 1:4 and
various modulation periods ranging from 20nm to 60nm and deposition temperature
which ranging from 50℃ to 200 ℃ were synthesized on Si (100) substrate by
magnetron sputtering. The influence of different modulation periods and deposition
temperature on structures, hardness and adhesion of multilayers were studied by
SEM, XRD, XP-2 Step Profiler, Nano-indentation. Furthermore, XRD result shows that
all the films deposited at room temperature show a crystalline/amorphous mixed
structure ,but they have higher hardness and elastic modulus than the HfN and HfB2
monolithic films. The maximum hardness (41.8 GPa)and elastic modulus(505.6GPa)
were obtained in the multilayers with the modulation periods of 40nm. This hardest
multilayer also show a good crystallinity of HfB2 (001), (002) andHfN (111) phase at
different deposition temperature, the hardness and elastic modulus increases then
decreases with the increase of deposition temperature. The maximum hardness and
elastic modulus of the HfN/HfB2 multilayer at 150℃ are up to 46.3 GPa and 544.2
GPa.This work proved that magnetron sputtering can produce nanoscale HfN/HfB2
multilayers with higher hardness and lower compressive stress by controlling different
modulation ratios and different deposition temperatures.These mechanical properties
strongly depended on the modulation structure and different deposition temperatures.
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Many experimental results clearly demonstrate that the nanocrystalline and
nanophase materials, which are composed of small (≤10 nm) grains, exhibit
enhanced mechanical, tribological, physical, optical, magnetic and electrochemical
properties. Nanoscale size of bilayer in multilayer coatings increase these features
and give new effects.
The paper is dedicated to research of multilayer coatings based on metal nitrides CrN
and MoN. The multilayer thin films were deposited by reactive magnetron sputtering
from Cr and Mo targets in argon-nitrogen atmosphere. Films with various period
thickness (bilayer) were produced: 5, 8, 12, 18, 24 and 48 nm. The total thickness of
each multilayer thin film is from 300 up to 600 nm. Single layer samples were also
fabricated.
The morphology of studied films and their cross-section samples were studied by
scanning electron microscopy (SEM). Elemental composition and rates were
measured by Energy-Dispersive X-ray Spectroscopy (EDS) and
Wavelength-Dispersive X-Ray Spectroscopy (WDS). Structural-phase analysis was
performed using X-ray Diffraction Analysis (XRD), X-ray reflectometry (XRR) and
Electron Backscatter Diffraction (EBSD). The relation between bilayer thickness,
deposition conditions, structural and mechanical properties will be investigated.
Keywords
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Hard coatings are widely used for various applications spanning from cutting to
forming tools. Multilayer coatings composed of two alternating materials with a
periodicity length in the nanometer range, referred to as superlattice films, evoke
much scientific interest due to their superior properties in comparison with their
monolithic counterparts. For instance, exceptional high hardness values exceeding
that of their single layered constituents by some hundred percent have been reported
in the literature.
In this contribution, we have reactive magnetron sputtered TiN/CrN superlattice films
with bilayer periods ranging from 2 to 200 nm. The influence of the film growth
conditions (e.g., bias voltage) on the film structure, hardness and thermal stability
were studied. By using different substrate materials within the same deposition runs
allowed direct comparison of “polycrystalline” superlattice films grown on the native
oxide of the Si (100) substrates and “single crystalline” superlattice films adapting
their growth to the template of the underlying single crystalline MgO (100) substrates.
The results were complemented by independent (transmission-) electron microscopy
investigations performed for selected samples.
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We present the deposition of nanocomposite coatings using a combination of gas
phase condensation (GPC) and standard PECVD processes described in [1]: Metal
nanoparticles (Ti, Ag, ITO) are synthesized by inert gas phase condensation (GPC) of
sputtered atomic vapor, transferred into the gas flow by Gas Flow Sputtering (GFS).
Low-Pressure PE-CVD allows the deposition of organic (Plasma Polymer) or
inorganic dielectric matrix coatings. This experimental setup has various applications
such as advanced TiO2 photocatalytic thin films [2], conductive polymer composites
for sensors [3], plasmonic coatings [4], and structured surfaces for condensation and
heat transfer [5]. NPs are initially deposited randomly and homogeneously. During
later stages of deposition, NPs aggregate and form a highly porous structure with low
adhesion. Both pressure in the aggregation zone and discharge power strongly affect
Nanoparticles Size distribution. We combined GFS and PECVD processes for the
deposition of multilayer coatings with good adhesion using Isoprene
(2-methyl-1,3-butadiene) or Hexamethyldisiloxane (HMDSO) as monomer precursor.
We observed typical Surface Plasmon Polaritons (SPP) absorption peaks on UV/VIS
spectra for multilayer coatings containing Ag nanoparticles. A redshift was observed
with increasing particle size, as well as a broadening of absorption peak with
increasing Ag content. When Ag content increases above the percolation threshold,
the IR absorption increased, due to the formation of nanoparticle aggregates, which
behave like “larger” particles. SiO2, SiCxOy (precursor: HMDSO), and CxHz
(precursor: Isoprene) have been used as dielectric matrix material. We observed the
SPP peak at different wavelengths for those matrix materials. An increase in
refraction index n results in a shift of the absorption peak toward higher wavelengths.
References: [1] R. Schmittgens et al., Plasma Process. Polym, 6 (2009) 912. [2] M.
Maicu et al., J. Nanosci. Nanotech. 15 (2015) pp. 6478–6486 [3] M. Wolf et
al.,Procedia Chemistry 1 (2009), pp. 879–882 [4] M. Maicu et al., J. Vac. Sci. Technol.
A 32 (2014) p. 02B113 [5] Glöß et al.,Proc. 13th PSE, Ed.: J. Bradley, Linköping U.,
2013 pp. 64-67
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Physical vapor deposited binary oxide alloys has drawn attention in the past years,
often focusing on the Al-Cr-O system [1,2]. The interest for this material system stems
from the possibility to stabilize the desired corundum phase, α-Al2O3, by introducing
other elements to the alloy such as Cr in α-(Al,Cr)2O3.The α-structure is stabilized by
means of a template growth; Cr forms escolaite Cr2O3 which is isostructural with
corundum. Exchanging Al with Zr, which is used in many other ceramic alloy systems,
creates a new and interesting oxide system with the retained stabilization from Cr,
despite Zr’s one higher valence than Al and being significantly larger in size. Spitz et
al. mapped the Cr-Zr-O system over a wide range of Cr/Zr composition by reactive
RF-magnetron sputtering [3], and showed how the system exhibits different phases:
solid solution (SS) in corundum structure at low Zr-content, cubic-(Zr,Cr)O2 based SS
at ~50 at % Zr, and monoclinic/tetragonal SS (Zr,Cr)O2 for higher Zr-content.
In the present study, high Cr-containing (Cr,Zr) 2O3 thin films were synthesized in a
corundum structure, at 500 °C, to a thickness of about 4.5 µm. The films were then
vacuum annealed up to 810 °C for 5 h. Characterization of the hardness, phase and
microstructure were performed using a combination of Vickers hardness, X-ray
diffractometry and TEM + EDX on the atomic-to-nm scale.
We observe phase transformations with the initial formation of a banded
microstructure of Cr-rich and Zr-rich oxide lamellas, containing small crystallites. This
nanostructure eventually coarsens. Correlated with the nucleation and growth of
tetragonal-ZrO2 phase is an age-hardening behavior. Annealing the sample to 750°C
thus results in a hardness increase from 600 Hv05 for the as-deposited sample
(500°C) to 1900 Hv05. Films annealed to 810°C exhibits a hardness of 980 Hv05.
[1] Ramm, J., et al., Surf. & Coat. Tech., 2007. 202(4–7), [2] Khatibi, A., et al. Acta
Mat., 2013. 61(13) [3] Spitz S., et al. Thin Solid Films, 2013, 548
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Carbon-based nanocomposite coatings for tribological applications are of great
interest in the automotive and other industries. High-power (>60 W/cm2) DC
magnetron sputtering [1] is a promising technology for industrial application due to its
high deposition rate and low production costs. With such high power densities the
utilization of mosaic targets ensures equalization of sputtering rates for different target
materials thus subsequently providing control over composition of the final product [2].
In this study a-C/Cu nanocomposite coatings (thickness ranging from 5 to 10 μm) with
a carbon content from 7 to 40 at. % were deposited from mosaic-type circular planar
targets onto different substrates (steel, glass and silicon) at rates up to 0.17 µm/min.
Transmission and scanning electron microscopies demonstrate that films consist of
copper nanograins (~20 nm) embedded in the matrix of amorphous carbon.
Nanoindentation tests show a reasonable hardness of films (2 - 4 GPa) and low
residual stress (0.25 - 0.3 GPa). The main advantage of the copper-rich
nanocomposite films is their comparatively high plasticity in the investigated range of
the copper content. The ratio of plastic work to total work of indentation is in the range
of 76-85%. The study of the zone of plastic deformation around indents reveals
formation of localized shear bands typical for the interfacial sliding mechanism [3].
Optimal tribological parameters with friction coefficient of 0.06 were obtained at 0.4 Pa
pure Ar pressure, -100V bias voltage and carbon content in the range of 16 — 22
at.%.Obtained results characterize a-C/Cu nanocomposite films as a promising solid
lubricant or as a plastic component in complex tribological nanocomposites.
1. V. Mitin, E. Sharipov, A.Mitin. Surface Engineering, 22/1, 5-10 (2006)
2. Yu. A. Mankelevich et al. Technical Physics Letters 39/1, 39-41 (2013)
3. J. Maniks et al. Surface & Coatings Technology 276, 279–285 (2015)
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In recent years, silicon nanocrystals embedded in amorphous silicon suboxide matrix
have attracted more and more attention and considered as a promising material for
potential applications in the fields of optoelectronics, photovoltaics, and single
electron devices. Silicon quantum dots exhibit strong quantum confinement and
therefore their optical and electrical properties can be tuned by controlling their size,
density, crystalline structure and surrounding matrix. In this work, solid phase
crystallization of amorphous silicon suboxide (a-SiOx:H) thin films deposited by
gas-jet electron beam plasma chemical vapor deposition method and annealed in
vacuum has been investigated. The experiments were carried out in a vacuum
chamber at a pressure of 22 Pa. The total gas flow rate was determined by the Ar at a
flow rate of 370 sccm and SiH4 at a rate of 5÷50 sccm. Oxygen was supplied into the
vacuum chamber at a flow rate of 6 sccm throughout the experiment. The processing
gas was activated by an electron beam with an energy of 1600 eV and a current of 60
mA. The substrate temperature was 260°C. The substrates were c-Si wafers. Next the
thin films underwent the annealing process in a vacuum. Raman analysis shows that
the Si-Si bonds have an amorphous structure in the as-deposited films. FTIR
measurement showed an increase of the hydrogen concentration from 8 to 12% with
increasing monosilane flow rate. Simultaneously oxygen concentration remained
practically unchanged and amounted to about 10%. Annealing the films in a vacuum
chamber led to the formation of silicon nanocrystals embedded in amorphous silicon
suboxide matrix. The crystallite size of 3-7 nm was determined by XRD and Raman
scattering. Thus, the crystalline volume fraction increased from 40% to 60% with
increasing monosilane flow rate.
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Plasma polymer nanoparticles (NPs) are relatively easily produced from a wide range
of precursors. They have been studied extensively in the past, especially in the field of
dusty plasma. Little attention, however, has been paid to the actual deposition of NPs
on substrates. We have developed several gas aggregation sources to produce and
deposit plasma polymer NPs from different precursors supplied in the form of gas
(n-hexane, HDMSO) or polymer sputtering target (nylon 6,6 and PTFE). The
achievable NP size ranges from 40 to 300 nm and the deposition rate may reach 1
µm/s in terms of thickness or 0.05 mg/min in terms of mass.
NPs have been used as seeds for oblique angle growth of columnar structure. This is
shown on an example of the HMDSO NPs subjected to the sputter-deposition of nylon
at oblique angle that leads to the growth of the columnar structure. In contrast, the
same plasma polymers grow as compact films on flat substrates and do not form the
columnar structure even at highest substrate inclination. In addition, the possibility to
easily vary the size of the NPs makes the deposition process highly flexible. As
observed the number of columns may be tailored by surface density of nanoparticles
and the size of growing columns is dependent on size of nanoparticles.
Acknowledgement
This research has been supported by the Czech Science Foundation through the
Project 13-09853S.
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Nanostructured copper oxide in its different forms (CuO, Cu2O) has physical and
chemical properties, which makes it a promising material for various applications, e.g.
as a suitable material for gas sensors [1] or for photocatalytic hydrogen production [2].
Especially copper oxide nanoflakes are considered as a material with high potential
for its usage in pseudocapacitors [3], which are part of supercapacitors, or as
biosensors [4].
In this work we report about the results using an atmospheric pressure plasma source
for depositing copper oxide layers [5, 6]. This deposition method has no need of any
vacuum system and, thus, can be easily integrated in existing industrial process
chains. For the investigation of the non-thermal DC plasma source optical emission
spectroscopy has been used aiming at the understanding of Cu vapour formation. The
deposited films, showing flake formation, were analyzed by scanning electron
microscopy and X-ray photoelectron spectroscopy.
[1] X. Gou et al., J. Mater. Chem., 18, 965-969, (2008)
[2] D. Barreca et al., ChemSysChem, 2, 230-233, (2009)
[3] Z. Enut et al., Thin Solid Films, 528, 213-216 (2013)
[4] O. Akhavan and E. Ghaderi, J. Mater. Chem., 21, 12935 (2011)
[5] J. Gruenwald, K. Fricke, M. Fröhlich and M. Polak, submitted to Plas. Process.
Polym. (2016)
[6] Gruenwald, K. Fricke, M. Fröhlich, J. Kolb and M. Polak, submitted to Plas.
Process. Polym. (2016)
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Reducing the reflected light in optical systems represents one of the basic aims of
photonics. Reflected light causes losses to the intensity of transmitted light and can
generate ghost images and stray light. To reduce these aberrations, interference
multilayers are typically used. The application of sub-wavelength structures
represents an alternative approach. AR nanostructures can be produced by plasma
etching of polymer substrates but also by etching further organic materials. The
vacuum deposition and etching of organic layers enables complex coatings consisting
of several nanostructured layers or of combinations of nanostructured layers with
multilayer interference stacks. An essential step to achieve a desired nanostructure is
the deposition of an “initial layer” prior to the etching step. Manifold structures can be
produced by varying the material and thickness of the initial layer. A useful initial layer
is an about 1-2 nm thick titania layer deposited by evaporation. The layer is probably
nearly but not completely closed after deposition, but it initiates the inhomogeneous
ablation of the organic material that leads to structure formation. No structure
formation takes place if a critical thickness is exceeded. The growth of the initial layer
is also influenced by the surface roughness and the surface energy of the organic
layer. Since the initial layer itself is not visible and hardly to detect, the plasmon band
of an additional silver layer was used to visualize the effects of plasma surface
treatment before starting the deposition of the initial layer. Nanostructure formation by
applying initial layers and etching has been studied on cycloolefine polymer substrate
and on vapor deposited organic layers.
Keywords
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polymers
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Functionalization of nanomaterials has large interest in various fields such as
engineering, chemistry, biology, medicine, pharmaceutical and cosmetic industries.
For nanomaterials in powdered form the easiest way to functionalize is in liquid
phase, thus avoiding difficulties related to agglomeration. By applying existing
procedures based on chemical treatments that use strong acids, different solvents,
surfactants and polymers, etc., the resulting product retains some degree of
contamination. Submerged in liquid plasma treatment is a new approach for
nanomaterials functionalization, a method that has proven excellent results in the
case of nanotubes and graphene dispersions, leading in modification of the initial
nanomaterials characteristic like their solubility, dispensability, electrical and specific
capacitance properties.
In this study, we used an atmospheric pressure plasma jet source [1] that work also
under liquid submersion. Mixtures of Ar/O2 and Ar/N2 were used for various gas flow
rate, RF power and treatment time in graphene based dispersion. The modifications in
the liquid phase were characterized in terms of UV-Vis absorption, zeta-size,
zeta-potential, pH, and conductivity. The obtained nanomaterials after suspensions
evaporation were investigated by SEM, TEM, FTIR, XPS and Raman spectroscopy
[2].
The results demonstrate the efficiency of this technique in changing the properties of
the nanomaterials dispersion and also in getting functionalized multilayered graphene
sheets with various chemical groups.
Acknowledgments: This work was financially supported by UEFISCDI, under projects
PN-II-PT-PCCA-2013-4-0473 and PN-II-ID-PCE-2012-4-0629.
[1]. G. Dinescu, E.R. Ionita, Pure Appl. Chem. 80, 1919 (2008)
[2]. M. D. Ionita, S. Vizireanu, S.D. Stoica, M. Ionita, A.M. Pandele, A. Cucu, I.
Stamatin, L. Nistor, G. Dinescu, European Physical Journal D (2016) DOI:
10.1140/epjd/e2016-60499-8
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Many parameters can affect the efficiency of water splitting, which requires a smart
engineering of the photocatalyst in order to enhance light absorption, charge diffusion
and splitting efficiency of water molecules.
The photocatalyst’s band gap is an important parameter that controls photon
absorption. The narrower the band gap the broader the absorbed part of the solar
spectrum and the higher the number of generated charge carriers. Besides, small
dimensions and high crystallinity can reduce the loss of charge carriers by
recombination. Then, in order to achieve high-efficiency water splitting effect, the
conduction band of the semi-conductor should lie slightly below the H+/H2 potential
(NHE) while the valence band edge should be pinned slightly above the O2/H2O
potential. As a result, the photocatalyst material should possess a band gap slightly
larger than 1.23 eV for overall water splitting.
In this work, we show how to control the size of CuO and ZnO nanowires by oxidizing
respectively an iron-copper alloy and a zinc-copper bi-layer film by using a flowing
microwave plasma afterglow oxidation process. The aspect ratio of the nanowires can
be controlled by the experimental parameters: treatment duration, furnace
temperature, oxygen concentration, etc. So, by adjusting these treatment parameters,
we succeed in decreasing the average diameter of these nanowires down to 4 nm in
the case of ZnO and to 5 nm in the case of CuO, with a fairly high surface number
density for very short treatments, typically less than 1 minute.
For CuO nanowires, which already possess a narrow band gap (2.2 eV), quantum
confinement effects should be observed and shift the conduction band to a suitable
position for hydrogen production. For ZnO nanowires, which possess a large band
gap (3.4 eV), nitriding should allow us decrease their band gap.
Keywords
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Silicon based nanostructures represent a promising choice for a wide variety of
applications ranging from solar energy conversion, light-emitting devices to biological
sensors. In particular, silicon oxide SiOx (x≤2) nanowires have diverse and flexible
morphology, good biocompatibility, a low refractive index, and intense
photoluminescence at room temperature, and are compatible with conventional
semiconductor technology. The surface of these nanostructures can be easily
modified and functionalized. Functionalized silicon oxide nanowires are used to
control surface wettability, which is important for biological applications and for the
enhancement of boiling heat transfer on nanostructured surfaces Silicon oxide
nanowires SiOx were synthesized by the gas-jet electron beam plasma chemical
vapor deposition (GJ EBP CVD) method. The synthesis of nanostructures was carried
out on silicon substrates with thin tin or indium film as a catalyst. In particular, aligned
arrays of nanowire bundles (microropes) were synthesized from a mixture of
monosilane and hydrogen (argon) [1]. The morphology of the nanostructures was
investigated by transmission and scanning electron microscopy, their composition by
X-ray energy dispersive spectroscopy and optical properties by photoluminescence
spectroscopy. The synthesis was carried out using the well-known vapor–liquid–solid
(VLS) mechanism. A model is proposed for the synthesis of the nanostructures by the
GJ EBP CVD method, including the formation of aligned bundles of nanowires
(microropes) due to nonuniform heating of the catalyst particle by directed plasma
flow. The obtained nanostructures have intense photoluminescence in the visible
region of the spectrum at room temperature. [1] E. Baranov, A. Zamchiy, and S.
Khmel, Tech. Phys. Lett. 39 (2013)1023
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Continental Automotive was founded in 1871 in Hannover and is now with over
200000 employees one of the biggest OEM suppliers in the world. Within the
Powertrain Division it is producing solutions for engine systems, hybrid electrical
vehicles, exhaust management and transmission.
Due to legal obligation to CO2 reduction, developments such as increasing of fuel
injection pressure and downsizing of the engines for improving of combustion
efficiency are more in focus of the development, which increases the challenges for
automotive components in terms of wear and friction reduction. Recently Continental
started its own production and development of coatings in its new Technology Center
in Limbach-Oberfrohna (Saxony).
One of the key process challenges is robust and stable process control. At
Continental this is achieved by introduction of new quality methods, so called House
of Quality. More than 100 equipment parameters have been continuously tracked and
its influence on key coating parameters evaluated. Additionally, some of the
parameters have been varied in a DoE. By implementation of this method a transfer
function for coating properties could be developed and thus production stability and
coating homogeneity could be strongly improved.
Another challenge for coating development are long testing cycles for durability runs
of up to 6 months. For the acceleration of the testing a fast testing bench has been
developed. It is capable of testing with high loads and frequencies, which can
accelerate the testing process by a factor of 4000, thus reducing the testing time of
new coatings from 3 months to 30 min. By the implementation of these tests our
coating development cycles times could be dramatically improved and additionally the
statistical significance of the tests was elevated by the increase of the number of parts
used for each test.
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Thanks to the progress achieved over the last two decades, the applications of MoS2
-based solid lubricant coatings have been extended from dry and vacuum conditions
to ambient environments. MoST® (MoS2/Ti-based) coatings have been the most
commercially successful examples. However, obstacles still exist for the wider
application of the MoS2-based solid lubricant coatings; for example, their maximum
practical thickness is normally restricted to ~1.0 μm (beyond which coating wear
accelerates dramatically). MoST/MoST+TiB2 nano-scale multilayer coatings deposited
by closed field unbalanced magnetron sputter ion plating (CFUBMSIP) are a new
generation of the MoST® coatings. The coefficient of sliding friction of the New-MoST®
coating is 0.02-0.05 (compared with 0.02-0.1 for current MoST® coatings). The
thickness of the New-MoST® coatings can be increased to as much as 4.0 µm if
required, while the specific wear rate and the load bearing capacity of the coatings
can be maintained at the similar values (1.0×10-17 m3 N-1 m-1 and 5.0 GPa
respectively) to those of the thinner 1.0 µm coating. Consequently, the possibility of a
thicker New-MoST coating provides an opportunity for longer wear life. The coatings
have been characterised by XRD, SEM and TEM analyses and it has been found that
the optimized multilayer New-MoST® is built up with two to four basal-oriented MoST
monolayers sandwiched between Ti and TiB2 nano-layers. It is expected that the
applications of the MoS2/Ti-based coatings will be further extended not only for
forming and cutting tools, but also for new applications with requirements of low
friction, high load bearing capacity, long endurance and reliability.
Keywords
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Improvement of the durability and cutting performance of coatings designed for tools
is an ongoing engineering challenge. There are two main paths to achieve such
ambitious goal: to enhance oxidation resistance and/or to decrease friction. In this
investigation we is focused on laboratory and industrial performance of TiAlN coating
with higher oxidation resistance due to various content of chromium. The objective of
the work is to increase the cutting speed of drillers.
TiAlCrN coatings with different content of chromium were deposited by unbalanced
pulsed magnetron sputtering CemeCon 880 MLT industrial apparatus. TiAlN coatings
were deposited as reference. The coatings were deposited on WCCo standard drills
and cutting inserts to test their performance either in laboratory by drilling high-speed
steel and Inconel as in real production by industrial partner. To measure oxidation
resistance, oxidation speed was measured by thermogravimetric analysis (TGA); in
this case fecralloy substrates were used. Tribological measurements were performed
on CSM tribometer at temperatures up to 800°C. The worn surfaces, both from
tribometer and real tools, were investigated by scanning electron microscopy
equipped with Energy-dispersive X-ray spectroscopy (EDX) and by Raman
spectroscopy. The wear was measured by 3D white light optical profilometry.
Oxidation tests and tribological properties obtained in laboratory were compared with
the behavior of the coatings deposited on tools.
Keywords
TiAlCrN
coating tribology
thermal stability
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Hard coatings cannot exploit the full range of their excellent properties on soft and
ductile steel substrates. Therefore, an additional heat treatment before or after the
coating process is necessary. Especially if the coating deposition requires higher
temperatures a surface hardening after coating deposition is an effective new
approach.
In these investigations a subsequent electron beam hardening was applied for the
heat-treatable steel 51CrV4 with Ti(1-x)AlxN top coatings where x ranged from 0.3 to
0.6. The coatings with variable compositions and mechanical properties were
deposited by reactive magnetron sputter deposition. For electron beam surface
hardening after hard coating the energy distribution within the energy transfer field
caused a nearly constant hardening temperature on the treated material surface.
Besides composition and structure of the coatings before and after electron beam
treatment their hardness and adhesion were studied. Morphology and mechanical
properties of the coatings remained nearly unchanged, whereas the coating-substrate
interface was highly modified. Diffusion of interface-near coating elements into the
substrate occured and the corresponding region of the substrate showed clear
changes in morphology and composition. These changes can be correlated with
substantial improvements of the coating adhesion properties.
Based on temperature measurements and calculations of electron penetration depths
a plausible description of the observed effects was derived. The electron beam
hardening caused a significant improvement in delamination resistance, especially for
coatings with insufficient adhesion properties. The considered combination of coating
deposition and subsequent electron beam hardening seems to have a substantial
potential for locally highly loaded components.
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Hydrogen-free tetrahedral amorphous carbon has proven excellent low wear and low
friction properties. Application of such superhard coatings as a tribological coating on
tools and components has been subject of intensive research in the last years,
accompanied by the industrialization of the required PVD coating technology. The role
of friction and wear has been addressed in many studies motivated by the automotive
industry, where additivated oils are used and complex interaction between steel
surfaces, coatings, base oil and additives can occur.
In contrast, we investigated ta-C coatings in combination with simple lubricants like
water and aqueous solutions of salts, acids, bases and carbohydrates in a ta-C/steel
sliding contact. In general, low and stable friction coefficients of µ < 0.15 were found
with no wear on the coating and negligible wear on the counterpart. Aside the overall
trend it could be shown that some solvents improve low friction compared to pure
water, reaching friction coefficients of µ = 0.1.
Opposed to that, uncoated steel/steel contacts tended to high wear and fretting with
significant wear on both test specimens, impeding a stable sliding contact.
Water lubricated tribological systems based on hydrogen-free amorphous carbon
coatings could unfold their high potential in chemical, maritime and food applications,
where water and corrosive aqueous media are handled.
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Engineering parts made out of high-strength-steel (HSS) sheets are widely used in
the structural reinforcement of the car bodies especially where a high impact and
crash resistance is required (e.g., passenger compartment, parts of side doors and
bumpers). The increasing need for HSS parts in a typical car body (~40% in 2007 to
75% in 2015) on the one hand and development of sophisticated steel grades with
very high strengths (>1000 MPa in UHSS) on the other hand demand the utilization of
coatings which in combination with state-of-the-art surface treatments (eg nitriding)
provide considerable resistance against a variety of failure mechanisms like adhesive
and abrasive wear, galling, chipping, and spallation under severe forming loads.
Nitride based coatings like TiN, TiAlN, TiCrN, and AlCrN, which are also used in
cutting tool applications have significantly increased the performance of these forming
tool applications when compared to non-coated ones. But as the specific
requirements in terms of resistance to abrasive and adhesive wear, fatigue, and in
some cases corrosion are completely different for metal forming applications, there is
an increasing demand for dedicated and in many cases complex coatings.
The present work addresses the development of the wear and fatigue resistant
coatings made by physical vapor deposition (PVD) technique to be used for
high-scale industrial forming applications of advanced high strength steel (AHSS) and
high strength low alloy (HSLA) sheets. Examples of successful implementation of the
coatings in some sophisticated industrial forming applications are presented.
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The possibility of studying simultaneously electrical and tribological properties is of
special interest in various fields. In the case of dielectric coatings, the performance
and operative endurance of such coatings can be assessed on conditions simulating
the sliding contact setting. Properties of gradient or non-homogeneous multilayered
coatings and surfaces can also be studied in detail, as wear gradually leads to deeper
regions, with their corresponding electrical and tribological properties.
In this work, the authors have studied such properties on DLC coatings. The aim of
the work was twofold: the study of the life of different dielectric coatings in sliding
electrical contacts, and the study of the electrical and tribological properties of
different regions in those coatings, in various working conditions in terms of humidity,
contact pressure, sliding speed, etc.
The coatings were deposited on electrical grade copper (Cu-Etp EN-13601 R250) and
tested against aluminum. Besides tribological and electrical properties of the coatings,
other properties such as structure (by Raman), wettability (contact angle), thickness
and morphology (SEM/EDS), adhesion (scratch test) and roughness (profilemetry)
were studied. Wear tracks were also assessed (SEM/EDS and profilmetry) to identify
damage mechanisms and the multiple coating regions.
Additionally, simulation of the experimental data was performed and an equivalent
electric circuit proposed.
Results showed that electro-tribological tests can provide insightful information on the
performance of dielectric coatings and about the interpretation of the reasons behind
it, thus facilitating further development and optimization of the coatings.
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TiN and CrN based binary or ternary coatings have been used for many years in order
to extend the service life of machining tools. Increasing demands in metalworking
industry requires more efficient coating systems. According to recent studies, silicon
opened promising opportunities to influence the characteristics of thin titanium or
chromium-based coatings for the better. Nanocomposite TiAlSiN presents high
hardness and fine grain structure. Furthermore, by the addition of silicon, the
oxidation resistance as well as the tribological properties can be increased and
improved.
In order to adjust different coating compositions and thus modify its silicon content,
various production parameters were systematically varied and their effects tested in
detail. Within these studies, hot work tool steel AISI H11 was used as substrate. This
steel substrate was previously plasma nitrided to increase hardness and hence
carrying load of the system coating/substrate, avoiding shell egg effect during the
analysis. The structure, morphology and different chemical compositions of the
silicon-doped coating were investigated by means of scanning electron microscopy
and energy dispersive X-ray spectroscopy. Scratch test is also performed in order to
characterize the adhesion between the substrate and the coating. Since these
coatings are exposed to high temperatures during machining processes, mechanical
and tribological properties such as hardness, Young´s modulus, and friction and wear
coefficient were determined at room temperature and 500°C. Additionally, thermal
fatigue behavior, analyzed by means of an impact tester, was also evaluated at
temperatures up to 500°C.
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Wear resistance at high temperatures is crucial for hard coatings as the operating
temperature for applications like metal machining may reach 1000 °C. Previously, low
Al content cubic-ZrAlN/TiN multilayer has shown promising high temperature
properties, where the hardness is retained after annealing at 1100 °C for 2 h.
Increasing the Al-content, a wurtzite ZrAlN phase with higher thermal stability is
obtained. Here, we incorporate multilayer structures with this ZrAlN phase to further
enhance the strength and thermal stability of coatings.
High Al-content (~75%) ZrAlN/TiN and ZrAlN/ZrN (5nm/10nm) multilayers with ~5 µm
total thickness were deposited by arc evaporation and their thermal stability and
mechanical properties were characterized. Out-diffusion of Zr into TiN sublayers and
formation of a Ti(Zr)N phase during annealing is found by atom probe tomography
microscopy and confirmed by transmission electron microscopy. The strain evolution
was determined by wide angle x-ray scattering in situ during annealing. The formation
of the Ti(Zr)N phase results in retained compressive strain in the ZrAlN/TiN film, in
contrast to ZrAlN/ZrN multilayers where the strain is fully relax during annealing. The
hardness of ZrAlN/TiN multilayers is 32 GPa even after annealing at 1100 °C for 2 h
while the hardness of ZrAlN/ZrN decreases. Better fracture toughness of ZrAlN/TiN
than ZrAlN/ZrN multilayers under annealed state is also revealed by scratch and cube
corner indentation experiments followed by electron microscopy characterization.
Cross-sections of the scratched coatings reveal higher resistance for crack
propagation in ZrAlN/TiN multilayers. The critical load for the first crack observed in
the vicinity of the cube corner indentation, is again higher for ZrAlN/TiN multilayers.
The results show that ZrAlN/TiN multilayers exhibit high strength between sub-layers
due to the secondary phase Ti(Zr)N, which retains the stress field resulting in
increased mechanical properties in terms of hardness and fracture toughness.
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Spray angle is one of key parameters for thermal spray technologies especially crucial
for coating components of complex geometry. In this work, the influence of spray
angle on the coating microstructure and mechanical properties is investigated for
HVOF sprayed WC-10Ni coatings, particularly concerning the WC phase
decomposition in both spraying scheme of N2 and air cooling. A general consistency
is observed for both cooling conditions that the WC phase transformation to W2C and
WC1-x is enhanced with decreasing the spray angle from 90° to 30°. Moreover, the
WC decomposition in the sprayed coatings can be obviously suppressed by the
nitrogen gas shielding, leading to a retention degree of WC phase at the spray angle
of 45° comparable to that of coatings deposited at the spray angle of 90° under air
cooling. Consequently, a slight enhancement in microhardness is observed, but
toughness of coatings is not improved. The morphology and porosity, the
microhardness and toughness, and the wear performance of the coatings under
different spray angles are compared and discussed along with the phase
transformation. Taking into account the effect of spray angle, the higher global
porosity of coatings deposited at lower spray angles leads to a certain reduction in the
fracture toughness and wear resistance but contribute to a better lubrication condition
with smaller friction coefficient especially for the nitrogen gas introduction scheme. It
is indicated that the fracture toughness is mainly affected by the cohesion of WC-Ni
coatings, and wear behaviors of the coatings are primarily affected by both cohesion
and lubrication condition.
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alloy for industrial application
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Co-Cr-Mo alloys are widely used not only for biomedical applications, but also in wind
turbines, engine components, bushings and bearings. Literature reveals failure during
industrial application and necessity to improve the properties of Cr-Co-Mo alloys. Of
prime importance in the tribological behavior of the material. Several coatings have
been mentioned which provide superior tribological properties, for instance AlTiN.
AlTiN is a ternary nitride system, with numerous advantages including high wear
resistance. In this work, AlTiN coatings were deposited by High Power Impulse
Magnetron Sputtering (HiPIMS) on Co-Cr-Mo alloys and silicon wafers (1 0 0) in order
to investigate and discuss the tribological properties of films in comparison to
uncoated samples. Friction and wear tests were carried out using a tribometer with
ball-on-disc configuration. The wear trace was evaluated by means of scanning
electron microscopy (SEM) and energy dispersive spectroscopy (EDS) microanalysis.
The mechanical properties of the coating were analyzed using nanoindentation and
scratch test. The microstructure of the coating consists of TiN and AlN phases,
confirmed by X-ray diffraction (XRD) analysis. The properties of coating and substrate
were compared. An improved wear behavior of the coated samples was found.
Keywords
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The growing environmental concerns and demanding machining processes requiring
operations at extreme temperatures has encouraged the development of novel
tribological coatings with self-lubricating capability. In recent years, various
self-lubricating coatings have been developed by combining hard and wear resistant
binary or ternary coatings (such as TiN, TiAlN, CrN, CrAlN, YSZ) with specific
elements (e.g. Ag, V) that reduce friction by diffusing to the surface and/or forming a
low friction tribolayer on the wear surface. Despite the improvement in friction and
wear resistance, the quick depletion of the lubricious specie from the coating system
by rapid out diffusion and consequently loss of improved tribological behavior delayed
their upscaling to the industry. The aim of this work is to control the diffusion of the
lubricious metal (V – which is known to provide lubrication at high temperatures by
forming easy shearing V2O5) by using a dual phase nanocomposite coating system
(nanocrystalline TiN grains embedded in Si-N matrix) with one of the phases (Si-N)
acting as a diffusion barrier. TiSi(V)N coatings with different vanadium content were
deposited by DOMS. The oxidation behavior of coatings was studied by
thermogravimetry (TGA). Bright field scanning transmission electron microscopy
STEM/EDX maps and elemental profiles along the cross section of the oxidized
coatings were acquired to understand the kinetics of ions diffusion and oxide scale
growth. Tribological behaviour of coatings was characterized in a high temperature
tribometer. After wear tests, the wear tracks and wear debris were characterized by
scanning electron microscopy with energy dispersive X-ray spectroscopy (SEM-EDS)
and Raman spectroscopy. Oxidation resistance of the coatings decreased with V
additions. Tribological tests showed that friction and wear rate of coatings decreased
progressively with increasing vanadium content.
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The conventional development of a coating system for cutting inserts includes a
variety of test series with elaborate experimental parameter studies. In particular,
conventional investigations of the cutting behavior by trial and error cause a
considerable consumption of time, resources and costs. Therefore, it is desirable to
reduce the effort for the development significantly by using simulations of the cutting
process to adapt the coating properties to the requirements of the cutting task.
Thus, the main influencing factors for the thermomechanical loading of the cutting
tools were analyzed by 2D FEM simulation of the cutting process. For that matter,
physical and technological boundaries for CrAlN-based reference films were taken
into account. The CrAlN-based coatings were deposited onto cutting inserts using an
industrial PVD magnetron sputter unit CemeCon CC800/9. For the deposition two
target concepts were used: On the one hand the CrAlN coatings were deposited by
reactive magnetron sputtering of two chromium and two aluminum targets using
nitrogen as reactive gas on the other hand four segmented targets with chromium and
aluminum segments were used. Furthermore, CrAlYN and CrAlSiN coatings were
deposited by additional use of yttrium and silicon segments, respectively. The coated
specimens were comprehensively characterized in order to feed the cutting simulation
with the physical and mechanical coating properties. The cutting performance of the
coated inserts was experimentally tested and the results of the simulations were
compared with the results of the cutting test.
The significance of the coating’s properties on the cutting performance was analyzed
by FEM simulation. Based on the simulation, the deposition parameters were
optimized to increase the lifetime of the cutting insert.
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As it is well known, the application of hard coatings is widely used to improve
mechanical and tribological properties of cutting tools. Meanwhile, the application of
such coatings on wood cutting tools is still limited. Our work consisted in studying a
series of CrAlN coatings deposited on silicon and 90CrMoV8 stainless steel
substrates by DC magnetron sputtering. The influence of the aluminum content in the
layers is obvious on their structure, morphology and mechanical or tribological
properties. The increase of the aluminum content up to 11% in the layers permitted to
increase their wear resistance while it decreased for higher contents. Besides, the
friction coefficient of the CrAlN coatings decreased as the Al content increased. SEM
and AFM observations showed that the CrAlN ternary systems presented a dense
and compact microstructure. Finally, the addition of aluminum to a binary system
(Cr-N) improved its corrosion resistance. Indeed, the CrAlN layers showed a better
corrosion behavior in comparison to the CrN binary layers.
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Investigation of the thermal stability of metastable Ti1-xAlxN hard coatings
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The thermal stability is one of the most important properties of hard coatings required
for high-performance cutting tools. Decomposition as well as phase transformation
can be initiated in metastable hard coatings by the elevated temperatures arising
during machining. Within this work, the microstructural evolution of Ti1-xAlxN hard
coatings with 0.4≤x≤0.67 grown at two different bias voltages was investigated by
differential scanning calorimetry. Complementary, vacuum annealing treatments up to
1500°C with subsequent X-ray diffraction analysis provided comprehensive insight
into the microstructural changes of the coatings. In the as deposited state, the
coatings with x<0.6 show a single phase cubic structure, and at the higher bias
voltage, the formation of the wurtzite AlN phase is shifted to higher Al contents. At
elevated temperatures, the lower bias voltage retards the formation of wurtzite phase
as well as the onset of spinodal decomposition.
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Wear behavior of different PVD coatings in Ti alloy machining
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Weight ratio of Ti alloys used in modern aircraft is increasing due to good compatibility
with CFRP composites. Ti alloys, as represented by conventional Ti-6Al-4V, are
known to be hard-to-cut materials because of low thermal conductivity and high
chemical reactivity against tool material. Although conventional TiAlN coating is still
widely used for this application, apparently more advanced coating is necessary for
achieve higher efficient machining.Different types of PVD coating were tested in Ti
machining in roughing condition. Cutting conditions are as follows: workpiece
Ti-6Al-4V, v=45m/min, f=0.15mm/rev, DOC=2.0mm and wet cutting. Standard TiAlN
and Zr, Nb containing coatings (ZrN/NbN multilayer) were deposited by arc ion plating
system onto WC-Co cutting insert (CNMG432). These coated inserts were subjected
to above mentioned cutting test and after certain length of cutting, wear amount (flank
side) was measured and worn section was further investigated by different analysis
such as SEM-EDX and cross-sectional TEM. TEM observation of remaining coating
on the flank face suggested different wear mechanism is working for TiAlN and
ZrN/NbN. In case of TiAlN, Intensive sticking Ti work piece is observed on the surface
of the worn part, sticking Ti is in direct contact with the TiAlN coating and no surface
oxide was observed. On contrary to this, in case of ZrN/NbN coating surface of the
worn part is covered with Zr, Nb containing oxide and quite few sticking of Ti was
observed. Temperature of the flank face during the cutting was calculated by FEM
based simulation and it was around 500 degree C. The estimated cutting temperature
is far lower than starting temperature of the oxidation of TiAlN which is around 800
degree C, but close to the one with ZrN or NbN. Formation of the oxidized layer
during the cutting prevents Ti sticking, but in case of ZrN/NbN, oxidation wear is
taking place faster than expected. It was concluded that both lubricity which prevents
Ti sticking and enough oxidation resistance is necessary for the coating of Ti
machining.
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Biotribological tests with FBS and HBSS fluids were conducted using seven different
types of diamond coating architectures: monolayers of MCD and NCD and four types
of two and four layer coatings. Reciprocating, flat pin-on-flat plate, sliding tests were
conducted under 11 N and 98 N loads at 12 mm.s-1 and 24 mm.s-1, respectively, for a
maximum length of 6000 m. Apparent contact stresses are in the range of those found
in micro-separation experiments, from 30 MPa to 750 MPa. Wear occurs initially by
truncation of microcrystalline pyramids or blunting of nanocrystalline agglomerates
and then by a fine scale abrasive wear mechanism that ends in surfaces becoming
fully polished for the 98 N loads. AFM derived wear volumes confirmed that, for the 11
N loads, wear coefficient values, k, are from one to two orders of magnitude smaller
than for similar dry experiments and are in the range 10-9 to 10-8 mm3.N-1.m-1,
corresponding to a very mild wear regime. These values increase by about one order
of magnitude for the 98 N test, due to enhanced fatigue effects, with Bi- and
Multi-layer films being less sensitive to the speed and load increment than the
monolayers. For the 11 N tests, to larger steady state friction coefficient values
correspond larger wear rates, for both fluids, although without a clear effect of the
physiological liquids on the total wear rates. In these tests, µss values vary from 0.015
to 0.081, with the larger values being obtained for the FBS lubrication, but still inside
the range of values found for common hip-joint replacement materials.
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Oxidation resistance of AlCrVN coatings prepared by arc technology
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High-temperature lubricant PVD coatings based on vanadium are very promising for
cutting and forming applications.
The problem is narrow functional temperature interval of these coatings. The effect of
vanadium content on the oxidation stability, the residual internal stress and friction
properties of the AlCrVN coating prepared by low voltage arc were studied. The ratio
of chromium to vanadium was varied in the range from 0 to 100 %.
The deposited coatings were annealed in air at temperatures of 550 - 700°C. Change
in hardness and oxidation rate were determined. Also the structures were examined
on coating fractures using SEM.
Face-turning test, approaching the real conditions more than standard tribological
tests, was used to assess the friction properties. The parameters of the cutting test
were set to achieve the thermal load from 550 to 700°C. The results were determined
on the basis of cutting forces.
The effect of vanadium on the properties of CrAlVN coating is significant and enables
the optimization for conditions of specific industrial applications.
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Metal containing carbon films (a-C:H:Me) have very good tribological properties
especially in reducing the friction coefficient in addition to wear and adhesion
reduction. Typical metals for this kind of coatings are tungsten, titanium or chromium.
Beside these materials, other metals like molybdenum, also offer a good option for
reducing the friction coefficient or wear. The main problem of these films is that at
temperatures higher than 30°C the usability is reduced because of degradation of the
coatings due to graphitization and oxidation effects.
The a-C:H:Mo films were prepared by reactive d.c. magnetron sputtering in an
argon/acetylene atmosphere with two molybdenum targets. The tribological film
properties were investigated by nano hardness, pin on disk, wear and scratch tests.
To identify the film characteristics at higher temperatures, samples were tempered at
normal atmospheric pressure at 150°C to 550°C for 1.5 hours. A polished 1.3343
steel was used as the substrate. The results were compared with the film properties at
room temperature. Investigations show that the optimal film properties are at a
molybdenum content of 19 at. %. The hardness of that metal content average out at
1240 HV and the wear 2.97x10-15 mm³/Nm. For the pin on disk tests a normal force of
3 N was used and a distance of 170 m at a rotation of 30 rpm. The a-C:H:Mo coatings
exhibits a low friction coefficient of 0,19 under unlubricated conditions and against a
steel ball.
The temper tests were executed in 100°C steps and to identify the exact limit, the
temperature steps were 25°C. The results show that the hardness is stable up to
350°C, but the wear and the friction coefficient are stable until 375°C.
This study confirms that a-C:H:Mo definitely presents a good option for the application
as a friction and wear reduced carbon film and should be suitable for all tribological
areas. The temper tests show a temperature stability of at least 350 °C.
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Tetrahedral amorphous carbon (ta‑C) is studied as a tribological coating for the valve
train’s exhaust camshaft of a combustion engine. The coated camshafts were
installed in a non-fired engine, tested in a computerized component test bench under
practice-relevant conditions and analyzed for their frictional behavior. A notable
reduction of the valve train’s drive torque on the test bench is demonstrated. Namely,
on a roller cam system with ta‑C coated camshaft the reduction is about 15% in
average within the entire engine-map. The ta‑C coatings were extensively
characterized under laboratory conditions before and after the investigations on the
test bench. Mechanistic understanding of the tribological behavior of ta‑C coatings
under dry or starving lubricated conditions was achieved by atomistic simulations of
the tribological contact. Industrial utilization of these results would lead to a significant
increase of the energy efficiency of combustion engines.
A. Götze et al., Adv. Eng. Mater. 16, 1226 (2014)
This work was funded by the EU, European Regional Development Fund, ”Project
ECEMP-D1 (No. 13857/2379), “Nanoskalige Funktionsschichten auf
Kohlenstoffbasis,” and LEI 100114022 “C-basierte Funktionsschichten für
tribologische Anwendungen.”
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Cr/DLC multilayer coatings were synthesized using conventional DC sputtering
magnetron technique, without biasing the substrate. A graded composition was used
to improve adhesion and to increase progressively the hardness of the coating. The
deposition procedures included three steps: firstly, Cr interlayer in the range of 0.5 to
2.5 was sputtered for adhesion promotion; secondly a buffer multilayer system
composed of Cr (25) nm and DLC (5 nm) was co-sputtered from Cr and C targets
successively, the total bi-compounds multilayer system being about 3 µm thick; finally,
top DLC layer in the range of 0.5-1 µm was sputtered from graphite target.
Nanohardness of the DLC films was found in the range of 20-22 GPa, while the
nanohardness of Cr/C multilayer is 13 GPa. The friction coefficient of the DLC layer is
0.08, and that of the Cr/C multilayers of about 0.2 at a load of 5 N at the end of 125 m
of sliding distance. No obvious failure of DLC films was observed by optical
micrography in the test range of 125 m. The sliding wear rate of the DLC films is
about 3x10-15 m2/N , while the wear rate of the Cr/C film is 20x10-15 m2/N. The
adherence of the coatings was investigated through scratch test and impact HRC test.
The sp3 content of sputtered DLC was determined by Raman spectroscopy in the
range of 45 to 50 %. The corrosion properties of these coatings are currently under
investigation.
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Improvement of the wear resistance of material can be achieved using different
surface treatment, for example : enrichment of the surface layer with reactive
elements or re-solidification techniques using laser, electron or ion beams, including
high intensity pulsed plasma beams (HIPPB).
In the last mentioned technique is that energy sufficient to melt near-surface region of
the material and ions/atoms presented in plasma are deposited on the substrate by
the plasma pulse. Heating and cooling processes were of nonequilibrium type.
HIPPB were generated in the Rod Plasma Injector (RPI). Two Modes of RPI operation
were possible: Pulse Implanation Doping (PID) - plasma contains only ions of the
working gas and Deposite by Pulsed Erosion (DPE) - beam cosist also ion/atoms
eroded from ends of the electrodes.
Surface layer of unalloyed and alloyed steels were treated using HIPPB. The pulse
energy densities (2.0 - 5.0 J/cm2) were high enough to melt the near surface layer of
steel. Chosen elements (N, Ar, Ce, La) were introduced to the melted material. Initial
and modified surfaces were investigated using scanning electron microscopy (SEM),
EDS elemental analysis, X-ray diffraction analysis (XRD, GXRD), Conversion Electron
Mossbauer Spectroscopy (CEMS). Tribological properties were investigated using
Amsler method.
Improvement of tribological properties for Ar and N treated unalloyes steels were
observed due to presence of the nitrogen expanded austenite. Modified with HIPPB
surface layers of AISI 316L steel showed imrovement of tribological properties due to
nitrogen presence, grain refinement and Ce, La segregation.
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alloying
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MoS2 is widely accepted solid lubricant for space mechanisms. However, a drawback
of MoS2 is its tribo-sensitive to atmospheric water vapor pressure which renders the
film unsuitable for use under hight humidity levels at air conditions. This recommends
precautions during ground qualifcation testing and storage of solid lubricated space
mechanisms. Recently, coupling a need of extending space mechanisms' life with
advances made in PVD technology, efforts have been made in developing more wear
resistant MoS2 and low fricition films capable of both: vacuum and atmospheric
application as well as able to lubricate mechanisms in a wider temperature range than
liquid lubricants. Alloying the MoS2 films with metals has been reported by several
researchers with varying success. The authors havealreadyreported the tribological
behaviour of MoSx solid lubricant film alloyed with WC under different environments
at room temperature.
In this work MoSx-WC coatings were synthesized by direct magnetron sputtering on
silicon, 440C stainless steel and Ti6Al4V-ELI substrates using MoS2 and WC targets
in an Argon discharge. Different coatings were produced varying the total film
thickness (from 1.2 to 2 microns). Coating morphology by scaning electron
microscopy (SEM) hardeness adhesion and tribological properties under 10% RH,
vacuum conditions and at 80K under vacuum conditions. The MoSx-WC coatingunder
vacuum shows different behaviour when tested at 80K and at room temperature, but
still much lower than in unlubricated tests. Besides, there is no effect on the
tribological proerties of the coating after being inmersed at 80 K in vacuum conditions.
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We prepared series of MoS2 and MoSe2 coatings deposited on Si wafers by d.c.
magnetron sputtering. The deposition conditions, such as argon pressure, substrate
heating, bias, etc., were varied in order to obtain dense films with various
microstructures ranging from fully amorphous to highly crystalline films. The coating
structure and chemical bonding was identified by transmission electron microscopy
(TEM), Raman spectroscopy and X-ray photoelectron spectroscopy. The tribological
properties of the coatings were evaluated at various scales: i) by pin-on-disc with
alumina ball as a counterpart, and ii) by Friction Force Microscopy (FFM). To evaluate
structural changes at sliding interface after the tests produced by macroscopic
tribological testing, TEM and Raman spectroscopy were used. As expected, we
observed formation of tribolayer consisting of MoS2 or MoSe2 ultra-thin crystal with
basal planes oriented in parallel to the surface. In case of FFM, only material
transferred onto tip was characterized. Our ambition was to demonstrate that
nanoscale FFM can result in similar tribolayer formation observed in macroscopic
sliding contact. To understand sliding-induced structural re-ordering of the films with
various crystallinity, we present molecular dynamic model of MoS2 sliding process.
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The versatility of hot filament chemical vapour deposition technology enables a broad
spectrum of applications for different substrates and diamond-modifications. A special
coating machine allows deposition of diamond coatings with different properties on
numerous types of substrates in an industrial scale. This is achieved by highly
versatile hot filament arrays, substrate fixtures and process parameters.
In the area of cutting tools CVD-diamond coatings are well established. New
applications are machiningof challenging composite materials such as carbon fiber
reinforced plastics (CFRP) or finally sintered cemented carbides and ceramics. In
other areas of technology the coating machine is capable to deposit on large scale
substrates. Examples are boron doped electrodes and self-supporting diamond foils.
Keywords
Hot filament
CVD
Diamond
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Rotary swaging is an incremental cold metal forging process formanufacturing of
rotationally symmetric automotive components such asaxles or gear shafts in short
cycle times. Nowadays, a good surface qualityof the manufactured work pieces and a
minimized adhesive tool wear isachieved by an extensive use of lubricants usually
made of crude oil. Theabsence of lubricant would improve the ecological balance and
acceleratefor further work piece processing since complex cleaning steps
becomeobsolete. However, preliminary applications tests under dry conditionsusing
conventional tools exhibit heavy adhesive tool wear against steel andaluminum work
pieces and result in insufficient work piece qualities up toprocess instabilities. In order
to meet the requirements of dry rotaryswaging, non-adhesive hard and wear resistant
multilayer coating systems(CrNx/a-C:H:W/a-C:H) based on tungsten doped
amorphous carbon filmswere developed by reactive magnetron-sputtering. These
coating systemsare characterized by low friction and high resistance against fatigue.
Theinfluence of magnetron-sputtering parameters, tungsten content, heattreatment,
surface pretreatment and the film design on the mechanicaland tribological properties
of the multilayer coating systems wereexamined. Finally, real rotary swaging
experiments with selected self-madeand coated tools under various rotary swaging
conditions were performed.
Keywords
Reactive Magnetron-Sputtering
Diamond like Carbon
Multilayer Coatings
Dry Rotary Swaging
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UTT University, Nogent, France
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The metal-doped diamond-like carbon (Me-DLC) films characterized by the
incorporation of metals in their structure have attracted much attention because of
promising properties such as low friction coefficient, low residual stress, high
hardness, and high wear-resistance. The combination of both metals, carbide formers
and non-carbide formers, as dopants in DLC films can be a good way to adjust the
properties of DLC coatings. In this work, films of DLC doped with both non-carbide
former Al and carbide former Ti were deposited by a hybrid deposition process that
combines radio frequency plasma enhanced chemical vapored position (RF PECVD)
and DC magnetron sputtering in Ar/H2/C2H2 gas mixture atmosphere. Al:Ti-DLC
coatings with different compositions were deposited on steel and silicon substrates.
Effects of experiment parameters on structure and mechanical properties of Al and Ti
co-doped DLC films were investigated by XPS, Raman spectroscopy and
nanoindentation. The friction and wear behaviors of the as-deposited films were
investigated using a CSM tribometer. The wear of steel balls and debris after sliding
were analyzed by Energy Dispersive Spectroscopy (EDS).
Keywords
Co-doping DLC
Mechanical and Tribological properties
Structure
Magnetron Sputtering
Structure
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Modern fuel efficient Diesel injection systems rely on amorphous hydrogenated
carbon coatings (a-C:H) for wear protection. Higher fuel efficiency is achieved by
increasing the injection pressure and thereby the power density in the combustion
chamber. As in current common-rail injection systems pressures of 2000bar and
temperatures of 300°C are exceeded, new coating technologies are required for
further enhancing the lifetime and fuel efficiency of the engines. For this reason
hydrogen free amorphous carbon with high sp3-content (ta-C, abbr. for tetragonal
amorphous carbon) represents another candidate for the functional layer, due to its
even higher hardness compared to a-C:H. Adhesion is crucial for such a layer system
to fulfill its task over a long lifetime. With higher stresses not only the requirements on
the functional layer are increased but also on its adhesion to the substrate. In this
study different systems of adhesion layers for both a-C:H and ta-C are tested
systematically before and after annealing at 350°C. As there is no universal
benchmark for the adhesion of tribological coatings, several techniques have been
used and compared in order to study the adhesion performance. These techniques
include widely used indentation and scratch methods using diamond tips, as well as
cavitation tests. Scanning electron microscopy was used to interpret the results. For
the correct understanding the layer systems have to be characterized sufficiently. The
most important parameters in the given context are mechanical parameters as
hardness and modulus as well as the sign and extend of the intrinsic stresses.
Nanoindentation on a small angle cross section (SACS) was used yielding depth
profiles of hardness and modulus of the observed systems. Curvature tests and
focused ion beam combined with digital image correlation (FIB-DIC) were used to
evaluate the intrinsic stresses. The microstructures of the adhesion layer system have
been analyzed via transmission electron microscopy.
Keywords
ta-C
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Diamond Like Carbon (DLC) coatings have been recognized as one of the most
valuable engineering materials for various industrial applications including
manufacturing, transportation, biomedical and microelectronics. Among its properties,
DLC has good frictional behaviour 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 deteriorates 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. In this work, we show the influence of temperature on
the deterioration of the tribomechanical behaviour of various DLC coatings. All studied
samples were deposited on AISI 304 stainless steel substrates using WC as a
compliant layer between the substrate and the DLC film. Films were deposited by
magnetron sputtering with a magnetic configuration optimized for C-based
compounds using DC, DC-Pulsed and HIPIMS plasma excitation modes. The
influence of the H concentration on the tribomechanical properties , some of them
were deposited 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. A HiPIMS technique was used to improve the coating
adhesion. Rockwell adhesion and nanoscratch tests show that the films exhibit
excellent resistance to delamination.Finally, by comparing high-temperature
indentation as well as pin-on-disk results for various films allows a better
understanding of the key parameters influencing the temperature dependence of the
tribomechanical behaviour.
Keywords
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Diamond-like carbon (DLC) thin films have promising properties in wear and
biomedical applications due to their outstanding tribological and biocompatible
properties. In particular, biomedical implants with direct contact to human tissue or
blood can be tailored with such type of thin films for better biocompatibility and
osseointegration. Nonetheless the poor adhesion of DLC thin films on medical grade
TiAlV alloys reduces their range of application. Therefore the improvement and
understanding of adhesion/cohesion of the DLC-metal substrate system is mandatory
to widen their usability. In this study, DLC was deposited onto medical Ti Grade 23
(Ti6Al4V ELI) substrates with a Ti- and gradient Ti-TixCy interlayer using a radio
frequency plasma enhanced chemical vapor deposition (RF-PECVD) process . The
deposition parameters like pressure and substrate bias voltage during the deposition
of DLC, as well as the C2H2/Ar ratio and deposition power during TixCy deposition
were varied. The layer systems mechanical and adhesion properties were
characterized by nanoindentation and scratch testing. Additional adhesion testing in
form of bending tests captured with a high speed camera was performed. The
samples grain microstructure was examined by etching and SEM imaging. Nano
scratch tests with a berkovich tip revealed enhanced adhesion of DLC through a Ti
interlayer with a critical load of around 90 mN. With introducing a gradient Ti-TixCy
interlayer a change in the adhesion/cohesion behavior was found to further improve
the adhesion. Bending tests give deeper insight into the adhesion/cohesion behavior.
The coating systems micro hardness is around 12 GPa. Etching tests show that no
change in the substrates grain microstructure through the deposition process is
present.
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Silicon carbide (SiC) thin films were studied with a view point of their superhardness
property. Substrate bias voltage and deposition temperature, as deposition variables
of unbalanced magnetron sputtering process, were chosen as parameters possibly
influencing the superhardness because those variables are known to affect particles
energy participating in the film deposition. Sintered SiC target, connected to a direct
current power supply was used as a sputter terget anda single crystal Si wafer was
used as a substrate. The bias voltages, applied to the substrate were controlled in the
range ofrom 0 to -100 V. Deposition temperatures were adjusted between room
temperature and 500 oC. The hardness of deposited SiC films were analyzed to vary
30 and 50 GPa according to the deposition condition. A critical values of bias voltage
and deposition temperature were required to obtain the superhard SiC thin films: in
the present case, deposition at temperatures above 400 oC was mendatory for the
superhardness where the substrate bias should be lower than -60 V. We
characterized the bonding and crystal structure using Raman Spectroscopy as well as
X-ray diffraction. The microstructures of the film were also analyzed usin transmission
electron microscopy. Those analyses have shown that the films showing the
superhardness were made of nano-composite of nano-width columnar SiC crystalline
grains embedded in an amorphous SiC matrix, while other films were amorphous.
Those microstructural characteristics were believed to the origin of the superhardness
based on the general explanation suggested by Musil's group.
Keywords
silicon carbide
thin film
superhardness
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nano-composite
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In industry, in many applications, components are often in mechanical contact which
require lubricant application leading to the breakdown of production processes due to
cleaning and maintenance operations. The development of functional surfaces;
addressing either longer lifetime due to an improvement of the wear resistance, or
energy savings, by the decrease of the friction, is now welcome particularly when they
can also avoid or reduce the excessive use of liquid lubricants harmful for the
environment and the human health.
The development of materials with different wettability behaviours usually relies on
micro/nano-structuring surface methods and / or on chemical modification based on
silanes-based coatings which present polymeric behaviour leading to poor mechanical
resistance. So, the creation of a wear resistant metallic surface with a specific
non-common wettability behaviour (hydrophilic-oleophobic), which can be
simultaneously self-cleaning and anti-greasy, is desirable for some industrial
applications.
This work envisages a new solution, gathering the outstanding self-cleaning and near
zero friction properties of tungsten disulphide (WS2), alloyed with carbon to get an
improved mechanical resistance, and the doping with fluor, to achieve a final material
with water and oil wettability control. Therefore, W-S-C-F coatings were produced by
magnetron sputtering in reactive mode using an Ar/CF4 gas mixture on previously
anodized aluminum alloy substrates. The fluor was inserted (0-20 at. %) in the
produced coatings by varying the CF4 partial pressure. Morphology, chemical
composition / bonding, structure and wettability characterization of the coatings were
respectively performed through SEM-EDS, XRD techniques and water/oil contact
angle measurements. Mechanical properties such as hardness, elastic modulus and
adhesion were also conducted under nanoindentation procedures and scratch testing.
Keywords
magnetron sputtering
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Recently, there has been an increased interest in boron and carbon based
nanolaminates which favorably combine the properties attributed to ceramics and
metals. The Mo2BC thin films show a combination of high stiffness, hardness and
elastic modulus together with moderate ductility to reduce cracking. Our previous
experimental work proved the presence of superior fracture toughness combined with
high hardness of about 30 GPa and low surface roughness. In this study we focused
on the thermal evolution of this mechanical properties and surface roughness upon
annealing. For the preparation process the DC magnetron sputtering was used and
the deposition was carried out on hardmetal, steel and silicon substrates.
In the area of research concerning thermal stability of materials, there are lots of
studies that discuss the thermal properties of Mo-C and Mo-B systems, however,
none of them investigates the thermal stability of nanolaminated Mo-B-C system. In
this study, two different types of structures of the MoBC coatings were investigated –
the amorphous coating with hardness of about 20 GPa and coatings with
nanocrystalline structure where the typical hardness value is around 30 GPa. The
coatings with the exact stoichiometry of Mo2BC as well as coatings out of this perfect
stoichiometry are present and discussed. The thermal annealing was studied using
thermal desorption spectroscopy and the mechanical properties were analyzed as
functions of final annealing temperatures. The hardness and elastic modulus were
measured and evaluated by depth sensing nanoindentation technique performed on
Hysitron TI950 Triboindenter equipped with a Berkovich tip. The fracture toughness
were evaluated by scanning electron microscope. The results of mechanical testing
were correlated with microstructure observations carried out on MIRA 3 FEGxSEM
which was used mainly for observation of cracking inside residual imprints.
Keywords
thermal annealing
hardness
nanolaminates
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The rarefied gas jet of Aluminium is studied at Mach number Ma = (U_j / \sqrt{kb T_j /
m}) in the range 0.01 < Ma < 2, and Knudsen number Kn = (1 / (\sqrt{2} \pi d^2 n_d
H) in the range 0.01 < Kn < 15, using two-dimensional (2D) Direct Simulation Monte
Carlo (DSMC) simulations, to understand the flow phenomena and deposition
mechanisms in a physical vapor deposition (PVD) process. Here, H is the
characteristic dimension, U_j and T_j are the jet velocity and temperature, n_d is the
number density of the jet, d is the molecular diameter, and kb is the Boltzmann
constant.
The variation of local flux along the stream-wise direction away from the jet are
studied. The qualitative nature of the local flux at high Mach number (Ma = 2) is
similar to those in the incompressible limit (Ma = 0.01). These include the initial fast
decay, then slow variation, and finally rapid decay near the substrate. However, there
are important differences. The amplitudes of the local flux increase as the Mach
number increases. There is significant velocity and temperature slip ((Pradhan and
Kumaran, JFM-2011); (Kumaran and Pradhan, JFM-2014)) at the solid surfaces of
the substrate.
An important finding is that the capture width (cross-section of the gas jet deposited
on the substrate) is symmetric around the centerline of the substrate, and decreases
with increased Mach number (Ma from 0.01 to 2) due to an increase in the
momentum of the gas molecules. DSMC simulation results reveals that at lower
Knudsen number ( (Kn = 0.01) ; shorter mean free paths), the atoms experience
more collisions, which direct them toward the substrate. However, the atoms also
move with lower momentum at low Mach number (Ma = 0.01), which allows
scattering collisions to rapidly direct the atoms to the substrate. At high Knudsen
number ( (Kn = 15); longer mean free paths), the atoms travel greater distances
without depositing onto the substrate.
Keywords
Thin film
Rarefied gas jet
Direct Simulation Monte Carlo (DSMC) simulations.
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The corrosion protection of Physical Vapor Deposited (PVD) coatings has been
limited due to typical defects in these coatings. Recently, Atomic Layer Deposition
(ALD) has been applied to shield the defects resulting into significantly improved
corrosion protection. In this paper we report on the corrosion properties of plasma
pre-treated Al2O3/TiO2 ALD nanolaminates on CrN PVD coatings deposited on high
speed steel. Corrosion properties were evaluated by Linear Sweep Voltammetry
(LSV) and by Neutral Salt Spray (NSS). The formation of protective layers in the
defect cavities was shown by Focused Ion Beam (FIB) assisted cross section
microscopy. Energy Dispersive Spectroscopy (EDS) was used to investigate the
elemental composition of the multilayer films. The application of multilayer coatings for
dental steel instruments was demonstrated.
The corrosion current density was reduced by two orders of magnitude with multilayer
PVD ALD coatings. Compared to using only PVD CrN coating for corrosion protection,
applying the ALD nanolaminates to shield PVD defects reduced the corrosion current
density by 95 %. Plasma pre-treatment prior to the ALD deposition noticeably
improved corrosion protection: the reduction in corrosion current density was only 90
% without plasma pre-treatment. Rockwell indentation and microscope analysis
showed significant improvement in the adhesion of ALD coatings with the plasma
pre-treatment. Pre-treatment by oxygen plasma and nitrogen/hydrogen plasma were
shown to give identical improvement in both corrosion protection and adhesion.
Keywords
ALD nanolaminates
Corrosion resistant coatings
Multilayer films
PVD
Plasma surface cleaning
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Among next generation nuclear systems, LFRs (Lead-cooled Fast Reactors)
represent one of the most promising concepts. Ideally, lead can solve most of the
issues associated with other types of coolants, such as sodium (strong chemical
reactivity) or lead-bismuth eutectic (activation under irradiation)[1]. On the other hand,
one of the main drawbacks of lead is its aggressiveness towards structural steels,
especially above 500-550°C[2]. In this framework, ceramic coatings are being
investigated for protecting steels[3]. Here, fully dense and compact Al2O3 coatings
are grown at room temperature by Pulsed Laser Deposition. The technique has been
developed and optimized to deposit on both plane and cylindrical geometries.
Mechanical characterizations of deposited films reveal that the coatings attain an
unusual combination of metal-like mechanical properties (E=195±9 GPa and
ν=0,29±0,02), ceramic hardness (H=10±1 GPa), and strong interfacial bonding[4].
The similarity of mechanical properties with steels avoids stress concentrations,
reducing the risk of cracking or delamination. This observation is confirmed by thermal
cycling, creep experiments and burst tests conducted on coated 316L tubes and
1515Ti cylinders. These materials are of practical interest for next generation nuclear
systems. Finally, corrosion aspects are examined by short- (500 hours) and mid-term
(2000 hours) exposure of samples to stagnant lead at 600°C in monitored
atmosphere, with different oxygen contents. Post-test analyses reveal no signs of
corrosion, irrespective of the oxygen content in the liquid metal. In conclusion,
PLD-grown Al2O3 coatings are a promising candidate for protecting fuel cladding
from corrosion in LFRs. [1] Generation IV International Forum, Overview of GIF and
Generation IV, 2002. [2] G. Müller et al., J NUCL MATER, 278 (2000) 85–95. [3] F.
Garcia Ferré et al., CORROS SCI, 77 (2013) 375-378. [4] F. Garcia Ferré et al.,
ACTA MATER, 61 (2013) 2662-2670.
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Chemical vapor deposition (CVD) is a well-known process to produce high quality thin
coatings, such as films with specific properties to protect metallic tools and injection
molds from wear, corrosion, and others. However, it can be difficult to obtain a
high-performance coating on complicated three-dimensional surfaces of some tools. It
needs understanding of the formation of solid material from a gaseous phase,
containing complex molecules of volatile matter; research of metalorganic precursors,
which decompose at low temperatures (500 °C) and allow the deposition of conformal
layers into narrow cracks and holes; and the detailed research of the 3D substrate
materials to clarify the influence of the steel alloy on the adhesion of the layers. The
aim of this study is the deposition of CVD layers for three-dimensional zirconia
coatings on metallic tools and injection molds. At the present stage of the research
the way of deposition and characterization of the coatings on 3D surfaces is
developed. The experimental parameters for successful deposition of zirconia layers
with various dopants are found and tribological properties of substrate and thin film
materials are investigated.
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Chemical vapor deposition
protective coatings
injection molds
tribological properties
zirconia
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Chromium nitride (CrN) is one of the most common coatings in the field of hard
wear-resistant coatings due to its favorable mechanical properties like high hardness
and chemical inertness. CrN is applied on a large scale as an industrial coating on
metal forming tools because of its beneficial friction properties and oxidation
resistance. The most common PVD techniques, namely reactive arc evaporation and
magnetron sputtering, are successfully used for the production of CrN coatings.
Lately, the novel HiPIMS technique brought improvement in adhesion and
microstructure of the CrN coatings in comparison to the above mentioned
conventional methods. Nevertheless, the microstructure and the chemical
composition of the coatings relate closely both to the deposition parameters and these
in turn affect the corrosion resistance of the coatings. Furthermore, the deposition
temperature often needs to be controlled and maintained below 200 °C in applications
where temperature sensitive steels are used.
In this study, CrN coatings deposited by 5 different PVD deposition techniques are
compared. Apart of the well-established arc evaporation and dc magnetron sputtering
techniques, also the emerging HiPIMS technique as well as its combination with the
DC magnetron sputter and finally the latest advanced High Target Utilization
Sputtering (HiTUS) technique are used. The deposition process is described by I-V
characteristics and OES. SEM and EDX are used to analyze thickness, morphology
and chemical composition of the coatings, respectively. Structure of the coatings is
investigated using XRD. Mechanical properties are described in terms of hardness,
coefficient of friction and adhesion to substrate. Finally, their application performance
is evaluated in anti-corrosion tests in various corrosive media.
Acknowledgements
This work was supported by the Slovak Research and Development Agency
(APVV-14-0173) and Operational Program Research and Development (ITMS
26210120010).
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In recent years, there were numerous publications on the synthesis and
characterization on Mn+1AXn phases and also an increasing number of reports on their
suitability for industrial applications, e.g. as protective coatings (J. Fu et al., J. of
Nanomat., 1-12, 2015; Q. M. Wang et al., Corr. Sci. 53, 2948-2955, 2011). Mn+1AXn
phases are a group of ternary nitrides or carbides with a hexagonal lattice structure,
where M denotes an early transition metal, A is an element of group A and X is either
nitrogen and/or carbon with n=1, 2, 3,… . Due to the mixture of strong covalent MX
bonds and weaker ionic MA bonds, these materials exhibit a high corrosion resistance
and good machinability as well as high ductility and good electrical and thermal
conductivity.
In this poster, we report on the magnetron sputter deposition of multi-layered
deposition of Ti and AlN/AlC coatings and a subsequent vacuum annealing step at
700°C for the synthesis of Ti2AlN or Ti2AlC respectively. Different substrates like
sapphire, polycrystalline Al2O3 and ferritic stainless steels were coated and the
substrate influence on adhesion, evolving thermal stresses, structure and phase
composition was investigated.
The coatings’ characterization was mainly carried out with Raman spectroscopy and
compared with EDX- and XRD-measurements. Raman spectroscopy turned out to be
a valuable alternative to other time consuming methods like XRD and EBSD to detect
the different phases present in the coating. We present typical Raman spectra of thin
films of Ti2AlN and Ti2AlC. Also the detection of oxide scales like α-Al2O3 and TiOX can
be detected with Raman spectroscopy. The shifts in wave numbers compared to
theoretical calculations made by other authors were assigned to the lattice strain and
to the difference in the coefficients of thermal expansion between the substrate and
the coating. This knowledge can be a useful tool for the continuing applications of
MAX phases.
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Recently, due to the excellent corrosion resistance Zn-Mg coatings have been studied
extensively for the protective coatings of steel sheets, compared with pure Zn
coatings. Out of many processes for the deposition of the Zn-Mg coatings on the steel
strip, evaporation deposition with induction heating was considered to be a strong
candidate due to its high power efficiency and depostion rate. In this study, the Zn-Mg
coatings with various Mg contents were synthesized on the steel substrates using
evaporation deposition with induction heating and the effect of Mg content on the
corrositon resistance of Zn-Mg coated steels was investigated using salt spray test
(SST). The microstucture, the chemical composition, and the crystalline phase of the
Zn-Mg coatings were investigated using the field emission scanning electron
microscopy (FE-SEM), energy dispersive X-ray spectroscopy (EDS), and X-ray
diffraction (XRD). The microstructure of pure Zn coatings showed the columnar
structure. As Mg content of Zn-Mg coatings increased, the microstructure of Zn-Mg
coatings changed gradually from the columnar structure to the featureless structure.
The crystalline phase of the Zn-Mg coatings consisted of (Zn) and Mg2Zn11. The
Zn-Mg coatings with high Mg content showed higher corrosion resistance compared
to those with low Mg content since dense and featureless structure block the
corrosive pathway. Moreover, the simonkolleite phase (Zn5(OH)8Cl2H2O) was
observed at the corrosion product on the Zn-Mg coatings after corrosion test and this
simonkolleite layer could be attributed to the improved corrosion resistance of Zn-Mg
coating by protection against the corrosion environment.
Acknowledgement
This work was financially supported by the Smart Coating Steel Development Center
operating for the execution of WPM (World Premier Materials) Program funded by the
Ministry of Trade, Industry and Energy, Republic of Korea.
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The effect of argon ion bombardment on the interfacial conductivity and
corrosion resistance of amorphous carbon films on stainless steel bipolar
plates for proton exchange membrane fuel cells
Feifei Bi, Peiyun Yi, Linfa Peng, Xinmin Lai
Shanghai Jiaotong University, Shanghai, China
shjdbff@sjtu.edu.cn
Due to its unique physical and chemical properties, amorphous carbon (a-C) film has
been widely used to enhance the surface conductivity and corrosion resistance of
bipolar plates in proton exchange membrane fuel cells (PEMFC). However, the
corrosion of bipolar plates is more significant at the high cathode potential during
transient conditions such as stack start up and shut down process. This requires the
quality improvement of a-C films. The structure, thickness and properties of a-C films
are greatly depending on the process conditions during the film growth. In this study,
we prepared a series of a-C films with different energetic argon ion bombardment by
adjusting the voltage and duty cycle of linear ion source pulse power equipped on the
direct magnetron sputtering system. X-ray Photoelectron Spectroscopy (XPS), Atomic
Force Microscope (AFM) and Scan Electron Microscope (SEM) were used to examine
the effect of argon ion bombardment on the hybridization and roughness of the a-C
films. While for the level of corrosion resistance, the a-C films were evaluated by the
potentiodynamic polarization and the potential holding tests in 0.5 M H2SO4 + 5 ppm
HF. The interfacial contact resistance (ICR) before and after corrosion tests between
the bipolar plates and gas diffusion layer was also measured. Through this study, we
demonstrate that argon ion bombardment is an effective method for tuning the film
structure and improving compactness of a-C films in-situ. Thus this capability has
direct implication in the synthesis of ultra dense a-C films for the corrosion protection
of bipolar plates especially in the highest cathode potential (1.5VSHE).
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Nickel-aluminium based anticorrosion coatings prepared by Plasma Spray for
high temperature industrial applications
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Key components in energy systems such as gas turbines, power station boilers
andfuel engines must surviveaggressive high temperature environments. The
combination of high temperatures with the presence of contaminants such as sodium,
sulphur and chlorine make hot corrosion one of the main failure modes in these
systems. Several strategies to prevent hot corrosion have been implemented.
Coatings can provide a shield against corrosion, making possible both the increment
of the working temperature and the use of less expensive alloy steels. Due to cost
effective deposition and flexibility, plasma spraying has widespread acceptance for
anticorrosion coating deposition. 1 Regarding coating material, nickel aluminides have
received much attention as prospective operational materials because of their great
strength at raised temperatures and brilliant creep properties. 2In previous works on
the plasma spray deposition of nickel aluminides the desired stoichiometry is usually
obtained by premixing in the lab pure aluminium and nickel powders using a ball mill
or commercial mixed powders are employed.
In this work, a different strategy is followed. A low pressure plasma spray system
provided with two sources is employed to deposit intermetallic alloys from pure
aluminium and nickel powders, playing with the deposition parameters to obtain
different stoichiometry and crystalline structures. The protective properties of obtained
coatings in corrosive environment are evaluated.
[1] Sampath, S., Tiwari, R., Gudmundsson, B., Herman, H., "Microstructure and
properties of plasma-spray consolidated two-phase nickel aluminides", Scr. Metal.
Mater. 25(c), 1425-1430 (1991).
[2] Singh, H., Prakash, S., Puri, D., "Some observations on the high temperature
oxidation behaviour of plasma sprayed Ni3Al coatings" Mater. Sci. Eng. A 444(1-2),
242-250 (2007).
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Towards high-volume production of ultra-moisture barrier films
Pavel Kudlacek, Wiel Manders, Sandeep Unnikrishnan
Holst Centre/TNO, Eindhoven, Netherlands
pavel.kudlacek@tno.nl
Increasing number of commercial electronic products with integrated flexible
components is setting a clear trend towards flexibility and wearability of electronics.
Devices with integrated flexible Organic Light Emitting Diodes (OLEDs) and/or
Organic Photovoltaic (OPV) are becoming reality and since both are known to be
sensitive to moisture, access to an affordable flexible encapsulation becomes a must
for producers of consumer electronics.
Holst Centre has long history in development of technologies for transparent
ultra-moisture barrier encapsulation of OLEDs and OPVs, utilizing sheet-to-sheet
(S2S) processing approach. Our partners successfully commercialized Holst Centre
S2S encapsulation technology, but to further reduce cost and to make a major step
towards mass produced moisture-barrier, in 2012 Holst Centre setup a unique
roll-to-roll tool with capability to deposit a multilayer moisture barrier coating on foil.
The tool combines PECVD deposition of inorganic coatings with possibility to slot-die
coat organic coatings.
In our contribution, we will report on development of a moisture barrier foil in the
above mentioned tool, based on a single PECVD deposited SiNx coating. We
optimized intrinsic WVTR of the SiNx coating and significantly reduced number of
imperfections, so called pinholes, in the barrier film. We have performed 2.5km long
barrier foil production run and analyzed the barrier performance. Entire run shows
extremely low overall WVTR of 2-5.10-6 g/m2/day, i.e. performance suitable with use in
OPV applications and being promising for encapsulation of small OLED devices.
Moreover, we will demonstrate suitability of the barrier foil to be integrated to an end
product by lamination without being damaged. By end of our contribution we will
report on challenges accompanying roll-to-roll production of moisture barrier film.
Keywords
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Microstructure and oxidation resistance of MCrAlY coatings by arc ion plating
Qian Shi1, Songsheng Lin2, Huijun Hou2, Mingjiang Dai2, Fang Hu3, Chunbei Wei3
1

Guangdong Institute of New Materials, Guangzhou, China 2National Engineering
Laboratory for Modern Materials Surface Engineering Technology, Guangzhou, China
3
The Key Lab of Guangdong for Modern Materials Surface Engineering Technology,
Guangzhou, China
qianzixlf@163.com
MCrAIY (where M=Ni, Co, or NiCo) coatings are commonly used to protect high
temperature components in aeroengines due to their good adhesion, high modulus,
good hot corrosion protection and high temperature oxidation resistance. Vacuum
heat treatments are necessary for application. However, the influence of substrate
chemical composition should not be ignored. In this study, the NiCrAlY coatings were
prepared on Ni-based superalloys by arc ion plating. Vacuum heat treatments were
carried out to promote inter-diffusion between the coating and the substrate. The
phases and microstructures of the coatings before and after vacuum heat treatment
were characterized by X-ray diffraction, scanning electron microscopy, energy
dispersive spectroscopy. The relationship between coating properties and oxidation
was analyzed. The results show that the density of coatings was improved and Ni-rich
phase inter-diffusion layer formed after proper heat treatment. The composition
changes with depth from the surface of the coatings to substrate. The coatings show
mass gains of only about 0.165 mg/cm2 after 100h oxidation at 1050 oC, which is
excellent than Ni-based super-alloys.
Keywords
MCrAlY coatings
high temperature oxidation
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Challenges and Advancements in PVD coating for nuclear fuel fabrication
Christian Steyer, Bruno Baumeister, Arnulf Grimm
Forschungsreaktor München, Garching, Germany
christian.steyer@frm2.tum.de
To reduce the uranium enrichment of high-flux research reactor fuels and thereby
support the international non-proliferation efforts, new high density fuels are being
developed. Monolithic Uranium-Molybdenum alloy (U-Mo) fuel plates are a promising
candidate to replace the current disperse U2Si3 fuels. To avoid unwanted reactions
between the U-Mo plates and the aluminum cladding, the application of a diffusion
barrier interlayer is necessary.
At the Forschungs-Neutronenquelle Heinz Maier-Leibnitz (FRM II), an adapted PVD
based coating process is under development which is capable to coat U-Mo-plates
with a 1 – 20µm Zr layer. The processing of such plates involves many unique
challenges like radiation protection, nuclear process safety, only little industrial
experience with uranium in PVD processes, very strong oxidation affinity and an
undesired phase transition of uranium at temperatures higher than 400°C, very high
requirements on the layer quality and process repeatability due to the usage in
nuclear facilities.
Therefore, FRM II is operating a dedicated uranium metallurgy laboratory which
houses four adapted nuclear gloveboxes, providing the ability to study the influence of
different technics on the layer quality. This work is focused on several cleaning
processes such as chemical-, vacuum- and plasma-cleaning to provide an ideal
surface prior to coating as well as different sputtering technologies like sputter coating
with substrate pre-heating and/or biasing.
Keywords
Nuclear fuel
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Roll-to-roll deposition of silicon oxynitride permeration barrier layers using a
rotatable dual magnetron system
Anika Himmler1, Matthias Fahland1, Tobias Vogt1, Olaf Zywitzki1, Kirsten Schiffmann2
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High performance permeation barrier coatings are usually multilayer stacks
consisting of inorganic and organic layers. Besides the water vapor transmission rate
(WVTR) the optical properties of such layers have a high importance. This
contribution focuses on the deposition of silicon oxynitride as inorganic layer. This
material attracts widespread interest due to its varying refractive index depending on
the oxygen and nitrogen content. The experiments were carried out in a roll-to-roll
coating machine using a rotatable dual magnetron system. The substrate was
conventional polyethylene terephthalate (PET) film. SiOxNy layers were deposited by
reactive pulsed sputtering using silicon targets of one meter length. The system was
powered in bipolar mode with a frequency of 50 kHz and at a power level of 20 kW.
The gas atmosphere consisted of argon, oxygen and nitrogen. The ratio of nitrogen
and oxygen varied between 25 % and 75 %. The discharge voltage was used as a
reference value of a closed loop control for the reactive gas inlet. Thus the process
could be stabilized in the transition mode. It was established that the ratio of oxygen
and nitrogen in the layer was not only determined by the reactive gas mixture but
also by the chosen setpoint of the closed loop control. Both the SIMS and GDOES
measurements revealed a vertically different composition of the SiOxNy layers. This
result can be explained assuming increased nitrogen incorporation in zones of high
plasma density. Consequently the layer composition shows a W-shaped appearance.
This could be supported by the simulation of the optical properties of the layer. The
transmittance can be understood assuming a 5-layer stack with graded refractive
index instead of a compact single layer. It had been demonstrated that a small
amount of nitrogen in the reactive gas mixture could considerably improve the water
vapor transmission rate compared to pure SiO2-layers.
Keywords
silicon oxynitride
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High performance alumina based gas diffusion barrier
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Nowadays,more and more technologies,ranging from promising organic-based
devices (OBDs) to nuclear fusion reactors,pose hard materials
challenging.Unfortunately,OBDs are affected to the degradation of their organic-based
material in contact with moisture and oxygen that cause its limited
lifetime.Currently,the only commercial and useful technique in order to protect OBDs
is glass encapsulation.Glass encapslutation is affected to high cost and fragility.In
order to tackle fragility keeping the barrier behaviour of the glass,metal oxides
coatings by means deposition techniques,including ALD,CVD,Sputtering process and
Sol-gel are the major candidates.Metal oxides are promising materials in the
developing of future fusion reactors,too.These machines will use eutectic lead-lithium
in order to perform tritium breeding.Thus,tritium permeation into cooling system
represent an important technological issue.Metal oxide coatings reveal a powerful
capacity to tackle tritium permeation.Unfortunately,deposition techniques cited
before,are not able to produce fully protecting coatings.Coating defects lead to
produce complex multi-layered films to protect OBDs against moisture.Mechanical
mismatching,porosity and non-uniformity are the bottle neck in coating development
for future fusion reactors.Here,we report on a very performance monolayered coating,
Al2O3,deposited by PLD technique,suitable towards these tasks thanks to its chemical
inertia,high density and amorphous character.Permeation tests are carried out by
means the calcium test for OBDs exposed to moisture and measuring by a
quadrupole mass spectrometer the increasing of hydrogen concentration due to the
permeation phenomenon.Calcium test measures were carried out into a climatic
chamber up to 85°C and 85% of RH obtaining an unprecedentedly WVTR of
monolayer Al2O3,namely values of 10-8 g.m-2.day-1 at room
temperature.Instead,Eurofer97 steel disks are covered with different Al2O3 thicknesses
and exposed to 100mBar hydrogen partial pressureu p to 650°C.Results show a
promising value of permeation reduction factor up to 6000.
Keywords
PLD-Alumina
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Hydrogen Permeation Behavior of BN Coatings by Magnetically-Enhanced
Plasma Ion Plating
Motonori Tamura
The University of Electro-Communications, Chofu, Tokyo, Japan
mtamura@sangaku.uec.ac.jp
The effects of chemical composition, phase composition, and microstructure of boron
nitride coatings on hydrogen permeation behavior were investigated. The coatings
were deposited on Type 316L stainless steels by magnetically enhanced plasma ion
plating. This technique employs a confined plasma source consisting of two magnetic
poles in a special arrangement and a substrate-current control unit for improving the
bulk and interface properties of coatings.
Hydrogen-permeation tests were performed on the coated stainless steel samples.
These tests were based on the differential-pressure methods described in
ISO15105-1:2007.
The permeation of hydrogen through solid materials involves a series of steps
including adsorption, dissociation, diffusion, and recombination coupled with
desorption. In this study, a diffusion-limited permeation regime was confirmed on the
coatied samples at 573-773 K.
Fine-grained c-BN (cubic boron nitride) coating was effective to reduce the rate of
hydrogen permeation. These BN coatings can be used for high-temperature and
wear-resistant applications as hydrogen permeation barriers. They might be useful for
sterling engines, tritium containment, or components of hydrogen fuel cells.
Keywords
hydrogen permeation
BN coatings
stainless steels
cubic boron nitride
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Strip hollow-cathode – a flexible tool for surface functionalisation of steel strip
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Bernd Schuhmacher1, Krasimir Nikolov2
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The strip hollow-cathode (SHC) has been developed as a cost-effective method for
surface modification of thin metal strips in continuous operation. Plasma pretreatment,
plasma-enhanced chemical vapour deposition (PECVD) and plasma thermochemical
treatment (PTT) have been studied on a laboratory scale. PECVD of amorphous
hydrogenated carbon (a-C:H), amorphous hydrogenated silicon-containing carbon
coatings (a-C:H:Si), as well as PTT employing short-time plasma nitriding have been
conducted using a laboratory-scale SHC module in a stationary treatment mode.
In this paper, different applications, mainly dedicated to the automotive industry, will
be presented. Thin coating systems based on zinc-alloy-coatings in combination with
a-C:H:Si coating lead to considerable improvement of the corrosion resistance of
autobody steel sheets. Through the opportunity of reducing the coating thickness the
processing properties such as laser or resistance spot weldability may be enhanced
as compared to conventional coated steel sheets. Short-time plasma nitriding or
nitrocarburising has been applied as a surface modification of austenitic stainless
steel sheets. Hence, acceptable interfacial contact resistance with regard to their use
for bipolar plates of proton exchange membrane fuel cells for alternative automotive
driving systems has been achieved.
Further, novel hybrid processes are presented, and the chances and challenges of
the SHC for continuous operation of surface modification of steel strips on an
industrial scale are considered.
Keywords
Strip hollow-cathode
amorphous hydrogenated silicon-containing carbon coating
plasma nitriding
corrosion resistance
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The paper reports on the texture (preferred orientation) and mechanical properties of
magnetron sputtered Ti(Ni)Nx and Ti(Al,V)Nx films and their resistance to cracking in
bending. The films were reactively sputtered on Si(111) plate and Mo strips in a
mixture of Ar+N2 gases using a DC magnetron equipped with a TiAlV alloy target (6
at.% Al, 4 at. % V), or a TiNi alloy target (5 at.% Ni) respectively. The preferred
orientation, structure, macrostress, mechanical properties (the hardness H, effective
Young’s modulus E*, elastic recovery We), of Ti(Ni)Nx and Ti(Al,V)Nx films and theirs
resistance to cracking in bending were characterized by (i) the X-ray diffraction (XRD),
(ii) Scanning Electron Microscope (SEM), (iii) the bending of Si(111) plate using the
Stoney`s formula, (iv) the diamond indentation test and (v) the bending of coated Mo
strip around a fixed cylinder of small radius (down to 5 mm), respectively. It was found
that: (1) the preferred orientation of sputtered Ti(Ni)Nx and Ti(Al,V)Nx nitride films
depends on energy Ebi ≈ Us×is/aD delivered to the film during its growth, here is Us the
substrate bias, is the substrate current density and aD the deposition rate. The texture
continuously changes from (i) TiN(220) →TiN(111) +TiN(200) →TiN(220) for Ti(Ni)Nx
films and (ii) TiN(200) →TiN(220) →TiN(111) + TiN(220) for Ti(Al,V)Nx nitride films
with increasing Ebi. (2) The Ti(Al,V)Nx and Ti(Ni)Nx nitride films with low resistance to
cracking are prepared at lower value of Ebi < 1.5 MJ/cm3 and exhibit (i) low ratio H/E*≤
0.1, low elastic recovery We≤65%, compressive macrostress (σ< 0 GPa) and (ii) are
composed of grains contain TiN(200) and show a columnar structure. (3) Both the
Ti(Al,V)Nx and Ti(Ni)Nx nitride films with enhanced resistance to cracking are prepared
at higher value of Ebi > 3.7 MJ/cm3 and exhibit (i) high ratio H/E*> 0.1, high elastic
recovery We>65%, compressive macrostress (σ< 0 GPa) and (ii) are composed of
grains witch do not contain TiN(200) and show a dense (voids free) structure.
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Functional parts of high-power electron-tubes are exposed to extreme thermal
conditions as the transmitted power of such device reaches tens of kW. Most of the
excessive irradiated power is absorbed by the surface of the hollow anode, which is
the only cooled part of the electron-tube. Therefore the anode surface must be coated
with a suitable absorbing material with good electrical conductivity. Metal blacks is
well known material absorbing light in visible and infrared spectral range. It is
prepared usually by evaporation of suitable noble metal (Au, Pt) in a presence of high
gas pressure resulting in the nanostructured morphology that sustain localized optical
excitations. High price and very low adhesion are drawback of such metal blacks.
We present deposition of the metal blacks prepared from economically favorable,
nanostructured Al, Ti and Ag by means of magnetron sputtering. The hollow copper
anode possesses inner diameter of 60 mm. For these experiments, we developed a
specialized sputtering system allowing to coat the inner wall of the anode with
diameter of 60 mm. The deposition condition were optimized in order to obtain highly
nanostructured coating of metal blacks about 1 micrometer thick. The scattered
reflectivity was measured by means of a spectrophotometer equipped with an
integrating sphere in the spectral range from 200 nm to 3000 nm. The coatings exhibit
good omnidirectional absorption indicated by low diffused reflectance ranging from
about 6% in visible to about 2% in infrared spectral range. The surface morphology
was studied by scanning electron microscope. The electrical conductivity was
evaluated. The functionality and thermal resistance of the metal blacks was tested in
the functional high-power electron-tube. The operating characteristics of the complete
electron-tube was recorded and analyzed.
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We propose a strategy to develop a Ag/TiO2/graphene (Ag/TiO2/G) nano-sandwich
structure via coupling Ag-TiO2 anatase composite coating with reduced graphene
oxide nano-sheets. The new photocatalyst can show high visible-light efficiency in
degrading recalcitrant chemicals in drinking water supplies. Titania can be modified
with silver to increase the lifetime of the photo-excited electrons and holes.
Photocatalytic TiO2 and Ag doped TiO2 coatings were deposited by injecting liquid
precursor of Ti (with and without silver) in the after-glow of an Atmospheric Pressure
Plasma Jet APPJ under different conditions of plasma and Ag% (concentration of
silver 0 to 7 %). The technique leads to an interesting heat transfer phenomena to
tailor the physicochemical properties of the coatings and to control the diffusion of
silver in the host material (TiO2/G) which can optimize the doping sites in the
composite material. The morphology, phase structure, chemical composition and
photocatalytic properties of the coatings have been studied. Significant control of the
porosity and crystallinity was achieved by varying the deposition parameters such as
the plasma energy and substrate temperature. The results showed significant
improvement in the photo activity under UV and visible irradiation for an optimal
concentration of silver. Overall, atmospheric pressure plasma jet applied for TiO2/Ag
thin coatings has shown a unique and highly desirable control over several important
physical characteristics, which can be beneficial for many optoelectronic and
photocatalytic applications. The deposited coatings presented a high porosity to give
a unique advantage of the effect of silver diffusion for photocatalytic and anti-bacterial
applications. The process can be applied to treat photocatalytic membranes which
can efficiently combine filtration and photocatalysis for water treatment and for other
self-cleaning surfaces, it can be easily integrated into existing production lines to treat
complex 3D shapes.
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above 1500 °C
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The present work focuses on the effect of nitrogen addition into Hf–B–Si–C films in
order to significantly improve the oxidation resistance of these films. Hf–B–Si–C–N
films were deposited onto Si(100) and SiC substrates using pulsed magnetron
co–sputtering of a single B4C–Hf–Si target (at a fixed 15% Hf fraction and a 20% Si
fraction in the target erosion area) in an Ar+N2 gas mixture at the N2 fraction ranging
from 0% to 50%. A planar unbalanced magnetron was driven by a pulsed dc power
supply operating at a repetition frequency of 10 kHz with an average target power of
500 W in a period and a fixed 85% or 50% duty cycle. Substrates were held at a
floating potential and a temperature of 450 °C. The effect of the N2 fraction in the gas
mixture and of the duty cycle on structure and properties of the films was investigated.
The increasing N content (from 0 to 52 at.%) in the films was compensated by
decreasing contents of B (from 39 to 24 at.%), Si (from 24 to 15 at.%), Hf (from 25 to
4 at.%) and C (from 7 to 3 at.%). The structure of the Hf–B–Si–C film prepared in pure
argon was nanocomposite and admixture of N2 into the gas mixture resulted in X-ray
amorphous Hf–B–Si–C–N films. All films exhibited high hardness in the range of
17–21 GPa. Increase in the N2 fraction in the gas mixture led to a rapid rise in the
electrical resistivity of the films up to non-measurable values for N2 fractions >15%.
Differences in structure and properties of Hf–B–Si–C–N films prepared at the 85%
and 50% duty cycles were negligible. Based on the measurements of mechanical
properties and electrical conductivity of the Hf–B–Si–C–N films investigated, the Hf7B
25Si21C5N40 film with 2 at.% of Ar possessing hardness of 20 GPa and electrical
resistivity of 2×10-1 Ωm was selected for oxidation tests in synthetic air up to 1700 °C.
The film exhibited very high oxidation resistance even above 1500 °C due to a
nanocomposite protective layer on the surface consisting of HfO2, HfB2 and Hf(C,N)
nanocrystallites surrounded by a SiO2–based amorphous matrix, most probably
containing boron as B2O3 (borosilicate glass).
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Antibacterial coatings, which efficiently kill bacteria on their surfaces, are of key
importance for applications in hospitals or public transportation. These coatings
should also be simultaneously resistant to mechanical damage, especially to cracking
in bending or under loading.
The present paper reports on the preparation of hard antibacterial Zr–Cu–N coatings
with resistance to cracking. The coatings were deposited by reactive pulsed dc dual
magnetron sputtering of two identical circular Zr/Cu targets fixed by Cu rings in Ar+N2
gas mixtures. The effect of the addition of Cu on the structure, antibacterial and
mechanical properties, and resistance to cracking was investigated in detail. The
content of Cu ranging from ~0.5 at.% to ~16 at.% was controlled by an inner diameter
of the Cu rings, partial pressure of nitrogen and negative substrate bias voltage. The
resistance to cracking was evaluated from the bending of the coatings deposited on
Mo strips around a fixed cylinder and from high-load indentation of the coatings by
adiamond indenter. The antibacterial efficiency of killing E. coli bacteria in the daylight
was evaluated using a plate counting method for a contact time of 5h.
It was found that the Zr-Cu-N coatings prepared at optimized deposition conditions
exhibit a high hardness ranging from ~21 GPa to ~31 GPa and are in compressive
macrostress. The coatings also exhibit a high ratio H/E*> 0.1 and a high elastic
recovery > 60% in a wide range of the Cu content (from ~0.5 at.% to ~16 at.%), which
results in an enhanced resistance to cracking in bending and under high-load
indentation. In addition, the coatings with the Cu content > 11 at.% are
nanocomposites composed of ZrN and Cu phases and are simultaneously
characterized by 100 % efficiency of killing E.coli bacteria on their surfaces. These
properties demonstrate that trifunctional hard/antibacterial/flexible Zr–Cu–N coatings
can be prepared using reactive magnetron sputtering.
Keywords
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The organization structure and properties of silver composite coatings were reviewed
in this paper.Various preparation methods of aluminium oxide thin films were
systematically described,including but not limited to vacuum vapor deposition,DC
reactive magnetron sputtering,radio frequency magnetron sputtering,and
radio-,medium- and pulse-reaction magnetron sputtering,ion beam assisted
deposition,pulsed laser deposition,plasma enhanced chemical vapor
deposition,metal-organic chemical vapor deposition and sol-gel
method,respectively.The advantages and disadvantages of these preparation
methods were compared too.The new preparation technology of aluminium oxide thin
films on flexible polyimide substrate was put forward.The current research and
prospect of CCAg thin films were elaborated.
Keywords
CCAg
properties
preparation
thermal control film
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Since the beginning of the 21st century, a novel approach to design alloys with
promising properties has been introduced [1]. High-Entropy Alloys (HEAs) are
composed of five or more principal elements in equimolar ratios. The high mixing
entropy can significantly reduce the Gibbs free energy, and thus single-phase
multi-component solid solutions are thermodynamically stable, especially at high
temperature. In contrast to conventional alloys, the large number of elements does
not lead to complex systems but rather simple fcc and/or bcc crystalline structures or
amorphous phases are formed. HEAs have excellent properties such as high
hardness and strength, corrosion resistance and thermal stability, which makes them
suitable for a range of applications. Although bulk HEAs have been studied in depth,
the formation and properties of thin film HEAs have not yet been studied in great
depth due to the material’s complexity.
This work investigates the interplay between different elements and their chemical,
topological and thermodynamic properties on the phase formation of HEA thin films.
As sputter deposition is a momentum- and energy-driven process, also the deposition
conditions influence the film properties [2,3]. The 5-element CoCrCuFeNi alloy was
used as a starting point and the influence of three solute elements (Nb, In and Ge) on
the film growth and phase formation was studied.
References
[1] J. W. Yeh et al., Adv. Eng. Mater. 6 (5) (2004) 299
[2] B. R. Braeckman et al., Thin Solid Films 580 (2015) 71
[3] B. R. Braeckman, D. Depla, J. Alloys Compd. 646 (2015) 810
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The expansion of an oxygen low-pressure microwave plasma was investigated in
order to determine the optimal plasma parameters for the oxidation of titanium and
manganese thin films. Langmuir probe measurements show that the electron density
increases with the injected power up to a saturation value of 3.0x109 electrons/cm3
determined at 10 mTorr while electron temperature remains constant at a value of 1.5
eV. When pressure is varied, the electron density shows a maximum value at a range
from 12 to 20 mTorr while electron temperature decreases monotonously with
increasing pressure. In addition, both electron density and electron temperature
decrease with the axial distance from the plasma source. These effects were
discussed through the losses mechanisms in the remote plasma. For a pressure of 13
mTorr and at a substrate temperature of 500 oC, plasma enhanced oxidation of pure
metallic Ti films lead to the formation of a pure TiO2 anatase phase compared to a
mixed phase of TiO2 and TiO in the absence of plasma activation. For Mn thin films,
the exposure to oxygen remote plasma led to the formation of MnO2 as opposed to
obtaining Mn3O4 when oxidation is performed in the oxygen gas ambient. Remote
plasma processing was thus found to provide selective pathways to control oxidation
states, stoichiometry and phase composition when used for the oxidation of metallic
thin films.
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Due to its reversible semiconductor-to-metal transition at 68 °C, VO2 is an extensively
studied material. In thin film form, it is suitable for various technological applications
such as smart windows, bolometers, sensing devices… However, elaboration of VO2
filmsrequires a stringent control of the stoichiometry due to the numerous phases
belonging to the V-O system. Up-to-date, amongst the various methods to deposit VO
2 films, reactive sputtering is mainly used. However, obtaining thermochromic VO2 thin
films by an inexpensive and simple method, convenient for an industrial process, still
remain a challenging task. For this purpose, a new approach, called
“sputtering-oxidation-coupling method” (SOC) has been recently developed by Xu et
al. [1]. This 2-steps method is based on the sputter deposition of vanadium metallic
thin films, followed by a quick air-oxidation in the range 723-763 K. Providing an
accurate control of the oxidation time, well crystallized VO2 films with good resistivity
switches were obtained.This presentation aims to investigate the above-mentioned
SOC method by oxidizing vanadium nitride films comparatively to vanadium films.
Indeed, VN films are claimed to follow another oxidation process than V, though their
oxidation onset are very close [2]. In our work, VN and V thin films were sputter
deposited on various substrates (silica, silicon, aluminium foils) and annealed in air
during 30-180 seconds. Oxidized films were analyzed by X-ray diffraction (XRD),
scanning electron microscopy (SEM), spectroscopies (Raman, UV-vis and FTIR),
4-point probe and IR-thermography. Our results showed that the SOC method applied
to VN films is suitable to form thermochromic VO2 with good optical and electrical
transitions.
[1] X. Xu, X. He, G. Wang, X. Yuan, X. Liu, H. Huang, S. Yao, H. Xing, X. Chen, J.
Chu, Appl. Surf. Sci. 257 (2011) 8824-8827.
[2] N. Fateh, G.A. Fontalvo, G. Gassner, C. Mitterer, Tribology Letter 28 (2007) 1-7.
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A composite material is a heterogeneous material which consists of clearly
distinguishable phases, often referred to as the reinforcement and the matrix. The
purpose of a composite is to combine the properties of its constituting building blocks
in order to obtain a material with enhanced properties. Fibre-reinforced
polymer-matrix composites enjoy the reputation of having high specific stiffness and
strength compared to metals, as well as good resistance against corrosion and
fatigue. Therefore, these materials are very attractive for lightweight applications such
as aeronautics, space applications, transport, automotive sector, sports and
recreation. Structural components with high-quality demands are often produced by
autoclave-assisted, as well as out-of-autoclave curing. The quality of the final
composite component is strongly influenced by the conditions of the autoclave cycle,
i.e. cure time, pressure and temperature. To assure optimal quality of the composite
part, there is a growing demand for sensors that are capable of in-situ monitoring of
the curing process during the autoclave cycle.
Thin-film thermocouples (TFTC) are a promising candidates to fulfill in-situ
temperature sensing. Unlike more conventional fibre-, foil- or micro-sensors causing
material and geometrical discontinuities when embedded in the composite material,
TFTC’s can be embedded without major impact on the composite’s structural life,
integrity and mechanical properties. Furthermore TFTC’s have negligible mass, a high
degree of geometrical freedom and minimal gas flow disturbance when applied on a
surface. In this work, the feasibility of self-sensing composites based on embedded
TFTC’s deposited by magnetron sputtering is explored. In a later stage, the
development of other thin-film sensors will enrich the self-sensing capability of
fibre-reinforced polymeric composites.
Keywords
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Tungsten oxide (WOx) is an oxide with a wide range of applications. Besides the most
explored fields of use, such as electro- and/or thermochromic behavior, WOxis also
often studied for its photocatalytic and sensorial properties. Here we present the study
of thin films of tungsten oxide deposited by reactive magnetron sputtering.
Sputtering conditions of the tungsten oxide films were tuned to vary crystallographic
phase, texture and chemical composition. The prepared films were characterized by
means of X-ray diffraction, scanning electron microscopy and atomic force
microscopy. The stoichiometry was determined by energy and wave dispersive
spectroscopy.
Subsequently, the films were examined for their sensorial response when assembled
into a conductometric sensor. For sensorial measurements hydrogen was chosen as
a reactive gas. Therefore, noble metal catalysts (Pd, Pt) were used to support the
response.
The layers were tested for response to a time-varied hydrogen concentration in
synthetic air at various temperatures. Response sensitivity and response time were
evaluated.
An optimization of the deposition, e.g., by changing the substrate tilt and the film
thickness, can result in sensorial properties which are almost comparable with those
of nanostructured tungsten oxide (nanorods, nanowires etc.), yet the sputtering
deposition is a simpler, more tunable and more stable process than methods
commonly used for manufacturing of nanostructure-based devices. Moreover reactive
magnetron sputtering enables us to tune the stoichiometry unlike other methods.
Keywords
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Ice build-up on surfaces of transport vehicles, like airplanes, or technical facilities, like
wind energy rotors, can lead to severely reduced efficiency or safety. Functional
anti-ice surfaces can possibly reduce the amount of costs, energy and chemicals
used in state-of-the-art de-icing methods. Superhydrophobic surfaces were produced
on thermoplastic polyurethane (PU) films which were chosen because of their outdoor
stability. The PU films were first textured with different microstructures by hot
embossing. Afterwards they were coated with a hydrophobic fluorocarbon or
silicone-like plasma polymer thin film with a nanometer roughness. The plasma
polymer thin films were analyzed by spectroscopic ellipsometry, ESCA and AFM
measurements. Swelling tests were made to characterize the chemical network
structure and sand trickling tests were done to analyze their mechanical stability.
Finally, the so-prepared surfaces were characterized for their wetting and icing
behavior. Very high water contact angles (>150°) and roll-off angles below 2° were
measured and compared to the theoretical wetting states. For the determination of the
icing behavior, water drops were frozen on the surfaces in a freezing test chamber
with a constant cooling rate at different relative humidity values. The temperature of
the droplets was recorded by an IR-camera. The freezing process was automatically
evaluated from the recorded movie. In this way, the nucleation and crystallization
temperatures on the different surfaces were measured. On the best anti-ice surfaces
a water drop stays liquid until -21 °C temperature. The ice adhesion on
microstructured and plasma coated surfaces could be reduced by more than 90%
compared to reference materials. The results of the surface characterization were
correlated with the wetting and icing test results. The chemical structure analysis
results were related to the mechanical stability. The plasma coating process was
scaled up to a roll-to-roll process.
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Niobium nitride (NbN) has been widely explored as protective coatings due properties
such as high hardness, wear and corrosion resistance, among other characteristics
which makes it an interesting option for applications that require good mechanical
performance. Although having such good properties, the oxidation temperature of
NbN is near to 700 K, which compromises its applicability in situations that require
resistance when the material is exposed to high temperatures. One possibility to
hinder the NbN oxidation process is the addition of a third chemical element, as
aluminum, which has been successfully used in TiAlN and CrAlN thin films,
demonstrating good results in mechanical properties and oxidation behavior of these
coatings However, there is scarcely any work regarding NbAlN thin films, in some
works it is possible to notice that aluminum concentration in NbAlN films directly affect
the coating properties such as hardness, oxidation resistance and wear. However,
information such as morphology and chemical bonding among Nb, Al and N is still not
completely clarified in the literature, since NbN is a complex material which possesses
various crystalline phases. The present work investigates the influence of aluminum
concentration on NbxAlx-1N thin films deposited by reactive magnetron sputtering.
Coatings were exposed to temperatures up to 1000 K and then characterized by
Scanning |Electron Microscopy (SEM), Grazing Angle X-ray diffraction (GAXRD),
Rutherford Backscattering Spectrometry (RBS), X-ray photoelectron spectroscopy
(XPS) and nanohardness tests. The characterizations will be performed before and
after oxidation tests, in order to verify possible changes in morphology, chemical
bonding and mechanical properties.
Keywords
NbAlN
magnetron sputtering
thin films
oxidation

Poster: Physical Vapour Deposition PVD

Wednesday, September 14, 2016

PO3002
Influence of the discharge power on reactive and non-reactive magnetron
sputtering of Ti in DC and pulsed DC mode
Christian Saringer1, Robert Franz1, Katrin Zorn2, Christian Mitterer1
1

Montanuniversität Leoben, Leoben, Austria 2MIBA High Tech Coatings, Vorchdorf,
Austria
christian.saringer@unileoben.ac.at

Magnetron sputtering is a highly flexible deposition technique that is nowadays used
for the synthesis of a large number of different functional coatings in a diverse field of
applications. Its versatility is based on the huge spectrum of coating materials
achievable and on the vast amount of variable process parameters, like the possibility
to use DC and pulsed discharges or the deposition in either, reactive and non-reactive
mode. Its efficiency, however, is limited due to comparatively low deposition rates
caused by the large amount of energy that is dissipated into heat. Therefore, it is of
vital interest to increase the deposition rate in order to expand the applicability of this
technique. A possible approach to overcome this limitation is to increase the
discharge power to increase the sputter rate and, hence, the deposition rate.
However, a few open questions remain like what is the influence of the discharge
power on the process stability, the substrate temperature and the coating properties.
The objective of this study is therefore to investigate the influence of the discharge
power on aspects of both, the magnetron sputter process and the coatings deposited.
In the current experiments, a titanium target was sputtered non-reactively in argon as
well as reactively in a mixture of argon and nitrogen using both, DC and pulsed DC
discharges. The average power density was systematically varied between 4 and 34
W/cm². The substrate temperature was monitored during the non-reactive deposition
runs, revealing more intense substrate heating during pulsed DC sputtering compared
to DC sputtering. For the reactive sputter process, hysteresis experiments were
performed in DC and pulsed DC mode to determine the process stability in terms of
nitrogen gas flow and discharge voltage. Reactively sputtered coatings were then
deposited at a substrate temperature of 200°C in metallic and poisoned (or
compound) mode at constant discharge powers. The resulting microstructure and
mechanical properties of the TiNx coatings were characterized by X-ray diffraction,
scanning electron microscopy and nanoindentation.
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Dual magnetron sputtering (DMS) is a widely used method for the coating of large
surfaces. It is especially suited for electrically insulating layers, when high density and
fine grain structure are required. In DMS two sputtering targets are operated with an
AC power supply so that they act alternately as cathode in their respective negative
half-wave. As a working frequency, a range typically between 20 and 50 kHz is widely
established.
A phenomenon that limits the possible process parameters such as sputtering rate,
material composition or reactive gas supply is the arcing; this is the transition of the
homogeneous glow discharge to a local arc discharge. For certain materials, such
zinc-tin oxide or zirconium containing oxides, restrictions on the operating parameters
may arise from frequent arcing. This effect can be mitigated by modern arc
management techniques and by increasing the operating frequency.
This paper discusses the influence of the operating frequency on process stability,
arcing rate, deposition rate and film properties. Some factors are considered which
can mimic an influence of the operating frequency on the sputtering process. The
operating frequencyhas only a minor influence on the sputtering rate, but it may have
a more pronounced influence on film properties such as crystallite size.
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Densified and highly optically transparent zirconium dioxide films (extinction
coefficient below 0.001 at the wavelength of 550 nm) were prepared by reactive ac
magnetron sputtering on a floating substrate in argon-oxygen gas mixtures. We used
two unbalanced magnetrons in a closed-field configuration equipped with zirconium
targets (100 mm in diameter) driven by a mid-frequency ac power supply producing
sinusoidal waveforms of the target voltage and current. The depositions of the films
were performed at the repetition frequencies of 38 kHz and 80 kHz, the total pressure
close to 1 Pa and the average target power densities in the range of 5 – 15 Wcm-2
which are used in industrial ac magnetron sputtering systems. We found that our
solution proposed for high-rate reactive sputtering of dielectric films [1, 2], which
includes a feed-back pulsed reactive gas flow control and optimized to-substrate
reactive gas inlet configuration, is very effective also in industrially-demanded reactive
ac magnetron sputtering. The method led to a stable, arc-free sputtering process with
enhanced deposition rates of the ZrO2 films. We will report on deposition
characteristics, mechanical and optical properties of the films and their surface
morphology.
[1] J. Vlček, J.Rezek, J. Houška, R. Čerstvý, R. Bugyi, Process stabilization and a
significant enhancement of the deposition rate in reactive high-power impulse
magnetron sputtering of ZrO2 and Ta2O5 films, Surf. Coat. Technol. 236 (2013) 550.
[2] J. Vlček, J.Rezek, J.Houška, T. Kozák, J. Kohout, Benefits of the controlled
reactive high-power impulse magnetron sputtering of stoichiometric ZrO2 films,
Vacuum 114 (2015) 131.
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Low damage deposition processes are required e.g. for the production of high
brightness light emitting diodes (HB-LEDs) and also for the development of future
spintronic devices. In the case of LEDs, first a highly crystalline active area is grown
by chemical vapor deposition (CVD). After this device processing a conductive and
transparent film is desired to function as an electrode. Therefore a low damage film
deposition process is used in order to not destroy the sensitive crystalline structure.
Evatec has developed a facing target cathode (FTC) for the Clusterline®. The
geometry of the FTC contains two facing targets that are perpendicular to the
substrate and hence allow off-angle sputtering. The magnetic field is connected over
a yoke behind the targets and therefore enhance the magnetic strength. The FTC
has, in contrast to common magnetron devices, the magnetic field lines orthogonal to
the targets. This is an advantage in the case of magnetic targets, since no magnetic
shunt (due to the target) is introduced and the high magnetic flux of the FTC is
improved. High energetic ions are a main source for damage. Plasma simulations
were used to identify the origin of these charged ionic projectiles. The gained insight
was used to modify the hardware and process parameters to obtain a soft deposition
process. The investigated key parameters for low damage process (e.g. pressure,
sputter power and magnet field strength) were studied. In order to be of interest for
the mass production also a sufficient deposition rate is essential. The latter has been
increased by using a series of FTCs and by adjusting the process parameters. It has
been shown that the presented hardware can prevent the harming of the underlying
film and hence is challenging common low energy deposition techniques as e.g.
molecular beam epitaxy (MBE).
Keywords
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Oxygen (O) incorporation into aluminum nitride (AlN) thin films provides a wide
variability to prepare transparent, hard and wear resistant coatings. The O-induced
flexibility in physical parameters such as residual stress state or crystallinity allows for
an expansion of the already broad application field of AlN by ternary Al-O-N, e.g.
through oxidation-resistant protection coatings.
The technique applied in this study to deposit Al-O-N thin films of approximately 1 μm
for the presented data is magnetically unbalanced reactive closed field direct current
magnetron sputtering (R-CFDCMS). O contents are adjusted via the O2/N2 flow ratio
in the reactive gas mixture. Up to 8 at% O was found to be built into the wurtzite AlN
crystallites in the form of a solid solution. Films in this O concentration regime
experience gradual crystal lattice shrinkage due to Al vacancies as well as grain
refinement caused by enhanced repeated nucleation. Above the O solubility limit and
below 16 at% O, an amorphous intergranular aluminum oxide (Al2O3) tissue
envelopes the crystallites. In this regime the tensile stress state allows for water
absorption, so that hydrogen (H) incorporation, supposedly into the Al2O3 tissue, is
observed. Upon exceeding the limit of 16 at% O, X-ray amorphous coatings under
compressive residual stress are formed, so that no H absorption is permitted
anymore. N-O interactions were observed between 40-55 at% O, indicating the
formation of an amorphous Al-O network containing small amounts of dissolved N.
Al-O-N coatings, which gradually evolve from O-doped, crystalline AlN towards
N-doped, amorphous Al2O3 upon increasing O content, render it possible to fabricate
films with specific required properties tied to the intrinsic O content.
Keywords
aluminum oxynitride
transparent
sputter deposition

Poster: Physical Vapour Deposition PVD

Wednesday, September 14, 2016

PO3009
One step synthesis of LaFeO3-xNx thin film by dual reactive magnetron
sputtering
Emile HAYE1, Fabien CAPON2, Silvère BARRAT2, Jean-François PIERSON2
1

Institut Jean Lamour, Nancy, France 2Institut Jean Lamour, NANCY, France
emile.haye@univ-lorraine.fr

Oxynitride perovskite materials with ABO3-xNx formula present interesting properties in
various applications (pigment, photocatalysis, …), due to bandgap tuning by
controlling nitrogen amount. However, the mains oxynitride perovskite synthesis are
reported for B cations with stable high valency state (in order to keep
electroneutrality), such as LaTiO2N, LaTiOxNy, LaVO3-xNx , CaTaO2N, etc.
The nitrogen doping of perovskites with rare earth element and transition metal cation
without stable high valency state (such as iron) is almost not reported yet, but should
lead to similar results.
We have studied the case of one-step LaFeO3-xNx thin film synthesis, by magnetron
sputtering using O2 and N2 as reactive gas and two La and Fe metallic targets. A large
effort has been carried out to optimize deposition conditions: sputtering of La and Fe
metallic targets has been studied in presence of nitrogen and/or oxygen, together and
separately, to identify elemental and compound regimes. It has permitted to establish
a stability diagram of La-Fe sputtering in presence of N2 and O2.
Then, two multilayers with different deposition atmospheres (different Ar/O2/N2 flow
rate ratios, with 21/1/x and 21/7/x) have been synthesized and analyzed with
Secondary Ion Mass Spectroscopy. The in-depth profiles of O and N content into the
film have been studied and correlated to target voltage variation during deposition.
The in-situ (targets voltage variation) and post-synthesis (SIMS, deposition rate,
UV-Visible spectrophotometry and resistivity) measurements have shown that a direct
control of nitrogen content into the film is possible, and that it exists an optimal
window where amount of nitrogen into the film is maximized.
Structural and optical measurements have also been performed on as-deposited and
annealed films to reveal effect of nitrogen doping.
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Tungsten hot-wires were used to improve the density of magnetron sputtering plasma.
The emitted electrons from tungsten wires were directely decided by the currents and
potentials applied to them.The emitted electrons bombarded with argon and nitrogen
and the plasma densities were enhanced due to the discharge and ionization. The
substrate biaspotentials took the role to attract the ions from the plasma to the
growing coatings. The adatoms on the substrates absorbed energies from the arrival
ions and the dense coatings were produced. Therefore, the morpherelogy structures
of TiN coatings changed from triangular to sphere. The hardness of the TiN coatings
were up to 25GPa, and the adhesion between coatings and substrate were from 10 to
70kgf.
Keywords
hot-wire
plasma
magnetron sputtering
coatings

Wednesday, September 14, 2016

Poster: Physical Vapour Deposition PVD

PO3011
Physical-chemical characterization of ZrN/Ag thin films deposited by reactive
magnetron sputtering for biomedical applications
Cesar Aguzzoli, A.E.D. Maddalozzo, T.P. Soares, C.M. Menezes, C.A. Figueroa, J.
Catafesta, M. Giovanela
University of Caxias do Sul, Caxias do Sul, Brazil
caguzzol@ucs.br
Titanium implants are broadly used clinically, but implant associated infection remains
one of the most dangerous complications and is usually difficult to treat, sometimes
requiring implant removal and repeated surgeries. Among the materials used to solve
this problem (as biomedical coatings), zirconium nitride occupies a prominent place
due to its excellent biocompatibility in addition to other properties such as high
hardness and high resistance against corrosion and abrasion. Furthermore, metallic
silver in the form of silver nanoparticles has made a remarkable comeback as a
potential antimicrobial agent, as several pathogenic bacteria have developed
resistance against various antibiotics. In this work, ZrN and Ag were co-deposited in
titanium substrate by reactive magnetron sputtering for future applications in
biomedical area. The physical-chemical characterization was realized using
Rutherford Backscattering Spectrometry, that proved the ZrN films are stoichiometric
(which possess the best tribological properties). In addition, it was observed the
presence of silver and it was confirmed the good quality of films (which do not have
significant amounts of oxygen). Through the Glow Discharge Optical Emission
Spectroscopy analysis, it was observed that silver is in the substrate surface, as
expected. The actual formation of ZrN was proven by Raman Spectroscopy. The ZrN
hardness was measured by nanoindentation, which appointed hardness of 15 GPa,
like found in the literature. Microbiological tests were realized in Petry dishes with
nutrient agar to evaluate the inhibitory activity against Escherichia coli by halo
formation around the samples. It was observed the formation of a discrete white
inhibition halo in the samples containing silver, indicating that there was bactericidal
activity. This phenomenon did not occur in samples containing only ZrN film, or in the
titanium substrate without treatment. Other biological tests were made with different
bacteria, proving the efficacy of the treatment.
Keywords
Reactive magnetron sputtering
Antimicrobial action
Zirconium nitride

Poster: Physical Vapour Deposition PVD

Wednesday, September 14, 2016

PO3012
Effect of Si incorporation in ZrN Thin Films Deposited by Reactive Magnetron
Sputtering
Eduardo Tentardini1, Flavio Freitas1, Daniel Fernandez1, Lucas Felix1, Gleyciane
Souza1, Roberto Hubler2, Agenor Henz3, Fabiana Mendes4
1

Federal University of Sergipe / DCEM, São Cristóvão, Brazil 2Pontifícia Universidade
Católica do Rio grande do Sul, Porto Alegre, Brazil 3Federal University of Rio Grande
do Sul, Porto Alegre, Brazil 4Instituto Nacional de tecnologia, Rio de Janeiro, Brazil
etentardini@gmail.com

Nitride transition metal thin films have been used in the last decades due to properties
as hardness, wear resistance and mechanical strength. Zirconium nitride (ZrN) is a
typical coating used because of its tribological properties and corrosion and oxidation
resistance. Even with differentiated properties, ZrN thin films have columnar
microstructure, micro-cracks and pores, which are defects associated with sputtering
deposition process. These discontinuities allow direct contact between the external
environment and the substrate, compromising the mechanical properties and
applications in high temperature or corrosive environments.
An alternative to modify ZrN thin films microstructure and morphology is the addition
of a third element as silicon. The Si addition promotes the formation of a two phase
microstructure, which one is crystalline (ZrN) and the other is amorphous (Si3N4).
This characteristic has potential to change thin film morphology and macroscopic
properties.
The study proposal was to deposit thin films of ZrSiN system by reactive magnetron
sputtering varying the Si concentration in each coating. XRD, SEM, RBS, XPS and
nanohardness techniques were used to analyze the morphology and mechanical
properties of the coatings.
Keywords
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On the existence of a double S-shaped process curve during reactive
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Reactive DC magnetron sputtering is a common technique to deposit compound films.
Starting from an elemental metal target, the composition on the substrate can be
altered by adjusting the reactive gas flow. However, at given sputtering conditions, a
transition in operating conditions is noticed at critical reactive gas flow rates inducing
the well-known hysteresis effect during reactive sputtering. These inherent instabilities
restrict the achievable substrate compositions or decrease the deposition rate
substantially.
Reactive sputter deposition models simulating the hysteresis effect predict an
S-shaped process curve of the discharge voltage and the reactive partial pressure as
a function of the reactive gas flow. It can be demonstrated that this S-shape process
curve causes the inherent instability under typical operating conditions. Therefore,
modelling the S-shaped process curve yields important information on the influence of
the operating variables on the hysteresis and on the parameters of interest.
Up till now, the experimentally and simulated S-shaped process curves were
assumed to be unique for each specific system. However, we report the existence of
a double S-curve during reactive sputtering implying that there are at least two
different reactive gas flows corresponding to each reactive gas pressure at constant
operating conditions.
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Energy transfers between plasmas and surfaces is of major importance for many
plasma -based material modification processes, including magnetron sputter
deposition. It is well known that the global energy deposited during the growth
determines the features of the deposited film, such as its phase constitution,
micro-structure, morphology etc., and, consequently, its final properties. Beyond this,
the knowledge of the energetic contributions, and especially in the case of reactive
sputtering, of the energetic species interacting with the substrate would give some
interesting insight into the elementary mechanisms involved in the deposition process
itself, and even in the sputtering one taking place at the target. We have previously
shown that the evolution of the energy flux at the substrate can be fruitful to study
reactive deposition processes [1].
In this contribution real time energy flux measurements performed with a
thermopile-based diagnostic will be compared to energy-resolved mass spectrometry
data recorded during reactive sputtering of various metal targets in Ar/O2 gas
mixtures. Our aim is to evidence the reactive species created in so called “metal” and
“oxide” modes, as well as during the transitions step, that transfer energy to the
substrate. Measurements are carried out on metals exhibiting various properties
expected to influence the sputtering process and the formation of oxidized species
like: oxide stability (or affinity with oxygen), secondary electron emission coefficient,
sputtering yield, etc. The role that energetic O- could play on the oxide film growth will
be especially addressed.
[1] A.L. Thomann , P.A. Cormier, V. Dolique, N. Semmar, R. Dussart, T. Lecas, B.
Courtois, P. Brault, Thin Solid Films 539 (2013) 88–95
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Our team has now a few years' experience in synthesizing doped aluminium nitride
films by the technique of R.F. magnetron reactive sputtering. The poster will give a
complete overview of the work and will try to gather the main elements of the past
studies. It will also include the main conclusions of the very recent results (presented
in oral) obtained on crystallographic localization of the rare earth inside the lattice by
spatial resolution techniques and more specifically by laboratory XRD (X-ray
Diffraction).
We will recall the morphology map built according to the generator power, the
pressure of the working plasma. We will describe the crystalline morphologies of the
different zones of the map that were identified by TEM (Transmission Electron
Microscopy). We will underline the role of oxygen presence and will present the
systematic study we have performed to identify the effect of oxygen on the crystalline
morphology of nitrides. We will also present the morphologies obtained by applying a
variable bias between the target and the substrate. We will situate the work by
comparing to the well-known Structure Zone Diagrams built by Movchan et al [1] for
some metals and oxides deposited by evaporation, by Thornton [2] for metals
deposited by sputtering and more recently by Anders [3] for polycrystalline films
deposited by filtered cathodic arcs or HIPIMS (high power impulse magnetron
sputtering).
References
[1] Movchan BA, Demchishin AV. Fiz Met Metalloved 1969:653.
[2] Thornton JA. Annu Rev Mater Res 1977;7:239.
[3] Anders A. Thin Solid Films 2010;518:4087.
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In high temperature electrolysis systems (about 700°C), deleterious reaction involving
degradation of the performances often occurs between the cell materials used as
electrode and electrolyte. As an example, the interfacial reactions between YSZ
(electrolyte) and LSCF (anode) can lead to La2Zr2O7 and/or SrZrO3 phase formation.
To limit this reactivity, a gadolinia-doped ceria interlayer must be deposited between
YSZ and LSCF. This thin barrier layer (< 500 nm) can be deposited by magnetron
sputtering under reactive conditions.
In this work, both yttia stabilized zirconia and gadolinia-doped ceria deposits were
manufactured by direct current magnetron sputtering under reactive conditions. Films
were deposited on various substrates (i.e. silicon wafer, NiO-YSZ cermets, glass
plates). The main characteristics (crystallinity, composition, density, oxygen content)
were studied by scanning electron microscopy (SEM), electron dispersive
spectroscopy (EDS), X-ray diffraction (XRD), Rutherford backscattering spectroscopy
(RBS) and optical transmission.
First, working conditions in elemental sputtering mode were adjusted to ensure a high
deposition rate. A set point just before the transition was chosen to increase the
oxygen content in the deposits. Then, classical ex situ or in situ heat treatments were
performed to fully oxidize the deposits. The subsequent volume expansion was also
investigated regarding the as previously determined deposition conditions to obtain
oxide layers as dense as possible without stress cracking.
Finally, YSZ electrolyte and CGO barrier layers were successively deposited in the
sputtering chamber. A particular attention was paid to optimize the YSZ/CGO
interface in order to promote adhesion between the layers and the global ionic
conductivity thanks to a smooth transition between YSZ and CGO.
Keywords
d.c. magnetron sputtering / gadolinia-doped ceria (CGO)
reactive conditions / heat treating / stress cracking
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Diamond-like carbon (DLC) films possesses excellent properties including high
hardness, low friction coefficient and chemical inertness, etc. The main reason of the
retarding industrial applications of DLC as tribological coatings is their disappointing
adhesion caused by relatively high compressive stresses in the range of some GPa.
Me-DLC has proven to be one kind of carbon based films which is featured by lower
compressive stresses and excellent tribological performance. In this study, hollow
cathode enhanced MF magnetron sputtering was used to prepare Cr-DLC on
HSS.The influence of high-density plasma during both surface cleaning and DLC
deposition stages on surface morphology of films, microstructure, adhesion between
the substrate and films, and tribological properties was focused on. The arc current
was set as 0A, 15A, 20A, 25A, 30A, respectively and the distance between the target
and substrate was set as 100mm. The experimental results have demonstrated that
higher plasma density originated from hollow cathode arc in the cleaning step
substantially improve the adhesion between the films and substrate. The adhesion
force class may increase to HF1 - HF2 from HF5 - 6 if the hollow cathode arc current
of 30A is utilized. The film surfaces become smoother and the microstructure get
denser at higher arc current. The Raman data show that ID/IG decreases with the arc
current increasing, which reflects an increase of sp3 content in the film. Higher
micro-hardness and lower friction coefficient of the DLC films has also been achieved,
leading to a better tribological properties.
Keywords
Hollow cathode arc
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A thin film deposited on the surface of a tool can substantially influence its durability
and performance. The most frequently used coatings in industry are ceramic coatings
with great hardness and stiffness. However, these coatings are quite brittle, which can
cause the formation and spreading of cracks. To prevent the formation of cracks, the
material of the film should exhibit ductile behaviour. The combination of high hardness
and moderate ductility has been discovered in the nanolaminate Mo2BC. Mid
frequency pulsed-DC magnetron sputtering was used to deposit thin Mo2BC films.
This method was chosen, because it is relatively simple and therefore
industry-friendly. The energy necessary for the formation of a crystalline film was
provided by the ion bombardment enhanced by the use of pulsed voltage and
possible optional application of bias on the substrate. The ion flux onto the substrate
was increased nearly by a factor of 3 by employing 350 kHz pulsing at duty cycle of
65% compared to DCMS. Utilizing pulsed DC yielded 1.6-1.9 incoming bombarding
ions to 1 stuck atom of the film. Moreover the deposition process of co-sputtering of
Mo, B4C and C targets was proven to be very stable and repeatable. The coatings
were very smooth with average roughness of < 0.5 nm. Grazing angle of incidence
X-ray diffraction was used in order to estimate the level of crystallinity. Thin films
prepared without any external heating were amorphous. Thin films prepared at 320°C
and 550°C were partially crystalline. Not reaching full crystallinity can be partly due to
non-optimal chemical composition for stoichiometry. Even though the coatings shown
hardness of > 20 GPa and no cracks were propagating from the residual indents
indicating good fracture toughness. This research has been supported by the project
CZ.1.05/2.1.00/03.0086 funded by European Regional Development Fund and project
LO1411 (NPU I) funded by Ministry of Education, Youth and Sports of Czech
Republic. The Czech Science Foundation is acknowledged for the financial support of
this work - project 15-17875S.
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The industry today makes wide use of thick protective and functional coatings up to
100-200 mcm in thickness. There are numerous chemical, electrochemical and
physical methods for thick films production. PVD methods, such as EB, Laser and Arc
PVD yield high rate of films deposition and provide some advantages over chemical
and electrochemical techniques. It is thought that magnetron sputtering does not
possess the required productivity and unusable for thick coatings preparation
although such a possibility was already discussed in early works [1]. Meanwhile there
are DC magnetrons with deposition rate 2-5 mcm/min [2]. By the magnetron
sputtering of copper-carbon mosaic targets with variable graphite content composite
Cu-C coatings of 50-170 mcm in thickness were produced in present work with
deposition rate up to 2.73 mcm/min. The films' structure is similar to those of micron
and submicron thin Cu-C films produced earlier [3]. XPS measured % sp2 bonds
45-70% together with RFA data describe the carbon component as a-C. Coatings with
carbon content less than 20% do not show the signs of peeling and crack
development under diamond indenter loading 150 N. Analysis of indenter's imprints at
substantially different loadings testify to the effect of high plasticity of the coatings.
Friction measurements in dry conditions and liquid and solid lubricants assisted show
coefficients of friction 0.08-0.15. Wear of coatings at loading 40 N was 2x10-7 mm3
/N/m. Electrical resistivity of coatings increases nonlinear from several mcOhm.cm to
150 mcOhm.cm with rising of carbon content to 20%. Such a relationship common to
alloys suggests high dispersivity and uniformity of produced Cu-C nanocomposites.
[1]. J.A. Thornton, Ann. Rev. Mater. Sci. 7 (1977) 239-60
[2]. A.F. Pal, V.S. Mitin et al, PSE 2014, PO2045
[3]. U. Kanders et al, Surface & Coatings Technology 280 (2015) 308–316
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Flexible materia is a kind of commonly used substrate for coating. It has many
advantages,such as light weight，low price，small volume，easy to folding,and easy to
prepare large area. But the usual flexible substrate materials were generally made of
organic materials,so they usually can not resistant to high temperature.And some
traditional technique for coating which need to working in high temperature are not
suitable for flexible substrate materials. Ion beam assisted deposition(IBAD)
technique was well known worldwide and was used frequently to modify mechanical
,electrical ,optical, tribological,and other physical and chemical properties of surface.It
Combined ion beam bombardment with PVD . The bombardment of energetic ions
made the diffusion between the deposited atoms and the substrate atoms, and the
adhesion of the film and substrate was improved ,so we can prepare excellent films at
low temperature. The basic principle of ion beam assisted deposition and the latest
application of coating on various flexible substrates were introduced in this paper.
Especially the research results of the thermal control coating on flexible polyimide(PI)
substrate by ion beam assisted deposition technology in Lanzhou Institute of
physics(LIP) were introduced in this paper. Finally, the development trend of ion beam
assisted deposition technique in the field of flexible substrate coatings was discussed.
Keywords
ion beam assisted deposition
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In magnetron sputtering, the momentum exchange between gas ions from the
magnetically confined plasma and the cathode target causes the emission of atoms
towards the substrate. The spatial geometry of the magnetron plasma is known to
depend on the gas pressure, discharge voltage, current and magnetic field strength.
The erosion racetrack formed in the target surface is determined by the spatial and
directional distribution of the ions that are incident on the target, and these depend on
a combination of the strength and configuration of the magnetic field. In this study we
have measured the spatial variation of the magnetic field of one 2” diameter and two
4” diameter magnetron cathodes, each of different maximum magnetic field strengths,
and we have compared that data with the spatial distribution of the erosion racetrack
in the corresponding targets. Each magnetron had been used to deposit different
materials, but similar discharge voltages and argon gas pressures had been used.
The results showed that the inner and outer edges of the racetrack correspond to
given value magnetic field vector. We report how the shape of the racetrack profile
corresponds to the configuration of the magnetic field.
Keywords
Magnetron
racetrack
magnetic field
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The rapidly growing development on nitride based thin films has led to a great variety
of applications, where either high or rather low thermal conductivity is required. On
one side of the scale are wurtzite AlN thin films, which have drawn great attention
over the last decades due to its extremely high thermal and rather low electrical
conductivity.On the other side of the scale are cubic Ti- and Cr-nitride-based thin films
(~4W/mK), which are well-established in milling applications due to their outstanding
thermo-mechanical properties.Within this study, we investigated the influence of the
alloying content on the temperature dependent thermal conductivity in Ti-, Al-, and
CrN based coatings. Therefore, a PVD reactive magnetron sputtering system was
applied to deposit c-TiN, c-Ti0.40Al0.60N, w-AlN, w-Al0.95Cr0.05N, and c-CrN thin
films. For determination of the thermal conductivity, the 3-omega method was applied.
Calculations on the thermal conductivity measurements of AlN thin films predict that
the used setup is limited to a measureable thermal conductivity of ~50W/mK, which is
clearly exceeded by our AlN thin films. These results were correlated with the
structural and mechanical properties of the coatings obtained by XRD, SEM, TEM,
and nanoindentation analysis. Doping small amounts of 5at.% Cr into AlN thin films
has no effect on the single phased wurtzite structure, which is also obtained for pure
AlN. But regardless of the similar crystal structure and morphology, the 3-omega
measurement reveals a significant drop in the thermal conductivity compared to AlN.
The impurities and/or point defects have a pronounced impact on the mobility of
phonons, being the major carrier for thermal conductivity in electrically insulating
materials. By using the 3-omega method it is possible to accurately measure the
thermal conductivity of nitride based thin films in a wide temperature range.
Keywords
thermal conductivity, 3-omega method, mechanical properties
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The development of new alloys for gas turbine engines has been focused on
withstanding against increasing service temperatures. AD730™ is a recently
developed nickel-based superalloy for turbine disk applications with superior
properties at 700°C, which is higher than the common service temperature for IN718.
Use of coatings to enhance the properties of materials, such as wear resistance is
widely known in various applications. This research presents an experimental study of
TiAlN coatings, deposited onto AD730 superalloy using High Power Impulse
Magnetron Sputtering (HiPIMS). Phase structure and chemical composition of the
TiAlN films were characterized by X-ray diffractometry. Transmission electron
microscopy as well as scanning electron microscopy were used to analyze the
microstructure of the coating. Mechanical properties, including hardness, Young's
modulus, and adhesion strength were measured using nanoindentation und scratch
test.
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The versatile properties and its abundance make iron oxide semi-conductor a
promising material in many domains such as in catalysis, photochemistry, pigment,
waste water treatment, magnetic printing, magnetic resonance imaging,
microelectronic, gas sensor, etc. According to the crystallographic phase and oxygen
content, their properties can be varied from a semi-conductor to half-metallic
behaviour resulting in interesting optical, electrical and magnetic properties. Magnetite
spinel Fe3O4, hematite and maghemite Fe2O3 and wüstite FeO are the main
crystallographic phases responsible for such behaviours. The tuning of the properties
of iron oxide films depending notably on their oxygen content, their synthesis by
magnetron sputtering assisted by Plasma Emission Monitoring (PEM) are
investigated. Metallic Fe target is sputtered in the unstabletransition by means of a
feedback control system of the reactive gas partial pressure indirectly measured in
using optical emission spectroscopy. The chemical, structural, electrical, optical and
magnetic properties are assessed as a function of the setpoint defining the
oxygen-to-metal ratio in the discharge. The effect of a post-annealing temperature on
their properties is also studied.
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ZnO is a II–VI semiconductor with a wide and direct band gap (3.4 eV), excellent
chemical and thermal stability, specific electrical and optoelectronic properties . It has
recently gained much interest because of its potential use in many applications,
Ti-doped ZnO films, in comparison with the ZnO films doped with Group III elements,
have more than one charge valence state. This means Ti-doping can create more free
electrons and enhance n-type conductivity. The electrical and optical properties of Ti
doped ZnO films have also been extensively investigated.
This paper reports on the effects of different sputtering deposition process parameters
(oxygen partial pressure, working pressure, power sputtering ) on the electrical,
optical, structural and morphological properties of Ti-doped ZnO deposited by D.C.
magnetron sputtering from both Zn and Ti targets in a mixture of oxygen and argon
gases with a target-to-substrate distance of 9.5 cm.. The thin films were deposited at
temperature of 300 °C.
The microstructure, surface morphology and optical properties in ZnO:Ti films were
systematically investigated via X-ray diffraction (XRD), Scanning Electron Microscopy
(SEM), ultraviolet visible (UV–Vis) spectrophotometer and four-point. The results
indicated that Ti-doped ZnO X-ray films have a hexagonal wurtzite structure with the
[002] preferred crystallographic direction, and All ZnO:Ti films have an average
transmittance above 90 % in the visible region, and the lowest electrical resistivity of
1.8 × 10−3 Ω·cm
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WO3 is expected to be a semiconductor photocatalyst driven visible light because its
band gap ranges from 2.5 to 2.8 eV. We have already reported on photoinduced
superhydrophilicity and oxidative decomposition of organic compounds under visible
light irradiation on polycrystalline WO3 films deposited by conventional reactive
magnetron sputtering [1-5], where deposition rate was very low of around 10 nm/min.
In this study, reactive gas flow sputtering (GFS) is adopted to deposit visible-light
active photocatalytic WO3 films. GFS encompasses two techniques, namely,
hollow-cathode discharge and gas-flow-driven material transport. During the WO3
deposition, a hollow-cathode discharge occurs between a pair of facing rectangular W
targets at gas pressures of 90 Pa. A stream of Ar gas was introduced, and directed
between the facing targets. The forced Ar stream transported sputtered W atoms to
the substrate. O2 reactive gas was supplied in the vicinity of the substrate. The
reactive GFS method offers great advantages over conventional reactive magnetron
sputtering by providing stable high-rate deposition [6,7]. The WO3 films loaded with Pt
(Pt/WO3) were also fabricated. The deposition rate for this process was over 10 times
higher than that achieved by the conventional sputtering process. Furthermore, Pt
nanoparticle- loaded WO3 films deposited by the GFS process exhibited much higher
photocatalytic activity than those deposited by conventional sputtering, where the
photocatalytic activity was evaluated by the extent of decomposition of CH3CHO
under visible light irradiation [9]. [1] Proceedings of the 3rd ICCG , (2000) 137. [2]
Proceedings of the 6th ICCG , (2006) 365. [3] J. Nanosci. Nanotechnol. 12 (2012)
5082. [4] Jpn. J. Appl. Phys. 51 (2012) 055501. [5] J. Vac. Sci. Technol. A 30 (2012)
031503. [6] J. Vac. Sci. Technol. A 26 (4) (2008) 893. [7] Thin Solid Films 532 (2013)
1. [8] APL MATERIALS 3 (2015) 104407.
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The main reasons of the decrease of performance of coatings are related to intense
crack formation (caused mainly by cyclic exposure to thermomechanical stresses)
and interdiffusion between tool material and machined material. During the operation
of a carbide tool with nanoscale multi-layer composite coatings (NMCCs), are formed
transverse and longitudinal (delamination) fatigue cracks. Considers the formation of
coatings with nanoscale grain structure and thicknesses of sublayers, which
contributes to inhibition of cracks due to their relaxation in milder nanolayers and
transformation of most dangerous transverse cracks into longitudinal ones. The
application of NMCCs also contributes to significant inhibition of interdiffusion
processes expressed in a significant slowdown of mutual diffusion in the
"tool-machined material" system. In particular, the study of the chemical composition
of the machined material at the tool contact areas showed a significant reduction of
diffusing tungsten from carbide substrate by 3-4 times, and the study of the chemical
composition of the outer layers of the tool material showed a decrease in the diffusion
of iron from the machined material by 2-3 times. The study has revealed a substantial
reduction in the intensity of diffusion processes in the application of NMCCs in
comparison with coatings of the traditional type (eg TiN or TiAlN, TiCrAl). The
application of the developed compositions of NMCCs results in the increase in wear
resistance of carbide tools with NMCCs during machining of structural steels by up to
4-5 times as compared with uncoated carbide tools and by up to 2-2.5 times as
compared with tools with the coatings of traditional types
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Effect of substrate current on the microstructure and corrosion behavior of
TiCN coating deposited by pulse enhanced arc evaporation
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Pulse enhanced arc evaporation(PEAE) is a new approach in PVD which utilizes
direct-current(DC) as well as pulsed operation of the arc sources. The pulsed high
current produces much higher plasma density, which leads to superior growth
dynamics and microstructure of deposited films. And the better surface properties are
speculated. Compared with the traditional DC cathodic arc, PEAE is featured by
larger substrate current in the pulse period. This may generate more energetic
particles, which may aid in densifying the growing films and improving corrosion
resistance and so on. TiCN films are synthesized on stainless steel by PEAE
technique. The evaporation arc runs with a continuous base current of 50A,
superposed with a pulse current of 50-400 A at pulse frequency of 500 Hz and pulse
width of 0.5 ms. In the study, the DC arc current is constant and the pulse arc current
varies to achieve different substrate current. The results have demonstrated that the
substrate current rises to about 5-6 times compared to DC vacuum arc with the same
average current. The microstructure becomes denser. The surface roughness and the
number of macroparticles decrease. Also the TiCN films grow with (111) or (220) of
preferential orientation affected by the pulse operation. The PEAE technique has
improved the corrosion resistance of the stainless substrate, although the corrosion
behaviors of TiCN coatings are not much dependent on substrate current. The
corrosion current is about 3.0E-6 A and the corrosion potential is about -0.4981 V for
TiCN coating fabricated by PEAE mode, while they are about 4.0E-6 A and -0.6185 V
respectively by DC arc evaporation. It may be speculated that PEAE is an effective
tool to produce hard coatings with much denser microstructure.
Keywords
Pulse enhanced arc evaporation
TiCN
substrate current
corrosion behavior

Poster: Physical Vapour Deposition PVD

Wednesday, September 14, 2016

PO3029
Combined vacuum deposition technologies for high-rate coating of 3D-parts
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Physical vapor deposition (PVD) methods have found a widespread use in several
fields of application. Electron beam (EB) evaporation with axial type guns offers a
productive solution in case of high material throughput. Large-area coating of metal
strips is being realized economically at industrial scale. A number of high-quality oxide
and nitride coatings have been developed using plasma-activated EB evaporation in
experimental investigations. As examples, hardness for nanocrystalline γ-Al2O3 up to
22 GPa and for SiOx up to 15 GPa were evaluated. The static deposition rates amount
to more than 100 µm/h and to dynamic rates more than 1000 nm.m/min. Furthermore,
carbon-based hard coatings such as hydrogen-free amorphous carbon, titanium
carbide and different tungsten carbides have been deposited by EB evaporation. As
examples, hardness of 20 GPa for a-C, 33 GPa for TiCx and 30 GPa for W-C:H layers
were proved. Process characteristics and layer properties will be presented in detail.
Reactive magnetron sputtering as well as plasma-enhanced chemical vapor
deposition (PECVD) are versatile techniques to deposit valuable coatings on tools
and parts in excellent quality. They provide coatings of a wide variety of compositions
and structures, including also complex compounds. Consequently, the combination of
EB-PVD with magnetron sputtering and PECVD opens up the possibility of highly
effective coating processes for 3D-shaped substrates. Beyond that, the combination
of these technologies in co-deposition processes, for layer stacks or gradient
structures enables new and innovative features in the layer design. A novel laboratory
machine platform NOVELLA integrates all three deposition technologies in a single
device for coating 3D-parts. The basic design of this short-cycle equipment and first
examples of use will be presented.
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Suspension containing nanoparticles (NPs) are currently used as precursor for
AP-PECVD (Atmospheric Pressure-Plasma Enhanced Chemical Vapor Deposition) of
nanocomposite. The NPs are suspended in a fluid (usually a liquid) and injected
directly into the discharge. In the thin film coating, NPs are embedded into the matrix
made by polymerization of the reactive precursors. If interesting results are obtained,
the drawback of the method is that NPs aggregation is largely determined by the
suspension properties and NPs have to be carefully functionalized to get a stable
suspension and to avoid the formation of large aggregates defined by the nebulization
droplet size. The aim of this work is to develop a different process to make
nanocomposite by AP-PECVD of NPs. It is based on the sputtering of a target made
from the NPs, 25nm diameter titanium dioxide (TiO2) in this work. The discharge is a
dual frequency dielectric barrier discharge made in Ar/NH3 Penning mixture. A
radiofrequency voltage is used to initiate the discharge and a low frequency is added
to control the transport of positive ions to the cathode and the transport of negatively
charged NPs from the cathode to the gas bulk.
The effect of the amplitude and frequency of the two voltages on the presence of NPS
in the plasma phase is measured by laser diffusion and correlated to the plasma
emission of NH and Argon. First the feasibility of NPs target sputtering in a DBD is
shown. Second the morphology of the coating made by the NPs is observed by SEM
and correlated to the plasma observations. Numerical modeling of the NPs transport
is also used to better understand the mechanism controlling the sputtering and the
transport of the NPs to the surface. We have evaluate that two forces will predominate
in this transport : the electric force from the low frequency excitation and the diffusion
of NPs due to the concentration gradient.
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The effect of alloying molybdenum to cathodic arc evaporated Ti-Al-N coatings
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Ti1-xAlxN is commonly used as protective coating for, e.g., cutting or forming
applications due to its outstanding properties like high mechanical strength and
thermal stability. Ever growing demands in process efficiency and precision are in
need for application-specific adjustments of already well established coating systems.
Thereby, for instance, higher working speeds and increased processing temperatures
are accessible. Additional factors determining the coatings’ performance during many
applications are their tribological behaviour and wear resistance. The addition of
molybdenum (Mo), tungsten (W), or vanadium (V), is known to significantly enhance
the wear resistance of Ti1-xAlxN.
Here, we study in detail the influence of Mo additions to Ti1-xAlxN coatings on their
mechanical properties and thermal stability. The films were prepared by cathodic arc
evaporation using powder-metallurgically manufactured (Ti0.5Al0.5)(1-x)Mox targets
with Mo contents xof 2, 5, and 10at.%, and applying either -40, -80, and -120 V
substrate bias.
The coatings are slightly overstoichiometric with nitrogen contents of about 54 at.%,
for all bias potentials used. The ratio of Ti, Al, and Mo within the coatings corresponds
to the cathode composition. However, the growth morphology and microstructure of
the coatings prepared significantly depend on the Mo content. Our results clearly
show that by the addition of Mo not only the hardness of Ti0.5Al0.5N increases but
also their thermal stability.
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CSP (Concentrated Solar Power) parabolic-trough and Linear Fresnel Reflector
absorbers, convert sunlight into heat for producing electrical energy, reaching
temperatures of about 250-450°C. At this working temperature thermal losses are
mainly radiative. Thus, the absorber must be coated with spectrally selective films,
with good solar absorbance properties and low thermal emittance in the infrared
range (beyond 2450nm). Furthermore, the absorber will be directly exposed to severe
conditions in air and must have a good thermal stability and oxidation resistance at
high temperature for several years (at least 20 years)
The presented selective coating is made of 4 thin layers deposited on a stainless steel
substrate. The bottom layer consists in a TiAl based layer and plays the role of an IR
reflector. The next two layers constitute a tandem absorber made from TixAlyNz. And
the last thin layer is a SiNCH anti-reflective layer enhancing solar absorption.
Optical index of each layer has been measured by ellipsometry. Multilayer
compositions and thicknesses are then optimized using optical simulations.
IR reflector and absorbing layers are deposited by magnetron sputtering of TiAl target
with argon and nitrogen. Antireflective coating is produced by PECVD from TMS
(Tetramethylsilane) precursor and nitrogen.
Samples were annealed at constant temperature above 500°C in air for 120 hours.
Annealing has been followed by AFM measurement and optical characterizations. No
significant changes of surface topography and optical properties have been observed.
Good results have already been reached with solar absorption of 94%, a
550°C-emissivity of 23% in the IR domain and a promising thermal stability in air. The
authors will present both modeling of the absorptive layers stack and process
deposition. Preliminary results will presented as well.
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Pulse magnetron sputtering is very well suited for the deposition of optical coatings.
Due to energetic activation during film growth, sputtered films are dense, smooth and
show an excellent environmental stability. Films of materials like SiO2, Al2O3, Nb2O5 or
Ta2O5 can be produced with very little absorption and scattering losses. Therefore
they are well suited for precision optics.
In this paper, FEP's coating plant PreSensLine, a deposition machine dedicated for
the development and depositon of precision optical layer systems will be presented.
The coating machine (VON ARDENNE GmbH) is equipped with dual magnetron
systems (type RM by FEP). Concepts regarding machine design, process technology
and process control as well as in situ monitoring are presented to realize the high
demands on uniformity, accuracy and reproducibility. Results of gradient and
multilayer type precision optical coatings are presented.
Examples of application are edge filters and special antireflective coatings for the
backlight of 3D displays with substrate size up to 300x400mm. X-ray amorphous Si
layers were deposited as polishing layers for EUV lithography. Moreover, the machine
allows deposition of rugate type gradient layers by rotating a rotary table with
substrates between two sources of the dual magnetron system.
By combination of the precision drive (by LSA) for the substrate movement and a
special pulse parameter variation during the deposition process (available with the
pulse unit UBS-C2 of FEP), it is possible to adjust the deposition rate as a function of
the substrate position exactly. Based on this, the aim of a current development is a
technology for the uniform coating of 3D-substrates and aspheres as well as laterally
graded layers.
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Decorative Zirconium oxynitride coatings deposited by magnetron sputtering:
an attempt to break the chemical and color restrictions
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Zirconium oxynitride coatings are an interesting choice for aesthetic purposes, due to
the combination of chemical stability, biocompatibility, good mechanical properties
and a nice palette of colors achievable. Moreover, its preparation by reactive
magnetron sputtering is relatively easy and simple. However, there are some
particular colors, such as light blue or green, which are very difficult to achieve.
Additionally, the chemical composition of samples lays in a very particular region of
the Zr-O-N ternary diagram, which is probably one of the main reasons behind the
limitations observed for the observed colors.
In this contribution, we will make a complete study of the Zr-O-N system, including an
exhaustive comparison with literature. First, the deposition parameter space is
explored, by changing target power, bias and composition of the sputtering
atmosphere. The chemical and phase composition and structure of the films are
evaluated by RBS, XRD and SEM, respectively, and correlated with the synthesis
conditions. Finally, the color of the coatings is measured by spectrophotometry and
interpreted in terms of the characteristics of the films.
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An experimental study on water management and electrical conductivity
behaviors of TiN coated polymer composite bipolar plates for PEMFC
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Bipolar plates are a key component of PEM fuel cells because of having a large
portion of the weight and total cost of a fuel cell stack. Bipolar plates made of polymer
composite materials preferred in PEM fuel cell applications due to their low material
and production costs, high strength, low weight and high corrosion resistance.
Although polymer composite bipolar plates have such good properties, they can show
low electrical conductivity, which affects the efficiency of PEM fuel cells. To overcome
this issue, different coating types are suggested. In this study, TiN was coated on
polymer composite bipolar plates to improve electrical conductivity. A single cell using
the TiN nanoparticles coated bipolar plates has 50 cm2 active layers. For surface
properties, contact angle and surface roughness were also tested. The wetting
measurements demonstrate that TiN nanoparticles coated bipolar plates result in
contact angle from 85°.The single PEM fuel cell was evaluated at various conditions.
The performance was more than 0.32 W/cm2 for polymer composite bipolar plate at
50°C in humidified hydrogen and oxygen conditions. As the results, inexpensive TiN
nanoparticle coated type polymer composite bipolar plates would become a possible
alternate for the expensive graphite bipolar plates
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It is by now common knowledge that the large-scale commercialization of Direct
Methanol Fuel Cell technology (DMFC) by technology aspects, such as anode
kinetics and methanol crossover.
In this contribution, we report two solutions that aim to solve, or at least mitigate these
negative aspects.For the first, we present a new titanium-based catalyst support with
self-assembled, hierarchical mesoporous nanostructure, grown by Pulsed Laser
Deposition. By controlling the gas dynamics of the nanoclusters-inseminated
supersonic jet, the resulting impaction deposition conditions, and consequently,
nanostructures morphology can be tuned. We demonstrate, that with our technique, a
conductive ceramic such as TiN, can be nanostructured in order to maximize surface
area while controlling the porosity and the morphology of the material down to the
nanoscale, in order to maximize Pt utilization.
The second solution here reported heads towards the reduction of methanol
crossover through the polymeric membrane during DMFC operation. Due to its affinity
with water, methanol crosses the membrane, oxidizing at the cathode side, leading to
energy losses and fuel waste. To overcome this, a compact Pd film, with good proton
transport properties but able to block methanol flux, was deposited on top of a thin
Nafion XL® membrane (25.7 µm) by means of DC sputtering.With an efficient way to
block the crossover, it could be possible to increase the methanol concentration in the
solution, and consequently improve the cell performances along with the efficiency,
filling at least partially the gap to large-scale commercialization of the technology.
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Solar cells will become one of the most important energy sources in the future.
Searching for a new material for the photovoltaic is part of this challenge. Zinc tin
nitride (ZnSnN2) is a new semiconductor material with earth abundant elements and a
low-cost production. Due to its direct bandgap, tuneable from 1.0 to 2.1 eV, ZnSnN2 is
a good candidate for multijunction photovoltaic cells.
This work presents the development of ZnSnN2 thin films by reactive co-sputtering
using zinc and tin metallic targets. The films were deposited at room temperature on
glass and silicon substrates. The stoichiometry of the films was controlled by
optimizing operating parameters such as the target voltage, the nitrogen partial
pressure or the total pressure. The structure of the films was studied by X-ray
diffraction. The as-deposited ZnSnN2 thin films crystallise in an orthorhombic structure
and the effect of the annealing temperature on the film properties has been studied.
No structural change has been evidenced after annealing treatment in nitrogen at
temperature as high as 400 °C. Transmission electron microscopy analyses reveal
that the films are nanocrystallised. More detailed information about the chemical
environment of tin atoms has been obtained using advanced characterization
techniques such as Mössbauer spectroscopy. No contribution of metallic tin has been
evidenced. Vibration modes were studied with Raman spectrometry and Fourier
transform infrared spectroscopy. The optical band gap has been deduced from
UV-Visible spectroscopy measurements. Finally, the electrical resistivity at room
temperature (approx. 8.3x103 µΩ.cm) has been measured using the four point probe
method.
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Monolithic dye sensitized solar cells (DSC) architectures holds great potential for
building integrated photovoltaics applications. They benefit from lower weight and
costs as they avoid the use of a transparent conductive oxide coated glass counter
electrode. In this work a transparent monolithic DSC comprising hierarchical 1D
nanostructures stack is fabricated by physical vapour deposition techniques. The
proof of concept device comprises hyperbranched TiO2 nanostructures, sensitized by
N719 dye, as photoanode, a hierarchical nanoporous Al2O3 spacer and a microporous
ITO top electrode. The photoanode morphology is optmized for improving photovoltaic
performances. On one side, light harvesting depends on chemisorbing high quantity
of dye and enhancing optical thickness. On the other, electron transport is influenced
by the crystalline domain size and shape. We report on how the morphology of
self-assembled hyperbranched quasi 1D nanostructures can be engineered in order
to maximize light harvesting and electron transport. Quasi 1D nanostructures allow for
high light harvesting efficiency, broadband and intense scattering while sustain
significant decrease in electron transport time. The introduction of a porous
transparent conductive oxide layer allows an efficient trade-off between transparency
and power conversion. The porous ITO exhibits submicrometer voids and supports
high annealing temperatures without compromising its optoelectronical properties.
After thermal annealing at 500°C the porous ITO layer showed a series resistance of
only 45Ω. An overall 3.12% power conversion efficiency with 60% transmittance
outside the dye absorption spectral window is demonstrated. Electrochemical and
intensity modulated spectroscopy give insight of charge dynamic within the
hierarchical monolithic DSC paving the way to potential ways of device architecture
improvements.
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Next generation perovskite solar cells have rapidly become one of the most promising
technologies in the solar energy research community. The most common architecture
of this kind of sensitized solar cell device consists of a light absorber perovskite
/porous TiO2 layer which lies between an electron and a hole transport layer. It has
been proven that one of the key factors for the electron transfer efficiency is the
introduction of a dense TiO2 compact layer between the anode (FTO) and the porous
TiO2 /perovskite layers since it can prevent charge recombination. The properties of
the electron transport layer itself is therefore of great importance. A high density, high
transparency and high conductivity TiO2 film as well as optimized adherence and
large contact area with FTO are necessary for the improvement of the cell’s efficiency.
Most utilized methods for the preparation of TiO2 blocking layer, like sol-gel, spray
pyrolysis etc. include high-temperature heat treatments but they are also not suitable
for large scale fabrication. Moreover, for the possibility of high efficiency flexible solar
cells a low temperature method must be considered. Magnetron sputtering is a clean
and easily controllable technique, which can provide high quality dense and uniform
TiO2 thin films at low temperature
In this direction, a homemade high vacuum RF magnetron sputtering system with a
pure Ti metal target is used in this work for the deposition of compact TiO2 layers. We
investigate the effect of sputtering parameters on the structural, optical and
morphological characteristics of TiO2 films on FTO substrates while the substrate
temperature is kept below 200oC. The TiO2 film thickness is also varied, and the films
properties are evaluated in terms of the optical properties, crystalline structure,
morphology and electron transport efficiency as measured from photo-generated
current measurements
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A high temperature of formation is normally required for the growth of photocatalytic
titanium dioxide thin films in order to produce the correct crystalline phase. This has
two disadvantages - it limits the choice of substrate material available for use, and
may preclude deposition onto existing layers in multilayer functional devices that may
suffer thermal or inter-layer diffusion damage. A commonly used technique for
industrial thin film production is magnetron sputtering, which is highly versatile,
scalable and produces high-quality thin film materials. A novel variant of this
technology can provide the energy input sufficient to promote crystalline growth
without excessive substrate heating, by the use of High Power Impulse Magnetron
Sputtering (HiPIMS). This technology produces a deposition flux with a high degree of
ionisation, providing significant amounts of energy to the condensate due to
recombination with electrons, but without delivering large thermal loads to the
underlying substrate. Hence, the range of applications that are available for the
exploitation of titania photo-catalysts can be significantly expanded.
A wide process envelope has been investigated in order to identify conditions for
optimised growth on a range of substrate materials, in terms of crystallinity,
temperature and deposition rate. The resulting coatings were analysed via XRD,
Raman Spectroscopy, SEM, TEM, contact angle analysis and surface profilometry.
The deposition process is characterised in terms of the plasma conditions, deposition
rate and thermal probe measurements. The characterisation of photocatalytic
properties of the coatings is by dye degradation test, with comparison made to a
commercially produced photocatalytic material.
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To get a better insight in the material dependency of HIPIMS and reactive HIPIMS
there is a need ofcomparative studies which study the current-voltage-time diagrams
(CVT) under identical conditions.This kind of studies are scarce in literature as most
papers focus on the modelling, and theunderstanding of the HiPIMS discharge and/or
study the influence of the deposition conditions on thefilm properties.In this study the
first step was to find conditions such as duty cycle, working gas pressure,
andfrequency where the magnetron discharge for different target materials is
operational. This asks for arepetition of the experiments to find a sufficient wide
parameter interval. Two different pulse regimeswere selected: one with a short
on-time to avoid gas rarefaction, and another where the on-time issufficiently long to
allow rarefaction and self-sputtering to occur. An overview of CVT for differenttarget
materials (such as Al, Cu, Cr, Mg, Nb, and Zn) opens the possibility to link the
obtained resultswith material properties such as ion-induced electron yield, and
material sputter yield. The influence ofthe reactive gas addition on the CVT for these
materials will also be presented.As all measurements were performed with the same
magnetron, in the same vacuum chamber and withthe same power supply (Melec
Sipp 2000 in combination with a ADL DC power supply), the material
dependency is the real parameter studied in this paper. The overview will widen our
fundamentalunderstanding of HiPIMS discharge in general, and more specific on its
behavior in reactive mode.
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jan.trieschmann@rub.de
Within the various types of sputtering discharges, the transport of sputtered particles
is one of the most prominent aspects governing the properties of the deposited thin
films. In radio frequency sputtering the main contribution to the film growth stems from
low energetic neutral particles (more energetic than the thermal background). In
contrast, for magnetically enhanced discharges (e.g., High Power Impulse Magnetron
Sputtering, HiPIMS) a significant contribution is due to ionized species. As proposed
for example in [1,2], the peculiar spatial profile of the electric potential (which may
include a distinct potential ‘hump’) plays a crucial role in determining their energy
distribution at the surfaces. In particular at the substrate, pronounced groups of low,
mid and high energy ions emerge. In this work the transport of (initially neutral)
sputtered aluminum particles is investigated by means of Monte-Carlo simulations.
Depending on the influence of the sputtered species on the process gas (argon), the
simulations are classified: (i) when negligible, the transport is simulated using the Test
Multi-Particle Method assuming a stationary argon background; (ii) when of
importance, the simulation is performed using the Direct Simulation Monte-Carlo
method, consistently taking into account the argon process gas (e.g., its rarefaction).
In both cases ionization is included in terms of an imposed ionization rate profile. Ions
are moreover subject to an again imposed profile of the electric potential. Both of
which profiles are estimated on the basis of experimental observations [3] and applied
to a one-dimensional exemplary model of a stationary magnetized discharge. It is
validated that indeed a ‘hump’ in the electric potential does give rise to
characteristically separated low and high energy groups in the ion energy distribution
at the substrate.
This work is supported by the German Research Foundation (DFG) in the frame of
the transregional collaborative research centre SFB-TR 87.
[1] A. Anders et al., Appl. Phys. Lett.103, 144103 (2013)
[2] C. Maszl et al., J. Phys. D: Appl. Phys. 47, 224002 (2014)
[3] A. Hecimovic, private communications (2016)
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Highly Ionized PVD for Through Silicon Vias with Aspect Ratios up to 20:1
Jürgen Weichart1, Kay Viehweger2
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juergen.weichart@evatecnet.com

Highly ionized sputtering (HIS) based on HIPIMS has been developed at Evatec for
the deposition of metal barrier and copper seed layers in Through Silicon Vias (TSV)
with very high aspect ratios. The process flow for TSVs consists of deep silicon etch,
oxide liner deposition, seed deposition and electroplating on TSVs. Aspect ratios up to
10:1 has been developed in a joint development project between Evatec and
Fraunhofer IZM ASSID. In the newest experiments it was intended to find out the
limits of HIS in even higher aspect ratios up to 20:1. Therefore vias with 10µm
diameter and 200µm depth were etched in 300mm wafers and a seed layer of
~300nm Ti and ~2.2µm Cu has been deposited using the Evatec
CLUSTERLINE®300 with HIS. The 20:1 vias were cut and analyzed by cross-section
SEM showing that the minimal seed thickness for a successful electroplating process
of >20nm was achieved in every location of the via. Subsequently a liner has been
deposited by electroplating. The SEM cross-section shows that the seed layers is free
of defects. The plated liner was used to verify the completeness of the liner over the
entire 300mm wafer by using X-ray tomography showing that all vias have received a
flawless liner. In conclusion this means that PVD seed can still be used with all its
advantages of equipment and process costs as well as integration issues. Evatec’s
HIS solution still uses a comparatively close target-to-wafer spacing resulting in high
specific deposition rates and target utilization as well as easy to handle sputter
shields, thus providing a very good cost-of-ownership compared to other directional
sputtering techniques. In addition the same PVD module allows to deposit UBM
and/or RDL metal layers at even lower target-to-wafer spacing without the need of a
re-configuration or venting of the tool.
Keywords
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Impurity suppression in sputtered metallic thin films using HiPIMS
Marcel Mesko1, Matthias Krause2, Frans Munnik2, René Heller2, Jörg Grenzer2, René
Hübner2, Juraj Halanda1, Sibylle Gemming2
1

Advanced Technologies Research Institute, Trnava, Slovak Republic 2
Helmholtz-Zentrum Dresden-Rossendorf, Dresden, Germany
marcel.mesko@stuba.sk

Composition and microstructure of thin films deposited by PVD are often influenced
by the presence of residual gas. Therefore, it would be desirable to enable thin film
growth without residuals incorporation. Strategies to avoid impurities incorporation are
substrate heating, applying substrate bias, and reduction of base pressure to
ultra-high vacuum (UHV) conditions. Industrial demand for low temperature and low
cost precesses often precludes these approaches. More recently, a very important
question has been raised regarding high power impulse magnetron sputtering
(HiPIMS) to form pure metallic films at low deposition rates and high values of base
pressure in the deposition chamber [1]. In this study, HiPIMS was applied for room
temperature deposition of pure metallic thin films of Al, Ti and Cu. These metals are
distinguished by their oxygen affinities and melting temperatures. Deposition of
carbon top layers was used to differentiate between residual gas and post-deposition
contamination. Elastic recoil detection analysis (ERDA) revealed that HiPIMS
produces bulk-impurity-free metallic thin films. The growth of such high-purity metallic
thin films can be partly explained by gas rarefraction and the self-cleaning effect of the
bombarding ions. Moreover, densification effects presumably suppress
post-deposition oxidation. Proposed deposition mechanism will be explained in
sufficient detail. The compositional effects are correlated with differences in the film
microstructure revealed by SEM, XRD and TEM analyses. [1] P.Pokorny et al.,
Plasma Processes Polym. 12, 416 (2015), Finacial support by the EU, grant No.
645725, project FRIENDS2, and the HGF via W3 program (S.G.) is gratefully
acknowledged. This work was also funded by the ERDF, Project CAMBO, ITMS:
2622022079, and by Slovak grant agency VEGA, project no. 1/0503/15.
Keywords
HiPIMS
Room temperature PVD
High-purity metallic films
ERDA

Wednesday, September 14, 2016

Poster: HiPIMS

PO3046
The features of the breakdown and discharge formation in HIPIMS with various
target materials
Xiao Zuo
Chinese Academy of Sciences, Ningbo, China
zuoxiao@nimte.ac.cn
Currently, increased attention is paid to the high power impulse magnetron sputtering
(HIPIMS) in the field of physical vapor deposition (PVD) attribute to the high ionization
rate of sputtered vapors. The main feature of this technique is the high density plasma
in vacuum chambers. The increased interest in the study of HIPIMS discharge is due
to the presence of a number of unresolved fundamental problems. Among them are
the processes of the breakdown and discharge formation, refinement the mechanism
of generation of multicharged ions, electron anomalous transport, low deposition rate,
as well as opportunities of wide practical application for metal-ion generator and the
deposition of coatings. The objective of this work is to study particle ionization
processes for the breakdown and discharge formation with the pulse voltage of
400-1000 V during the HIPIMS discharge.
Investigation of breakdown and discharge formation was carried out by means of
oscilloscope and optical emission spectroscope (OES). The discharge chamber with a
rectangular unbalanced planar magnetron was filled with pure argon. The time
evolution of target currents was investigated with different targets and pulse voltages
in HIPIMS discharge. The target current waveforms varied with different target
materials. And for the same target material, they were distinct at different pulse
voltages. The corresponding ionized and excited-state concentrations were analyzed
on the basis of the OES spectra. The OES measurement permitted to obtain more
accurate information about the time evolution of radiation intensity from different
target materials. The results showed that the breakdown was developed in the form of
the ionization wave propagating from the potential electrode with the highest
concentration of electric field to the grounded one. The sharp increase of the target
current and radiation intensity indicated to the possibility of changing the discharge
mechanism.
Keywords
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Characterization of the mixed-mode carbon HiPIMS process
Mark Tucker1, Rajesh Ganesan2, Dougal McCulloch3, James Partridge3, Michael
Stüber4, Sven Ulrich4, Marcela Bilek2, David McKenzie2, Nigel Marks1
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Curtin University, Perth, Australia 2The University of Sydney, Sydney, Australia 3
RMIT University, Melbourne, Australia 4Karlsruhe Institute of Technology,
Eggenstein-Leopoldshafen, Germany
mark.tucker@curtin.edu.au

'Mixed-mode' deposition uses a HiPIMS (High Power Impulse Magnetron Sputtering)
discharge to repeatedly trigger the ignition of a short-lived cathodic arc on the surface
of a conventional circular magnetron target. This process can be used to generate a
highly ionized carbon plasma, suitable for the deposition of sp3-bonded carbon films.
The first studies of carbon mixed-mode operation identified nanometre-scale particles
in the deposited films, and we are also investigating the mixed-mode process with the
aim of optimizing the formation of these particles as precursors for the synthesis of
nanodiamond.
We have studied the mixed-mode regime by analysis of the discharge current and
voltage, still photography, time-resolved spectroscopy, and AFM, SEM and
cross-sectional TEM of deposited films. Mixed-mode operation significantly increases
the ionized fraction of the carbon flux at the substrate compared to HIPIMS deposition
without arcs. The short-lived arcs present in mixed-mode operation behave in the
manner of cathodic arc discharges, moving rapidly around the target due to the
retrograde E×B steering effect of the magnetron's magnetic field. The velocity of the
arc spots was found to increase with operation at lower Ar pressure.
The condition of the target surface is critical in determining the characteristics of the
arc discharge. For much of the target lifetime, the mixed-mode process erodes the
target surface in a manner similar to sputtering target erosion. Slight changes in the
target condition caused by varying the maximum arc current affect the likelihood of
arc ignition. Eventually, a different erosion mode commences where nodules appear
in the target racetrack, causing dramatic changes in the behaviour of the arc
discharge.
Keywords
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Direct measurements of the ion flux at the substrate in reactive HiPIMS
Martin Cada1, Daniel Lundin2, Zdenek Hubicka1
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A direct measurement of the ion flux impinging on the substrate during ionized
physical vapour deposition is valuable input when optimizing thin film deposition
processes such as High-Power Impulse magnetron sputtering. However, these
measurements are often complicated by the fact that they require expensive
diagnostic equipment. For that reason an innovative approach consisting of an
extension of a quartz crystal microbalance (QCM) sensor has been investigated in the
present contribution. On top of deposition rate, the modified QCM is able to measure
ionized fraction of depositing particles and ion flux on the substrate. Recently reported
results proved that magnets placed at the top of the QCM sensor are able to
significantly reduce electron current on the positively biased electrode attached to the
crystal and in this way measure only the deposition rate of neutral particles. On the
other hand, by applying a sinusoidal voltage at a frequency of 300 kHz at the probe
electrode instead of constant positive bias then one can determine the time-resolved
ion flux on the substrate by means of the so called Sobolewski method. Furthermore,
a detailed analysis of the oscillating current and voltage waveforms at the electrode
can also provide information on the impedance of the space charge sheath around
the electrode. Here it will be shown that the probe results are particularly useful in
reactive HiPIMS discharges, where the temporal evolution of the ion flux and the
space charge sheath impedance gradually changed when the discharge passed from
metallic mode into compound mode. We therefore propose to use the simple
multi-purpose ion probe for reactive process control to achieve for example stable
operation in the transition regime.
The work has been supported by the GACR through project 15-00863S, the French
National Center for Scientific Research (CNRS) and the European Commission under
the 7th Framework Programme through the ‘Factories of the Future’ program,
FP7-2013-NMP-FoF grant number 608800.
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WO3 THIN FILMS PREPARED BY PULSED PLASMA AND THEIR
CHARACTERIZATION
Michaela Brunclíková1, Petra Kšírová1, Štěpán
Kment1, Zdeněk Hubička1, Josef Krýsa
2
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Tungsten oxide is an important material with electrical and optical properties that are
exploited for a variety of applications such as photolysis, electrochromic devices and
gas sensors. Tungsten trioxide (WO3) is an indirect bandgap semiconductor with
attractive electrical and optical properties. The present work deals with
photoelectrochemical properties of the layers prepared by magnetron sputtering
deposition. The layers were prepared on FTO glass substrates (fluoride-doped tin
oxide) at various deposition conditions. A high-power impulse magnetron sputtering
(HiPIMS) system was used for the deposition of WO3thin films. Tungsten target was
reactively sputtered in atmosphere of Ar + O2at constant gas pressure p = 2.18 Pa.
Properties of deposited WO3films were studied in dependence on pulsing frequency
and applied impulse power. Crystallographic structure of the films was determined by
XRD, the thickness of the layers was determined by profilometry and the surface
morphology by SEM. The photoelectrochemical properties were measured in a Pyrex
three-compartment cell with xenon lamp as solar simulator AM 1.5 G using three
electrode arrangement (WE - FTO glass/ WO3; CE - Platinum mesh; RE - Ag/AgCl in
3M KCl). 0.1M Na2SO4was used as an electrolyte.
Layers calcined at temperature 450°C have an increase of roughness, because of the
growth of crystalline phase of WO3. Results of Raman spectroscopy of the WO3thin
layers shows that as deposited layers (not calcined) are amorphous. Linear
voltammetry of the calcined WO3thin films (450 °C) was measured using solar
simulator AM 1.5 G as a light source. Films prepared at frequency 66 Hz (HiPIMS)
and 40 kHz (pulsed) show the highest photocurrent values. Due to the amorphous
phase of uncalcined layers these do not show photocurrent. Layers calcined at
temperature 450 °C and prepared at frequency 66 Hz (HiPIMS) and 40 kHz (pulsed)
show the highest photocurrent values.
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Reactive High-Power Impulse Magnetron Sputtering of Thermochromic VO2
Films at Low Deposition Temperatures
David Kolenatý, Jiří Houška, Jiří Rezek, Radomír Čerstvý, Jaroslav Vlček
University of West Bohemia, Plzeň, Czech Republic
kolenaty@kfy.zcu.cz
High-power impulse magnetron sputtering with a pulsed reactive gas (oxygen) flow
control was used for depositions of thermochromic VO2 films (100 nm thick) onto
floating Si substrates at the temperatures, Ts, of 250 - 400 °C. Note that using the
floating potential improves the application potential of the films due to a simplified
deposition process and a decreased ion-induced compressive stress. The depositions
were performed using a strongly unbalanced magnetron with an indirectly
water-cooled planar vanadium target (50.8 mm in diameter) in argon-oxygen gas
mixtures at the argon pressure of 1 Pa. The duty cycle was set to a constant value of
1%, the voltage pulse durations were 40 and 100 µs, and the corresponding repetition
frequencies were 250 and 100 Hz, respectively. The deposition-averaged target
power density was 12 - 14Wcm–2. The target-to-substrate distance was 150 mm. The
phase composition of the VO2 films was determined by X-ray diffraction and Raman
spectroscopy. The thermochromic behaviour of the VO2 films was investigated using a
spectroscopic ellipsometer equipped with a heat stage. The ellipsometric
measurements were performed in the range of 300 - 2000 nm and 25 - 100 °C. The
optical constants (refractive index, n, and extinction coefficient, k) were obtained from
the ellipsometric data using a description of VO2 by the Cody-Lorentz oscillator
combined with Lorentz oscillators. Moreover, the optical constants (measured on Si
substrates) were used to predict transmittance of the same materials on glass
substrates. The VO2 films prepared at the voltage pulse duration of 80 µs exhibit very
low room-temperature k (down to 0.11 at 550 nm; applies also to the lowest Ts = 250
°C), leading to a high predicted transmittance in the visible region (e.g. up to 65% for
a 100 nm thickness). The films exhibit a high infrared modulation, perfect reversibility
of the thermochromic behaviour and a lower transition temperature (48 ˚C) than the
bulk VO2 (68 ˚C).
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Highly Ionized Deposition of CrN from Rotating Target
Holger Gerdes, Alexandros Themelis, Ralf Bandorf, Michael Vergöhl, Günter Bräuer
Fraunhofer IST, Braunschweig, Germany
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CrN is a well-known material in different industrial application providing good electrical
conductivity, high hardness, corrosion resistance, and high temperature stability. High
power impulse magnetron sputtering leads to significant improved properties and
advanced productivity for industrial use. Modulated Pulse Power (MPP) CrN films
produced on a lab scale machine without additional heating showed already very high
hardness compared to state of the art sputtering processes. For industrial use an
upscaling of the process and the perspective for production is essential.
This presentation will discuss the influence of different process parameters (peak
current, gas composition, working pressure) on adhesion, hardness, composition, and
crystal structure of the thin films. In contrast to conventional processes that use
temperatures in the range of 250 °C and additional biasing, the presented films
showed hardness values up to 2500 HV without neither substrate bias nor additional
heating.
Keywords
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The investigations of the non-reactive high power impulse magnetron sputtering
(HiPIMS) discharge using current probes, high speed camera imaging and optical
spectroscopy showed that plasma is not homogenously distributed over the target
surface, but it is concentrated in regions of ionization zones called spokes which
rotate above the erosion racetrack. The spokes were observed for certain
combination of experimental parameters such as discharge current, pressure, target
material and working gas. Their rotation velocity was determined to be in the range
from 4 to 10 km/s from oscillations on both the floating potential of the probe and
collimated optical signal. The high speed camera imaging enabled us to observe
mode number, i.e. number of spokes, the transition between spoke modes and
different characteristic shapes of the spokes. In this contribution magnetic field
influence on spoke behavior is studied by high speed camera imaging in HiPIMS
discharge using titanium target (3’’ in diameter). Employed camera enables us
recording of two successive images in the same pulse with minimal time delay of 2 µs
between them. It allows us to determine not only the number of spokes but also the
spoke rotation velocity and spoke rotation frequency for studied pressure range from
0.15 to 5 Pa and discharge current up to 350 A. Three different magnetic fields of 37,
72 and 91 mT were employed. It was concluded that the increase the magnetic field
caused the increase of number of spokes observed at the same pressure and the
same discharge current. The spoke rotation velocity was independent on the
magnetic field strength. The investigation revealed different characteristic spoke
shapes depending on the magnetic field strength - both diffusive and triangular
shapes were observed for the same target material.
This research has been partially financially supported by the Czech Science
Foundation in frame of the project 15-00863S by the project CZ.1.05/2.1.00/03.0086
funded by European Regional Development Fund and the project LO1411 (NPU I)
funded by Ministry of Education Youth and Sports of Czech Republic.
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Influence of plasma self-organization on the ground state atoms in HiPIMS
discharge
Ante Hecimovic1, Nikolay Britun2, Stephanos Konstantinidis2, Rony Snyders2
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High power impulse magnetron sputtering (HiPIMS) is a versatile PVD technique for
growth of the thin films with advanced properties. Versatility of HiPIMS originates not
only from the additional external parameters such as pulse duration and frequency,
but also from the complex plasma where the plasma composition and the charge
state of the metal ions can be controlled. Understanding the complex nature of the
HiPIMS plasma is necessary in order to exploit its full potential.
Recently, there have been a large number of reports on plasma fluctuations in
HiPIMS discharge, so called spokes or ionisation zones. Spokes are represented by
localised light emission patterns rotating in the ExB direction with different mode
numbers at angular velocities of an order of 10 km/s. There is necessity to understand
the physics of the spokes since the spokes have been correlated to the enhanced
diffusion across the magnetic field, sometimes called anomalous cross-B diffusion.
This work deals with the influence of the spoke dynamics (as emission zones) on the
ground state density of the main discharge species. Time-resolved correlation
between the spokes and the ground state/metastable atoms has been investigated for
the first time in HiPIMS discharge using Laser induced fluorescence. The ground
states of atomic Ti (3d24s2 a3F2), Ti+ (3d2(3F)4s a4F3/2), and the metastable state of Ar
(3s23p54s (1s5)) have been considered. The correlation between the density of the
studied states and spoke dynamics has been observed in some cases, which is
explained by the phenomena inherent in HiPIMS, such as (i) the difference in the
excitation thresholds, and (ii) the over-excitation of the low electronic states during the
plasma on-time.
This work is funded by the DFG within the framework of the SFB-TR 87.
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Highly tetrahedral amorphous carbon (ta-C) films have been prepared by high power
impulse magnetron sputtering on the Si substrates suspended perpendicular to the
target substrate central axis. In all ta-C depositions reported so far, application of a
bias voltage to the substrate holder is necessary to place the energy widow of the
carbon ions within the optimum range, 100eV, for creating the highest sp3 fraction.
When it is desired to apply ta-C coatings to insulating substrates, it may not be
convenient or possible to apply large voltages of order 100V to the substrate. It would
be of practical interest to provide a deposition source that achieves the optimum
energy without the need for bias, so that the material can readily be applied to both
conducting and insulating substrates. In this work, we show that the optimum energy
of carbon ions for ta-C formation with the highest sp3 content can be obtained in
another way, with the use of a current carrying coil placed between the graphite target
and the substrate holder. We will show how the mixed mode HiPIMS sputtering
process can be adapted using such a pulsed magnetic field configuration to deposit
ta-C films with the optimum sp3 fraction and without biasing the substrate to -100 V.
When the current of 120 A is drawn through the coil, the deposition rate is increased
by a factor of 2.6 for a sample placed on the target-substrate central axis, owing to the
enhanced transport of ion deposits transported by the magnetic flux from the target
region to the substrate. The gradual increase in the sp3 fraction and the density of the
films with distance closer to the target-substrate central axis is thought to be the due
to the energetic impact of confined ion deposits on the central axis region. Whereas
reduction in the energy and the flux of ion deposits as a function of position away from
central axis produces less intrinsic stress, which reduces the sp3 fraction and density
of the films.
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Effect of pulse time on structure and mechanical properties of HPPMS
deposited AlTiN coatings
Muhammad Naveed, Aleksei Obrosov, Sabine Weiß
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The use of PVD AlTiN as a protective coating on cutting tools is well known. With the
introduction of pulsed deposition techniques like High Power Pulsed Sputtering
(HPPMS), a possibility is provided to the coating developers to design their coatings
by the variation in pulse parameters. To analyze the effect of pulse time HPPMS
AlTiN coatings were deposited on Si (100) as well as 100Cr6 steel plates at a
temperature of 500 °C in a reactive gas environment. Oscilloscope measurements
depicted a change in current-voltage characteristics with variation in pulse time. This
influence the coating structure, deposition rates and phase formations as well.
Nanoindentation results show a variation in the mechanical properties of the coatings
with the change in pulse time. This study focuses on the potential of HPPMS
technology for enhancement of mechanical and structural properties of AlTiN coating.
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Electron dynamics in a HiPIMS Discharge
Dennis Krueger, Jan Trieschmann, Ralf Peter Brinkmann
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High Power Impulse Magnetron Sputtering (HiPIMS) is a sputtering technique capable
of depositing thin films with superior density and quality. A magnetron discharge
operated with short pulses of extremely high power (kW*cm-2) generates a very high
plasma density (>1018m-3) which ionizes the majority of the sputtered particles and
makes them susceptible to acceleration by the electric field.The electron dynamics is
the crucial piece in the puzzle to understand the whole system dynamics. The
electrons are released as secondaries from the cathode, get accelerated in the
boundary sheath and enter the ionization zone where they are confined by electric
and magnetic fields. In a sequence of successive collisions, they deposit their energy
to the other plasma species, particularly to the neutrals (via excitation and ionization)
and to the less energetic but much more frequent background electrons (via Coulomb
interaction). Both groups of electrons also exhibit complex spatial motion which gives
rise to localized plasma structures (called “spokes” or “humps”). Simulation efforts for
the electron dynamics with classical approaches like Particle-in-Cell with Monte-Carlo
Collisions (PIC/MCC) methods have to deal with much too long computation times,
going far beyond acceptable scales. The reason lies in the occurance of densities in
the order of 1018m-3. Even higher densities appear in the fusion research. It is thus
attractive to employ the strategies of the fusion community which deals with similar
problems. Gyrokinetic theory employs the fact that the electron gyration radius rL is
much smaller than the typical system scale L and the mean free path λ, and makes a
systematic expansion in the parameter rL/L. This works investigates the viability of the
gyrokinetic approach for HiPIMS by examining the electron motion with help of a 3D
single particle simulation. Particular focus is on the interaction of the trapped electrons
with the strong field of the cathode sheath and the construction of an effective
scattering matrix.This work is supported by the German Research Foundation (DFG)
in the frame of the transregional collaborative research centre SFB-TR 87.
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Dual Closed Field Bias HiPIMS deposition of nanometer periodicity metal
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To boost the performance of pulsed GHz X-band Linacs, accelerating gradients
higher than 100MV/m and the highest electrical breakdown reliability must be
achieved. Reliability studies indicate that surface fatigue due to pulsed heating and to
the related physical phenomena involved in metallic surfaces submitted to very high
fields are the cause electrical breakdown. Although considerable improvements have
been obtained by using Cu, Cu-alloys and other bulk materials in the development of
these structures, the use of PVD to obtain nano-structured engineered surfaces on
the inside of these small-sized cavities is not reported. As a matter of facts, being the
size of these accelerating cavities of order of few centimeters, it is impossible to
deposit a coating from inside. To overcome this problem sacrificial negative shape
mandrels are PVD coated and then chemically dissolved after electroforming. The
shape of the rotationally symmetric mandrels is characterized by grooves with vertical
walls and aspect ratios in the range 4 to 5. In order to control the deposition process,
bias ionized sputtering has been chosen as the deposition technique. Homogeneous
bimetallic compounds as well as nanometric period multilayer coatings are obtained
with the dual Closed Field HiPIMS system designed at the Legnaro National
Laboratories (LNL). Negative DC Bias is applied to the mandrels during HiPIMS
deposition through an ad hoc designed electrical circuit. This paper will describe the
results of the successful deposition onto the mandrels of metallic Cu/Mo multilayers
with periods in the nanometer range. Deposition profiles along the vertical walls and
on the bottom of the trenches are determined by α-particle EBS and by STM as a
function of bias. The electrical parameters of the HiPIMS plasma and the electrical
pick-up on the sample are discussed together with the optical emission from the
plasma pulses.
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Plasma processed water (PPW) – an alternative for fresh-cut salad sanitation?
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Fresh and fresh-cut produce have a limited shelf life of several days, which allows
only a regional distribution of that produce. The limited shelf life and the associated
losses of fresh produce have various causes, but especially depend on microbial
contamination at all stages in the value chain: production, processing, transport,
deployment and also before preparing. In general, a great demand regarding gentle
sanitation in the production and processing of fresh produce exists because of the
significant economic importance of current losses. As an alternative, non-thermal
plasma at atmospheric pressure could be a versatile tool. Therefore, an experimental
set-up based on a microwave-plasma source which generates plasma processed air
(PPA) containing manifold RNS-based chemical and antimicrobial compounds was
used. The PPA was introduced into distilled water or tap water to generate plasma
processed water (PPW) which can be applied for the decontamination of packaging
material and fresh produce. This is a new and innovative method for the generation of
antimicrobial active water. In our experiments, PET stripes, fresh-cut lettuce, and
fresh sprouts were contaminated with six different bacteria; Escherichia coli K12
(DSM 11250), Pseudomonas fluorescens (DSM 50090), Pseudomonas fluorescens
(RIPAC), Pseudomonas marginalis (DSM 13124), Pectobacterium carotovorum (DSM
30168) and Listeria innocua (DSM 20649); in a concentration of 108 cfu ml-1 and
subsequently treated with PPW. For PPW production, the plasma was ignited for 5,
15 or 50 s. After a post-plasma treatment with PPW of maximum 5 minutes, a
decrease of bacterial load up to 6 log were detected for P. fluorescens (DSM-strain)
on PET as well as P. marginalis and P. carotovorum on salad. For all other bacteria
and specimen the inactivation rate was lower. The characteristics of plasma and its
generated cocktail of long living chemical compounds in air and in water leading to a
high bacterial inactivation and offering a wide range of possible applications.
Keywords
Decontamination
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Synthesis of ZnO@Cu2O Core-Shell Nanoparticles by Discharges in Liquid
Nitrogen
Hiba KABBARA, Jaafar GHANBAJA, Cédric NOËL, Thierry BELMONTE
Institut Jean Lamour, Nancy, France
hiba.kabbara@univ-lorraine.fr
Synthesis of nanoparticles (NPs) by discharges in dielectric liquids is an efficient way
to process core-shell nanostructures at high rate and very low cost. In this study,
attention is paid to the zinc–copper oxides system. Zinc and copper oxides can be
used as sensors. They present an appreciable photocatalytic activity and might be
good candidates for photocatalysis and solar cells. Their band gaps are ~3.3 eV,
1.2-1.9 eV and ~2.3 eV for ZnO (intrinsic n-type), CuO(intrinsic p-type) and Cu2
O(intrinsic p-type) respectively. Zinc oxide@copper oxide core-shell nanoparticles
have been mostly produced by chemical routes.
The synthesis of ZnO@Cu2O core-shell NPs by discharges in a dielectric liquid is
investigated. With a nanosecond pulse power generator, discharges are created by
applying high-voltage (10kV – 200 ns – 10 Hz) between two pin electrodes immersed
in liquid nitrogen.
The process is three-step. For example, discharges are run first between two copper
electrodes to produce Cu NPs. Next, new discharges are run between two zinc
electrodes in the same liquid where Cu NPs, formed during the first step, are present.
Zn@Cu core-shell NPs are thus expected to be obtained. To get Cu@Zn NPs, steps
1 and 2 should just be swapped. The last step corresponds to the oxidation of the
synthesized core-shell NPs, which occurs after evaporation of liquid nitrogen that
leads to air exposure and transformation of metals into oxides.
High resolution transmission electron microscopes (HRTEM), energy-dispersive X-ray
spectroscopy (EDX), electron energy loss spectroscopy (EELS) and electron
microdiffraction analyses were carried out to characterize the NPs. Surprisingly,
regardless of the order in which steps 1 and 2 are done, ZnO@Cu2O NPs are always
obtained. In fact, it turns out that Zn NPs form 2D sheets that either wrap Cu NPs if
Cu electrodes were used first or embed Cu NPs if Zn electrodes were used first. This
unexpected behavior is the first of its kind ever shown.
Keywords
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Pressure-dependent study of water-plasma interaction
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The treatment of water by plasma is a topic both of interest for the removal of
contaminations from water and, more recently, for the production of plasma activated
water (PAW) which is investigated for potential applications in agriculture. When
plasma is brought into contact with water, reactive species are produced from the
plasma gas, from water vapor and by chemical reactions. In addition, hydroxyl
radicals are formed by (V)UV radiation. As further species, solvated electrons are
under discussion.
When oxygen plasma treated water is chemically analyzed, comparably stable
molecules such as hydrogen peroxide and ozone can be found in high amounts. In
case that air plasmas are used, in addition, nitrite and nitrate can be found. The
reactions leading to the formation (and destruction) of these molecules are numerous
even in pure deionized water (see e.g. Y. Sakiyama, D. B. Graves, H.-W. Chang T.
Shimizu, G. E. Morfill , Plasma Chemistry Model of Surface Micro-discharge in Humid
Air and Dynamics of Reactive Neutral Species, J. Phys. D: Appl. Phys. 45 425201).
Many of the ongoing reactions are pressure dependent. Therefore, a pressure
dependent study was carried out.
For this purpose, a reactor was designed allowing to generate plasmas in the
pressure range between some millibar up to atmospheric pressure. During the
pressure variation, the plasma characteristics change from a glow discharge via a
multi-filamentary discharge to dielectric barrier discharge. The power was supplied by
a Redline pulsed-kHz generator and kept constant during the experiments. The
concentrations of nitrite, nitrate, hydrogen peroxide and ozone were determined. It
was found that compounds like ozone, being produced from three-body reactions,
appear at lower concentrations when the pressure is decreased. The formation of the
other species depends on several other parameters as well which will be discussed in
the paper.
Keywords
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PAW
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pressure dependence
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On the influence of ferroelectric components in dielectric barrier discharge
plasmas
Ana Gómez-Ramírez1, Antonio M. Montoro-Damas2, Agustín R. González-Elipe2,
José Cotrino3
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In this work we have analysed the removal of four contaminants in air (methane,
acetone, chloroform and toluene) by using different configurations of a packed-bed
parallel plate DBD reactor [1]. In particular, we have focused on the influence that
both the electrode size and the incorporation of a ferroelectric plate to the pellet
barrier have on the process efficiency. Influence of other parameters such as the
residence time or the electrical operating conditions have also been analysed. The
obtained results show enhanced efficiencies for the smaller electrode reactor modified
with the ferroelectric plate. For the different configurations, a detailed analysis of the
electron density, the electric field and the electron energy distribution suggests that
improvements in the efficiency of plasmas can be attributed to a higher energy of the
generated plasma electrons. Electrical characterization reveals that lower capacitance
system reactor favours the efficiency of the plasma for removal processes.
[1] Gómez-Ramírez, A.; Cotrino. J.; Lambert, R. M.; González-Elipe, A. R. Plasma
Sources Sci. Technol. 2015, 24 (6), 065011–65017.
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Synthesis of 2-Dimensional Lead Oxide by Discharges in Liquid Nitrogen
Thierry BELMONTE1, Ahmad HAMDAN2, Hiba KABBARA2, Cédric NOEL2, Jaafar
Ghanbaja2, Abdelkrim REDJAIMIA2
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Discharges in liquids are very efficient to synthesize nanoparticles at high rate. They
can be used as well to assemble these nanoparticles into wires. However, till now, no
other form of nanostructures was ever produced by this process.
By creating nanosecond-pulsed discharges in liquid nitrogen between two lead
electrodes, we could produce for the first time 2-dimensional lead oxide hexagons.
These hexagons are first produced as sheets of metallic lead during spark processing
and oxidized next, once liquid nitrogen is evaporated, which enables oxidation by air.
The sheets are collected onto wafers of different materials (silicon, copper, aluminum
and steel) and analyzed next. AFM measurements show that hexagons are made of a
stack of about 10-20 monolayers.
The growth mechanism of these specific nano-objects could be partly clarified. It is
associated with the erosion mechanism of the electrodes. Facetted crystals of lead
are produced when spark discharges hit the electrode. After about 1000 discharges,
long facetted lead wires are observed still attached to the electrode. If more
discharges are run, wires detach from the electrode and fall onto the wafer, which
stops the production the sheets.
Thorough TEM analyses, coupled with XRD measurements, were necessary to
identify the synthesized lead oxide sheets. Indeed, we found out that a new phase of
PbO2 was formed. Investigations are in progress to determine if this new material
possesses original superconducting properties, as it might be expected from lead
oxide.
Keywords
Dicharges in liquids
Lead oxide
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Why Test Inks Cannot Tell the Whole Truth About Surface Free Energy of Solids
Thomas Skrivanek, Ming Jin, Frank Thomsen, Thomas Willers
Krüss GmbH, Applications, Hamburg, Germany
t.skrivanek@kruss.de
If information about a solid surface free energy (SFE) is needed, contact angle
measurements and ink tests are two of the most frequently used methods. Here we
present a comparative study of contact angle measurements and ink tests on 13
different materials. We observed major differences in the SFE values obtained by
these two techniques and explained the differences on the basis of basic theoretical
concepts of both methods. We found that test inks fail to monitor the efficiency of
atmospheric plasma treatments on low surface energy solids. Moreover, we
determined the polar and dispersion contributions to the test inks total surface tension
(ST) in order to provide a more detailed understanding of these methods to determine
a solid SFE.
Keywords
Surface free energy
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Plasma Modification of Pre-Electrospinning PCL Polymer Solutions
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Electrospinning is a versatile and reliable method to produce nanofibers.
Nanofiber-based materials have several advantages compared to conventional
textiles. In particular, these materials have an ultrahigh surface-to-volume ratio
combined with excellent mechanical properties. As a result, electrospun nanofibers
are expected to be promising candidates in various fields, such as filtration, drug
release, tissue engineering,…To manipulate the electrospinning process, various
parameters, such as voltage, humidity, solution flow rate,can be altered. The greatest
challenge in electrospinning is the preparation of a suitable polymer solution because
the system requires a balance of forces controlled by viscosity, conductivity and
surface tension. In many cases, researchers have been using several additives in
order to make polymer solutions compatible with the electrospinning process. Within
this work, a non-thermal atmospheric pressure plasma jet generated directly in the
polymer solution itself will be explored trying to improve electrospinnability and
nanofiber quality. Such a plasma set-up allows a close, intense contact between the
plasma jet and the polymer solution which could lead to a very efficient effect on the
quality of the resultant fibers. Within this work, a 5% PCL solution in a mixture of
Chloroform and N,N-dimethylformamide (DMF) in a ratio of 9:1 is used. Before
plasma treatment, it was found that the solution conductivity is very low (around 0.5
µS/cm). During the electrospinning of the untreated solution the produced nanofibers
were ultra-thin with a large amount of beads. After testing the untreated solution,
different plasma modifications with varying exposure times (1-5 minutes) were
conducted. It was found that after plasma treatment, the beads completely disappear
obtaining more uniform fibers with a higher oxygen content. In addition, it was
observed that solution conductivity and viscosity gradually increased with plasma
exposure time. Chemical studies of the treated solutions are currently ongoing to
unravel the plasma-polymer solution interactions. It can already be concluded that
plasma treatment presents a very efficient method to improve the electrospinnability
of polymer solutions, which can open the door to new possible applications of
electrospun materials.
Keywords
Electrospun nanofibers
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Non-destructive characterization for thermally sprayed coatings based on
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Thermal spray technologies have been widely used in aerospace, nuclear and many
other fields. The accurate characterization of coating features，such as thickness,
elastic modulus, and interfacial bonding quality, especially in a nondestructive way, is
extremely meaningful to ensure coatings manufacturing quality and coated
components service performance. As a most commonly used nondestructive testing
technique, ultrasonic pulse-echo method is obviously promising for characterization of
coatings. Compared to bulk materials, ultrasonic responses to coatings are
complicated since ultrasonic echoes reflected from the front and back surfaces
overlap and dead zone induces unavailable testing for thin components. The
microscale heterogeneity and anisotropy of sprayed coatings, due to tiny pores,
cracks, and local fluctuations of density and elastic parameters as produced during
manufacturing and/or service in field, lead to significant scattering attenuation,
distorted waveform, and acoustic properties varying from frequency. In this work,
coating thickness, elastic modulus and interfacial bonding quality are characterized
via combining ultrasonic pulse-echo technique with multiple advanced signal
processing. Firstly, thickness of WC-Ni composite coatings up to 200 μm was
obtained based on ultrasonic reflection coefficient amplitude spectrum analysis
(URCAS), the relative error between the true value and ultrasonic measurement is
less than 5%. Subsequently, a new scheme of elastic modulus measurement was
carried out in relation to wave type conversion principle with oblique incidence,
ultrasonic measurements of Young’s modulus for WC-Ni composite coatings are
consistent with other literatures. Finally, in comparison with that of well bonding
samples, local de-bonding of coatings can be distinguished due to sharp increase of
ultrasonic reflection coefficient at interface, by which ultrasonic characterizations and
metallurgical observations have good consistency.
Keywords
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Surface roughness evolution of silica dioxide thin film grown on polymeric foil
by Atmospheric Pressure PECVD
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The understanding of the growth mechanism of thin films is of paramount importance
for an effective control and precise prediction of thin film characteristics such as
surface roughness and porosity. The growth front evolution of silica-like thin films
deposited in a high current dielectric barrier discharge was investigated using Atomic
Force Microscopy subsequently analysed by means of the scaling behaviour of the
surface roughness evolution. The surface height profile, obtained from AFM, can be
characterised within the scaling theory by the roughness (H) and growth (β)exponents
which gives a unique relations between pairs of (H, β) exponents and the type of
growth mode.
The set of SiO2 films was grown in an AP-PECVD reactor with parallel bi-axial
cylindrical electrode geometry on PEN foil. TEOS was used as a precursor for
silica-like thin films and the process gasses were argon, nitrogen and oxygen. The
Dynamic Deposition Rate (DDR) defined as the product of web speed and film
thickness was approximately 10 nm m/min [1].The statistical analysis of the AFM data
reveals three different regions in the film development. With increasing film thickness,
the surface evolves gradually from a fine “rice”-like structure originating from the
pristine PEN to a smooth surface with and constant . On further stages of surface
morphology evolution there is a transition to large hill-like network, exhibiting film
growth both in vertical and lateral direction. As a result, there is a transition in the
roughness development at the critical thickness ofwith calculated growth exponent
appeared to be equal β=0.66.
AP PECVD process showed to have a unique scaling behaviour unlike any of the
existent universal classes reported so far. In the present study of the deposition
mechanisms and growth front roughness evolution of SiO2 films, we observed the
complexity of surface evolution, in particular, transition between smooth to the rough
surface.
[1] S.A. Starostin, M. Creatore, J.B. Bouwstra, M.C.M. van de Sanden and H.W. de
Vries, Plasma Process. Polym. 2015, 12, 545.
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Quantitative correlation between intrinsic stress and microstructure of thin
films
Diederik Depla
Ghent University, Gent, Belgium
Diederik.Depla@ugent.be
A critical review of the available literature on thin film intrinsic stress has generated a
database with 111 entries representing 19 different metals deposited by evaporation.
Although there is a wide range of experimental conditions, the data can be presented
in a comprehensible way based on the mean free path of diffusing adatoms. This
characteristic length L is calculated based on the deposition temperature, the melting
temperature of the evaporant, and the deposition flux. The calculated strain as a
function of L not only shows the trends in a quantitative way, but allows one to
connect the data with the film microstructure as represented in structure-zone models.
The proposed procedure appears to be applicable to amorphous metallic glass thin
films (4 alloy systems, 29 entries) as well.
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Optical properties of a-SiC:H films deposited by continuous wave and pulsed
plasmas
Martin Bránecký, Vladimír Čech
FCH, Brno University of Technology, Brno, Czech Republic
xcbranecky@fch.vutbr.cz
Thin films in a form of hydrogenated amorphous carbon-silicon alloys (a-SiC:H) can
be prepared from organosilicon monomers using plasma-enhanced chemical vapor
deposition (PECVD). The a-SiC:H films may have various optical properties with
application potential. Optical films of controllable properties are essential for optical
and optoelectronic devices as barrier, anti-scratch, biocompatible, transparent,
antireflective, or dielectric coatings, and optical filters. We deposited a-SiC:H films
from tetravinylsilane monomer at different powers using continuous wave (10-70 W)
and pulsed (2-150 W) plasmas (PECVD). In situ phase-modulated spectroscopic
ellipsometer (UVISEL, Jobin-Yvon) was used to determine the film thickness and
optical properties (refractive index, extinction coefficient) ranging 250-830 nm. The
deposition rate for a-SiC:H films varied from 82 to 262 nm/min as a function of power
and was compared for continuous wave and pulsed plasmas. The dispersion curves
for refractive index and extinction coefficient were observed for films deposited at
different powers. The refractive index for a selected wavelength of 633 nm increased
from 1.7 to 2.3 with enhanced power. The UV absorption of a-SiC:H films increased
for higher powers and the extinction coefficient at 633 nm was ranging from 0 to 0.15
with enhanced power. The dispersion dependence of the dielectric function was fitted
by the Tauc-Lorentz formula to determine the band gap that decreased from 2.7 (2 W)
to 0.7 eV (150 W). The developments of optical properties with power were similar for
continuous wave and pulsed plasmas.
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Surface treatment on electrical conductors to reduce losses due to the corona
effect.
Iñigo Braceras, Saioa Zorita, Pablo Corengia
Tecnalia Research & Innovation, Donostia-San Sebastian, Spain
inigo.braceras@tecnalia.com
Effective electric power transmission requires minimization of losses, some of whom
are caused by the corona discharge around the conductors, especially on high
voltage lines. Corona discharge is a process by which a current flows from the high
voltage potential of the conductor into air, by ionizing it and creating a region of
plasma around it. Additionally to power loss, the corona effect generates in the
process gases, such as ozone and nitrogen oxides, noise, electromagnetic
interference, risk of insulation damage, etc.
Among other factors, environmental conditions (e.g. humidity) and the surface
condition of the electrical conductor affect the occurrence and intensity of the corona
effect.
In this study, different surface treatments were applied on (flat) test samples
manufactured on aluminum alloy and on real intertwined (cylindrical) aluminum
electrical conductors. The induced surface roughness was measured as well as its
effect on the wettability of the conductors. This was assessed by different techniques:
contact angle measurements, drop tests and spray tests.
As a result, the more interesting surface conditions on aluminum to minimize their
wettability, i.e. corona effect, were identified. It was also found that the correlation
between the performance of the flat surfaces and those of the cylindrical cables was
actually quite poor.
Keywords
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In-situ measurements of carrier transport and trapping in semiconductor films
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In semiconductor devices, carrier transport is an important factor that determines the
device performances [1]. It is often limited by carrier trapping, related to various
defects and/or transport barriers. So far, the transport and trapping phenomena have
been studied for as-deposited films; however they have not been studied during
plasma processing. In the presentation, we demonstrate in-situ measurements of
carrier transport and trapped carriers in hydrogenated amorphous Si (a-Si:H) under
plasma processing.
Using an optically pump-probe technique, we measured the photocurrent in an a-Si:H
films during growth by a hydrogen diluted silane discharge [2]. The photocurrent was
induced by the pump illumination, and it was slightly increased when the probe light
was superimposed. This increase originates from emission of trapped carriers. Thus,
we evaluated the carrier transport via the photocurrent measurement, and the trapped
carrier density from the increase in the photocurrent induced by the probe.
We observed that the photocurrent gradually increased as the film grew with time.
Such a time evolution suggests a defect-rich surface layer in the early stage of growth
and a bulk layer growth at a later stage [3]. Interestingly, the photocurrent was
significantly increased once the film growth was terminated, indicating the defect
relaxations during postgrowth annealing. For carrier trapping, we found that trapped
carriers were homogeneously distributed in the growing film, and their density was
~1018 cm-3 at an pump light intensity of 10mW/cm2.
[1] S. Nunomura et. al., Adv. Mater. 26, 7555 (2014). [2] S. Nunomura et. al. AIP
Advances 4, 097110 (2014). [3] S. Nunomura et. al. Appl. Phys. Express. 6, 126201
(2013).
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Modeling of metastable phase formation diagrams for sputtered thin films
Keke Chang, Denis Music, Moritz to Baben, Dennis Lange, Hamid Bolvardi, Jochen
Schneider
Materials Chemistry, RWTH Aachen, Aachen, Germany
chang@mch.rwth-aachen.de
A method to model the metastable phase formation in the Cu–W system based on the
critical surface diffusion distance has been developed. The driver for the formation of
a second phase is the critical diffusion distance which is dependent on the solubility of
W in Fcc-Cu and on the solubility of Cu in Bcc-W. Based on comparative theoretical
and experimental data, we describe the relationship between the solubilities and the
critical diffusion distances to model the metastable phase formation. Metastable
phase formation diagrams for Cu–W and Cu–V thin films are predicted and validated
by combinatorial magnetron sputtering experiments. The here adopted correlative
experimental and theoretical research strategy enables the efficient description of the
relationship between the solubilities and the critical diffusion distances to model the
metastable phase formation during magnetron sputtering.
Keywords
combinatorial magnetron sputtering
metastable phase formation diagram
thin film growth
surface diffusion distance
Cu–W and Cu–V
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Determination of the structure and the properties of a new nickel nitride
Jean Francois PIERSON, Thibault Morane, Pascal Boulet, Emilie Gaudry, Christine
Gendarme
Institut Jean Lamour, Nancy, France
jean-francois.pierson@univ-lorraine.fr
Contrary to Fe, Co or Cu nitrides, the Ni ones are scarcely studied. Thus, the binary
Ni-N system is not well defined. It contains a stable hexagonal phase that exhibits a
Ni3N formula. Although another nitride (Ni2N) has been also reported, the structure
and the properties of this material are not clearly detailed in the literature.
Nickel nitride thin films have been deposited at room temperature on glass and silicon
substrates by reactive sputtering of a Ni target in various Ar-N2 atmospheres. The
increase of the N2 partial pressure allows the deposition of either pure Ni3N or Ni2N
films. Biphased films can be also deposited with the use of a N2 flow rate ranging
between those necessary to deposit single phase. Electron probe microanalysis has
been used to determine the Ni / N atomic ratio in as-deposited films. Ni2N films exhibit
a preferential orientation in the [110] direction. Cumulative X-ray diffractogram
obtained at various c angles has been used to show that Ni2N crystallizes with a
primitive tetragonal unit cell (space group: P4/mmm). Full profile refinement using a
Rietveld method confirmed the atomic arrangement proposed by ab initio calculation
using USPEX code. Nickel atoms are located at (0,0,0) and (1/2,1/2,1/2) while
nitrogen ones are located at (1/2,1/2,0).
Ni2N films have been annealed from 100 to 300 °C. XRD analyses of films annealed
at 100 and 150 °C show a slight shift of the Ni2N (110) diffraction peak position due to
a progressive denitridation. In addition to Ni2N, Ni3N is evidenced after annealing at
200 and 250 °C. Finally, metallic nickel is observed after annealing at 300 °C. The
electrical properties of Ni2N films have been determined and compared to those of Ni3
N.
Keywords
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SIMTRA: simulate your deposition profile
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The software package SIMTRA (Simulation of Metal Transport) developed at DRAFT
is a test particle Monte Carlo code that simulates the transport of sputtered atoms
through the gas phase and can be freely downloaded from the research group
website (www.draft.ugent.be). Users create a virtual setup including a vacuum
chamber, a magnetron and any other objects present in their chamber by using
predefined geometrical surfaces. Metal particles are generated from the target and
their movement inside the chamber is tracked until their path crosses one of the
surfaces where they are then deposited. Several options are available to customize
the generation of the particles and the description of their transport such as custom
racetracks, initial energy and angular distributions, gas pressure and temperature, inor exclude gas motion and diffusion, and several interaction potentials.
Output data consists of, but is not limited to, the number of particles deposited on
each surface, their deposition energy and direction of incidence. This has been
validated by measuring the deposition profile and the angular distribution at a given
position with a quartz balance and a specially designed pinhole camera. Good
agreement between measurements and simulations were obtained, hence we are
confident to use SIMTRA for a more detailed investigation of metal transport of PVD.
Different case studies are selected to illustrate how the program can aid with
optimization of deposition setups, how it can be used to predict film composition using
several sources and segmented targets and how it can be used to investigate the
influence of the deposition conditions on the level of biaxial alignment of a deposited
coating.
The combination of an intuitive graphical user interface, the ability to construct custom
setups, low computation times and free access, make SIMTRA a valuable tool for
anyone active in the field of sputter deposition.
Keywords
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Simulation of thin film growth as deposited by magnetron sputtering and
evaluation of their morphology, optical and mechanical properties
Pavel Moskovkin, Eric Kremer, Stephane Lucas
University of Namur, Namur, Belgium
pavel.moskovkim@unamur.be
Among the computational methods to mimic real experiments, one can cite Kinetic
Monte Carlo (kMC) that has been well described by many authors. kMC can be used
for the modeling of different processes at the surface such as growth of films during
deposition, post deposited development of films, etc at atomic scale level.
А three dimensional kMC code (called NASCAM – Nano SCAle modelling) has been
developed [1, 2] for simulations of deposition and evolution of surface structures at
room and elevated temperatures. The code includes simultaneous deposition of
atoms of different kinds. It takes into account angular and energy distribution of
depositing species as well as energy transfer effects during the deposition.
Substrate can be specified as a squared or a hexagonal lattice, textured or not, and
angular and energy distribution of incident deposited atoms can also be varied.
Substrate is necessarily fixed. It can be rotated or undergo oscillations which is
especially helpful for simulating film growth at glancing angle deposition. Also the
code can be used to simulate the multilayer growth.
In the present work, we present the latest development and their benchmarking with
experimental data. The main results will be focussed on the method developed to
evaluate how the deposition conditions affect mechanical properties of Ti films
deposited by HIPIMS and DC magnetron, on the optical properties of Si/Mo
multilayered EUV films and on the porosity of Glancing Angle Deposited Ti and TiO2
films.
References
1. S. Lucas, P. Moskovkin, Thin Solid Films 518 (2010) 5355
2. P. Moskovkin,S. Lucas, Thin Solid Films 536 (2013) 313–317
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Until recently, the Penning-Thornton mechanism (PTM) of sputtering, which assumes
that secondary electrons are accelerated exclusively in the plasma sheath was
considered for describing Magnetron sputtering. However Anders et al [1] recently
estimated that the acceleration of the electrons in the PTM represents only 30% of the
energy transferred to electrons, since further electron heating occurs by acceleration
in the quasi-neutral pre-sheath. At high density, the drift of electrons in the
quasi-neutral region makes a substantial contribution. This leads to ionisation humps
both in HiPIMS and in DC Magnetron discharges.
Here we investigate energy transfers in magnetised discharges with a view to
incorporating the appropriated physics in the modelling of magnetron sputtering
systems. Wavelength filtered optical imaging (with an ICCD camera) has been used
to map the excitation of different elements from target (Al, Cu, Ti) or gas (Ar). This has
been done for different operating conditions (target, pressure, power). These data are
interpreted in light of the local magnetic field (numerically simulated and
experimentally verified). This technique is being used to explore the sheath and
pre-sheath regions under different operating conditions (magnetic field, pressure and
power) which have been compared with numerical simulation of the magnetron using
different sheath models.
This work is part of a program sponsored by Innovate UK/EPSRC on Modelling of
Magnetron Sputtering for High Value Manufacturing
[1] A. Anders Appl. Phys. Lett., 105, 244104 (2014)
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Plasma emission monitoring (PEM) has been used for a number of years to either
monitor the condition or actively control vacuum processes that rely on plasma
generation (e.g. Physical Vapour Deposition). This approach to monitoring the
process has many advantages such as fast response time, monotonic sensor
behaviour and the ability to control uniformity by monitoring different areas of the
process. There are however some disadvantages, e.g. there is required a clear line of
sight to the plasma that can be obscured by substrate movement, the PEM sensor
can become coated by the deposited material and, of course, it can be only be used
when the process itself generates a plasma.
Concepts using a remotely generated plasma were developed to address these
issues. A convenient method of generating the remote plasma is to use a cold
cathode pressure gauge. This sensing method, sometimes referred to as “Penning
PEM”, has been used successfully to control a number of process types including
non-plasma processes such as reactive E-Beam evaporation.
A new type of remote plasma generator has been developed, which when combined
with advances in miniature spectrometers can be used to perform optical plasma
spectroscopy. This has the potential to facilitate its use as a low-cost, multi-purpose
vacuum sensor. 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.
Also presented is a novel method of sensing species indirectly via the emission lines
relating to the sputtered material from inside the sensor. This is shown to enable
monitoring and control of processes using remote PEM that are otherwise not
possible via conventional plasma spectroscopy.
Keywords
Sensors
Control
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Ion beams with Gaussian cross section are utilized as tools for sub-aperture ion beam
figuring. In the context of ultra-precision surface error corrections it is of importance to
obtain information about the spatial beam profile as well as the material removal rate
distribution. In most cases beam current probes like Faraday cups are used to obtain
information about the beam profile. Ion beams can only be detected in un-neutralized
state due to the principle of measurement. For material processing the ion beam must
be neutralized by using electron injection into the positive space charge which
influences the spatial characteristics of the beam.
In this work, low-energy ion beam profiling is the subject of interest via inorganic
scintillator screens (YAG:Ce – Y3Al5O12:Ce3+). Scintillator screens are primarily used
as radiation sensors in medical diagnostics and accelerator physics. The scintillator
detectors convert the energy of incident charged particles into light. Thus, imaging
and characterization of the neutralized ion beam can be achieved. The Ar+ ions are
emitted from a RF ion beam source with currents in the range of 50 – 200 µA and
energies of typically 1000 eV. A cooled CCD camera setup allows spatially resolved
measurements of the scintillator light output under different ion beam conditions
(beam size, working distance, modulation of the average beam intensity). Especially,
characterization of the neutralized ion beam has been achieved for defined angles of
incidence via difference image analysis. The properties (full width half maximum, light
output) of the imaged beam profiles have been compared with profiles obtained using
Faraday cup measurements and material removal distributions from corresponding
test etchings, respectively. The studies show a correlation between the scintillator
light output and the current densities as well as the radial etch rate distribution.
Additionally, beam stability and beam induced contaminations on the treated test
surface have been evaluated. Consequently, by using the scintillation method we
obtained a detailed characterization of the neutralized ion beam. Finally, these
findings enable further investigations of various beam diameters and can be applied
for developments of advanced ion beam sources.
Keywords
low-current ion beams, beam profiling, scintillator
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Influence of a control based on plasma parameters in a reactive sputter process
on material properties
Moritz Oberberg, Stefan Ries, Peter Awakowicz
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oberberg@aept.rub.de
Reactive sputtering is a common process for the deposition of ceramic compound
layers such as aluminium oxide. A metallic target material is sputtered by ion
bombardment and bonds with a reactive gas. A hysteresis effect can be observed as
a result of target covering by the reaction with reactive gas. This leads to a
modification of target surface conditions, such as sputtering yield and secondary
electron emission coefficient. A high sputter rate is reached by a low reactive gas
flow, but may lead to a metallic coating. A high reactive gas flow ensures the right
stoichiometry in the deposited compound layer but causes the covering of the target.
For this reason, a process control is needed, which has to operate in the hysteresis
transition region.
Today, the intensity of a spectral line of the sputtered material or the partial pressure
of the reactive gas are controlled to deposit defined coatings on a substrate. However,
controls based on these parameters do not consider the influence on the plasma,
which functions as the sputter source and has an influence on the layer formation on
the substrate. In this work, a control which is based on plasma parameters is
developed and the influence on the coatings conditions are investigated.
To determine the controlled variable, the multipole resonance probe (MRP) is used as
a process monitoring system in a multi frequency CCP (MFCCP) sputter process. The
secondary electron emission and therefore the target covering has an effect on the
electron density, which can be measured by the MRP. For a controlled electron
density, the number of incident ions on the target as well as the substrate are
constant. This allows a more efficient process control which combines target and
plasma processes. The hysteresis process can be transferred to the MRP
measurements. Thus, an optimal working point for the control can be identified for a
high deposition rate and a defined stoichiometry. In addition, material properties are
investigated.
Keywords
sputtering
control
multipole resonance probe
reactive sputtering
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The optical emission spectroscopy (OES) offers the possibility to analyse in real-time,
atomic species, molecules and radicals forming the plasma by using a quite compact
and robust experimental set-up. This equipment can be used, for example, as a
non-invasive device for the control of technological processes with gas emission. The
light emitted from the plasma can nowadays be efficiently analysed by using compact
UV-VIS NIR spectrometers, which show increasingly low noise level, high sensitivity
with nearly a sub-nanometer resolution, thanks to the development of back-thinned
CCD coupled to holographic gratings. In this work, the emission spectrum from
mixtures of CO2 and O2 for the control of technological processes in which carbon
dioxide is produced starting with pure oxygen was analysed. The plasma emission
spectra contain in particular, the intense emission lines of the atomic oxygen which
are originated not only from the break of O2 bond, but also by the dissociation of CO2.
In this work, the ratios between the emission intensities of the vibrational levels ( 0 →
ν) withν = 0,1,2,3,4,5 associated with the Ångström series (B1Σ+ →A1Π) in CO and
the molecular transition b1Σ+g →X 3Σ-g in O2 ,together with the electronic disexcitation
between the triplet 3p5P -> 3s5S02 centered at 777.2 nm and related to the atomic
oxygen were analysed as function of pressure and the RF power applied. In
particular, by correlating the behaviour of the peaks areas of atomic oxygen emission
at 777.2 nm with the vibrational transition in the CO at 519.8 nm, the variation of the O
2 concentration in the mixture was estimated.
Keywords
optical emission spectroscopy
RF plasma
carbon dioxide
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Since 2010 the Institute for Electrical Engineering and Plasma Technology at the
Ruhr-University Bochum has been investigating a large-area, capacitively coupled
multi frequency plasma source (MFCCP) for deposition of ceramic layers.
The main research objective is to understand the coherences between the plasma
parameters and the properties of the deposited ceramic layers.
In particular the influence of the ion energies and the ion-to-neutral flux ratio onto
stress, structure, morphology of the aluminium nitride layer is considered. Therefor
the advantage of the MFCCP to decouple the ion energy from the ion flux onto the
electrodes via electrical asymmetry effect is used to apply a constant ion-to-neutral
flux ratio to the substrate, while the influence of the varied ion energies measured with
a retarding field analyzer (RFA) onto the layer is studied by different coating analytics.
In addition to understand the plasma-growing layer interaction, monitoring of the
deposition process, especially reactive sputter deposition, is important, because
plasma conditions (particle fluxes, target coverage, deposition rate, etc.) can change
over a deposition time of several hours. In regard to this topic the effect of two
different monitoring systems to control the deposition process for aluminium oxide
layers were studied:
On the one hand reactive gas flow (partial pressure of the reactive gas) was adjusted
to keep the intensity of a spectral line of the sputtered target material constant
(constant sputter rate). On the other hand the deposition process was controlled by
using a multi resonance probe measuring the electron density. In this case the
reactive gas flow was adjusted to keep the electron density (particle fluxes to the
electrodes) constant. The consequences for the layer properties are finally presented
and correlated with RFA measurements.
The MFCCP is a sub-project of the collaborative research centre SFB-TR 87 funded
by the German Research Foundation (DFG).
Keywords
layer properties
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Spectroscopic study of a DBD-discharge for waste gas treatment
Andreas Schulz, Devansh Sharma, Stefan Merli, Matthias Walker
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Biological sources of air pollution like animal farms, food processing, sewage and
waste handling industries are of increasing concern as the risks posed by the
pollutants from these sources are understood more profoundly. The current method
investigates the possibility of using a low temperature plasma to treat pollutant gases.
Multiple parallel powered steel electrodes are separated with ceramic plates to create
a dielectric barrier discharge.
Spectroscopic investigations show that the blue-violet light emission origins only from
one electronic transition of the N2 molecule. A view into literature reveals the 2nd.
positive system as the rotational-vibrational band from the state C3Πu to B3Πg. Mainly
the vibrational transition from Δν=+3 produces the plasma light. The more intensive
bands are in the UV region.
The reason why only the 2nd. positive system can be observed is that due to the very
short lifetime of 3.8·10-8 s the C3Πu state has simply the change to relax radiatively. All
other excited states relax by collisions with other molecules, for example to generate
oxygen radicals by the reaction
N2(B3Πg) + O2 → N2(X1Σ+g) + 2 O· which is then followed by the ozone reaction O· + O2
+ M → O3* + M → O3 + M.
Keywords
Dielectric barrier discharge
waste gas treatment
optical emission spectroscopy
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In the plasma polymerization literature, there has been an interest since at least the
1970s to correlate the structure of plasma polymer deposits with plasma parameters
during deposition, most particularly with the energy input per monomer molecule, Em
(or somewhat equivalent, Ea) in low- (LP) and atmospheric-pressure (AP) discharge
plasmas. In this work we propose a new parameter, the so-called energy conversion
efficiency, ECE, which permits direct comparison of LP and AP experiments. This is
done for the case of three model compounds, ethane, acetylene, and acrylic acid.
'Critical' energy values that demarcate ECE regimes separating different
fragmentation/reaction mechanisms agree remarkably well for all three monomers
examined; resulting in Em (or Ea) values are correlated with specific mechanisms, and
the numerical results are convincingly supported by data from the chemical literature.
Thus, the measurement of the energy conversion in LP and AP plasmas helps to
control plasma polymerization processes.
Keywords
plasma polymerization
energy per monomer
energy conversion efficiency
reaction pathway
control of gas phase processes
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Analyses of a-C:H /a-Si:H multilayers on polymer substrates indicated that prolonged
ion bombardment influences negatively the properties of the barrier layer, while a
short plasma pretreatment can improve the barrier effect[1]. This work is motivated by
these results and investigates the influence of different reactive plasma components,
namely ions, metastables and (V)UV-photons, on the properties of the grown barrier
layer.
To separate the different species and their influence on plasma pretreatment and film
growth, we build an ion-repelling grid system, which repels the ions from the
substrate, so that only metastables and (V)UV-photons have an effect on the layer.
In a second approach we separate the effect of argon metastables from the effect of
(V)UV photons. In addition to the before mentioned ion-repelling grid we use a
collimator with a high aspect ratio and an argon or helium gas-shower in front of the
substrate. With this setup it is possible to reduce the metastable and ion density in
front of the substrate, so that only (V)UV-photons have an effect.
An integral part of this investigation is to measure the photon fluxes to the substrate
by an absolutely calibrated VUV monochromator. For that, a differentially pumped
VUV spectrometer with a spectral range 30 – 300 nm is used, where, for example, the
absolute emission intensities of the two most prominent argon lines at 104.9 and
106.8 nm can be measured.
In this approach we are able to study the different effects of the plasma species and
also possible synergy effects, to improve the properties of the barrier layer.
[1] H. Bahre et al., J. Phys. D: Appl. Phys. 46, (2013) 084012,
doi:10.1088/0022-3727/46/8/084012
This work is supported by the DFG within the SFB-TR 87.
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Plasma based coating processes are a widespread field in industrial surface
modification. Plasma immersion ion implantation (PIII) is a relatively common
technique where the substrate itself is biased with high voltage pulses to implant ions
into the surface [1]. However, many secondary processes during PIII have not yet
been fully investigated but are crucial to the process due to potential feedback
mechanisms which may change the outcome of the coating procedure in terms of
quality and properties of the deposited films. Furthermore, development of new
diagnostics will be useful for related processes utilizing rapidly varying plasmas –
spatially and temporary.
Secondary electrons are a major undesired component of energetic particles during
PIII. These secondary electrons emitted from the substrate may lead to interactions
with the plasma and increase the local plasma density as a function of the applied HV
power (pulse length, pulse voltage and pulse frequency) and the substrate (varying
materials, eg. Al, Cu, or stainless steel). Using a calorimetric probe [2] allows the
measurement of the directed flux perpendicular away from the substrate and its
variation with the distance from the probe to the substrate surface. Thus, the
interaction of these electrons with the plasma can be calculated.
As an additional point, direct information of the sheath dynamics has been only
available using either simulation, local probing which disturbs the plasma, or indirect
LiF measurements. A more direct approach, especially suited for complex geometries
is the direct observation using probe particles inside the plasma sheath. The probe
particles as well as the behaviour of the sheath are studied using a high speed
camera system enabling visual observation of the fast process during pulses.
[1] J.R. Conrad et al., J. Appl. Phys. 62: 4591 (1987)
[2] S. Bornholdt and H. Kersten, Eur. Phys. J. D. 67(8):167 (2013)
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The combination of HiPIMS and plasma based ion implantation (PBII) offers new
possibilities for surface modification taking advantage of the high density of target ions
combined with a synchronized high voltage pulse onto the substrate. A very important
parameter in this combined experiment is the delay between HiPIMS pulse and PBII
pulse, according to the evolution of the HiPIMS pulse.
We present results of calorimetric measurements investigating the effect of combining
HiPIMS and pulsed high substrate voltages. Due to limitations in probe design it is
specifically challenging to determine the energy flux onto high voltage pulsed
substrates. In preceding measurements qualitative information about the energy flux
in a combined experiment of HiPIMS and PBII were obtained using a combination of a
high voltage pulsed grid and a passive thermal probe. As described in [1] this probe
uses a thermocouple for the measurement of substrate temperature, which has the
disadvantage that it does not allow the direct application of high voltages in the range
of several kV onto the substrate. To realize a direct measurement on such a substrate
the classic thermal probe was modified by replacing the thermocouple by a fiber optic
thermometer and thus electrically decoupling the probe from the measurement
electronics. In the present study quantitative results for the influence of delay time,
gas pressure and distance between substrate and magnetron onto the energy flux for
a high voltage pulsed substrate are presented. The results support the observations
made by the preceding measurements about the transport of ions from target to
substrate and the remarkable influence of delay time between HiPIMS and PBII pulse.
Furthermore, absolute values for the deposited energy and current onto the substrate
are obtained, allowing an approximation of the average ion energy and the thermal
load of the substrate.
[1] Bornholdt et al., Complex Plasmas, Bonitz et al. (Eds.), 197-234, 2014.
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Bespoke sputter-coating of engineering components is typified by extensive
prototyping of both deposition hardware and process. Significant reductions in time
and cost, plus the potential to optimise often competing hardware traits, are offered
through the efficient application of modelling to the magnetron sputtering process.
Electromagnetic modelling using Finite-Element Analysis (FEA) is well established
and already developing in this direction: the Opera Simulation Software package by
Cobham Technical Services, which combines magnetostatic and charged-particle
models to provide a multi-physics solution, estimates the target erosion profile and
sputtered flux distribution for single magnetrons [1].
Here a development version of Opera is applied to industrial scale sputter deposition
systems having multiple magnetrons operating in the Closed Field Unbalanced
Magnetron Sputtering Ion Plating (CFUBMSIP) configuration. Industrially relevant
target materials (C, Cr, Ti, Si) are considered with focus on low friction graphite based
coatings [2]. Sputtered flux uniformity and target erosion profiles are simulated for
different magnetic arrangements of two to four magnetrons under a range of operating
conditions (power, pressure, target). These data are used to predict the coating
thickness and composition on rotating components of simple geometry e.g. piston
pins. Validation experiments are performed under equivalent conditions and the
results compared to the simulated data. Coatings are evaluated by ball crater, SEM
and EDX/WDX; magnetic fields by Hall probe measurements and target erosion is
profiled optically.
This work is sponsored by Innovate UK under their “Towards Zero Prototyping”
programme and an associated EPSRC project (EP/M506825/1).
[1] http://operafea.com/product/solutions-modules/sputtering/
[2] S. K. Field et al, Tribology Int. 37 (2005) 949-956
Keywords
Magnetron Sputtering
Modelling
Finite-Element

Poster: Properties of Technological Plasmas

Thursday, September 15, 2016

PO4014
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carbon thin-films deposition
Akinori Oda1, Kazuma Ohki2, Satoru Kawaguchi3, Kohki Satoh3, Hiroyuki Kousaka4,
Takayuki Ohta5
1

China Institute of Tehcnology, Chiba, Japan 2China Institute of Technology,
Narashino, Japan 3Muroran Institute of Technology, Muroran, Japan 4Nagoya
University, Nagoya, Japan 5Meijo University, Nagoya, Japan
aknr.oda@gmail.com
Diamond-like carbon (DLC) films are the hydrogenated amorphous carbon films,
which is composed of a mixture of sp2- and sp3-bonded carbon. Since this films have
excellent material properties in high wear resistance, high hardness, low friction, and
chemical stability, the films have been widely used for many technological
applications such as automotive, semiconductors, medical devices, and so on.
Recently, silicon-containing DLC (Si-DLC) films have been investigated, since the
Si-DLC films with lower friction coefficient, compared with conventional DLC films, can
be obtained. However, the effect of silicon in Si-DLC films on friction properties has
not been clarified. Therefore, the understanding of fundamental properties in
tetrametylsilane (TMS, Si(CH3)4) plasmas, which are ion and radical source of
Si-DLC films deposition, has been strongly required. Previously, our research group
have developed a self-consistent one-dimensional fluid model of capacitively-coupled
radio-frequency TMS plasmas, composed of the continuity equations for electron and
sixteen TMS-derived ion species, the Poisson equation, and the electron energy
balance equation, coupled with the Boltzmann equation solver. And then, the
influence of process parameters (e.g. gas pressure, input power) on the plasma
properties has been discussed. In this paper, in order to simulate the TMS plasmas in
realistic geometry (i.e. plasma chamber with realistic size), we developed the
axially-symmetric three-dimensional fluid model of TMS plamsas, and then examined
the process parameter dependence of carbon-containing ion and radical fluxes on to
substrate.(Acknowledgement: This work was partly supported by KAKENHI (No.
26420247).)
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A physical transient model and system of equations with spherical symmetry, was
formulated to describe the interaction between metallic plasma ions with neutral gas,
in the outer region of a multicathode spot vacuum arc operated with a background
gas.The model considers the self-consistent processes for typical values of arc
parameters, including the electron and ion drift velocities, the electron and neutral gas
temperatures, and the electrostatic potential profiles are obtained from the border of
the arc channel up to the discharge chamber wall. It is studied that values of arc
parameters strongly influences the metallic plasma density and plasma potential
distributions.
Keywords
ion drift velocities
ion-gas interaction
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Energy saving by lightweight constructions, especially for mobility applications, is a
future key topic. The demand on cost-effective lightweight materials such as carbon
fibres is continuously growing. Beside the substitution of energy-intensive and long
production processes, the development of innovate manufacturing processes is
required.
Microwave plasmas are efficient heat sources and a source of activated species.
These species enable verifiable accelerated chemical processes during the
stabilization or carbonization of PAN fibres. They are also able to modify or activate
the surface of the fibres, a capability which will considerably enhance, for example,
the adhesion in matrices.
Thus a microwave plasma source, which is linearly scalable and operates in a wide
pressure range, has been developed. The electric field distribution is dedicated for the
treatment of electric- conductive fibres. A cross linking of the microwave generators
allows an efficient and controllable plasma generation. A gradual treatment of the
fibres is possible.
Based on this plasma source a lab scale test bench to condition fibre rovings has
been designed. Stabilization, carbonization and functionalization of PAN fibres in
sufficient quantity become thus possible to enable further fabrications, e.g., CFRP
components.
Keywords
microwave plasma
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In this work, an atmospheric pressure plasma chemical vapour deposition (APCVD)
technology was used to create thin amorphous silicon dioxide films on beech wood
veneer with the aim to achieve antimicrobial and (super-)hydrophobic properties. SiOx
-film-matrices were created by use of a hexamethyldisiloxane (HMDSO) precursor. To
achieve antimicrobial properties Ag, CuO or ZnO particles were embedded in the
matrices of these films. To obtain hydrophobic properties polydimethylsiloxane and
perfluorooctyltriethoxysilane were used as secondary precursors. The morphological
and the chemical structure of the layers were investigated by Scanning Electron
Microscopy (SEM) as well as by X-Ray Photoelectron Spectroscopy (XPS). The
obtained results showed the possibility to create active agent containing films on
wood. The antibacterial effect was evaluated by BacTiter-Glo® and by an agar
diffusion method. These tests showed for all used agents a strong antibacterial effect
against the bacteria strains Escherichia coli (gram-) and Staphylococcus aureus
(gram+). Using the mentioned agents apart a significant effect against mould (mould
test) could not be achieved against Aspergillus niger DSM 1957, Paecilomyces variotii
DSM 1961, Penicillium funiculosum DSM 1944 and Trichoderma viride DSM 1963.
The situation is changed when the agents were combined and the growing silicon
oxide layer contained more than one active agent. In this case fungicide behaviour
could be detected, too. With view on water-repellent coatings on wood we were able
to produce highly hydrophobic coatings. Water contact angle measurement showed
that the contact angle against water can reach 160° with low sliding angles. Moreover,
resistance of the coatings against abrasion in accordance to ASTM D2486 and the
leaching behaviour were tested, and the results demonstrated that the surface
coatings were stable.
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Thin films composed of noble metal nanoparticles, dispersed in a dielectric matrix,
exhibit often some specific optical properties, which is leading to an intensive study of
these materials. The Localized Surface Plasmon Resonance (LSPR) is unique for
plasmonic materials (e.g. Au and Ag) and the characteristic absorption bands can be
tuned by the size, shape and distribution of the metal nanoparticles, as well as by the
dielectric medium in which they are dispersed. In recent works, it was demonstrated
that a post-deposition heat-treatment is a convenient way to produce ensembles of Au
nanoparticles embedded in a TiO2 matrix, with characteristic LSPR absorption bands.
The properties of nanoplasmonic thin films are considered promising for applications
in sensing technology, namely in LSPR-Sensors, where shits in the plasmon peak are
measured when molecules or biological agents are present. Using this approach, the
LSPR can be simply characterized from the transmitted light. In this presentation, the
possibility of applying nanoplasmonic thin films composed of Au nanoparticles
dispersed in TiO2 in LSPR-biosensing will be discussed. In basic terms, this type of
sensors compares the Transmittance-LSPR bands in the absence and presence an
analyte of macromolecular nature. However, in order to detect specific analytes, the
nanoplasmonic films must be previously (bio)functionalized with adhesion layers and
biorecognition elements. For this work, different sets of Au:TiO2 films, with variable
Au concentration and thickness, were prepared. In order to promote clustering and
growth of Au nanoparticles in the matrix, the films were in-air annealed at different
temperatures. The surface functionalization was performed by promoting the
silanization of (3-mercaptopropyl)trimethoxysilane (MPTS) or (3-aminopropyl)
trimethoxysilane (APTMS), after a surface activation with O2 plasma treatment,
allowing the bonding of the biorecognition element to the sensing platform.
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Hydrophilicity variation of plasma oxidized dental implant and its control
strategy
Zeng Lin
Northeastern University, Shenyang, China
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Superhydrophilic surface was achieved by plasma oxidation on SLA surface in the
paper, which is deemed to highly enhance osseointegration between an endosseous
implant and bone. The fresh titanium oxide surface was achieved by plasma oxidation
process in vacuum chamber. Such plasma oxidized surfaces showed crystal structure
of anatase (101) orientation and possessed elemental compositions of TiO2, Ti2O3
and TiO. The interface characteristic and variation of chemical composition in depth
were studied thoroughly by XPS. The result shows that chemical composition
gradiently changes from top layer to Ti substrate, which is very important for the long
term stability of the dental implant in vivo. However the super hydrophilic surface was
unstable and contact angle of the surface will increase with time inevitably when
implant was exposed in air, which needs further treatment to overcome the aging
problem. In this paper, the implant surface was cleaned by argon plasma in vacuum
chamber in order to recover superhydrophilicity quickly. The experimental results
showed that the introduction of such plasma oxidized surfaces in combination with
plasma cleaning process before implantation operation improves hydrophilicity of
dental implant, which, in turn, indicates the potential for improved implant
osseointegration in vivo.
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The biomedical usage of cold atmospheric plasma (CAP) is a constantly growing field
with various applications in dermatology, surgery and disinfection. Much research
effort is made to develop therapies using the health promoting effects of plasma in
wound healing, fighting infections caused by bacteria and fungi as well as raising the
biocompatibility of artificially engineered substances applied on skin or wounds.
These therapies can benefit from a more detailed understanding of the interactions
between plasma and the biological systems. Therefore it is not only essential to
understand how plasma affects living cells but also biopolymers of the extracellular
matrix. One of the most abundant biopolymers is collagen. Type I collagen as a major
component of the dermis consists of the major amino acids glycine, L-proline and
trans-4-hydroxy-L-proline.
In our study, these amino acids in the state of zwitterionic molecules were exposed to
CAP generated by a dielectric barrier discharge in ambient air and analysed by X-ray
photoelectron spectroscopy (XPS).
For all amino acids the well-known effect of plasma cleaning by oxidizing organic
contaminations deriving from the ambient atmosphere was observed. Further
oxidation processes were most pronounced in proline: a significant increase of the
O/C ratio was examined. At the same time the amount of oxygen bound to carbon in
the carboxyl group decreases which, together with the decrease of carbon in the
same group, is an indicator for decarboxylation. Furthermore, CAP exposure resulted
in chemical modifications of the nitrogen content of all amino acids alongside with the
dose dependent formation of a new nitrogen bond. Again, this effect was most
pronounced for proline.
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TiNb coating for development of antibacterial nanostructured surface
composed from oxide nanotubes and nanosilver particles
Ladislav Cvrcek, Frantisek Denk, Stanislav Krum, Jaroslav Malek, Vladimir Stary,
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Czech Technical University in Prague, Praha 2, Czech Republic
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Orthopaedic implants are developed with respect to surface optimization of parts
which are in direct mechanical contact (e.g. articulating or bone connections). Small
attention is also paid to the surfaces not subjected to mechanical load or those in
contact with soft tissue where biomaterial-associated infection may occur. One of the
ways to reduce the formation of a bacterial film is to develop a combined antibacterial
nanostructured surface composed of oxide nanotubes and nanosilver particles.
This system can be produced directly on the surface of conventional titanium and
titanium alloys used in the manufacturing of orthopaedic implants. Other possible way
is to deposit suitable coating on the surface of other conventional metallic materials
(e.g. CoCrMo alloys, austenitic stainless steel) with very good adhesion to these
materials and the possibility of its further nanostructuring.
TiNb coating has a high corrosion resistance and is non-toxic; therefore it is
potentially applicable as a support for the system. In the first step, we investigated
TiNb coatings deposited by magnetron sputtering on substrates made from CoCrMo
alloys, austenitic stainless steel and Ti6Al4V. Optimal conditions for deposition of
chemically stable and biocompatible coatings were found. Significant layer properties
as crystalline structure, chemical composition, roughness, etc. were characterized. In
the second step, we tested possibility to create nanostructure on TiNb coating surface
and we analysed mechanical and chemical properties of the system.
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Statistics from World Health Organization show that cardiovascular diseases are
beside cancer the leading cause of death globally. More than 75% of all
cardiovascular diseases are due to coronary heart disease (heart attack) and
cerebrovascular disease (stroke). Electrocardiogram (ECG) recordings are known to
provide prognostic information for cardiovascular diseases and mortality. For medical
diagnosis electrocardiography is only a powerful predicting tool measuring over a long
period enabling a statistic evaluation in different physical stress situations (sleep,
work, sport) with simultaneous remote-diagnosis. For an ECG electrode Ag/AgCl gel
electrodes are commonly used, which are suitable for short-term heart observation. If
used for long-term, however, they are facing the problem of drying out and
subsequently causing skin irritation. Hence, silver-coated yarn with titanium adlayers
using magnetron sputtering was investigated for body electrode applications.
Pure silver surfaces react with hydrogen sulphide in air leading to tarnishing and with
oxygen dissolved in aqueous solutions resulting in Ag ion release. While the latter is
responsible for the antibacterial properties, a high Ag release can also yield an
undesirable cytotoxic effect. A passivation is thus required that does not change the
electrical and optical properties, but limits Ag sulfidation and its ion release. The
depositions of an ultrathin metal titanium film as passivating adlayer were examined
using magnetron sputtering. The naturally formed titanium oxide and the Ti/Ag
interface are investigated for their stability in humid and aqueous environments using
XPS depth profiling. Ion release measurements show an efficient control over the
release properties depending on the thickness of the Ti adlayer. Initial burst release of
the pure metal Ag surface can be avoided by a 2-15 nm thick overlayer that also
prevents tarnishing and maintains the electrical properties. Such electrically
conductive fibers are, e.g., used as body electrodes for long-term ECG
measurements, in which the TiOx passivation avoids cytotoxic conditions for
moistened electrodes.
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Ag nanoparticle-based nanocomposites with non-fouling and antibacterial
properties
Daniil Nikitin, Iurii Melnichuk, Tereza Steinhartová, Mykhajlo Vaidulych, Andrey
Shukurov, Danka Slavinska, Hynek Biederman
Charles University in Prague, Prague, Czech Republic
daniilnikitin92@gmail.com
Silver compounds are well-known antimicrobial agents and they are widely used in
biomedical applications including fabrication of bandages, catheters, implants etc.
Deposition of nanocomposite Ag/plasma polymer thin films has been acknowledged
as a versatile tool for the modification of surfaces of medical instruments and it has
been extensively studied. In particular, Ag/poly(ethylene oxide) plasma polymers
(ppPEO) have been successively prepared by sputtering of silver in an atmosphere of
ether-bearing precursors. The motivation was to broaden the functionality of the films
by combining the bactericidal properties of Ag with the non-fouling properties of PEO.
In this case, the process of the plasma polymer growth was coupled with the
formation of Ag inclusions and it was not possible to control independently the
size/amount of the Ag nanoparticles (NPs) and the properties of the polymeric matrix.
In the presented work, we aimed at overcoming this issue. The Ag NPs with the mean
size of 11±3 nm were produced by a gas aggregation cluster source (GAS) whereas
the ppPEO was fabricated by an independently controlled process of plasma-assisted
vapor phase deposition. Both simultaneous co-deposition and sequential depositions
of Ag NPs and ppPEO were tested. The NP flux, the evaporation rate of PEO and the
discharge power were three independent variables that allowed fabrication of the films
with independently controlled amount of the NPs and chemical composition/crosslink
density of the plasma polymer phase. The deposition parameters were optimized to
produce the ppPEO with more than 65% retention of the C-O-C groups. Significant
reduction of bovine serum albumin (BSA, 50 ug/mL solution in PBS) adsorption was
verified and antibacterial effects of these coatings were tested.
Acknowledgment: This work was supported by the Grant Agency of the Czech
Republic through the grant GA13-09853S.
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Oxygen plasma etching of hard Ag/a-C:H nanocomposite coatings
Mykhailo Vaidulych, Jan Hanuš, Ondřej Kylián, Andrei Choukourov, Iurii Melnichuk,
Tereza Steinhartová, Hynek Biederman
Charles University, Prague 8, Czech Republic
vaydulym@yahoo.com
Nanocomposite metal/plasma polymer films have been in the center of attention for
several decades. In recent years, Ag/hydrocarbon plasma polymer films attracted
considerable interest because of their antibacterial properties. In general, precise
control of chemical composition and surface texture is required for the adjustment of
bactericidal efficacy whereas mechanical robustness of such coatings is demanded to
enhance the durability of their performance.
In this work, Ag/a-C:H nanocomposites were prepared by simultaneous deposition of
Ag nanoparticles (NPs) and plasma polymerization of n-hexane. The Ag NPs were
fabricated by a gas aggregation cluster source (GAS) and their beams were directed
onto Ti and VT6 alloy substrates located on a separate electrode. The electrode was
RF driven to sustain plasma in the mixture of Ar and n-hexane (10:1) at pressure of
5.5 Pa. The discharge power was chosen to ensure the negative self-bias of 300 V
and to enable the deposition of hard a-C:H matrix. This setup allowed independent
control of the amount of the embedded Ag NPs and the properties of the embedding
matrix. Subsequently, the samples were exposed to the action of the O2 plasma at
pressure of 2.5 Pa, power of 40 W and self-bias of -160 V, and the preferential
etching of the organic phase was observed. Such anisotropic etching resulted in an
exposure of higher amount of the NPs initially buried beneath the surface. It was also
confirmed that an increase of the Ag content resulted in the enhancement of the
antibacterial properties of the films. However, the excessive NPs concentration of > 6
% led to rapid worsening of the mechanical properties of the coatings. The optimal
concentration of 3% of as-deposited Ag NPs was found to retain both the antibacterial
effect and the mechanical stability.
Acknowledgement: The authors acknowledge the support from the Charles University
in Prague through the project GA UK 1926314 and the grant SVV-2016.
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Plasma grown Graphene Nano Platelet mono films as enhanced surface for
medical implant material and its electrode behavior
Jan Heeg, Petra Fedtke, Antje Schütz, Jens Strehlau
Hochschule Wismar, Wismar, Germany
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Graphene Nano Platelets (GNP) films can contribute to enhance surfaces of bioactive
materials and can be considered as non-cytotoxic and hemocompatible. They do not
reduce cell viability (mouse fibroblasts) and do not cause a ß-thromboglobulin release
above physiological level. Thinkable bio applications are also micro sized electrodes
with extended inner surface for nerve stimulation.
In this work we consider the temperature and bias tension dependence a GNP film
deposition process in a RF-PECVD chamber. The films were deposited at relevant
test substrates like Ti, TiAlV, 316L and Si [100] for reference. The plasma process
was performed using a high temperature and low pressure CO/H plasma. A negative
self-bias tension was applied to the substrate.
The films have mean thicknesses between 50 nm to 300 nm. Their morphology
investigated by SEM, STEM and TEM shows different forms. They are lateral isotropic
upright standing GNP of about 10 nm to 25 nm thickness, flat graphene platelets,
GNP with waved form and longer extension and lastly in the beginning of growth small
rounded structures, forming to platelets later. This way a scalable void volume
between the GNP and lateral density can be influenced by the plasma process. The
range scales from 10 nm to about 100 nm. They all show graphitic electron diffraction
pattern (SAED) measured by TEM.
Electric properties of GNP coated electrode materials have been investigated by
Cyclic Voltammetry (CV) and Electrical Impedance Spectroscopy in Ringer’s solution.
Depending of the GNP size and lateral density interesting properties for applications
as electrodes with nano scaled biocompatible surface occurred.
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The surface morphology and chemistry of titanium dental implants are key parameters
for the adhesion and growth of the osteoblast cells. Plasma polymers deposited in
vacuum or at atmospheric pressure have shown to be able to supply the needed
surface chemistry to improve cells growth. Nevertheless, vacuum or DBD systems
used for the deposition of the ammine or carboxylic functional groups have several
limitations such as implant size and the inability to select the treatment area. The
implementation of the functionalization processes by atmospheric plasma jet devices
would allow an easier application and the ability to apply different coatings in different
parts of the implant. Up to now plasma jet experimentation has yet been limited to
surface activation processes.
In this work we present the deposition by an innovative atmospheric pressure plasma
jet of ammine and carboxylic functionalization on titanium substrates. The ammine
and carboxylic groups have been obtained respectively using APTES and MMA
precursors. The coatings have been investigated by FT-IR spectroscopy, XPS and
surface energy measurements.
In the in-vitro tests, the treated samples have shown a higher quantity of absorbed
proteins and improved osteoblast cells adhesion on the surfaces compared to the
nude titanium control; in particular the carboxylic functionalization has led to a nearly
two-fold improvement. On the other side the amine rich surfaces are significantly less
viable than the control, while the number of cells grown on the carboxylic
functionalization resulted similar to the nude titanium.
The tailoring of the surface chemistry in different implant areas following medical
requirements is therefore possible by use of a single plasma jet device.
Keywords
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Low modulus b-Ti alloys, composed of non-toxic elements, such as: Ti, Zr, Nb Mo and
son on, have been developed for biomedical applications. Their Young’s modulus
values lie between around 40 and 80 GPa. Nevertheless, yield stress values for
metastable Ti alloys with only body-centered cubic (BCC) phase are too low for load
bearing applications. Thereby, nowadays, there are many efforts in the search of
alloys that combine high yield stress with Young's Modulus as close to the bone. The
key to success is a diffuse ω pre-aging microstructure that enables a homogeneous
distribution of α precipitation within the β grains. An increase of ageing temperature or
time,will allow that ω phase is replaced by α phase, leading to a smaller precipitation
and higher strength.
Sputtering techniques are extremely versatile with great potential to produce coatings
along a wide temperature range in vacuum conditions, allowing aging precipitation of
different phases and the coating during and/or after sputtering process. Therefore it
could be a new route to produce b-Ti textured coatings free of toxic elements.
The focus of this work is to produce Ti-20Nb-XZr and Ti-20Mo-XZr (X=13 and 20
wt.%) coatings from singles targets of Ti, Nb, Mo and Zr, playing with various aging
treatments that allow the precipitation of different phases (β, α’ and ω) in the coating
during and/or after sputtering process in order to get coatings with low Young’s
modulus and high yield stress. Preliminary results regarding to grain size, texture and
residual stress magnitude, and therefore the higher and lower percentage of α’ and
ωphase, as a function of bias voltage on the substrate will be shown. Furthermore, we
will correlate the magnitude of these residual stresses with the higher or lower yield
stress value in the coatings.
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Study of the electromechanical behaviour of Ti-Ag coated polymers for
biomedical applications
Claudia Lopes1, Beatriz Freitas1, Marco Rodrigues2, Joel Borges2, Aurelien Etiemble3,
Philippe Steyer3, Filipe Vaz2
1

University of Minho, Guimarães, Portugal 2University of Minho, Braga, Portugal 3
MATEIS Laboratory-INSA de Lyon, Lyon, France
claudialopes@fisica.uminho.pt

Recent investigations in biosensors showed the advantages in the use of polymeric
substrates, coated with conductive and biocompatible thin films such as Ti as
bio-interfaces, in order to functionalize the electrode surface for the bio-signal
acquisition. Furthermore, Ag is widely known for its ductility and excellent electrical
behavior. In addition, the bactericide effect of Ag allied to Ti biocompatibility, have
shown very interesting biological, electrical and mechanical properties linked to the
particular structure developed by the formation of the Ti-Ag intermetallic phases.
TiAgx thin films, with different amounts of Ag, were prepared by magnetron
sputtering, using a titanium target with Ag pellets placed on its erosion zone.
Intermetallic Ti-Ag thin films were used to coat polyethylene terephthalate (PET) and
polypropylene (PP) substrates. The influence of the polymer-base on the overall
response of the thin film sensor devices was studied and correlated with the main
physicochemical characteristics of the different films.
The electromechanical behavior of the coated polymers was evaluated under uniaxial
stretching. During the tests, the elastic response of the system: polymer + thin film of
TiAgx was assessed at the same time that electrical resistance values for
deformations up to 10% were recorded. Throughout the stretching tests, a
semi-quantitative evaluation of the films adhesion on the polymeric substrate was
performed based on optical images acquired by a digital optic microscope, where the
occurrence of cracks was correlated with the tensile strength and the electrical
resistivity. Complementary information was obtained by SEM micrographs performed
in situ during an uniaxial stretching in polyethylene terephthalate (PET) with a specific
bone shape designed for this kind of experiments.
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The enhancement for biological use of a structured polyetheretherketon (PEEK)
surface with titanium by physical vapour deposition (PVD) was investigated. The
quality of an implant is based on the character-istics of its surface and bulk material.
The surface of an implant is responsible for the interaction with the biological
environment and should be tailored for this. The surface topography and the surface
physics are two characteristics which have to be in a specific range. There are a lot of
investigations made for titanium implants which indicate an enhanced
osteoconductive behavior with a particular topography. This topography is divided in
micro- and nanoscale characteristic. In case of bulk material more polymers are used
because of their radiological transparency, modelling ability’s and more . But there are
also investigations that through their inert characteristic they lag in osteoconductivity.
Therefore a new approach was made to create an osteoconductive polymer surface
with a topography according to established characteristics with the benefits of
titanium. To achieve the aim PEEK was structured with different micro topographies
and coated with titanium by physical vapor deposition (PVD) sputter technics. The
topographies were measured by confocal microscopy before and after the coating
process to prove the preservation of the generated structure. Direct current
magnetron (DC), high power impulse magnetron sputtering (HiPIMS) and high
frequency magnetron (HF) sputter technics were used. The coatings were
investigated by micro- and macro scratch testing to characterize their mechanical
behavior. Confocal microscopy, SEM and XRD measurements have been done to
determine the behavior. A dependence of micro topography to the mechanical
behavior of the coatings could be proven.
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Previously, numerous pure carbon materials including diamond-like carbon, fullerens
and carbon nanotubes have been used for synthesis of biocompatible composites or
implant surface coatings. The discovery of graphene, a single atom thick layer of sp2
carbon, has expanded the research and development of new multifunctional
biomaterials. An ideal candidate for implant surface coatings, graphene is atomically
smooth, chemically inert, highly durable and low friction material. Furthermore,
graphene has already been used in many biomedical applications including the
growth of neuronal cells, human osteoblasts and other cells. In this investigation
plasma chemical treatment in atmospheric DBD discharge was used to deposit
graphene based films in order to improve wear resistance, friction characteristics and
biocompatibility of Ultra-High Molecular Weight Polyethylene widely used for
orthopedic applications. Chemical composition and structure of the surface layer
before and after modification were characterized by XPS and FTIR ATR
spectroscopy.
Acknowledgments: This work was partially supported by Russian Foundation for
Basic Research (grant No15-02-00069)
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Nanocrystalline carbon (nc-C) thin films offer a wide range of exceptional physical,
mechanical, biomedical and tribological properties that make them scientifically very
fascinating and commercially essential for numerous industrial applications. The
recent bio-applications i.e. bio-sensing, tissue engineering and cell proliferation etc.
are driving the fundamental research with new perspectives. Sputtering induced nc-C
thin films are usually a mixture of two solid phases; the hard diamond-like phase with
sp3 bonds and the softer graphite-like phase with sp2 bonds. By adjusting the ratio of
sp2 to sp3 bonds in the deposited films one can obtain the desired functional
properties of the films. However, for bio-applications control over surface energy and
surface electrical properties are challenging when the ratio of sp2 and sp3 varies.
Here, we present unhydrogenated and hydrogenated nc-C thin films prepared by
pulsed-DC sputtering induced. The properties of plasma parameters as a function of
power density, working pressure and reactive gas content are presented using the
optical emission spectroscopy and ion flux measurements. The role of plasma
parameters on the structural, chemical, electrical and surface proverties are
presented and correlated to the bio-activity. The improved cell-proliferation activity of
these films are demonstrated for L-929 fibroblast mouse and bone cells.
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In order to reduce friction and wear on metal joint implants and increase their
biocompatibility, thin nanostructured diamond-like carbon (DLC) coatings are applied.
This is done in a PVD process, in which an arc is ignited by means of DC-discharge
between two graphite electrodes.
The arc is maintained for a period of 180 seconds while the distance of the
evaporating graphite electrodes is kept constant. During coating process the
substrates are subjected to different negative pulsed bias voltages, whose frequency
and pulse width are variable.
The deposited layers are then analyzed with Raman-Spectroscopy to determine the
ratio of sp2 and sp3 bonds, whereby the density of the layers can be estimated. The
thicknesses of coatings are measured using a profilometer. Together with the
difference of the weight before and after coating process, the density can also be
calculated and compared with the results of Raman-Spectroscopy.
Subsequently, the coated substrates are, in pairs, exposed to a fretting test in a
medium of demineralized water with a tribometer. Here the coefficient of friction is
investigated and correlated with the likewise conducted roughness test. The abrasion
particles are made available for expertise in a scanning electron microscope by
microfiltration and their size distribution is determined by means of a laser diffraction
spectrometer.
The aim of this investigation was to expose the influence of the bias voltage on the
tribological and morphological properties of DLC coatings in particular in the range of
-750 V to -1200 V bias.
It was found that an increment of the negative bias voltage results in a lower density
and roughness of the layers and in addition, the ratio of large abrasive particles
continuously decreases. This leads to a significant improvement of the
biocompatibility and thus to an increasing durability of joint implants.
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Polyvinyl chloride (PVC) is widespreadly used for medical purposes, e.g. in
transfusion medicine to store blood products. Unfortunately, PVC only becomes
flexible when plasticizers like bis(2-ethylhexyl) phthalate (DEHP) are mixed to the
compound. As these plasticizers are not covalently bound to the polymeric matrix,
their diffusion to the surface and leaching into lipophilic media is frequently observed.
To suppress this effect a barrier against plasticizer migration should be applied to the
material. In the present contribution two methods to establish a barrier layer on PVC
are compared: plasma-enhanced chemical vapor deposition (PECVD) of thin films at
atmospheric pressure [1] and gas-phase fluorination [2]. Dielectric barrier discharges
(DBDs) were used to deposit thin films from hexamethyldisiloxane (HMDSO) using
nitrogen or argon as process gases. Oxygen is added to tune film composition from
an organic character to more inorganic – SiO2-like – films. It is observed, that oxygen
has to be available in excess for the formation of thin films with high barrier properties,
but, on the other hand, fully oxidized films are too brittle for a good barrier
performance. In gas-phase fluorination the polymer is exposed to mixtures of fluorine
and nitrogen [3]. A systematic process control (F2 concentration, time, gas
atmosphere) allows the fluorination process to be optimally adjusted to reducing
migration of plasticizers. High fluorine concentrations as well as much less oxygen in
the process increases the barrier efficiency of the PVC material.
[1] M. Cerezuela Barreto et al., Plasma Process. and Polym. 2012, 9, 1208
[2] Kharitonov, 2000, Journal of Fluorine Chemistry, 2000, 103, 123
[3] S. Mosch et al., Kunststoffe plast Europe, 2005, 2, 1
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Nanoscale Ag-TiN coatings were successfully deposited on medical Ti-6Al-4V
substrate by multi-target magnetron co-sputtering system. In order to strengthen
adhesion of Ag-TiN coatings with medical titanium alloys substrate, TiN was used as
buffer-layer depositing on alloys. The titaniumnitride target and the silver target were
sputtered simultaneously to form Ti-N-Ag composite layers in as-deposited coatings
with different components and textures. The structures, hardness,adhesion were
investigated by Scanning Electron Microscope (SEM), X-ray diffraction (XRD), XP-2
Step Profiler, Nano-indentation. XRD results show the good crystallinity of sliver’s
(111), (200) and (220) phase. At -50 V bias, the phase structure of TiN displayed
desired preferred orientation of (111). The maximum hardness and elastic modulus of
the Ag-TiN coating at -180 V are up to 19.2 GPa and 237.8 GPa. Antibacterial
property was enhanced with Ag concentration increasing. The results show that the
mechanical properties and Ag concentration of Ag-TiN coatings related to power,
bias, and modulation structure. Our results indicated that the medical titanium alloys
coated by Ag-TiN coatings with appropriate synthesis parameters, modulation
structure, and Ag concentration can obtain good crystallinity, higher hardness, elastic
modulus, and antibacterial property.
Keywords
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Influence of oxygen content on the electrochemical behavior of Ta1-xOx
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Ta and tantalum oxide coatings have been proven bioactive materials, recently
proposed to enhance osseointrgration and performance of medical devices such as
dental implants. In this study, Ta1-xOx coatings were deposited by reactive magnetron
sputtering in an Ar+O2 atmosphere aiming at the enhancement of the electrochemical
stability of stainless steel 316L. The coatings were produced using variable oxygen
content in order to determine its influence on the films morphological features and
corrosion resistance. Structural and morphological characteristics were correlated
with corrosion behavior in artificial saliva. Potentiodynamic and electrochemical
impedance spectrocospy (EIS) tests were complemented with X-ray photoelectron
spectroscopy (XPS) to determine the electrochemical behavior of the coatings. X-ray
diffraction results show that pure Ta coating revealed a body-centered cubic phase
(bcc), typical alpha-phase; when the oxygen was added the crystal structure changed
to a mixture of alpha (bcc) and beta (tetragonal) phases. Increasing the oxygen
content, the coatings became amorphous. The increase in the oxygen amount
retrieved more compact and smother Ta1-xOx coatings. Corrosion results reveal a
more protective behavior of the coatings as the oxygen amount increases in the films,
as well as pitting inhibition in the coated stainless steel, independently of the film
composition. A synergetic effect between Ta2O5 and phosphate-based passive layers
is suggested as the protective mechanisms of the coatings; while the more active
electrochemical behavior of low oxygen content films is evidenced as a consequence
of the metallic tantalum on the surface with a more open morphology and larger
density of defects on the surface.
Keywords
Ta1-xOx coatings
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Plasma deposition processes play today a fundamental role in many manufacturing
steps in the industrial production. However, the upscaling of a new PECVD process
from a small lab-sized system to large industrial scales is a challenging task.
In this work the upscaling of a high rate deposition process of silicon oxide (SiOx) films
using the Duo-Plasmaline was investigated. The Duo-Plasmaline is a linearly
extended plasma source which is operated with microwaves at 2.45 GHz and at low
pressures. Due to its high scalability in length and also as an array, it is very well
suited for large area applications. The aim was to coat polycarbonate (PC) sheets
with transparent, scratch resistant SiOx layers for the use for architecture applications,
where large substrate sizes of a few m² are needed.
In a first step, the deposition process was studied in an experimental reactor, called
Plasmodul, on substrate sizes of 10×15 cm². Hexamethyldisiloxane (HMDSO) and O2
were used as process gases and an array of 4 Duo-Plasmalines as the plasma
source. Very high deposition rates of up to 60 µm/min = 1 µm/s could be achieved.
The coatings had a high transparency, a good adhesion on the PC and a high scratch
resistance.
In a second step, the process was scaled up to substrate sizes of 0,5 m² using a
dynamic in-line coating reactor with a coating width of 55 cm. It consists of two side
chambers for loading and unloading the substrates and a coating chamber, equipped
with two Duo-Plasmalines and a linear gas feeding system which allows for a high
coating homogeneity. With this system high dynamic deposition rates of up to 3
µm×m/min could be achieved. The coatings had a high optical quality, a good
adhesion and a scratch resistance comparable to commercial laquers for PC.
The results on the deposition kinetics and the film properties will be presented in
dependence of the process parameters for both coating systems.
Keywords
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Titanium dioxide (TiO2) is very promising material because it is an efficient,
environmentally friendly, and relatively inexpensive photocatalyst. This work deals
with plasma-enhanced chemical vapour deposition (PECVD) of TiO2 thin films from
titanium IV isopropoxide (Ti(O-i-C3H7)4) (or TTIP) in pure argon or Ar/O2 mixture. As
a plasma source, multi plasma jet system with 4 independent nozzles working at
reduces pressure on the principle of surface-wave discharge (SWD) was used. The
surfatron source was powered by a microwave magnetron generator working at a
frequency of 2.45 GHz with the output power in the range 50 - 300 W per surfatron.
Liquid TTIP was stored in bubbler, which was placed in temperature-controlled water
bath. The temperature of precursor during experiments was varied between 20 and
60°C. TTIP vapour was carried into the reactor chamber nearby the quartz tube outlet
using controllable argon flow-rate in the range 10-150 sccm. In this configuration the
set of TiO2 samples with various thicknesses was deposited on cold or heated quartz
substrate, electrically conductive ITO (Indium Tin Oxide) coated glass substrates and
on polycarbonate foil. Prepared samples were analysed using X-Ray Diffraction in
standard Bragg-Brentano geometry, Raman spectroscopy, Scanning Electron
Microscopy (SEM), Energy Dispersive X-Ray Spectroscopy (EDX), UV-light
amperometry and optical ellipsometry. Depending on substrate temperature all
as-deposited samples were amorphous or revealed anatase crystal structure. Later
annealing treatment led to pure anatase phase. All samples under study were
photo-electrochemically active. The influence of all deposition parameters (precursor
temperature, precursor flowrate, absorbed power, substrate temperature and oxygen
partial pressure) on thin films properties and deposition rate was studied in detail.
Keywords
TiO2
surfatron
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Plasma-enhanced chemical vapor deposition (PECVD) is widely used for the
deposition of thin films for a variety of applications. Radio-frequency or microwave
plasmas are commonly used plasma sources to deposit e.g. silicon nitride, silicon
oxide or plasma-polymer coatings using silicon-organic precursors. These plasma
sources are, however, often rather limited by their scalability and deposition rates
being usually below 400 nm*(m/min) in a dynamic roll-to-roll process.
In this paper, a novel high rate PECVD process based on a hollow cathode arc
discharge (arcPECVD) is used to deposit SiOxCyHz plasma-polymer layers on a
polymer substrate by evaporating hexamethyldisiloxane (HMDSO)in a reactive
oxygen plasma. This process allows for deposition rates up to 3000nm*(m/min) in a
dynamic roll-to-roll deposition. However, there is still little understanding on the
fundamental chemical reactions as well as ionization and plasma-physical properties
during PECVD deposition using the hollow cathode arc plasma. During the deposition,
optical emission spectroscopy and mass spectrometry are used to monitor the
plasma. Both techniques have the advantage that they are non-invasive and can be
used to characterize the plasma without disturbing the deposition process. The
dissociation of the HMDSO is determined in dependence of the plasma power, the
monomer flow and the oxygen flow. Afterward, the deposited thin films are analyzed
using scanning electron microscopy (SEM), x-ray photoelectron spectroscopy (XPS)
and X-ray reflectometry (XRR) to determine the relationship between the thin film
properties and the fragmentation of the monomer in the plasma.
It was found that with low plasma power, large fragments of the HMDSO are still
present in the reactive plasma. Consequently, the layers exhibit a high carbon
concentration. However, above a critical plasma power, no large fragments are
observed any more. This results in a lower carbon concentration and an increase of
the mass density of the deposited films.
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In this study, oxygen-doped diamond-like carbon (DLC) films with low frictions for
tribology application were synthesized by a photoemission-assisted plasma-enhanced
chemical vapor deposition (PAPE-CVD) process was employed to synthesize, in
which photoelectrons emitted from a UV-irradiated substrate are utilized as a trigger
for generating DC discharge plasma, resulting in a low bias voltage, a high deposition
rate, a low electric power consumption, and a less frequent maintenance due to the
suppression of soot on the chamber walls and electrodes. CO2 was mixed as a
dopant gas to Ar-diluted CH4 gases during PAPE-CVD on Si(111) substrates at 150℃
and a total gas pressure of 200 Pa with a commercially available Xe excimer lamp (hν
= 7.2 eV).
Raman spectroscopy and SIMS measurements showed that the DLC film was
graphitized with increasing CO2 concentration, even though the growth temperature
was maintained at 150℃ for all CO2 concentrations, and the doped-O concentration of
the DLC film was increased corresponding to the CO2 concentration, although the
amount of hydrogen atoms hardly changed independent of the CO2 concentration.
The results indicate that the oxygen-doped DLC film is composed of nanographite
grains embedded in O-rich amorphous carbon matrix. The electric resistance of the
O-doped DLC films was measured by a four-probe method to be over 100 MΩ・cm,
indicating that the O-rich amorphous carbon matrix is a good insulator and the
nanographite grains are not connected with each other but isolated with no electric
path. The hardness was slightly increased at high CO2 concentrations, although the
O-doped DLC films were graphitized. The O-doping mechanism for the PAPE-CVD
growth of DLC and the O-doping effect on the friction coefficient are considered.
Keywords
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Plasma a-SiCN:H thin films can be used for numerous applications (optics,
microelectronics, mechanics, solar energy) as their composition can be largely varied
from nitrides (a-SiN:H) to carbides (a-SiC:H). Coupling of microwave plasma
excitation (MW) with gas mixtures containing organosilicon precursors can lead to
interesting high deposition rates, hence low industrial production costs, but film growth
has to be precisely analyzed and controlled in terms of morphology, chemistry or
electrical defects and thus, resulting properties, particularly for low film thicknesses
applications. In this work, we focus on coatings growth modes of a-SiCN:H films
obtained in Ar/Tetramethylsilane/NH3 MW PACVD. Plasma phase has been first
analyzed using Optical Emission Spectroscopy (OES) on H, H2, N2, NH, SiH/CH, C2
and CN lines to correlate their evolutions versus TMS/NH3 gas ratio to deposits
compositions (FTIR, EDS) from nitride to carbide-like ones. Then, related materials
were synthesized versus deposition times. According to morphology, roughness (Rq)
obtained with Atomic Force Microscopy correlated with Abbott-Firestone treatment,
and projected area vs developed area ratio, has shown two different alternate growth
modes whatever deposit composition. However, thin films chemistry (FTIR, XPS)
varied versus deposition time as confirmed by spectrocopic ellipsometry
measurements, revealing the thermal aging of the material during growth. In addition,
electrical spin defects have also been investigated by Electron Spin Resonance
(ESR). Finally, influence of thermal budget during depositon has been investigated by
post-deposition annealings. This work is supported by the French National Research
Agency (HD-Plasm-A-SiNOC:H project: PROMES/ICCF/IMN/IJL french laboratories).
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Zirconium dioxide coatings are of interest to variety of applications in areas ranging
from microelectronic industry and optical devices to biomedicine and protective
coatings. These applications are based on its desirable properties such as the high
refractive index, high transparency for visible and near infrared light, wide band gap,
high dielectric constant, hardness, oxidation resistance, etc.
In this work zirconia and zirconia-silica thin films were synthesized by PECVD in
Electron Cyclotron Resonance (ECR) microwave plasma. Zirconium Tetra
tert-Butoxide (ZTB, C16H36O4Zr) and Hexamethyldisiloxane (HMDSO, C6H18OSi2) were
used as precursors and oxygen was used as an oxidant gas. To study the correlation
between the plasma phase and thin film growth, the investigation of the plasma phase
by means of OES, FTIR and MS was coupled with thin film examination by FTIR, XPS
and SEM.
Characteristics of the deposited thin films can be tuned by varying plasma parameters
such as the amount of oxidant gas. By increasing the amount of oxygen in the
ZTB/O2 gas mixture the deposited ZrOxCyHz films evolve from organic to inorganic. At
≥80% of oxygen present in the gas mixture the deposited films exhibit high refractive
index, good transparency and high hardness. At the same time the morphology of the
films is columnar which leads to low barrier properties.
In order to resolve the columnar growth different amounts of HMDSO were added to
the gas mixture. As a result the properties of deposited thin films have been modified.
New composite films obtained from ZTB/HMDSO/O2 plasma were examined in the
interest of obtaining thin films with good barrier properties as well as good optical and
mechanical characteristics.
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The graphene patterns were grown on the nanoporous surface fabricated using
alumina membrane by a simple and convenient anodization technique [Fang J.,
Levchenko I., Ostrikov K. and Prawer S. (2013) Sonochemical Nanoplungers:
Crystalline Gold Nanowires by Cavitational Extrusion Through Nanoporous Alumina.
Journal of Materials Chemistry C 1, 1727-1731]. The Al foil (thickness of 300 μm,
diameter 10 mm) was anodized using direct current voltage of 50 V in the oxalic acid
to obtain pore size of 200 nm. The samples were then subjected to various types of
post-treatment to obtain different morphology of graphene flakes on the treated
surface. Specifically, one sample was processed in ICP plasma (Ar gas, RF power
750 W, 2 min), second one was coated with Au (30 nm), the others were treated with
gold and palladium ions by immersing them for 24 hours into KAu(CN)2, CoSO4, and
PdCl2 solutions, respectively, and then drying in nitrogen. After that, the mesh-like
network of vertically-aligned graphene flakes was grown on all samples in plasma
reactor (CH4/Ar/H2 ratio was 2:1:1, pressure of 3.0 Pa, power 850 W, process time 6
min). Samples were characterized using scanning electron microscope (SEM), and
the SEM images were used for the statistical analysis. The Minkowski functionals,
namely the connectivity (Euler-Poincaré characteristic) and fractal dimension were
then used as morphological descriptors for the complex networks of the graphene
nanoflakes. The method was validated using the nanoflakes grown on nanoporous
alumina and solid (smooth) silica, and high sensitivity demonstrated. Specifically,
strongly different connectivity and fractal dimension graphs were obtained for several
visually similar morphologies.
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In order to optimize the hydrophobicity of Si-C-H coatings prepared by plasma
enhanced chemical vapour deposition (PECVD), the effect of using either
hexamethyldisilazane (HMDS) or hexamethyldisiloxane (HMDSO) as the Si-C
precursor on the film properties was compared. Eight coating runs were performed in
different precursor gas mixtures, each containing also methane or acetylene in high or
low concentration, and hydrogen. The coatings were prepared in a vacuum chamber
at 1.2 Pa with 100 W plasma power and 320 V d.c. bias at ambient temperature.
Silicon, quartz and glass substrates were coated simultaneously. Furthermore, the
effect of a post-deposition heat-treatment in nitrogen (2 h at 573 K) was investigated.
Thecoatings were characterized by UV-VIS and Raman spectroscopy, spectroscopic
ellipsometry, optical microscopy and contact angle. Static sessile drop contact angles
of three different probe liquids (formamide, water, diiodomethane) were evaluated by
microscopic image analysis for characterization of wetting behaviour and
hydrophobicity. Deposition rates were characterized by gravimetry and via
ellipsometric thickness. It was found that in each case HMDSO led to slightly more
hydrophobic samples than HMDS. The influence of the other preparation parameters
on film properties and wetting behaviour was also discussed.
Acknowledgement: The experimental part of this work was performed at the Institute
of Micro Process Engineering of the Karlsruhe Institute of Technology (IMVT/KIT)
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Ultra-lightweight materials are a keystone for the construction of future energy
efficient vehicles and machines. Carbon microfibers are widely used in lightweight
hybrid materials as they allow to combine the properties of the polymer or metal
matrix with the mechanical strength of the fiber. In order to allow for an efficient
coupling of forces into the fiber, the fiber/matrix interface has to be designed for
stability and durability. Therefore surface properties such as the wettability and
chemical reactivity of carbon microfibers are a key to their application in lightweight
fiber reinforced composites. While plasma treatment is frequently used to clean and
activate fibers, little is known about plasma enhanced chemical vapor deposition
(PECVD) of thin films on carbon fibers.
In this contribution we demonstrate by a systematic study that PECVD can be used to
change the carbon fiber surface composition. To this end, commercially available
carbon microfibers were processed in a SiH4/Ar/N2O RF plasma at 1000 mTorr using
an Oxford Instruments Plasmalab80 Plus PECVD reactor, aiming to add thin layers of
different thicknesses of silicon oxide on their surface.
The modified carbon fiber’s surface properties are investigated using scanning
electron microscopy to see changes in the surface morphology, energy dispersive
X-ray spectroscopy to monitor the chemical composition and fiber tensiometry to
study changes of the contact angle and wettability of individual fibres.
This work was financially supported by the state of North-Rhine Westphalia within the
NRW-Fortschrittskolleg “Leicht-Effizient-Mobil”.
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Plasma treatment is frequently used to enhance the surface free energy of low density
polyethylene (LDPE). The wettability of LDPE can be significantly increased after
plasma treatment in a nitrogen dielectric barrier discharge as evidenced from water
contact angle (WCA) measurements. The addition of ethanol vapor to the nitrogen
feeding gas gives an extra 85% reduction in WCA compared to a nitrogen alone
plasma. The WCA of the LDPE decreases from 103.8° for the untreated sample to
8.5° after a nitrogen/2% ethanol vapor plasma treatment. This reduction is due to the
incorporation of both oxygen and nitrogen containing groups at the LDPE surface and
due to polymerization of the LDPE surface. This polymerized layer at the surface is
very stable and no ageing effects occur as the WCA does not change even after 45
days of ageing.
In order to have a better understanding of the polymerization process, the influence of
the power during plasma treatment is further investigated. Both the influence of
treatment time at a constant power as the influence of the power itself at a constant
energy density is profoundly investigated. From these experiments it can be seen that
the power has a significant influence on the wettability results. A minimum power of
10 W is necessary to obtain a WCA of less than 10°. The decrease in WCA is strongly
related to the incorporation of nitrogen containing groups, although there is also a
high concentration of oxygen containing groups at the surface. The deposition velocity
and the surface morphology are also investigated as a function of applied power
during the plasma treatment. All this give us a better understanding of the plasma
treatment of LDPE using nitrogen/ethanol vapor plasmas.
Keywords
nitrogen/ethanol vapor plasma
dielectric barrier discharge (DBD)
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nitrogen and oxygen incorporation
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Plasma copolymerization has become encouraging and versatile route for the
deposition of thin film, as it is easy to obtain desired chemical functionalities in the
material by controlling the monomer feed rate and power. In this work, the plasma
copolymerization of two monomers of acrylic acid (AA) and octafluorocyclobutane (C4
F8) is studied by capacitively coupled radio frequency plasma (CCP) under the radio
frequency (RF) power of 50 and 100 W. The plasma copolymer is deposited on low
density polyethylene (LDPE) under constant flow of C4F8 along with various flow rate
of AA. The plasma copolymer films are characterized by the Fourier transform infrared
spectroscopy (FTIR), the X-ray photoelectron spectroscopy (XPS) and contact angle
measurements. The concentration of carboxylic based functional groups in the
plasma copolymer films increases with the increase of the AA monomer flow rate. The
low power is more favorable for retention of carboxylic based functional groups and
high power is for fluorine based functional groups. The water contact angles (WCA) of
the plasma copolymer films decrease with the increase of the carboxylic based
functional groups. The pH-responsive property of the wettability of the plasma
copolymer films is investigated. The copolymer film shows the changes of WCA from
82±4° to 50±4° when pH value changed from 1 to 13. The reversible transformation of
WCA is achieved by the periodic changes of pH environment. This pH-responsive
wettability can be explained by the protonation and deprotonation of carboxylic groups
in the plasma copolymer films.
Keywords
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Plasma polymerization is a widely used technique to deposit functionalized coatings
(so-called plasma polymers) which properties can be tuned by different plasma
operational parameters. However, their stability in water and solvents remain a major
issue which will be the focus in this work. In the current study, plasma-polymerized
cyclopropylamine (CPA) coatings are produced dielectric barrier discharge (DBD) to
generate NH2-rich surfaces and experiments are conducted to evaluate the influence
of several operational parameters on the chemical stability of the deposited films.
Results have indicated that plasma polymerization at low discharge power and
medium pressure with argon resulted in the deposition of coatings containing a high
amount of functional NH2 groups combined with high deposition rates. However, the
obtained coatings were found to be highly unstable in water even at the highest
possible discharge power due to low cross linking within the coatings. To cope with
this problem, plasma coatings were immersed in pure hexamethyldiisocyanate (HDI),
after which they were rinsed with hexane to remove excess HDI. By exposing the
plasma polymers to HDI, the 2 available -NCO functional groups in HDI will react with
–NH2, -COOH and –OH groups present on the coating surface. HDI can either react
with 2 surface functional groups thereby acting as a cross-linker which can result in an
increase of the coating stability. Another possibility is that only one functional –NCO
group reacts with the coating surface to anchor itself to the coating via an amide bond
while the other –NCO functional group remains unaffected. To avoid the presence of
isocyanate groups on the final coating surface, plasma polymers are placed in water
after the reaction with HDI, to convert any unreacted -NCO groups –NH2. Each step of
the plasma polymer stabilization process was carefully monitored using AFM, XPS,
SEM, WCA and FTIR to monitor changes in thickness, chemical composition and
surface morphology. From these investigations, it was found that the proposed
stabilization method was able to generate NH2-rich coatings with high stability in
water. Such coatings can have major applications in several research fields such as
biomedical devices, tissue engineering scaffolds,…
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water stability
medium pressure

Poster: Plasma-Enhanced Chemical Vapour Deposition - PECVD

Thursday, September 15, 2016

PO4048
ADVANCES IN SURFACE MODIFICATION OF MICROPARTICLES BY PLASMA
POLYMERIZATION
Maria Monteserin, L. Francisco Martin, Silvia Larumbe, Gonzalo G. Fuentes
Advanced Surface Engineering Center, AIN, Cordovilla, Spain
mmonteserin@ain.es
Nowadays, inorganic pigments play a very important role in the development of
paints, ceramics, and inks, being also used in the fabrication of polymeric composites.
This kind of nano and micrometric particles have high tendency to aggregation, which
limits their processability and performance due to the fact that their unique
characteristics are not fully exhibited when they are poorly dispersed. Surface
modification has been shown to be a very useful way to overcome this hindrance.
Furthermore, surface modification of the pigments may also allow to improve their
inherent properties or even to add new and advanced functionalities to the material
(e.g.: enhanced stability against light, heat or chemical aggressions, etc.), which can
lead to the development of novel products with high added value.
Hence, various methods have been developed to change the surface properties of
nano and microparticles. Most common are wet-chemical methods, including sol-gel,
intercalation polymerization and in situ polymerization, among others. However, these
methods are usually complicated, time-consuming, energy-inefficient and
environmentally hazardous. Plasma coatings has been shown as a safe, simple, and
environmentally friendly alternative to wet processes, that are carried out avoiding the
use of solvents (dry conditions) and usually operate at room temperature. Through
plasma treatments both surface activation processes and ultrathin coatings can be
deposited on the pigments.
In this work, PE-CVD plasma polymerization has been used to improve the dispersion
of different pigments in aqueous and organic solvents used in the formulation of
paints. Surface activation of the pigments has been carried out with argon and oxygen
plasmas in different process conditions with diverse outcomes. Furthermore, thin film
coatings based on oxides have been deposited by plasma polymerization in several
pigments in order to improve their resistance to heat and UV light, which can cause
the degradation of the pigments and a shortening of their life cycle.
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Polymers, like polyethylene terephtalate (PET), are used in fields like packaging or
microelectronics but they have limited barrier properties against gas permeation. For
many applications, like encapsulation of microelectronics, improved barrier properties
are essential. Increased barrier performance can be achieved by thin inorganic films
that are deposited by PE-CVD or PE-ALD and that serve as barrier film. However, a
residual gas permeation is still present. This is lead back to the microscopic defects
existing in plasma deposited coatings that may arise from particles, surface
roughness or inhomogeneities on the surface of the polymer.
Deposited films (e.g. PE-CVD: SiOx, PE-ALD: TiO2) are analyzed by means of oxygen
permeation measurements and detection of microscopic defects. The visualization of
defects is based on the increase of defect diameter by reactive oxygen etching of the
polymer and imaging with SEM. The etching process is performed in a capacitively
coupled oxygen plasma.. The defects are quantified by an image processing software.
Defects of various diameters and distributions are observed leading to the
classification of defects.
The defect density is correlated with film thickness, OTR and various coatings (SiOx,
TiO2,
a-Si:H). The effect of an additional substrate bias and of plasma pre-treatment on the
defect density is presented.
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Plasma polymerization of monomers with perfluoroalkyl functionalities can produce
films with ultra-low surface energy, and excellent thermal and chemical stability, and
have therefore found widespread use in a variety of applications. In particular,
polymers with a perfluorinated C8 chain, such as 1H,1H,2H,2H-perfluorodecyl
acrylate, can provide coatings with surface energies lower than 4 mJ m-2 – an
exception level of hydrophobicity [1]. However, recent concerns about
bioaccumulation of longer chain poly(fluoroalkyl acrylate)s mean that attention has
now switched to the C6 analogue; 1H,1H,2H,2H-perfluorooctyl acrylate. Whilst not
associated with the same environmental concerns, poly(fluoroalkyl acrylate) surfaces
with perfluorinated chains consisting of six carbons or fewer are vulnerable to surface
reorganization, leading to exposure of the polar acrylate groups and poor dynamic
water repellency [2,3].
This work explores the role of the acrylate group in determining the chemical and
physical properties of plasma polymers with C6 perfluoroalkyl functionalities. The
polymer films were characterized in terms of their topography, using AFM, their
chemical compositions, using XPS, and their wetting behaviours with a variety of
liquids.
References:
[1] S.R. Coulson, I. S. Woodward, J. P. S. Badyal, S. A. Brewer, and C. Willis,
Chemistry of Materials, 2000, 12 (7), 2031-2038
[2] K. Honda, M. Morita, H. Otsuka, and A. Takahara, Macromolecules, 2005, 38 (13),
5699–5705
[3] A. Liu, E. Goktekin, and K. K. Gleason, Langmuir, 2014, 30 (47), 14189-14194
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Plasma polymerization (PP) is the term used when a volatile organic compound
(“monomer”) is the reagent in a PECVD process. PP literature has long been
interested in correlating deposition kinetics, physico-chemical and structural
properties of deposited films, with energy transferred to the monomer molecules. In
the case of atmospheric pressure (AP) dielectric barrier discharges (DBD), energy
measurements are not trivial, because discharges usually are carried out in a flow of
(inert) carrier gas (e.g. Ar or He) with typically parts per thousand (‰, or less)
concentration of monomer. We can now perform accurate determination of energy
absorbed by monomer molecules: In another communication in this symposium (M. R.
Wertheimer et al.), we introduce a method for determining ∆Eg, the energy difference
with and without monomer in the Ar flow, and Em, the average energy absorbed per
monomer molecule (in eV).
A large research reactor for DBD experiments at AP has been used with Ar carrier
gas under constant plasma conditions (f = 20 kHz, Va(f) = 8 kVp-p = 2.8 kVrms). Five
esters, acrylates with differing number of unsaturations were used as monomers; their
flows, Fd, were at ‰ concentrations in the carrier flow, F = 10 standard liters per
minute (slm) of Ar. Plots of Em versus Fd and 1/Fd yield much valuable information,
for example about the role of C=C and C≡C bonds in fragmentation and
polymerization reactions. Fourier-transform infrared (FTIR) spectroscopy,
Spectroscopic Ellipsometry (SE) and Scanning Electron Microscopy (FEG-SEM)
further enhance and complement data interpretation.
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Nanostructured surfaces are highly suitable for structural bonding processes. The
adhesion is determined by the mechanical and chemical anchoring of the adhesive.
Especially for aircraft applications nanostructured and modified surfaces can be
applied for titanium alloys (Ti6Al4V, Ti15V3Cr3Sn3Al) and carbon fiber reinforced plastics
(CFRP). To enhance their adhesion, both materials are treated with the LARGE (long
arc generator) plasma technology. The LARGE plasma source is based on an
extended DC arc and offers a scalable working width of up to 350mm. It operates with
a wide range of plasma gases such as Ar, H2, O2, CO2, N2 or compressed air. Due to
the very long afterglow plasma, sheet working distances of up to 60mm are possible.
The paper will present a new atmospheric pressure plasma technology for the
deposition of nanostructured SiO2 adhesion layers on titanium alloys. The method is
suitable for the treatment of large and shaped parts at flexible working distances. For
high adhesion values, the layer growing densely starts on the titanium surface.
Subsequently an open-pored layer structure results a strong mechanical interaction of
the adhesive. In addition, a chemical anchorage of the adhesive is affected by the
incorporation of methyl groups into the matrix layer. Due to these two adhesion
mechanisms, a significantly better adhesion for thicknesses of between 50 nm and
150 nm and working distances of 2 cm to 6 cm are achieved.
Further the paper will discuss an atmospheric pressure plasma technology which
creates an adhesion promoting surface on CFRP. For an optimal adhesion of the
CFRP surface and the epoxy-based glue, the residue of silicon from the release agent
will be respectively removed convertly in an adhesion promotion layer by the plasma
process. Due to this transformation it is possible to enhance the adhesion in
comparison to a mechanical cleaned surface.
Keywords
atmospheric plasma source
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Titanium dioxide (TiO2), one of the most important photocatalytic materials, has met a
wide range of applications, including environmental purification, water splitting and
self-cleaning surfaces. Numerous methods have already been investigated for the
formation and deposition of anatase TiO2 thin films1-3. Due to their undeniable
industrial advantages, such as low temperature, low cost, easy implementation and
in-line process capabilities, low-temperature atmospheric-pressure plasma processes
have become the most promising ‘next generation’ candidate system for replacing
low-pressure plasma or wet chemical processes for the deposition of functional
coatings.
In this work, anatase TiO2 thin films were deposited at atmospheric-pressure on
polymer and silicon substrates using a microwave plasma discharge. The careful
selection of the titanium precursor allows to the deposition of well adherent, dense
and crystalline TiO2 coatings, such as revealed by SEM and XRD/Raman
spectroscopy, respectively. The photocatalytic activity of the TiO2 thin films under UV
light was demonstrated by monitoring the degradation of methylene blue and
sulfamethoxazole (a common antibiotic) by UV-Vis spectrophotometry. The oxygen
content in the plasma gas discharge did allow to the growth of larger anatase crystals
and to the increase of the photocatalytic activity. The significance of this
photocatalytic approach for the removal of antibiotics is also investigated, in particular
its potential cytotoxicity.
1
2
3

Boscher, N. D. et al. Appl. Surf. Sci. 311, 721–728 (2014).
Maurau, R. et al. Surf. Coatings Technol. 232, 159–165 (2013).
Lecoq, E. et al. J. Phys. D. Appl. Phys. 47, 195201 (2014).
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Thin film coatings obtained by plasma processes are widely used to modify surface
and material properties. Applications include for example protection layers, optical
layers and the modification of the surface energy. Different materials have been
proven to be useful for various applications, e.g. SiOx films are often used for
protection layers due to their scratch resistance. Hydrogenated amorphous carbon
(a-C:H) coatings have some advantages due to their interesting properties depending
on the process parameters, for example a large range of the refractive index or low
friction. They are already used in low pressure [1, 2] and atmospheric pressure
plasma processes [3, 4]. This work focuses on the particle formation due to the
admixture of acetylene to a commercially available atmospheric pressure plasma jet
[5]. If the jet is located at a substrate in close proximity, the particles were found to
form a coating, in which the individual particles with a size of a few tens of nm can still
be distinguished. We analyzed these coatings for different discharge parameters and
present the results.
[1] O. Polonskyi et al., Thin Solid Films 540 (2013) 65-68
[2] E. Tomasella et al., Surface and Coatings Techn. 141 (2001) 286-296
[3] R. Thyen et al., Surface and Coatings Techn. 97 (1997) 426-434
[4] S.P. Bugaev et al., Surface and Coatings Techn. 96 (1997) 123-128
[5] http://www.plasmatreat.de/
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Protein adsorption on surfaces is the first step for biofilm formation. One possible
approach to prevent the protein adsorption on polymers is to avoid wetting of their
surfaces by a cell culture medium as it is needed for special biochemical applications
of plastic components with wettable and non-wettable surface regions. For this
purpose, a superhydrophobic bilayer system was developed at Fraunhofer IST, to be
deposited on polypropylene (PP) by atmospheric-pressure plasma-enhanced
chemical vapor deposition (AP-PECVD). This system consists of a nanoparticulate
base layer of SiO2, providing surface roughening, combined with a dense top layer of
plasma-polymerized tetramethylsilane (TMS) covering the SiO2 particles and offering
hydrophobic groups on the surface. Coatings with TMS itself provide a water contact
angle of 120° on a smooth surface, while in the bilayer system > 150° are achieved.
Unfortunately, the bilayer system lacks in mechanical stability and its transparency is
poor due to the highly scattering SiO2 particles.
To overcome the limitations related to SiO2 particle layers, surface roughening of PP
by an embossing process was subsequently employed. For this purpose, special
Ballard skins were prepared using high-resolution rotogravure or laser engraving.
Suitable parameters for the used structures were taken from the analysis of
superhydrophobic surfaces by Yamamoto et al.. These authors found that pillars with
distances between 5 and 15 µm and heights larger than 20 µm should be ideal.
However, such geometries could be realized only approximatively, due to resolution
limitations of the engraving techniques employed in this work. Consequently, the
produced structures which look cone-like have distances in the range of 10 to 30 µm
and a maximum height of 15 µm. Embossing of PP films was performed at 160°C and
250 kN. In the illustrated work, the relationship between surface topography and
coating parameters is examined using laser scanning microscopy (LSM) and water
contact angle measurements as well as wetting tests.
Keywords
superhydrophic
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A wide range of coatings has been already developed using atmospheric plasma DBD
systems starting from vapour or aerosol precursors. The DBD systems are usually
limited in applications by their linear design and by the millimetre range gap between
the electrodes. On the other side plasma torches are mostly design using arc
technology and therefore are limited by the temperature, the process gas control and
by the electrodes deposition.
In this work we will show how the development of a novel atmospheric plasma jet
based on DBD design allows the deposition of a wide range of coatings at room
temperature with a tight chemical processes control and with no surface metals
poisoning.
In particular it will be shown the possibility to control the chemistry of the deposition
process by siloxane deposition from ceramic to polymeric features on a PP film.
Moreover the low temperature allows a uniform coating with no cracks. Ammine and
carboxylic functionalization can be obtained by APTMS, APTES and MMA precursors
on metal or polymeric substrates for biological applications.
Keywords
DBD plasma jet
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Due to its excellent chemical stability and anti-adhesion properties,
polytetrafluoroethylene (PTFE) commercially, known as “Teflon”, is of great interest in
a wide range of scientific and industrial areas including micro-electronics,
biomedicine, fuel cells, and protective coatings. However, this same lack of reactivity
makes it challenging to functionalize the PTFE surface or establish a stable bonding
with other materials, thus limiting the use of PTFE in certain applications.
Over the past decades, plasma treatment of PTFE has been intensively investigated
for inducing a hydrophilic surface effect and improving the interfacial adhesion
strength. A serious problem of this technique is however the aging of the surface
modification upon environmental exposure.
In our recent work [1], we reported the successful synthesis of stable hydrophilic and
“glueable” PTFE surfaces via plasma-enhanced (PE-)ALD of Al2O3. We showed that
alternating exposures of PTFE to oxygen plasma and TMA resulted in an Al2O3
coating firmly attached to the PTFE substrate. The PE-ALD deposited Al2O3 coatings
remained intact after the Scotch tape test while the thermal ALD layers did not pass
the adhesion test. A pure oxygen plasma treatment resulted in an enhanced
hydrophobicity. In contrast, when the oxygen plasma pulses were alternated with TMA
exposures, a controllable and permanent hydrophilic effect was induced. Furthermore,
evaluation of the “glueability” of PTFE to aluminum metal revealed a more than
10-fold increase in adhesion strength for PE-ALD modified PTFE sheets compared to
native samples.
[1] A. K. Roy, J. Dendooven, D. Deduytsche, K. Devloo-Casier, K. Ragaert, L. Cardon
and C. Detavernier, Chem. Comm., 2015, DOI: 10.1039/C4CC09474C.
Keywords
plasma
ALD
Teflon
PTFE

Poster: Plasma-Enhanced Chemical Vapour Deposition - PECVD

Thursday, September 15, 2016

PO4058
Atmospheric pressure plasma enhanced CVD of high quality silica-like bilayer
encapsulation barrier films
Fiona Elam1, Sergey Starostin1, Anna Meshkova2, Bernadette van der
Velden-Schuermans1, Jan Bouwstra1, Richard van de Sanden2, Hindrik de Vries2
1

FUJIFILM, Tilburg, Netherlands 2FOM Institute DIFFER, Eindhoven, Netherlands
fiona_elam@fujifilm.eu

Atmospheric pressure-plasma enhanced chemical vapour deposition (AP-PECVD) is
an innovative technology that can be integrated into many existing manufacturing
systems to facilitate the mass production of functional films. To date, roll-to-roll
AP-PECVD has been successfully used to produce ultra-smooth, 100 nm single layer
silica-like thin films that demonstrate good water vapour barrier performance,
therefore showing particular promise as a technique in the field of protective layer
synthesis for flexible organic solar cells. However, this technology is only viable for
encapsulation barrier production if high quality films can be manufactured at high
throughput and at low cost. The generation of bilayer silica-like thin films comprising a
dense ‘barrier’ layer synthesised using very low precursor gas flows and a porous
‘buffer’ layer synthesised at a high deposition rate, could provide one potential
solution to this scientific and industrial challenge.
A glow-like dielectric barrier discharge in a roll-to-roll set-up was used to deposit a
series of bilayer silica-like thin films composed of a ~60 nm buffer layer and a 2–30
nm barrier layer onto a polyethylene 2,6 naphthalate substrate by means of
AP-PECVD. In each case, the deposition conditions for the buffer layer were kept
constant, while the conditions for the synthesis of the barrier layer were varied in
order to study the effect of barrier thickness and input energy per precursor gas
molecule on the chemical composition and porosity of the barrier layer and hence, the
influence of this layer on the encapsulation barrier performance of the overall film. The
analysis provided valuable information concerning the structure of the silica network
within each barrier layer, and hence the influence of the input energy per precursor
gas molecule, film thickness and ultimately the process throughput, on the final film
quality.
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The use of an oblique angle geometry for the deposition of nanostructured films is a
common place by PVD (evaporation and magnetron sputtering),1 but practically
un-explored by plasma enhanced chemical vapor deposition (PECVD). This is mainly
due to the randomization of the plasma gas and precursor molecules in the relatively
high pressure used during deposition. In this work we present a new strategy for the
fabrication of wedge thin films of ZnO by plasma deposition in a remote plasma
reactor using diethyl zinc as precursor. This was dosed in a parallel direction to the
substrate surface which was partially shadowed by a well-defined obstacle with a
height in the order of some microns. Depending on this geometrical parameter, wedge
thin films of different slopes extending up to ca. 200 microns have been prepared. The
growth process of these thin films and the evolution found in the orientation of their
individual nanocolumns were properly simulated with a statistical model under the
assumption that the density of the precursor molecules is depleted in the region just
behind the obstacle. Besides their microstructural chracterization by SEM, the films
optical properties in the wedge region were determined using a special set-up
providing information about refraction index and optical path with lateral resolution of
the order of 10 microns. A constantly increasing optical pathwas determined from
these measurements. These thin films are primarily intended for metrology
applications in optics but could be also of interest for the fabrication of microlenses, in
integratedoptics, microfluidics and similar applications. 1.-A. Barranco, A. Borrás, A.R.
González-Elipe, A. Palmero. Progr. Mater. Sci. 76 (2016)59-153
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Surface engineering of stainless steels improved the tribological performance of this
steels, mainly using plasma assisted diffusion processes such as ion nitriding. In the
last years also different coatings appeared, especially DLC films targeting biomedical
applications, as well as in others industries (O&G, plastic, and food and beverage).
DLC films have outstanding properties such as chemical inertia and low friction, but
adhesion, corrosion and wear behavior are heavily dependent on the interlayer with
stainless steel. Usually an amorphous silicon layer is deposited before the DLC but it
was demonstrated that nitriding could also be a strong interphase, solving many
problems in aggressive environments or with severe mechanical solicitations.
In this work, a review of the last results obtained by the authors regarding wear and
corrosion, with different nitrided layers on AISI 316L and AISI 420, and different DLCs
(hard and soft), is presented.
The influence of surface finishing, composition and width of the nitrided phase are
discussed in relation to adhesion strength, using results from Rockwell C indentation
and Scratch techniques. The results of sliding wear experiments and corrosion tests
are also presented. The determining role of the DLC defects and the benefits of a
nitrided layer are discussed. Moreover, the combination between the Si layer and the
nitride layer seems to be beneficial for adhesion as well.
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Ti-45Al-2Nb-2Mn-1B intermetallic alloy was coated by pastes of Al-Si alloy powders
and heated by a hot glow discharge. The plasma diffusion treatment was carried out
at 800 C for 30 min with alloys of aluminum and 5%, 10% and 20% Silicon. Coating
layers up to 500 micron were developed on the surface of Ti-45Al-2Nb-2Mn-11B
titanium aluminide. The thick layers composed of TiAl3 and Ti5Si3 particles in Si-rich
aluminum matrices. Plasma paste aluminizing with Al-20%Si alloy formed coating
layers with blocky and blade type TiAl3 particles in a Si-rich Al matrix. Oxidation of
this sample varied the structure of the coating to fine particles of Ti5Si3 in a TiAl3
matrix. While the hardness of the coating with Al-20%Si alloy was as high as 800
HV0.5 much higher than that of the substrate(350 HV0.5), the hard Ti5Si3 particles
were highly matched with TiAl3 matrix and no cracking was observed in this coating
layer. In addition to the thick non- oxidized section of this coating, a thin oxidized layer
formed on the outermost surface of the coating. It was composed of a mixture of
Al2O3 crystals in TiAl3 and Ti5Si3 grains rather than distinguished layers.
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Improving solar cell efficiency while simultaneously reducing the production costs are
main tasks of research and development in the field of crystalline silicon solar cell
production.
The EB irradiation in a suitable chemical atmosphere under low pressure produces a
dopant containing layer on top of the silicon wafer. In the same step the dopant atoms
diffuses into silicon wafer by selective heating. This process has been used to
produce p-n-junctions in silicon wafers irradiated for instance in PBr3 atmosphere.
Using a focused electron beam (EB) for surface and selective doping of silicon wafers
with and without melting areas. Advantages of the diffusion process are that its
duration is very short and less energy intensive as the conventional process.
Additionally, the EB can be used in one process step to dope the wafer's full scale as
well as selective. This helps to reduce process time and energy consumption. The EB
is an inherently vacuum-based tool. Therefore, it can be connect to existing vacuum
deposition modules in a production line. So an extra tool is not needed for processing
selective emitters.
Keywords
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Combined low-pressure plasma surface modification of thin austenitic stainless
steel sheets for bipolar plates
Krasimir Nikolov, Katharina Bunk, Antje Jung, Peter Kaestner, Claus-Peter Klages
TU Braunschweig, Braunschweig, Germany
k.nikolov@tu-braunschweig.de
Bipolar plates manufactured from surface-modified austenitic stainless steel sheets
are of great interest in the field of proton-exchange membrane fuel cells, especially for
automotive applications. In view of the requirement of cost-effective continuous
processes, the strip hollow-cathode method was developed recently for plasma
thermochemical treatment and a short-time plasma nitriding was investigated in order
to improve the surface electrical properties, as reported earlier. However, concerning
the severe requirements dictated by the fuel cell application, a sufficient corrosion
resistance has not been ensured yet. Moreover, despite the significant reduction of
the interfacial contact resistance, its stability after a simulated electrochemical
polarisation is questionable.
Aiming at the achievement of superior surface characteristics of austenitic stainless
steels with respect to their use for bipolar plates, a novel combined plasma-based
surface modification has now been studied, based on several consecutive processes
including plasma nitriding as a final step. Within the present work steel sheets
EN1.4301 with a thickness of 0.1mm were differently treated by means of the novel
combined surface modification. The surfaces were analysed by glow-discharge optical
emission spectroscopy, X-ray photoelectron spectroscopy and X-ray diffraction.
Further investigations were performed in order to determine the influence of the
treatment on the electrical conductivity and corrosion resistance of the stainless steel
surfaces.
Keywords
Combined plasma surface modification
Bipolar plate
Interfacial contact resistance
Corrosion resistance

Poster: Plasma Diffusion Treatment

Thursday, September 15, 2016

PO4064
Thermal Expansion Coefficient of Expanded Austenite in Stainless Steel and
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It is recognized that the formation of expanded austenite resulting from low
temperature (350-420 °C) incorporation of nitrogen induces internal stress by the
compositional or chemical effect of nitrogen. However, thermal expansion can also be
an important factor to take into account. Mismatch of thermal expansion coefficient is
often the causal origin of stress build-up, defect creation and crack formation for thin
film deposition at elevated temperatures. While the formation of expanded austenite
by surface insertion of nitrogen and diffusion towards the bulk is conceptually different
from applying coatings on substrates, similar restraints may be present concerning
the cooling phase. Nevertheless, by measuring or monitoring the substrate reflections
in parallel with those of the expanded phase in the surface layer using in-situ x-ray
diffraction (XRD), it is possible to obtain detailed information on the thermal expansion
coefficient of the expanded austenitic phase in austenitic stainless steel and CoCr
alloys as function of processing temperature, duration and nitrogen supply. However,
careful experimental design and data analysis have to be employed as secondary
effects like vanishing substrate, phase transformations during the cooling phase or
stress evolution may occur. One possible control experiment is repeated thermal
cycling after ending the nitrogen insertion process. Another approach is to perform
XRD experiments with a heating device on expanded austenite.
Summarizing the results of the thermal expansion coefficient for expanded austenite,
no pronounced temperature dependence was observed in the accessible temperature
range between 300 and 650 K, while absolute values have been obtained similar to
those for austenitic stainless steel or CoCr, however additionally depending crucially
on the processing conditions for nitrogen insertion, particularly the nitrogen content.
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Improvement of Wear and Corrosion Resistance of Steel by Anode Plasma
Electrolytic Nitriding
Sergei Kusmanov, Aleksei Smirnov, Ilya Dyakov, Alexander Naumov, Pavel Belkin
Nekrasov Kostroma State University, Kostroma, Russian Federation
sakusmanov@yandex.ru
The influence of the electrolyte composition on basis of ammonium chloride with
ammonia or ammonium nitrate and the regimes of the anode plasma electrolytic
nitriding of structural steel (0.45% C) on it properties was investigated. The structure
of the steel surface after PEN is composed of a oxide layer (include FeO and Fe3O4
oxides), nitride-martensite layer (include martensite, retained austenite and Fe4N и
Fe2-3N nitrides) and martensite-ferrite layer (include martensite, retained austenite
and solid solution of nitrogen). It is shown that the electrolyte contained ammonium
chloride and ammonium nitrate provides the saturation of steel with nitrogen up to
5.6wt.% and obtaining the hardened surface layer up to 0.09 mm with microhardness
1060 HV, decrease in the friction coefficient of 1.26 times, increase in the wear
resistance of 2.37 times, decrease in the corrosion current density from of 61 to 4
mA/cm2. The electrolyte contained ammonium chloride and ammonia provides the
saturation of steel with nitrogen up to 2.4wt.% and obtaining the hardened surface
layer up to 0.13 mm with microhardness 1200 HV, decrease in the friction coefficient
of 1.42 times, increase in the wear resistance of 3.17 times, decrease in the corrosion
rate of 1.58 times.
This research was financially supported by the Russian Science Foundation (Contract
No 15-13-10018) to the Nekrasov Kostroma State University.
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Comparison of properties different titanium alloys after plasma electrolyte
carburization
Ilya Dyakov, Pavel Belkin, Vladimir Parfenyuk, Sergei Kusmanov, Mariya
Komissarova, Alexei Smirnov
Nekrasov Kostroma State University, Kostroma, Russian Federation
igdyakov@mail.ru
It describes the results of the modifications of properties and chemical and phase
composition surface different titanium alloys (VT-10, VT-22 and VT-6) after plasma
electrolyte carburization. Acetone, glycerol, sucrose and ethylene glycol was used as
a donor of carbon. Treatment is performed at a temperature of 900°С for 5 minutes.
After treatment samples was quenching in the electrolyte. By XRD showed the
formation of similar phase composition of the surface layers. In all these cases, the
surfaces of all the alloys produced rutile. Just found an increase in microhardness
edge of the sample the maximum hardness achieved after saturation with a solution
containing glycerol (541 HV50), further decreases in the series of acetone (516
HV50), sucrose (432 HV50) and ethylene glycol (420 HV50). Data given in
parentheses are for VT-22 alloy.
There were also identified the coefficient of friction and wear of the mass of the
samples after processing. Counter body was carried out and 45 steel, hardened to 55
HRC. Normal load is 312 N and the slide path of 1000 m. As lubricant were used
technical means “LITOL:. It is found that in all cases treatment reduces the friction
coefficient to a range of 0.1 - 0.15, and the mass of wear is reduced from 600 mg to 5
mg.
The work is financially supported by the Russian Science Foundation (Project №
15-19-20027) to the Nekrasov Kostroma State University.
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Crack initiation of the S-phase on the pre-deformed austenitic stainless steel
Sang-gweon Kim1, Seong-chul Kim2, Masahiro Okumiya3, Jae-Hoon Lee4
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The plasma nitriding technology leads to the formation of high concentration of
nitrogen on the austenitic stainless steel (ASS) surface, called S-phase or expanded
phase for austenite stainless steel. The S-phase is well known for its excellent
properties such as improved hardness and wear resistance with sustaining corrosion
resistance. However, the fracture of the S-phase on the ASS was often observed after
plasma nitriding processing, which seriously deteriorates the anti-corrosive properties
of the S-phase. The formation of cracks in the S-phase depends on different
processing parameters during nitriding, which is closely related with the residual
stress due to the diffusion of nitrogen atoms into the ASS. In addition to that, the
residual stress can be developed during work hardening of the ASS, which is also one
of the reasons for the destruction of the S-phase. In the study, Crack formation of
S-phase on the pre-deformed austenitic stainless steel was investigated. The
S-phases on pre-deformed ASS were prepared using screen plasma nitriding
process. Microstructure, hardness and glow discharge emission spectra of the
prepared samples were investigated. Based on the experimental results, diffusion
mechanism of nitrogen and carbon in the ASS during nitriding was discussed. Also,
the relation between pre-deformation of the ASS and the mechanism of crack
formation after nitriding was discussed.
Keywords
Screen plasma nitriding
crack
austenitic stainless steel
S-phase
severe deformation
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The effect of plasma nitriding on the interfacial contact resistance and the
corrosion resistance of austenitic stainless steel
Katharina Bunk, Peter Kaestner, Günter Bräuer
Institute for Surface Technology, Braunschweig, Germany
k.bunk@tu-bs.de
Austenitic stainless steel has a wide range of applications. It is very versatile because
of its high resistance in corrosive mediums, depending on the amount of alloys. A
promising application field for austenitic stainless steel arises from fuel cell
technology. It could be the new material for bipolar plates in proton exchange
membrane fuel cells (PEMFC) as a substitute for conventionally used graphite
electrodes. In relation to graphite, corrosion-resistant stainless steel has the
substantial advantage of higher electrical conductivity. The comparably high forming
capability of stainless steel makes the manufacture of bipolar plates suitable for mass
production. While plasma diffusion treatment improves the electrical properties of
austenitic stainless steel the corrosion resistance should not deteriorate because of
the acid environment prevailing in a PEMFC.
The purpose of this study is to compare the different processes such as plasma
nitriding, nitrocarburizing and oxinitriding regarding their influence on the interfacial
contact resistance (ICR) and the corrosion resistance of 304L stainless steel treated
at various parameters. Current investigations show, that the electrical conductivity of
stainless steel increases significantly at low temperature plasma nitriding. However,
when a high amount of oxygen was added, the ICR gets substantially worse, but
through a drop in treatment temperature of 350°C the ICR did not deteriorate any
further. The reduction of the oxygen content leads to a decreasing interfacial contact
resistance below the ICR of untreated 304L stainless steel. Corrosion behaviors of the
nitrided samples were evaluated by potentiodynamic polarization tests in aerated
80°C heated H2SO4. In initial results an enhancement of corrosion resistance could
ascertained on low temperature oxinitrided samples as compared with untreated
ones. The secondary ion mass spectroscopy (SIMS) was used to determine the
thickness of the passive layer on the top of the nitrided samples.
Keywords
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Effect of distance between a screen and sample on deposited layer during
active screen plasma nitriding
Takahiro Fukube1, Akio Nishimoto2
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Plasma nitriding is becoming increasingly popular because of its high nitrogen
potential, short treatment time and low environmental impact. Recently, considerable
interest has been devoted to alternative nitriding methods such as active screen
plasma nitriding (ASPN). ASPN has several advantages over conventional
direct-current plasma nitriding because plasma is produced on a screen and not
directly on samples. However, according to previous reports, the thickness of a
nitriding layer formed by ASPN tends to decrease with increasing distance between a
screen and sample. Because little information has been reported on the effect of a
deposited layer, we here investigate such a layer formed on a sample surface during
ASPN. Furthermore, little information has been reported on the effect of
screen-sample distance on deposited and nitriding layers during ASPN. This study
aimed to investigate this effect by nitriding an AISI 304 austenitic stainless steel and a
silicon wafer by ASPN using a 304 steel screen. The sample was treated for 18 and
54 ks at 673 K under 600 Pa in 25% N2 + 75% H2 atmosphere. The distance
between the screen and sample was changed to 10, 100 and 200 mm. After nitriding,
the microstructure of the sample was examined by scanning electron microscopy,
glow discharge optical emission spectroscopy (GDOES), and X-ray diffraction.
GDOES revealed that the thickness of the deposited layer on the nitrided sample
surface tended to decrease with increasing distance between the screen and sample.
The nitrogen concentration in the deposited layer decreased with increasing distance
when the nitriding time was 18 ks; on the other hand, it did not change when the
nitriding time was 54 ks. Microstructure observations of the cross-sections of the
sample revealed that the nitriding layer thickness did not decrease but increased with
increasing screen-sample distance for the same treatment time. These results
indicate that the effect of screen-sample distance on the nitriding layer thickness is
related to the formation speed of and nitrogen concentration in the deposited layer.
Keywords
active screen plasma nitriding
plasma nitriding
surface modification
deposition and diffusion
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Effect of the superficial layer containing carbides on the properties of
low-temperature carburized austenitic stainless steel: characterization of the
superficial layer
GREGORY MARCOS1, Aurore Andrieux2, Eugenia L. Dalibon3, Sonia Brühl3, Silvia
Simison4, Jaafar Ghanbaja2, Pascal Boulet2, Abdelkrim Redjaimia2, Thierry Czerwiec2
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División Electroquímica y Corrosión, Mar del Plata, Argentina
gregory.marcos@univ-lorraine.fr
Low-temperature thermochemical treatments of austenitic stainless steels (nitriding,
carburizing, etc.) have reached a sufficient state of maturity to be applied at industrial
scale. For instance, the SAT12 gaseous process from Swagelok allows to bulk
handles millions of ferrules per year, in nominal sizes ranging from 6 to 25 mm.
Whatever the process (gaseous phase, plasma) used for carburizing, the obtained
layers are reported to be only made of a metastable supersaturated fcc carbon solid
solution containing up to 12 at.% of carbon (expanded austenite with carbon or gC
phase). However, the superficial layer resulting from a low-temperature plasma
carburizing treatment of AISI 316L is very rich in carbon (up 60 at.%) and contains
carbides as it will be presented in this communication. As a matter of fact,
transmission electron microscopy (TEM) and sometimes X-ray diffraction (XRD)
observations reveal the presence of M5C2 (or χ-phase). The χ particles have the
crystal structure of Fe5C2 (“Hägg carbide”) with very similar lattice parameters.
To study the characteristics of this superficial layer, several samples in AISI 316L
were carburized together in a plasma reactor (microwave source). A plasma mixture
of Ar/H2/C3H8 and a temperature of 420 °C were the conditions used during the 4
hours of treatment. Using our remote plasma device, it is possible to partially remove
the superficial layer by sputtering in Ar/H2 gas mixture. In order to evaluate the role of
the superficial layer on the tribological and corrosion properties of carburized
samples, part of them was submitted to this post-carburizing process.
The purpose of this communication is to present the characterization of the superficial
layer containing carbides. Different types of analyses were performed: GD-OES,
XRD, TEM and SEM.
Keywords
carburizing
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Low-temperature plasma nitriding of ferritic Fe-Al alloys
Rodrigo Perito Cardoso, Fernando Irto Zanetti, Wendy da Luz Alexandre, Silvio
Francisco Brunatto
Federal University of Paraná, Curitiba, Brazil
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Low-temperature thermochemical treatments have been strongly studied for stainless
steels. As these treatments are performed at low temperature, the diffusion of
substitutional alloying elements of the substrate is negligible and the diffusion of
interstitial atoms like carbon and nitrogen is significant, characterizing the so called
para-equilibrium state. Under this state, metastable phase formation, which
sometimes presents very interesting properties, is favored. Regarding the works
found in literature, most of them are dedicated to low-temperature nitriding/carburizing
of alloys containing nitride/carbide forming elements like Cr. Differently, the present
work aims to study the low-temperature nitriding of ferritic Fe-Al alloys, considering
that Al is a strong nitride former element, and verify if such alloys can present a
behavior similar to those verified for low-temperature nitrided stainless steels. For this
purpose pure iron samples and Fe-Al alloys containing 1, 3, 5, 7 and 10 wt.% Al were
produced trough melting Fe-Al powder mixtures using PTA technique. The samples
were plasma nitrided at 250, 300, 350, 400 and 450 °C for 4 h, using a gas mixture
composed of 10%Ar+70%N2+20H2 at a flow rate of 200 sccm. The plasma was
excited using a 4.2 kHz pulsed dc power supply set at 700 V. The samples were
characterized by MEV, EDS, WDS, XDR and microhardness measurements. The
obtained results are very distinct from that obtained for stainless steels. The
microstructure of the obtained nitrided layers is strongly related to the Al content of
the samples, which also significantly influence the treated surface morphology,
hardness and nitrogen content. The presence of Al leads to the formation of saw-like
layer-substrate interfaces. The higher the Al content the higher is the treated surface
hardness and N-content. Differently to the observed in stainless steels, the presence
of N solved in the steel matrix is not evident and the hardening effect is mainly
attributed to nano-precipitates of nitrides, probably a cubic (Fe,Al)N para-equilibrium
nitride.
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Active Screen Plasma Nitriding of austenitic stainless steel inner diameters
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Stainless steels, especially the austenitic grades, present a good corrosion
resistance, but poor mechanical properties. Nitriding can increase the surface
hardness, but typically at the expense of corrosion resistance. Besides, nitriding of
complex geometries might be technically challenging, as variations in the plasma
along the treated part can cause non-uniformity in the thickness of the nitrided layer
and modifications in its microstructure, thus changing surface properties and leading
to inadequate performance of the treated component. This work has focused on the
development of active screen plasma nitriding of inner geometries of the widely used
AISI 316L austenitic stainless steel, with preservation of the corrosion resistance
properties. Nitrided surfaces have been metalographically characterized and analyzed
with Optical Microscopy, Scanning Electron Microscopy and Energy Dispersive
Spectroscopy. Additionally, corrosion resistance has been tested and evaluated. As a
result of the study, a relation has been established between treatment parameters
(treatment duration and temperatures, voltages, diameter of inner geometries, gas
mixture, etc.) and phases present in the resulting nitride surfaces. Moreover their
relation with the corrosion resistance has been established. This has led to defining
an active screen plasma nitriding treatment of inner geometries with good corrosion
resistance, in combination with a significant hardening of the surface, and the relation
of these properties with the surface microstructure and the plasma processing
conditions.
Keywords
active screen plasma nitriding
stainless steel
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inner geometry
corrosion
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The adsorption-sputtering-dissociation-deposition model in plasma nitriding
Y.P. Li, Z.Y. Wang, G.Y. Li, H.Y. Liu, H.L. Che, M.K. Lei
Dalian University of Technology, Dalian, China
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The sputtering and deposition mechanism is widely accepted as the main mechanism
of plasma nitriding technology which has been widely employed in industry. However,
the details of reactive sputtering and the behaviors of sputtered particles in plasma
remain unclear. In the work, the sputtering and deposition mechanism is
experimentally and theoretically studied from the view of plasma chemistry and
plasma transport theory using plasma source nitriding of iron-based materials.
Nitriding dose is employed to quantify the nitriding effect on metallic workpieces.
According to the possible generation mechanisms and steady diffusion equations of
iron nitrides, a function is established to describe the relationship that nitriding effect
changes exponentially with the distance between workpieces at floating potential and
cathodic sputtering source. The experiments in plasma source nitriding that nitriding
effect decreases with the distance allow the relationship to be simplified and
described as the “adsorption-sputtering-dissociation-desorption” model. The model
indicates that iron nitrides are the only media that transport nitrogen species in
plasma and completely generated by high energy ions on cathode surface and
partially dissociated by collision with electrons in plasma. In contrast to existing
plasma nitriding models, only way of iron nitrides generations by reactive sputtering is
verified and the dissociation of iron nitrides in plasma is emphasized. The sputtering
rate of iron nitrides is calculated to optimize nitriding process parameters under a
certain supplied power. The dissociation is also calculated to decrease nitriding effect
about two times for every increase of the distance between metallic workpieces and
cathode by 100 mm during plasma nitriding.
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A novel active screen plasma nitriding (ASPN) process provided excellent
temperature homogeneity in the load and showed further progress in the control of
nitriding potential. The main difference of the ASPN to conventional plasma process is
the replacement of the glow discharge from the components to a separate metal
mesh screen (active screen, AS) surrounding the entire workload. A two-fold function
of the AS is an essential characteristic of the ASPN process, i.e. heating of the
workload via radiation and generation of the reactive gas species, which are
responsible for the nitriding process. The principles of the ASPN process are based
on the well-known phenomenon of nitriding in the afterglow plasma. In most previous
investigations, the small laboratory scale ASPN furnaces have been almost always
preferred. A relatively small metal cage (active screen) of several tens of centimeters
in diameter was directly contacted to the cathodic worktable whereas the steel
samples were placed floating on the isolated stage inside the active screen. However,
the knowledge obtained on the laboratory scale ASPN equipment cannot be directly
transferred to the large industrial scale ASPN systems. For example, the application
of cathodic bias activation to the load rather than floating potential was found to be
very essential for the ASPN units of industrial scale to achieve an appropriate nitriding
response comparable to that after the conventional plasma treatment. A mechanism
of bias activation in the ASPN process is still not fully understood. In the present
study, a systematic investigation of the bias activation has been performed in the
large industrial scale ASPN system under variation of different process parameters
such as the process gas composition, the pulsed-mode of bias generator as well as
the power applied to the active screen. A powerful and non-invasive diagnostic
method - optical emission spectroscopy (OES) - has been in-situ applied in this work
to investigate the plasma activation processes both in the vicinity of active screen and
near the biased worktable. A correlation to the metallurgical results of the nitriding
experiments obtained for different steel grades has been done.
Keywords
active screen plasma nitriding, bias activation, OES
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The Effect of Nitrogen-containing Chromium Diamond-like Carbon Coating by
AEGD hybrid-CVD coating Process
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Miniaturization of electrode materials is a field receiving high interest for the
development of electric automobiles and hybrid automobiles. In particular,
technologies that improve the electric conductivity of stainless steel, while maintaining
corrosion resistance, are given high technological interest to maintain electric
conductivity and to improve corrosion resistance. In particular, metal doping studies
for Ti, Cr, Si and W are currently in progress to enhance the characteristics of
conductivity and corrosion resistance with excellent properties such as corrosion
resistance and lubrication of DLC coating.
However, in the case of PECVD, when forming a coating layer using metal and
reaction gas, a very limited precursor is used so there are many limitations in coating
features.
Furthermore, conductivity cannot be improved considerably by only using metals such
as Cr. However, it was observed that by adding a small amount of nitrogen using the
high energy ionization features of AEGD (arc-enhanced glow discharge), there was a
stark drop in electric resistance.
This shows a very practical aspect compared to the addition of other elements and
there is a clear change in properties by adding a small amount of nitrogen gas, so this
study aims at reporting the research results.
Keywords
Nitrogen doping
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Simultaneous formation of carbide and boride layers on titanium by spark
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Titanium materials have been widely used in the aerospace, automotive, and
biomaterial engineering fields because of their high specific strength, superior fatigue
and corrosion resistance, and excellent biocompatibility. However, titanium exhibits
low hardness and poor wear resistance because of its high friction coefficient.
Therefore, the development of a suitable surface modification technology is necessary
to expand the use of titanium materials. Methods have been developed to coat the
matrix surfaces of materials with a hard ceramic coating layer to improve their
hardness and wear resistance. A diffusion coating method can be used to form a layer
with superior adhesion with the matrix compared to coating layers formed using the
PVD or CVD method, and the tribological properties and hardness of titanium have
been reported to be improved by the formation of a hard layer. However, in
conventional diffusion coating methods, the deterioration of the mechanical properties
of the matrix resulting from long-term, high-temperature processing is problematic.
Therefore, the spark plasma sintering (SPS) method, which features short processing
times, can be used to form a ceramic layer. Moreover, composites composed of
borides and carbides offer an attractive combination of excellent mechanical
properties. However, the literature contains a few reports of surface modification via
the SPS method using B4C powder. Thus, in this study, borides and carbides were
simultaneous formed on titanium using the SPS method. Commercially pure titanium
was used as a substrate, and the B4C powder was used as both a carburizing and
boriding source. The X-ray diffraction pattern of the sample subjected to SPS
processing indicated the formation of TiB2 and TiC. The corrosion resistance of the
sample in a 2% HF-10% HNO3 aqueous solution was improved compared to that of
untreated pure titanium because of the formation of a ceramic layer on the titanium
substrate.
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The low hardness and poor tribological performance of aluminum alloys restrict their
wide applications in automotive fields. However, protective hard coatings deposited
onto aluminum alloys are effective for overcoming their poor wear properties. In this
study, a diamond-like carbon (DLC) film followed by a nitriding layer was deposited
onto an aluminum alloy via a pressure-gradient-type plasma source using nitrogen
and acetylene gases. An aluminum alloy EN AW-5052 sample was plasma nitrided for
4 h at 520°C under 0.09–1.1 Pa. DLC was then coated with an acetylene gas after
plasma nitriding using the same apparatus. The Vickers microhardness of the surface
nitrided at 0.51 Pa reached approximately 340 HV from 125 HV. In addition, glow
discharge optical emission spectrometry (GDOES) revealed that nitrogen was
concentrated at the surface region. After the DLC coating, the sample was reddish
brown in color. GDOES results demonstrated that a carbon-rich region formed in the
top surface region (DLC coating), followed by the formation of a nitrogen-rich region
(nitriding layer). Nanoindentation test showed that the hardness of the top surface
(DLC coating) was 10.3 GPa. The DLC coating also exhibited good tribological
performance in a ball-on-disk wear test, with friction coefficients of approximately
0.17, which was characterized as low value of DLC.
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Aluminum alloys have been widely utilized in many industries. However lower surface
hardness and poor tribological properties limit its application to some extend.
Diamond-like carbon (DLC) film is thought to be an effective layer with excellent
surface properties, such as high hardness, high elasticity, low wear and low friction.
However the lower hardness of aluminum allo ymakes it unsuitable for direct
deposition of DLC films. The hard layer given by DLC films leads to the “eggshell”
effect. Thus duplex coatings or duplex treatment is expected to suppress it and get
the synergistic effect. Aluminum may be oxided by microarc oxidation (MAO)
processes to achieve thick support layer for top DLC films. In this presentation the
duplex processes combining the MAO and PECVD are employed to fabricate hybrid
coatings. The oxided layers with different thickness (10um, 15um, 20um, 25um) are
fabricated in electrolyte mainly containing sodium silicate. some oxided samples are
polished. All these samples are put into vacuum chamber for DLC deposition using
cage-like hollow cathode discharge. The discharge is sustained using high-current
pulse with voltage ranging from 1000V to 4000V. The effect of pre-oxidation step and
polishing step on microstructure and surface properties of DLC films is investigated.
The preliminary experimental results have demonstrated thatthepre-oxidation using
MAO effectively increases the adhesion between the DLC films and substrate and
polished pre-oxided samples possess better mechanical properties than unpolished
ones. The DLC films are deposited with a higher rate (~4um/h) due to higher plasma
density produced byhigh-current pulse. The surface hardness is about 10-15GPa,
similar to that of typical Me-DLC. The surface morphology, interface between the DLC
film and oxided layer, tribological properties will be reported in details.
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In this work the results of Ni-Al-N ions implantation onto the Nimonic 75 samples by a
4 kJ plasma focus device (PFD) for 5, 10 and 20 shots number are reported. Nimonic
alloy is one of the most suitable materials for the gas turbine blade and we aimed to
improve the hot corrosion resistance of the blades by a simple and low cost PFD.
FESEM images indicate changes in surface morphology before and after ion
implantation. XRD results reveal the formation of a nano-crystalline nickel nitride and
aluminum nitride coating on the surface of the samples. The electrochemical
impedance spectroscopy and hot corrosion results show that the corrosion
resistances are significantly improved when NiAlN films are deposited into the
Nimonic 75 samples. The increase in hot corrosion weight gain of the coatings follows
the following trend: 30 shot < 10 shot < 20 shot < Bare. Hot corrosion tests show that
the 30 shots sample has the best hot corrosion resistance behavior compared with
other samples. We know that NiAlN ions implantation onto the Nimonic 75 causes the
formation of more protective oxide layer at high temperature. The generations of more
protective corrosion products limit the access of corrosive species including S, Na and
Cl to the interface of metal/oxide layer which ultimately reduces the hot corrosion rate
of Nimonic 75. The results of this work confirm that the PFD with its highly energetic
ions of nitrogen gas and energetic Nickel and Aluminium plasma (ablated from the
Nickel and Aluminium anode tips of the device) provides a useful method for
deposition of NiAlN films on the Nimonic alloy as gas turbine blade material.
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The vacuum arc evaporation technique stands out due to a very high degree of
ionisation of the carbon species and increased ion energy necessary for deposition of
dense tetrahedral amorphous diamond-like carbon (ta-C) films. Applying this
technology super hard coatings with excellent low-friction properties can be
deposited. The so-called laser arc modules LAM 400, 500 and 850 have been
developed for the production of these films under industrial conditions. These arc
evaporator systems use a Nd-YAG laser to trigger the arc discharge on a rotating
cylindrical carbon target.
Besides the emission of macro particles, another disadvantage of the vacuum arc
evaporation process is the high energy impact on substrates in respect of unwanted
substrate heating. While the amount of macro particles embedded in thin films can be
reduced by using special particle filter systems, the latter issue limits the hardness
(sp3-content) of the coating. In the application of very thick ta-C coatings under
industrial high rate deposition conditions the laser arc parameters like pulse arc
current and pulse frequency were changed from 800 A to 1600 A and 300 Hz to 600
Hz, respectively. It will be shown, how these parameters determine the substrate
heating and, hence, the sp3- content in the ta-C coatings.
The film properties of ta-C coatings on real components and the dependence from
deposition parameters under industrial deposition conditions are shown and
discussed.
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High power pulsed sputtering (HPPS) is the method of obtaining metallic plasma by
applying negative high voltage pulses with peak power higher enough than the
electric power used by DC sputtering to a cathode. On general HPPS discharge, the
magnetron type cathode is used. In this case, the magnetic field is configured across
the electric field around the cathode. Against this, we use a Penning discharge type
target cathode. HPPS Penning discharge is featured that the plasma is generated at a
space consisting of a pair of cathodes as sputtering target (W24×H20×t5) in parallel
each other. Distance between targets is 10 mm. The chamber wall works as an anode
to collect electrons. The electric field is parallel to the magnetic field at the gap. The
magnetic field is provided by setting a set of permanent magnets (ø14×17, NdFeB)
behind the targets. Energetic argon ions accelerated by a voltage difference between
the cathode and the plasma are bombarded to the sputter target, and emit the metallic
target atoms and secondary electrons. Secondary electrons are confined between the
two targets by magnetic field and electrical potential wall, ionize the target atoms, and
improve the metallic plasma density. Therefore the metallic plasma flows out to the
deposition area. We generated HPPS Penning discharge plasma under
argon/nitrogen mixture gases, and tried deposition of the titanium nitride thin film. The
voltage pulse train of -800 V was applied to the titanium sputter target at the repetition
rate of 400 Hz under the ambient argon/nitrogen mixture gas of the flow rate of 20
sccm and the gas pressure of 0.8 Pa. The collector electrode was floating electrically.
When the mixing ratio was 25% or less, nitrogen gas did not much influence film
forming velocity. The deposition rate increased with the pulse duration. In comparison
with only argon, the deposition rate in nitrogen ratio of 30% decreased 22% around
the pulse duration of 80 μs, and decreased 71% around 40 μs.
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Fuel cells are one of the promising alternative energy sources nowadays due to their
ecology, reliability, durability and ease of operation. However the implementation of
this technology is not easy, due to challenges in the fabrication process. One of such
problems is the enhancement of the electrical conductivity of compound based bipolar
plates (BPP) for hydrogen fuel cells, because of the commonly use of intrinsic
insulating plastic matrix material like PP that is enriched at the surface of the BPP
during the manufacturing process. Established techniques like milling and sand
blasting are suitable to remove the PP, which is situated mainly at the surface of the
BPP, plasma treatment of the surface is used in this work to selectively etch the PP
from the surface to improve the conductivity and offers new potential to reduce the
cycle time regarding the post treatment. A special microwave plasma source is used
in remote mode (CYRANNUS by iplas) that allows plasma treatments up to
atmospheric pressure, making the process fast and scalable for industrial
applications. In this work we will demonstrate the effect of plasma treatment of BPP
for hydrogen fuel cells – optimization of the surface properties, according to the
objective to improve the electrical conductivity of the BPP, and investigate the
physical and the chemical processes and changes on the surface. The surfaces of
the plasma-treated BPP were investigated using SEM as well as FTIR and
Raman-Spectroscopy and the effect of different gases under different plasma
conditions were measured. The results showed significant reduction of the PP as well
as the etching of nanocrystalline graphite at the surface by plasma treatment,
whereby the general conductivity reached the required values.
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Switching from glass to polymer and paper based microfluidics and biosensors gives
rise to challenges related to a.o. fluid dynamics control, bonding and adhesion. One
way to address these particular challenges is local surface engineering by means of
micro plasmas. Area-selective surface modifications by atmospheric pressure
micro-plasmas allow cost-effective surface energy tailoring and chemical
functionalization. Plasma patterning technologies are utilized in combination with fluid
dispensing and inkjet printing in semiconductor backend and flexible electronics
manufacturing, but can also be implemented in microfluidics, biosensor and tissue
engineering applications. InnoPhysics has developed and commercializes the
μPlasmaPrint technology, which enables area-selective functionalization by means of
a dot-wise patterned plasma treatment and plasma deposition of nanocoatings with a
resolution down to 150 µm. μPlasmaPrint utilizes a printhead with a multitude of
micro-discharge at atmospheric pressure which can be independently activated
according to digitally programmed a pattern. By controlling the discharge gas
environment a multitude of processes can be applied such as the functionalization
and the deposition of silicon-oxide-like materials for surface energy control and epoxyand amine-containing coatings for biomaterial immobilizations on not only polymer
surfaces but also glass, silicon and paper substrates. The basics of μPlasmaPrint will
be discussed and a number of processing examples will be shown that demonstrate
wettability improvements as enabler for controlled fluid dispensing/printing, the control
of fluid transport, the adhesion and immobilization of biomaterials and the creation of
metal and diamond structures, in particular, in the context of the application in
microfluidics and biosensors. Finally, recent results of patterned microplasma assisted
atomic layer deposition of TiO2 films using the μPlasmaPrint technology will be
presented.
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The paper describes the results of developing a new technology of precision
application of powder coating multifunctional systems to protect surfaces of industrial
products using microplasma material processing complex with the assistance of an
industrial robot. The choice of components for developing multifunctional powder
coating systems, the trajectory of the plasma source and processing modes are
carried out on the basis of optimized condition identified by initial experimentation and
mathematical modeling. The use of a robot provides high accuracy and performance
of coating deposition onto parts with complex shape. The use of this technology
allows receiving multifunction systems of powder coatings with predicted
nanostructure and a complex set of properties: heat-resistance, hard wear resistance.
Research methods: analytical and computational simulation, transmission and
scanning electron microscopy with energy dispersive analysis, X-ray structure phase
analysis, mechanical testing (micro hardness, corrosion and wear resistance).
Results: 1) A mathematical model and a program to run a robot arm according to the
given trajectory have been developed to carry out the deposition cycle of selected
materials with the help of the robot.2) A proprietary software product to perform
calculations of temperature fields in a number of industrial materials under irradiation
has been developed and evidence-based recommendations on the choice of modes
of surface modification by the microplasma (the trajectory and speed of the plasma
source, the power density of the microplasma) have been provided. 3) The laboratory
samples with protective powder coatings deposited by the microplasma onto various
steel substrates have been obtained, and their structural and phase composition and
performance properties such as microhardness, corrosion and wear resistance have
been investigated.
Conclusion: the scientific bases of surface modification technology by microplasma
exposure were developed, and a fully automated pilot production site has been
implemented.
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Secondary electrons are an ubiquitous nuisance during plasma immersion ion
implantation (PIII) necessitating excessive current supplies and shielding for X-rays
generated by them. Nevertheless, probing them with a passive calorimetric probe
mounted near the chamber wall away from the pulsed substrate holder without
interfering with the PIII process leads to useful process information. However, the time
averaged energy flux due to the pulsed secondary electron emission from the high
voltage electrode – in the centre of the vacuum chamber – is only measured as an
additional contribution to the continuous local energy flux from the plasma at the
position of the probe. While nitriding or oxidising metal samples, e.g. Cu, Al or steel,
the surface composition is changing continuously and, thus, variations in the
secondary electron emission are possible. Additionally, the sputter removal of such
modified surface layers by HV pulses in Ar plasma, leading to sputtering without film
formation can be monitored and used as endpoint detection. Using the passive
calorimetric probe, it is possible to record these variations in secondary electron
emission as a function of incident ion fluence, substrate material and substrate
temperature. Hence, by this method the relative as well as the absolute secondary
electron emission coefficient for different chemistries and surface temperatures can
be determined.
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Titanium is being used at the moment for biomedical applications such as prosthesis,
implants or other medical tools because of its mechanical properties (low density, high
mechanical strength and fatigue resistance and good wear resistance) and because
of its biocompatibility (biologically inert and corrosion resistant). However, dangerous
and numerous problems of infections have been reported, which lead to implant
removal. Those infections are due to bacterial biofilm formation on the implant
surface, which once formed, cannot be removed by antibiotics action. To prevent
biofilm formation, an intrinsic solution against bacteria settlement must be placed
within the implant. Silver could be a good candidate, since it is already known and
used as an antibacterial agent and is not toxic for human cells at very low
concentrations. Its antibacterial properties are long lasting and attributed to the
release of silver ions. To introduce silver in titanium plates the method chosen was
low energy ion implantation (- 4 keV). Two sets of parameters were used, varying
treatment time. These samples were characterized by RBS, GD-OES to quantify the
content of silver (6×1015 atoms.cm-2) and determinate the profile of the elements in the
samples. And then, samples were introduced in contact with industrial waste effluent
for different period of time from 10 min to 4 h, and the initial and final bacteria
concentrations were calculated with 3M® Petrifilm E. coli Count Plate. The results
showed for all the samples a bacterial expansion in the first 10 to 60 min, possibly
related to the ion release delay, before observing the antibacterial effect of silver.
Samples treated for a longer time started their antibacterial action earlier than the
ones treated for a shorter time, most probably because of their higher silver particles
concentration. With the results, we can infer about the potentiality of this technique,
which can be use in industrial treatments in large scale.
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Nanostructured multicomponent (TiZrHfVNbTa)N coatings were deposited on steel
disks using vacuum-arc evaporation of a cathode in the nitrogen atmosphere under
different deposition conditions. Thickness of the fabricated coatings was 8 µm. Size of
nanograins varies from 5-8nm to 17-20nm due to different deposition conditions. For
ion implantation of different samples we used Au- ions (the doze was 1×1017cm-2,
kinetic energy was 60keV), and N+ ions (the dose 1×1018cm-2).
Au- ion implantation led to selective sputtering of Au atoms along the projective depth
and formed the disordered polycrystalline structure without preferred orientation of the
fcc-phase in the near-the surface layer. In addition, it decreased the size of
nanocrystallites from 8 nm to 1÷3 nm, increased the nanohardness to 33 GPa in the
implanted layer and increased the hardness of the coatings to 51GPa. Due to
high-dose N+ ion implantation, multiphase structure was formed in the surface layer of
the coating. This structure consisted of amorphous, nanocrystalline and initial
nanostructured phases with initial sizes of nanograins. Two phases were formed in
the depth of the coating: FCC and HCP (with small volume fraction). Nitrogen
concentration reached 90 at.% near the surface and decreased with the depth.
Nanohardness of the as-deposited coatings varied from 27 to 34 GPa depending on
deposition conditions. However, hardness decreased to the value of 12 GPa on the
depth of projective path after ion implantation and increased to 23 GPa for more deep
layers.
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The large diameter Penning discharge was designed to produce pulsed plasma used
in a high current pulsed electron beams source. The cylindrical anode of diameter 80
mm and height 30 mm was powered by a pulse voltage of ~5 kV. The plasma
discharge characteristics were investigated. The results show that the plasma
discharge goes through an activation stage and a high current discharge stage. With
the higher working pressure and magnetic field intensity, the Penning discharge
operates more quickly and steadily of time accuracy under ± 0.5 µs. The peak
discharge current increases with the anode voltage. The optimized parameters were
selected as working pressure 7×10-2 Pa, anode voltage 5 kV, magnetic field 2000
Gauss and ballast resistor 200 Ω for the HCPEB emission.
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Etch profiles with slanted structures are basic units for the formation of
three-dimensional nanostructures. These three-dimensional nanostructures having
high aspect-ratio slanted profiles can be applied not only to microelectronics but also
to light emitting diodes, dry adhesives, photonic crystals, grating couplers, and so on.
To obtain three-dimensional nanostructures with slanted patterns, precise control over
the angle and aspect ratio of the slanted structures is of primary importance.
Plasma etching has been widely used to fabricate high aspect ratio microstructures
due to its anisotropic etching characteristics. In a conventional etching process, a
sheath is formed along the surface of the substrate. Therefore, the direction of ions
incident on the substrate is vertical to the surface of the substrate irrespective of the
angle of the substrate. Accordingly, the conventional plasma etching is not adequate
for the fabrication of three-dimensional nanostructures with slanted etch profiles.
In this study, a novel plasma etching technique was demonstrated to obtain singleand multi-directional slanted etch profiles of Si. A Faraday cage system was used to
control the angle of ions incident on the substrate. Etching was performed by a cyclic
process consisting of alternating etching and deposition steps using SF6 and C4F8
plasmas, respectively. Single-, double-, and quadruple-directional slanted etch
profiles were uniformly fabricated under practical plasma processing conditions.
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With increasing integration density of dynamic random access memory (DRAM), the
fabrication of contact holes with a small diameter and high aspect ratio is of primary
importance. Many efforts have been made to improve the resolution limited by
conventional optical lithography, including double patterning technology, extreme
ultraviolet lithography, directed self-assembly lithography, and so on. Although these
techniques have better resolution than that in conventional optical lithography, they
face many challenges with processing difficulties, performance, throughput, and cost.
In addition, widening of the contact holes during contact-hole etching is problematic to
achieve small diameters of the contact holes.
In this study, an advanced cyclic etching (ACE) technique was demonstrate to reduce
the diameter of contact holes having a high anisotropy and aspect ratio. The ACE
technique consisted of the pre-deposition of a protection layer on the mask in a C4F6
/CH2F2/Ar plasma and a subsequent cyclic process of alternating etching and
deposition steps in C4F6/CH2F2/Ar/O2 and C4F6/CH2F2/Ar plasmas, respectively. The
cyclic etch and deposition steps were repeated to obtain holes that are as deep as
desired. The ACE process was compared with the conventional continuous
contact-hole etching process in terms of the opening diameter and the degree of
bowing of the contact holes.
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SiOx films are widely spread in various applications, such as semiconductor
manifacturing, glass industry, sensors, decorative coatings. The interest in them
comes from their optical transparency, diffusion, electrical and thermal barrier
properties, high surface hardness, and chemical inertness. For many applications,
they are deposited by sputtering, either reactively from a silicon target and osygen
gas, or directly from a silica target. In both cases there are serious drawbacks. In the
first case, a complicated control system is needed to keep the process in the desired
oepating window. In the second case, rf-sputtering must be used, which brings higher
equipment costs, lower deposition rate and problems with the uniformity of the film in
large-scale coaters.
In this study, a PACVD method based on microwave-generated plasma in a
commercial PVD machine is presented. The methode improves by a factor of two the
deposition rate in comparison to magnetron sputtering. The SiOx films are deposited
from HMDSO precursor and oxygen on various types of substrates - glass, silicon
wafers, high-speed steel and polymers. The results include the optical, electrical,
mechanical and barrier properties of the coatings as a function of the gas mixure ratio
and the main process parameters. The method allows also for depositing of coatings
with tunable hydrophobicity in a wide range - water contact angles between 40 to 120
degrees.
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