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Opening Plenary Lecture

Monday, September 10, 2012

PL0000
Solid Oxide Fuel Cells – Promises and challenges
Lars Martiny
Topsoe Fuel Cell, Lyngby, Denmark
lmar@topsoe.dk
The fuel cell technology offers an efficient and clean technology for the
generation of electricity from fossil or renewable fuels. In contrast to the
traditional power generation via heat, steam and generators, the chemical
energy of the fuel is directly transformed into electricity in the fuel cell via
an electrochemical process. The fuel cell technology offers major
advantages such as higher electrical conversion efficiency, cleaner
emissions and a quieter operation.
The fuel cell principle was discovered by the British scientist William Grove
already in 1839. However, despite this a general commercialization of the
technology has been slow and is still ongoing. Fuel cells were used for the
first time in the NASA space program, where alkaline fuel cells supplied
electrical power to the Apollo space missions. Since then, several fuel cell
technologies have been developed, building on different materials for
anodes, cathodes and in particular electrolytes. These have found many
diverse applications such as fork lifts, telecommunication and decentralized
electricity generation.
The type of fuel cell technology with the highest electrical conversion
efficiencies, lowest cost and most flexible fuel requirement is Solid Oxide
Fuel Cells (SOFC). SOFC are based on ceramic fuel cells and operate at very
high temperatures, around 750°C. They offer electrical efficiencies up in
excess of 60% and can accommodate a wide variety of available fuels
including natural gas, biogas, or sewage gas. In addition, high-temperature
electrolysis (SOEC) can provide the reverse process on the same platform,
producing hydrogen or clean synthetic fuels from intermittent renewable
sources, such as wind power.
Important milestones in the SOFC development were reached using plasma
surface engineering and thin films. However, other milestones still persist,
and the full-scale commercialization of the technology requires continued
research and development; at the fundamental stage as well as in the
applications of the technology.
Keywords
SOFC
Fuel Cell
Plasma
thin films
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Monday, September 10, 2012

PL0001
Plasma and Optical Thin Film Technologies
Norbert Kaiser1
1

Fraunhofer IOF, Jena, Germany

norbert.kaiser@iof.fraunhofer.de
The design and manufacture of components and systems are worldwide
activities in the field of photonics. Optical coatings perform a key function
and dictate the performance of the systems – ranging from photovoltaics,
electronics, mechanical engineering, semiconductor technologies to life
science. Process plasmas represent an important tool for layer and surface
property refinement. A project called PluTO is aimed at combining thin-film
and plasma technologies. Accordingly, the consortium comprises experts in
optical coating (Laser Zentrum Hannover, Fraunhofer IOF) and such in
plasma technology (INP Greifswald, Ruhr University of Bochum RUB). Results
obtained from the PluTO-consortium confirm the suitability of the approach.
New depositioncontrol strategiesincrease yield and quality which are
distinguishing factors for industrial coating production.
Keywords
optical coatings
PluTO
yield and quality
APS
IBS
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Plenary Lecture

Tuesday, September 11, 2012

PL0002
Bioactivation of surfaces using embedded radicals: A platform
technology for harnessing nature’s nanomachines
Marcela Bilek1, Alexey Kondyurin1, Stacey L Hirsh1, Elena Kosobrodova1,
Daniel V Bax2, Anna Waterhouse2, Yongbai Yin1, Neil J Nosworthy3, David R
McKenzie1, Anthony S Weiss2
1

School of Physics, A28, University of Sydney, Australia 2School of Molecular
Biosciences, G08, University of Sydney, Australia 3School of Medical
Sciences, F13, University of Sydney, Australia
m.bilek@physics.usyd.edu.au

The ability to strongly attach biomolecules to surfaces whilst retaining their
biological activity underpins a host of biotechnologies, such as biosensors
and diagnostic microarrays for early disease detection. Recent work has
revealed that radicals embedded in carbon rich surface layers by energetic
ion bombardment can covalently immobilize bioactive proteins [Proc. Nat.
Acad. Sci 108(35) pp.14405-14410 (2011)]. This new approach delivers the
strength and stability of covalent coupling without the need for multi-step
wet chemistry. Immobilization occurs in a single step directly from solution
and the hydrophilic nature of the surface ensures that the bioactive 3D
shapes of the protein molecules are not disturbed.
Energetic ion treatments conferring protein immobilization capability can be
applied to any underlying material making it possible to achieve covalent
biomolecule immobilization whilst maintaining the physical properties
(including mechanical and electrical) of an underlying material. This opens
up the possibility of new applications such as integrated microelectronic or
photonic biosensing devices, continuous flow reactors for enzymatic
chemical, textile or biofuels processing and implantable biomaterials that
interact with their host via an interfacial layer of active biomolecules to
direct a desired cellular response to the implant.
This presentation will describe a number of plasma-based approaches for
creating suitable buried radicals through energetic ion impacts. The crucial
roles of surface chemistry and microstructure in simultaneously preventing
radical annihilation whilst allowing sufficient radical mobility are elaborated
and a kinetic theory model of the immobilization process is presented.
Preliminary applications of this technology to direct cell growth, to create
biosensors and protein microarrays, and to engineer the surfaces of
implantable biodevices will be reviewed.
Keywords
biologically functionalized surfaces
energetic ion bombardment
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Plenary Lecture

Tuesday, September 11, 2012

PL0003
Plasma Polymerized Thin Films Materials: Synthesis,
Characterization, Application Tests for Flexible Electronic Devices
JIN-HYO BOO1, Sang-Jin Cho1
1

Sungkyunkwan University, Suwon, South Korea
jhboo@skku.edu

Pure organic and organic-inorganic hybrid polymer-like thin films have been
deposited on glass and silicon substrates under the several conditions such
as different temperature, precursor flux, and RF power by using plasma
enhanced chemical vapor deposition(PECVD) method. Simple organic
monomers such as para-xylene, thiophene, cyclohexene, and
ethylcyclohexane as well as TEOS (tetraethylorthosilicate) were respectively
utilized as organic and inorganic precursors, and hydrogen and Ar (argon)
were used as a bubbler and carrier gases, respectively. In order to compare
the differences on the electrical and the optical properties of the plasma
polymerized thin films, we grew the pure organic and hybrid polymer-like
thin films under the conditions of various RF (radio frequency using 13.56
MHz) powers in the range of 20~100 W and deposition temperatures with
different flux. The as-grown polymerized thin films were characterized by
FT-IR, UV-Visible spectroscopy, SEM/TEM, AFM, and nano-indentation. The
result of FT-IR and UV-Visible measurement showed that the plasma
polymerized thin films have highly cross-linked density with increasing RF
power, TEOS ratio, and deposition temperature. The data of AFM, SEM/TEM,
and hardness also showed that the polymer films with smooth surface and
sharp interface as well as good adhesion. With these films, we carried out
some application tests for the next generation of flexible electronics such as
low-k dielectric interlayers, flexible organic light emitting diodes(FOLEDs),
and organic thin film transistors(OTFTs).
Keywords
plasma polymers
PECVD
Flexible elctronics
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Wednesday, September 12, 2012

PL0004
Transport of neutral and charged species in conventional
magnetrons, RF-IPVD and HiPIMS
Tiberiu Minea1
1

LPGP : CNRS-Unersity Paris-Sud, Orsay, France
tiberiu.minea@u-psud.fr

Low pressure plasmas operate generally in the intermediary pressure
regimen, between ballistic and diffusive. This is the case of magnetron
discharges – conventionally DC (direct current) or RF (radio frequency)
excited, and improved Ionized Physical Vapor Deposition magnetrons with
additional RF plasma (RF-IPVD), High Power Impulse Masgnetron Sputtering
(HiPIMS), as well as other plasmas such as Inductive Coupled Plasmas (ICP),
Negative Ion (NI) plasma sources, etc.
The ionization efficiency of low pressure plasmas is boosted by the use of
external magnetic fields that traps the electrons and hence strongly
localizes the ionization region. Moreover, the use of additional RF discharges
and especially HiPIMS introduces the time dependency of plasma
parameters and transitory phenomena.
This plasma anisotropy affects directly the neutral species transport,
especially when the ionization degree exceeds 50% as it is the case in
HiPIMS. Comparative analysis on neutral transport is presented for different
magnetron excited discharges operating in noble gases and in reactive gas
mixtures, showing undoubtedly the ‘wind effect’ and gas rarefaction.
The electron transport in magnetized plasma is governed by the anisotropy
as well. The transverse diffusion generally obeys Bohm formulation, but for
several situations such as HiPIMS, high density NI beam sources... the
electrons escaping the magnetic trap can overcome the Bohm limit.
The positive and negative ions transport in magnetized plasmas is strongly
dependent of the eedf and the electric field distribution in the ion generation
region. Positive ion production requires highly populated eedf tail, while only
low energy electrons attach leading to negative ion formation. However,
neutral-surface charge transfer can efficiently generate negative ions, being
dragged into the discharge by the sheath field.
From all these cases, common features of the transport of plasma species in
similar magnetized plasmas can be identified, aiming to propose a general
scenario.
Keywords
HiPIMS
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Wednesday, September 12, 2012

PL0005
Control of nanoparticle formation in reactive plasmas and its
application to fabrication of green energy devices
Masaharu Shiratani1
1

Kyushu University, Fukuoka, Japan
siratani@ed.kyushu-u.ac.jp

We focus on the bottom-up paradigm for nanoscience and nanotechnology.
The bottom-up processes can be categorized into self-organization and
guided assembly processes [1]. Few reports on guided assembly processes
in nanoscale have been provided. Guided assembly should be developed
more in depth, because it can make extreme savings on materials and
energy as well as be useful for building complex nanosystems, especially far
from thermal equilibrium. We are developing “plasma nano-factories” which
are such bottom-up guided assmbly processes and miniature versions of
macroscopic conventional factories [1-5]. Instead of human being and robots
in macro-factories, ions and molecules in plasmas convey nano-blocks to
their destination and assemble them. Plasma nano-factories have three
advantages: controlled agglomeration and transport of nanoblocks as well
as parallel processing over large area at relatively low temperatures. Here
we outline our efforts towards such plasma nano-factories. First we briefly
summarize important features of formation and growth of nanoparticles in
reactive plasmas and then describe in-situ methods for detecting
nanoparticles in reactive plasmas. We show several key control methods of
the size, size distribution, and structure of nanoparticles, their
agglomeration and transport as well as sticking. Finally we describe
applications to fabircation of green energy devices such as low energy
consumption LSI’s, solar cells, and Li ion batteries [6-8].
[1] M. Shiratani, et al., J. Phys. D: Appl. Phys., 44 (2011) 174038.[2] M.
Shiratani, et al., Faraday Discuss., 137 (2008) 127.[3] S. Iwashita, et al.,
Plasma Sources Sci. Technol., 21 (2012) in press.[4] K. Kamataki, et al.,
Appl. Phys. Exp., 4 (2011) 105001.[5] K. Kamataki, et al., J. Inst., 7 (2012) in
press.[6] S. Iwashita, et al., Jpn. J. Appl. Phys. 47 (2008) 6875.[7] W. M.
Nakamura, et al., Surf. Coat. Technol., 105 (2010) 5241.[8] G. Uchida, et al.,
Phys. Status Solidi C, 1-4 (2011) 20100229.
Keywords
plasma nanofactory
nanoparticle
reactive plasma
plasma CVD
green energy device
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Thursday, September 13, 2012

PL0006
Application of plasma processes in NanoBiotechnology
François Rossi1, Pascal Colpo2, Maria Perez Roldan3, Ana Maria Ruiz Moreno4
1

European Commission, Ispra (VA), Italy 2European Commission Joint
Research Centre, Ispra, Italy 3European Commission, Joint Research Centre,
Ispra, Italy 4University of Milan, Department of Pharmacology,
Chemotherapy and Medical Toxicology, Milan, Italy
francois.rossi@jrc.ec.europa.eu
One of the major challenges for the development of bio non bio interfaces
relies on the ability to design advanced surfaces with controlled interaction
with the biological entities[1]. Surface functionalization techniques provide
those bio-interfaces: appropriate surface physico-chemical properties are
able to control the conformation and activity of the immobilized
biomolecules. The subsequent technological step is the combination of
different bio-functions in micro- and nano-patterns on the surfaces. For
instance, structuring the surface in adhesive and non adhesive zone in order
to preferentially guide the cell growth is one of the most promising tools for
the development of cell chips and for tissue engineering[2,3].The
requirement of further integration scales and the study of the special
behaviour of the biomolecules interacting with nanostructured materials
have been the two main motivations for the development of submicron
patterning techniques[4]. For instance a strong increase of magnitude of
sensitivity in biosensing devices together with lower detection limits have
been demonstrated[5].We show some examples of micro- and
nano-functional surfaces provided by plasma processes and self assembled
monolayers in combination with Electron Beam Lithography and Colloidal
lithography, and their application as platforms for molecular detection and
stem cell cultures. Different protein micropatterns were used for stem cell
culturing, showing that stem cell maintenance and differentiation can be
controlled by the nature and topography of the protein spots.
[1] B. G. Keselowsky, D. M. Collard, and J. Garcia, PNAS 2005, 102,
5953-5957.
[2] F. Bretagnol, F. Rossi et al., Plasma Processes and Polymers 2006, 3,
30-38.
[3] F. Bretagnol, F. Rossi et al.Plasma Processes and Polymers 2006, 3,
443-455.
[4] A. Valsesia, F. Rossi et al.Nano Letters 2004, 4, 1047-1050.
[5] A. Valsesia, P. Colpo, P. F. Rossi et alLangmuir 2006, 22, 1763-1767.
Keywords
nanobiotechnology
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Thursday, September 13, 2012

PL0007
Combinatorial thin film materials science: From materials discovery
and optimization to materials design
Jochen M. Schneider1
1

Materials Chemistry, RWTH Aachen, Aachen, Germany
schneider@mch.rwth-aachen.de

This lecture provides an overview of modern materials development, from
discovery and optimization towards materials design, based on
combinatorial thin film materials science. The combinatorial approach,
combining combinatorial materials synthesis of thin film
composition-spreads with high-throughput property characterization has
proven to be a powerful tool to delineate composition-structure-property
relationships, and hence to efficiently identify composition windows with
enhanced properties. Furthermore, and most importantly for materials
design, theoretical models and hypotheses can be critically appraised.
The combination of modern electronic structure calculations with the highly
efficient combinatorial thin film composition-spread method constitutes an
effective tool for knowledge based materials design of hard coatings,
nanolaminates, thermoelectrics, metallic glasses and steel.
Keywords
materials
materials design
properties
theoretical models
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PL0008
Towards frictionless mechanical contacts
Albano Cavaleiro1
1

University of Coimbra, Coimbra, Portugal
albano.cavaleiro@dem.uc.pt

Environment-friendly energy production has been one of the most proposed
solutions for slowing down the increasing consumption of fossil combustibles
which are well known leading to the destruction of sensitive ecosystems.
However, there is a complementary and/or alternative via to achieve the
same scope: to fight the energy losses. Developing materials with
self-lubricating properties, able to avoid the use of harmful liquid lubricants,
could contribute not only to significantly reduce and control friction and
wear in rolling and sliding contacts, in order to saving energy, but also to
reduce the environmental impact. The utopia of achieving frictionless
mechanical contacts through the use of materials with optimized surface
properties is the driving force for extensive research studies performed in
the field of coatings tribology.
In this talk, we will revisit the transition metal dichalcogenides (TMD) family
of materials, a traditional solution for lowering the friction in mechanical
contacts. Being contact a materials surface problem our focus will be on the
deposition of coatings of this family using sputtering techniques. Alloying
TMD sputtered coatings has been the most attractive solution to overcome
the two main drawbacks which have impeded their widespread application
for reducing friction: the low loading bearing capacity and the high
sensibility to moisture. Our approach, that goes beyond the state of the art,
is to study the importance of the deposition parameters, including the type
and amount of alloying element, to control the structure at nanometer level
which will allow a suitable self-adaption of the coating material in the
surface contact. In depth structural changes during sliding allow the
formation of a quasi-perfect TMD crystal at the coating surface, assuring
very low friction in all atmospheres and keeping at high levels the load
bearing capacity of the as-deposited coating. Therefore, friction coefficients
as low as 0.03 and 0.005 are possible to be achieved in humid and dry
atmospheres, respectively, under contact pressures higher than 1 GPa.
Keywords
low friction
self-lubrication
self-adaption
TMD coatings
tribology
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KN0100
On the use of plasma-deposited thin films for gas sensors with
read-out based on the SPR effect
Andreas Hertwig1, Alida Nooke1, Uwe Beck1, Martin Kormunda2, Andreas
Krause1, Volkmar Lohse1, Jaroslav Pavlik2, Volkmar Schröder1, Jörg Steinbach3
1

BAM - Fed. Inst. for Materials Research, Berlin, Germany 2Faculty of Science,
J. E. Purkyne University, Usti n. L., Czech Republic 3TU Berlin, Faculty III
Process Sciences, Berlin, Germany
andreas.hertwig@bam.de

Sensors based on the Surface Plasmon Resonance (SPR) effect are used
widely in analytical chemistry and biology due to their sensitivity down to
the ppb range in the liquid phase.There has been effort to develop optical
surface sensors for the detection of hazardous, e.g. toxic or flammable
gases. In this presentation, examples for surface optical gas sensors are
given. In many cases, the use of such devices is limited by sensitivity
problems and degradation effects. Thin film coatings technology is
employed to add layers for protection and sensitivity enhancement. As an
example, a study about the stability, sensitivity and accuracy of gold based
SPR based gas sensors with ellipsometric readout is presented. This setup is
expecially reliable for gas sensing but can be improved for sensitivity,
accuracy, and long-time stability by covering the gold SPR sensor layer with
an additional layer, which has to be thin (<5nm) and precisely manufactured
at the same time. This is an experiment very much suited for the
comparison of different coating technologies apart from comparing layer
materials. The best layer for stability and general sensitivity towards all
kinds of gas mixtures so far is sol-gel titania due to its surface topography
and porosity properties. However, a major improvement is the first
successful demonstration of selectivity towards a specific gas by coating the
sensor with iron doped tin oxide (Fe:SnO2) deposited by plasma
co-sputtering which shows sensitivity towards carbon monoxyde based on
the catalytic oxidation of the gas by the oxide. With the Fe:SnO2 system and
a mixture of CO as analyte gas in dry air, a sensitivity of 0.5 ppm (v/v) could
be achieved. Finally, the possibilities for the use of optical surface devices as
gas sensors in an industrial environment are discussed.
Keywords
Sputtered Oxides
Optics
Ellipsometry
Gas Sensing
SPR Spectroscopy
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OR0101
Atmospheric Pressure Dielectric Barrier Discharge – Deposition of
Porphyrin Containing Colorimetric Gas-Sensing Surfaces
Philip Heier1, Torsten Bohn1, Nicolas D. Boscher1, Patrick Choquet1, Katja
Heinze2
1

CRP - Gabriel Lippmann, Belvaux, Luxembourg 2Inst. of Inorganic and
Analytical Chemistry - University Mainz, Mainz, Germany
heier@lippmann.lu

The preparation of colorimetric gas sensing surfaces has been of growing
interest during the last years. Among various types of sensors, (metallo-)
porphyrin based devices are playing an important role and have been used
for the detection of a wide range of analytes, including volatile amines.[1] To
overcome problems with aggregation of the sensor molecules and to
increase the mechanical and thermal long-term stability of the sensor
devices it is convenient to incorporate the porphyrins in an appropriate
matrix. Besides other techniques, atmospheric pressure dielectric barrier
discharge (AP-DBD) is a new arising technology capable to grow such smart
composite films. [2] Here we present the co-deposition of siloxane precursors
along with a new class of zinc- and chromium-porphyrins suitable for volatile
amine detection [3] in a nitrogen fed AP-DBD. The resulting composite
coatings are coloured, adherent and exhibit the characteristic IR spectrum of
polydimethylsiloxane (PDMS). Scanning electron microscopy (SEM) shows
smooth and almost particle-free surfaces, while secondary ion mass
spectroscopy (SIMS) reveals the uniform distribution of the porphyrins in the
polymeric membranes. UV-vis absorption spectroscopy of the deposited
films shows the characteristic porphyrin spectra and the signal shape
indicates that porphyrin aggregation is suppressed. High performance liquid
chromatography coupled to mass spectrometry of dissolved layers proved
the integrity of the sensor molecules in the deposition process. Finally, the
foils were exposed to volatile amines in UV-vis experiments to show their
capability as colorimetric gas-sensing devices.
[1] N. A. Rakow, A. Sen, M. C. Janzen, J. B. Ponder, K. S. Suslick,
Angew.Chem.Int.Ed. 2005, 44, 4528.
[2] N. D. Boscher, P. Choquet, D. Duday, N. Kerbellec, J.-C. Lambrechts, R.
Maurau, J.Mater.Chem. 2011, 21, 18959.
[3] P. Heier, N. D. Boscher, P. Choquet, K. Heinze, Koordinationschemie
Treffen Dortmund 2012, Dortmund, Germany
Keywords
dielectric barrier discharge, atmospheric pressure plasma, hybrid coatings,
colorimetric gas-sensors
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OR0102
Optical study of reactive sputtered oxide coatings embedded with
Au clusters using HiPIMS power source
Nuno Figueiredo1, Tomas Kubart2, João Oliveira3, Ramon Galindo4, Albano
Cavaleiro3
1
SEG-CEMUC, Coimbra, Portugal 2The Ångström Laboratory, Uppsala
University, Uppsala, Sweden 3SEG-CEMUC, Department of Mechanical
Engineering, University of Coimbra, Coimbra, Portugal 4Instituto de Ciencia
de Materiales de Madrid, ICMM-CSIC, Madrid, Spain

nuno.figueiredo@dem.uc.pt
Thin composite films consisting of metal nanoparticles in an oxide matrix are
of interest for the electronics, glass, detectors, catalysis, semiconducting
and bio industries. It is well know that when Au is geometrically confined it
shows strong absorption near the UV-Vis region due to localized surface
plasmon resonance (LSPR). Since the LSPR of noble metal nanoparticles is
highly dependent on the dielectric properties of the surrounding medium,
they can be used to detect molecule-induced changes nearby the
nanoparticles.
In the present study nanocomposite coatings of Au clusters embedded in an
Al2O3 matrix were synthesized by means of using reactive high power
impulse magnetron sputtering (HiPIMS). The depositions were carried out in
three steps by alternate depositing alumina, Au and again alumina. The
thickness of the Au layer was varied between 1 and 3 nm in order to allow
achieving different cluster sizes and morphologies, and nanocomposite
topographies. Basic optical and morphological characterization of these
coatings was carried out before and after thermal annealings at increasing
temperatures in order to study their thermal stability.
Light extinction increased with the Au content. Peculiar SPR extinction bands
were observed and correlated with the different cluster morphologies. With
the temperature increase, the width of the SPR peaks diminished and small
shifts were observed due to changes in the metal clusters morphology and
in the dielectric properties of the oxide matrix.
The increased surface area and the strong (and well confined) SPR
extinction bands makes this coating design optimal for gas sensing, albeit
many other application fields can be envisaged.
Keywords
SPR
Al2O3
Au clusters
HiPIMS
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OR0103
Synthesis of VO2 thin films using an oxygen diffusion barrier
Alan CORVISIER1, Fabien CAPON1, Jean-François PIERSON1, Jean-Philippe
BAUER1
1

Institut Jean Lamour, Nancy Cedex, France
alan.corvisier@ijl.nancy-universite.fr

Vanadium dioxide is a thermochromic material that presents an abrupt
phase semi-conductor to metal transition at the temperature of 68 °C. Due
to its narrow domain of stability, VO2 requires an accurate flow rate of
oxygen being delivered during the deposition.
In this work, a reactive sputtering process is proposed. An amorphous
vanadium oxide thin film is deposited at ambient temperature and followed
by an air annealing at the temperature of 350 °C. Although the annealing
thin film exhibits an electrical and an optical transition close to 68 °C, X-Ray
diffraction shows both under- and over-stoichiometric compounds
(respectively, V6O11 and V4O9 phases).
In order to assure a pure VO2 phase elaboration, the literature proposes a
post-annealing under vacuum. Another process consists of in-situ
crystallization at high temperature using a heating substrate-holder with the
appropriate oxygen rate.
We propose here a new way to reach a pure VO2 thin film. We growth on the
top of the film a SiO2 thin layer which acts as an oxygen diffusion barrier and
so protects the vanadium dioxide from oxidation during the annealing.
To improve the switching properties, various thicknesses of VO2 were
deposited and analysed. Crystallization and stoichiometry of the deposited
vanadium dioxide thin films were checked by X-ray diffraction and EDS.
Secondary ion mass spectrometry was used to confirm the interest of the
silica layer about his protecting function regarding as the oxidation. Finally,
the optical properties were studied using Fourier transformed infrared
spectroscopy by doing reflectance measurement at varying temperatures.
Keywords
vanadium dioxide
switching properties
magnetron sputtering
silica barrier
thickness
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OR0104
Realization of advanced multi-index-designs by magnetron
sputtering
Hans Becker1, Michael Sundermann1, Diana Tonova1
1

Carl Zeiss Jena GmbH, Oberkochen, Germany
hw.becker@zeiss.de

Binary dielectric coatings consisting of high and low index material layers
can fulfil a wide range of optical requirements. Practically all normal
incidence spectral specifications with incident medium air can be realized.
Yet many applications require oblique incidence. Thereby polarization
effects occur since the effective optical indices for both polarization states
are different. For cemented systems polarization splitting is further
amplified. As a rule binary designs of two refractive indices only lead to very
complex layer systems or the specifications cannot be matched at all.
Additional degrees of freedom in terms of additional materials with
intermediate refractive indices can significantly reduce design complexity or
even enable realization in the first place.
Two coating materials at a time are available on the Leybold HELIOS
sputtering system. Layers with intermediate refractive indices can be
realized by mixing these two materials during deposition using
co-sputtering. A process for mixed layers with high optical quality and good
mechanical properties (e.g. layer stress) has been developed and
experimentally verified. The resulting refractive index can be adjusted over
the entire range between low and high index material.
Using three or more refractive indices a thin film system can be designed to
match the resulting effective index of the layer system to the given
boundary conditions (glass refractive index, angle of incidence range) for
both polarization states. In case of sufficient small refractive index
increments even quasi-gradient-systems can be realized.
The latest technology development results are summarized in this
presentation.
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Thin film solar cells are large-area photodiodes consisting of at least a metal
layer (back contact), an oxide layer (transparent front electrode) and a
semiconducting layer, which is the active film, that absorbs the sun light
converting it into electron-hole pairs. Though simple in principle, the
challenges of the film preparation are to deposit the above mentioned films
compact, homogeneously and defect free on m2/module and on km2/year in
a production fab.
Magnetron sputtering is a well-established large-area, plasma-assisted
deposition technology since more than 30 years, mostly used in fields like
architectural and low emissivity glass coatings, mirrors and absorbers for
solar concentrators, magnetic films for hard disks or hard coatings for tools,
i.e., mainly for metals, oxides and nitrides.
In the rising thin film photovoltaics industry, magnetron sputtering is only
used for the deposition of metallic back contacts (Ag, Mo) and transparent,
conductive window layers (ITO, ZnO) or for metallic precursor films.
However, it is not yet applied on a technical scale for the absorber layers in
thin film solar cells, i.e., for the active semiconductors.
In this review, obstacles are outlined, which delayed the use of magnetron
sputtering for active semiconducting layers. The energies of species
(sputtered atoms, positive and negative ions, energetic neutrals) are
discussed and its influence on the film growth, especially of reflected neutral
argon atoms (Ar0) and negative ions (O-, S-, Se-). Due to the low defect
formation energies of semiconductors, tailoring the discharge conditions
(low particle energies) is mandatory for the preparation of semiconducting
films of high electronic quality.
The possibilities of reactive magnetron sputtering (RMS) are demonstrated
for the deposition of active sulfidic absorber films (CuInS2) for efficient thin
film solar cells.
The deposition process optimization for the passive films is explained with
respect to intrinsic stress, film morphology and adherence.
Keywords
thin film solar cells
magnetron sputtering
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There is increasing interest in dye-sensitized solar cells (DSSCs) due to their
relatively low cost and ease of manufacture. Enhancing the solar to
electrical energy conversion efficiency of DSSC's depends on a number of
factors, one of which is the level of dye adsorption. The dye absorbs light
where it can excite electrons that then flow into the nano-porous metal
oxide electrode layer.The focus of this study is to evaluate if atmospheric
plasma pre-treatment of the titanium dioxide (TiO2) electrode surface can
enhance the level of dye adsorption. The investigation was carried out using
anair plasma jet system called PlasmaTreat™.This was used to activate a
TiO2 layer deposited onto a conducting (FTO) glass substrate. This layer was
deposited by applying nanoparticles of the oxide which had been sintered
onto FTO coated glass in a furnace at 500°C. This study investigate a
number of treatment parameters such as jet orifice to substrate distance
(5-20 mm), speed of the CNC onto which the jet is mounted (50 to 250
mm/sec) and plasma power (20-100%). The morphological and
crystallographic properties of the sintered TiO2 layer both before and after
plasma treatment were investigated using SEM, optical profilometry and
X-ray diffraction techniques. The dye adsorption was carried out using a
ruthenium based dye (N719) dissolved in ethanol. The level of dye
adsorption on the treated and non-treated TiO2 coatings was assessed using
UV-Vis spectroscopy. This analysis was performed by desorbing the dye
from a fixed area of TiO2 coated glass in a buffer alkaline solution. Based on
the intensity of the UV-Vis absorption spectra measurements it was
concluded that the pre-treatment of the TiO2 using the air plasma resulted
in an increase in the level of dye adsorption. This was reflected in the power
density obtained by I-V measurement. This study demonstrated an increase
of 10% in power density obtained by the plasma pre-treated samples
compared to the non-pretreated samples. A possible explanation for the
enhanced level of dye adsorption after plasma activation is the removal of
aqueous and organic contaminants from theTiO2 surface.
Keywords
Atmospheric Plasma
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Abstract
Ternary chalcopyrite semiconductors Cu(In,Ga)S(e)2 have attracted great
interest owing to their exceptional material characteristics and theoretically
possible solar conversion efficiencies around 30%. While for the selenides
Cu(In,Ga)Se2 solar cell efficiencies of more than 20 % have been
demonstrated, so far, the highest efficiency of Cu(In,Ga)S2 (CIGS) solar cells
is less than 13%. In order to reach higher efficiencies, the CIGS film
properties have to be optimized and a detailed understanding of their
nucleation and growth mechanism is needed. In this paper, polycrystalline
thin film Cu(In,Ga)S2 absorbers have been deposited by reactive magnetron
co-sputtering from copper-gallium alloy and indium targets in
argon-hydrogen sulfide mixtures, which offers the advantage of a one-step
process. The nucleation and growth stages of Cu(In,Ga)S2 films on Mo, TiN
and other back contacts on glass substrates were studied by X-ray
diffraction (XRD), atomic force microscopy (AFM as well as C-AFM), and
scanning electron microscopy (SEM) equipped with energy dispersive X-ray
spectroscopy(EDX). The influence of process parameters such as substrate
temperature, total sputtering pressure and the energy of the particles on the
structure, morphology, intrinsic electrical and optical properties were
investigated. From the AFM data the surface roughness and the grain size
distributions were determined for different film thicknesses and deposition
recipes. Starting the deposition at room temperature, the mean grain size
increases only slightly from 35 nm to 50 nm with increasing deposition time,
i.e., film thickness. An abrupt increase in the grain size from 57 nm to 400
nm occurs during the heating up stage of the deposition recipes. Also, the
surface roughness increases with the sputtering time. The results of the film
nucleation and growth will be related to the electrical properties of thin film
solar cells, prepared from these films.
Keywords
CIGS
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Well defined platinum nanoclusters are produced by HiPIMS and
magnetron-based gas condensation technologies. The resulting Pt clusters
are deposited on perfluoropolymer membranes (Nafion®) and on
microporous carbon substrate (made of carbon nanoparticles of 20-40 nm in
diameter). The latter substrate promotes the effective diffusion of the
reactant gases to the electrolyte/electrode interface in a fuel cell assembly
whereas the Nafion® membrane are commonly used in fuel cell technology
as ion conductive electrolyte. Platinum acts as catalyst at the interface
helping oxygen and hydrogen to react on both interfaces of the membrane.
HiPIMS sputtered Pt nanoclusters are grown on the surface and in the depth
of the microporous carbon substrate. The transport of Pt atoms inside the
miroporous carbon has been investigated as function of the deposition
parameters and compared to the results obtained with conventional
magnetron sputtering. In the magnetron-based gas condensation technique,
a DC magnetron is used to sputter the platinum target. The sputtered Pt
atoms enter the high pressure condensation chamber where they are
quickly thermalised and nanoparticles are thus growing in the gas phase.
The Pt nanoparticles acceleration towards the membrane (in a high vacuum
chamber) can be precisely controlled. At low acceleration, the particles
soft-land without deformation whereas at high acceleration, an aggregated
Pt nanoparticles layer is formed. The physical and the electrochemical
properties of the Pt deposition have been investigated as a function of the
deposition parameters. The coated membrane and the coated microporous
carbon layer are tested in a proton exchange membrane fuel cell station.
Keywords
Magnetron sputtering
HiPIMS
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Metallic bipolar plates (BPPs) for PEMFCs have many advantages due to their
high strength, formability, mechanical durability & electrical conductivity. As
thin metallic foils, they save weight and space. Even stainless steel,
however, requires a protective, electrically conductive coating to inhibit
corrosion, ensure continued electrical functionality and adequate longevity
in the aggressive electrochemical environment of the fuel cell. Maximising
system efficiency requires coatings that minimise electrical impedance,
decreasing parasitic losses. Power density [kW/kg] is enhanced as the mass
of the coated plates is minimised. Coatings also play a role in the
management of water within the cell, however the requirements are
complex: hydrophilicity of the coated plate may offer advantages at start
up, under low RH conditions, whereas when a stack is operating at high
power and approaching 100% RH, a hydrophobic surface may assist in the
clearance of the water from the cells. Closed field unbalanced magnetron
sputter ion plating (CFUBMSIP) produces dense, well adhered coatings.
Transition metal nitrides and graded, nano-composite, non-hydrogenated
amorphous carbon, provide the combination of properties required in this
application. The quality and integrity of these engineering coatings allows
thickness to be minimised while achieving functionality and longevity,
minimising production costs. We describe the progress towards the
industrial production of CFUBMSIP coatings for the metallic BPPs, using high
rate reactive magnetron sputtering for transition metal nitrides (in
particular, CrN) and carbon-based coatings (from elemental metal and solid
graphitic magnetron sputtering targets). The characterisation of the
coatings, in terms of their properties, relevant to the PEMFC application is
described, and future developments are discussed.
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Recent studies revealed that many of medical instruments, tools,
accessories or devices processed by common cleaning, sterilisation and
decontamination procedures exhibit high level of soiling by residual
biological matters, which in turn represents serious risk of onset of
nosocomial infections, inflammations or iatrogenic transmission of severe
diseases. The high level of biological contamination is given mainly by high
resistance of certain biological pathogens towards chemical or physical
treatment. Therefore alternative sterilization/decontamination procedures
are urgently needed and application of low pressure plasma discharges is
one of promising candidates.
In general, two strategies may be followed: i) inactivation of pathogens
without necessity to remove them physically from the surface or ii)
physico-chemical removal of biological matter from surfaces. In this
contribution the second possibility is going to be introduced and discussed
on selected examples including bacterial spores, bacterial endotoxins,
proteins or amino acids treated using low pressure inductively coupled
plasma. The main attention will be devoted to the identification of the key
processes leading to the removal of organic and biological materials from
surfaces. In order to reach this general goal, changes of morphology and
chemical structure of biological samples induced by plasma treatment were
compared with properties of plasma discharges determined by plasma
diagnostics techniques. Based on this comparison, process of chemical
sputtering combining effects of energetic ions and chemically active radicals
produced in the plasma discharge is suggested as the dominant mechanism
leading to removal of organic and biological materials from surfaces. In
addition, possibility to optimize plasma treatment using either ternary gas
mixtures or water vapor plasma will be introduced alongside with the
discussion of limitations of plasma treatment for sterilization and/or
decontamination of surfaces used in the medical praxis.
Keywords
etching
sterilization
ICP plasma
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Plasma treatment of polymers such as PET plays an important role for
biomedical and electrical applications. Particle beam experiments were
conducted in an ultra-high-vacuum (UHV) vessel, where surface
modifications of spin-coated PET thin films were analyzed by
in-situ-Fourier-Transform-Infrared-spectroscopy (FTIR) in reflection mode.
The PET films were deposited on an optically resonant stack (optical cavity
substrate) in order to enhance the signal-to-noise ratio of the reflected IR
signal at surface level. An electron cyclotron resonance (ECR) plasma source
provided argon ions with fluxes of the order of 1014 cm-2s-1 and an energy
between 50 and 400 eV. Additionally, thermal atom sources were used to
investigate the influence of hydrogen and oxygen bombardment during the
ion beam treatment. Ar ion bombardment dominates the etch rate by
sputtering. The surface is also crosslinked by ion impact. Additional O or H
did not change the etch rate, but rather the chemical nature of the surface.
The samples were analyzed by X-Ray photoelectron spectroscopy (XPS)
before and after the treatment. These measurements revealled a good
agreement with the stoichiometry of PET before the treatment. Atomic force
microscopy (AFM) and cross-section scanning electron microscopy (SEM)
were used to investigate the surface morphology of the samples. Water
contact angle (WCA) measurements showed values lower than 10 degrees
after treatment, which indicated a strong surface activation of the PET.
These experiments give some insight in surface processes of PET during
plasma treatment in real time. By a proper choice of parameters, the
interface between the polymer and the subsequent coating can be tailored.
Keywords
plasma treatment
polyethylene terephthalate (PET)
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Low reflective transparent polymers are required for applications in optics,
automotive, energetics. Properly configured and distributed surface
nano-features, with mixing air and solid medium on a sub-wavelength scale,
can reduce light reflectance according to the so-called moth-eye effect.
Such nanostructured layers are under study as alternatives to conventional
interference coatings, but the method of nanotexturation is still critical. We
have already shown that plasma etching of various polymers in oxygen
and/or fluorinated feeds in reactive ion etching configuration leads to a
highly tunable nanotexture, with interesting wetting effects.
In this contribution we show that plasma nanotexturing of transparent
polymers, such as polycarbonate and polystyrene, if properly tailored, can
result in reflectance abatement up to 40% in a simple single step process. In
particular, we have investigated the role of topographical features in the
light trapping phenomenon by characterizing differently textured surfaces
from different plasma conditions with scanning electron microscopy and
reflectance (specular and diffuse) measurements .
We have found that, while treatment duration or input power affect both
height and distance among structures, it is possible to selectively increase
features height by playing with the O2-to-CF4 ratio in plasma feed, or by
conducting a pre-deposition in the same batch of a ultra-thin organic film
(PDMS-like or TEFLON-like). Tall and narrow structures in fact, in agreement
with theory, allow to avoid diffusive losses and reach a pronounced and
broad band moth-eye effect.
We also show that multi-functional surfaces can be this way addressed:
provided the outer chemistry is controlled, extreme wetting properties
(slippery superhydrophobic and stable superhydrophilic) can be joined to
low reflectance since similar topographical features are required.
Keywords
etching
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polymer
reflectivity
wetting

Powered by TCPDF (www.tcpdf.org)

Session 3: Plasma and Ion Etching / Surface Cleaning

Monday, September 10, 2012

OR0303
Study of the chemical etching of carbon surfaces facing
argon/hydrogen plasmas in a helicon type reactor
Xavier Glad1, Thomas Bieber1, Ludovic de Poucques1, Robert Hugon1,
Mohammed Belmahi1, Jean-Luc Vasseur1, Jamal Bougdira1
1

Institut Jean Lamour, UMR 7198 CNRS, Vandoeuvre-lès-Nancy, France
xavier.glad@univ-lorraine.fr

In the route to the achievement of controlled nuclear fusion as a secure and
sustainable energy source, one of the remaining obstacles to overcome is
the chemical and physical erosions of the reactor walls by the fusion plasma.
A better understanding of the process is an essential issue to solve in order
to improve the quality of the carbonic compound and prevent it from
polluting the fusion reaction, especially in ITER. Our work focuses on this
matter: we study the chemical erosion by atomic hydrogen of different
carbon surfaces (graphite and N11 composite used in Tore Supra) in the
purpose of characterizing etching and redeposition growth kinetics.
The helicon-type reactor is surrounded by two sets of copper coils allowing a
static magnetic field up to 200G. Pure H2 or Ar/H2 plasmas are generated by
a 13.56MHz RF 2kW power supply. Etching experiments are performed on
carbon samples lying on a heating substrate-holder (up to 650°C).
To investigate plasma/surface interactions, several diagnostics were carried
out for the characterization of the plasma and the carbon samples. We used
Two-photon Absorption Laser Induced Fluorescence (TA-LIF) to determine
relative atomic hydrogen density (in the ground state). Langmuir probe
measurements completed the plasma characterization (electronic density
and temperature). We observed the etching outcomes with mass loss and
structure comparison. The latter was achieved via Scanning Electron
Microscopy (SEM). Furthermore, we analyzed the redeposited carbon
structures by means of micro-Raman Spectroscopy.
The results show that the optimal pressure to obtain the highest etching rate
in pure hydrogen plasma is around 10mTorr (this rate is inversely
proportional to the pressure) and even below for Ar/H2 mixtures, Ar being
necessary to stabilize the plasma at low pressure. Since the diffusive loss
term becomes prominent with respect to the source term when the pressure
decreases, the TA-LIF signal drops. Eventually, we observe carbon structures
resembling those seen on the carbon tiles of Tore Supra.
Keywords
Atomic hydrogen source
Carbon chemical etching, ITER
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As the semiconductor devices have been abruptly scaled down for
ultra-large scale integrated circuit, the dry etch process has been developed
to very high frequency (VHF) source, lower process pressure and lower
electron temperature in order to improve the etch selectivity, etch profile,
aspect ratio. However, as increasing the aspect ratio or scaling down to
nano size, plasma process induced damages occur during etching process.
Therefore, to reduce the plasma process induced damages (P2IDs), the
pulsed plasma have been studied extensively over the past a few decades.
Pulsed plasma is generated by periodical tuning the rf power on and off
state. At the rf power off state, the electron temperature decreased due to
low electron energy and P2IDs reduced effectively in this period.
In this study, we used Ar/C4F8/O2 gas mixture and low process pressure in
the 60 MHz/2 MHz dual frequency capacitive coupled plasma (DF-CCP) and
measured etch characteristics as various pulse parameters. As decreasing
the duty ratio, etch rate of SiO2 and ACL decreased but etch selectivity is
increased due to abruptly decrease of electron temperature at rf power-off
period and result in formation of thicker fluorocarbon polymer effectively.
Therefore, etch profile and etch selectivity improved in pulsed plasma
comparing to continuous wave plasma. In the varios pulse frequency
condition, however, etch characteristics can not changed significantly owing
to almost similar radical intensity of CF2 as functions of pulse frequencies.
Keywords
pulse plasma
dielectric etching
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Chrome plating has long been seen as the only solution for decorative
coatings on plastics, to ensure hardness and a bright colour. All
environmentally friendly alternatives involve using a transparent top layer,
which influences colour values and metal appearance . Cromatipic® is a dry
plating Cr-process that achieves Cr(VI)-free decorative Chromium coatings.
It is an environmentally friendly process, which brings no corrosion risk is
copper and nickel free, provides excellent adhesion and gives shiny
metal-look appearance on thermoplastics. It is a twolayer process consisting
of a spray Zero VOC’s UV coat layer and Physical Vapour Deposition (PVD)
coating. The regular ten process steps needed for plating on plastic are
reduced to only three in case of Cromatipic®.
The equipment needed for this process can be hybrid batch machines as
well as an inline production platform. This presentation illustrates the key
features of the latter platform, including the modular design, rack return and
linear motion systems and short takt times. Furthermore, the possibility to
combine the Cromatipic® process in this platform with other technologies,
such as arc evaporation or plasma enhanced chemical vapour deposition
(PECVD) is shown.

Keywords
sputtering

Powered by TCPDF (www.tcpdf.org)

Session 4: Physical Vapour Deposition I

Monday, September 10, 2012

OR0401
Advanced PVD coatings: arc evaporation combined with HIPAC
Jörg Vetter1, Georg Erkens1, Jürgen Müller1
1

Sulzer Metaplas, Bergisch Gladbach, Germany
joerg.vetter@sulzer.com

A new class of advanced PVD-coaters, the METAPLAS-DOMINO series , for
dedicated coating applications comprise both improved vacuum arc
evaporators (APA, Advanced Plasma Assisted) and high power impulse
magnetron sputtering sources ( HIPAC - High Ionized Plasma Assisted
Coating). The ion cleaning is based on the (AEGD, Arc Enhanced Glow
Discharge) process. It’s possible to run the processes in different modes,
e.g. pure APA arc evaporation or pure HIPAC magnetron sputtering. However
the combination of the two high ionized deposition processes to generate
multilayer, nanomultilayers and nanocomposite layers opens new horizons
in tailoring of coating.
The arc evaporation itself is limited to specific cathode material properties
(mostly metal alloys). HIPAC magnetron sputtering processes can be used to
atomize and ionize materials which are difficult to evaporate or not
evaporable by cathodic arc, e.g. Si, SiC, WC, TiB2 and others. Specific
features of the PVD system equipped with APA arc evaporators and HIPAC
magnetron sources will be shown. First results of hybrid coatings will be
presented.
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The synthesis of advanced multicomponent nanostructured films by PVD
and pulsed electrospark deposition (PED) requires the development of
multicomponent electrodes. Self-propagating high-temperature synthesis
(SHS) is a promising method for electrodes fabrication, which provides a
highly dense, exhibits required mechanical, thermal, and electrical
properties needed for such composite materials. The control of chemical
composition of targets facilitates the deposition of multicomponent films
with required composition. In the case of multicomponent target uniform
flow of both metal and non metal atoms and ions is realized from the target
to substrate. SHS- targets can be especially benefit for the deposition of
multifunctional nanostructured films in which both metallic (Ti, Ta, Al, Mo,
Cr, Ca) and nonmetallic (Si, B, C, P, O, N) elements.
The second part of the work is focused on the development of electrodes for
PED. Four groups of electrodes are presented: dispersive-hardening ceramic
materials with effect of simultaneous strengthening of carbide grains and
metallic binder by precipitations; nanoparticles disperse-strengthened
composite materials with nanoparticles based on refractory compounds;
MAX- phases based materials; nanostructured cemented carbides. Coatings
deposited on Ti-, Ni-, Fe- alloy substrates with successful combination of
hardness, elastic recovery, adhesion strength, heat resistance, and reduced
friction coefficient were obtained.
Keywords
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Film design in the nano scale offers new perspectives concerning the
properties and applications of hard coatings. Hardness, intrinsic stress state,
thickness and thermal stability of the films are only a few points of interest.
The typical way for optimization is the adjustment of composition, grain size
distribution and layer structure.
The recent paper presents actual results of the design of Al-Cr-N based
nanocomposits, prepared by arc technology.
It could be shown, that films with high hardness, low stress level and a
thickness > 100 µm can be deposited with coating rates up to 20 µm /h.
Structural investigations, for example by transmission electron microscopy
(TEM), show a nano grained structure with mixed orientations and also a
certain level of amorphisation. An interesting effect is the embedding of
defects (for example particles) and the suppression of further failure
propagation by a nano layered structure. This is the key condition for the
growth of thick and homogeneous coatings.
Thicker films are interesting for many applications. A mechanical post
treatment of coated parts is possible and a remarkable longer life time of
coated components can be achieved.
Keywords
Hard coatings
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Spotless arc Activated Deposition (SAD) combines electron beam high-rate
evaporation using axial gun and a spotless arc discharge burning in metal
vapor on hot evaporating cathode. SAD process is suitable for evaporation of
high-melting metals like titanium, zirconium or tantalum providing high
deposition rate up to 2000 nm/s. Moreover plasma-activation of deposition
enables reactive mode of operation and deposition of oxides, nitrides or
other compounds with a deposition rate in the range of 20 to 100 nm/s.
Limitation of long-term stability of SAD process caused by coatings
deposited at anode equipment could be overcome by introduction of a novel
dual crucible technology. While evaporating metal within the first crucible
acts as cathode, evaporating material of the second crucible forms the
anode of the arc discharge. Both plasma electrodes being in contact to
vapor and reactive gas are evaporating and plasma process can’t be
disturbed by coating of electrodes anymore. The process has been
engineered for high-rate electron beam evaporation and is well matched to
large area coating. Main properties of SAD process with dual crucible were
studied in case of evaporation of pure titanium and reactive processing in
oxygen atmosphere in order to deposit titanium dioxide coatings on steel
strip.Both crucibles were heated by fast deflected electron beam generated
by a single axial electron gun in a power range of 10 to 50 kW. Main process
parameters and discharge characteristics will be presented. In order to
check long-term stability of the process titanium dioxide coatings were
deposited on continuously moved 250 mm wide stainless steel strip.
Dynamic deposition rate of oxide layers was between 500 and 1000 nm
m/min. Optical properties concerning absorption and refractive index of the
TiO2 coatings were investigated by ellipsometry. Finally, an outlook about
potential applications of this technology is presented.
Keywords
PVD
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With the increase of elderly population and health problems that are arising
nowadays, knee and hip joint prosthesis are being widely used worldwide.
However, it is estimated that 20% of hip replacement surgeries simply fails
after 5 years, due to wear fatigue and subsequent replacement due to
infection. Several studies have been performed describing the use of silver
as an anti-microbial agent for biomedical application.s However, these
studies consider solely silver antimicrobial action, disregarding other
important factors, such as silver cytotoxicity and materials' mechanical
properties. Hence, this highlights the importance of gathering all the
materials properties, from mechanical and physical to biological properties,
in order to develop a multifunctional material that is able to last long in
patient and is the less harmful possible. This work reports the development
of anti-microbial multifunctional coatings based on Ag-Zr(C,N). Samples
were prepared by DC reactive magnetron sputtering using two targets, Zr
and Zr+Ag, in an Ar + C2H2 + N2 atmosphere. Silver pellets were placed in
the erosion area of a Zr target in order to obtain a silver content up to 10 at.
%. The mechanical characterization (hardness, Young´s modulus, residual
stress) was carried out by using depth sensing nanoindentation and the
deflection technique. The adhesion/cohesion of the films to the substrate
was assessed by scratch-testing experiments. Fatigue tests are carried out
by nanoindentation, following a variation of the ISO 7206 standard, being
the failure mechanism observed by SEM. For the assessment of
anti-microbial activity, adhesion and biofilm formation was studied on
samples' surface, using Staphylococcus epidermidis. The total amount of
biomass was determined using the crystal violet staining method.
Keywords
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Thin films
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Ion beam technology is one example of ion-assisted material processing that
has recently attracted attention due to the controllability and variety of ion
beams that can be used. The energy, current, and size of the ion beams can
be controlled over a wide range by applying electric and magnetic fields,
and they are used in applications such as material modification, etching,
implantation, and plasma chemistry. Furthermore, the variety of ions is
ascribed to the characteristic of orbital electrons, and various ions such as
positive ion, negative ion, multiply charged ion, polyatomic ion, and cluster
ion are available. Among these ions, we have focused on the polyatomic
cluster ions. In a polyatomic molecule, various kinds of radicals such as alkyl
and hydroxyl radicals are available, and these play important roles in
chemical erosion and chemical sputtering. In addition, a cluster state of
polyatomic molecules has several unique features, for example, the clusters
enable a link between the atomic state and bulk state. Furthermore, the
impact process of the polyatomic cluster ions represents specific features.
For example, the high energy density irradiation effect enhances the surface
temperature of the impact region, which enhances the chemical reactions
occurring on the surface.
In this article, polyatomic clusters such as alcohol and water clusters were
produced using a nozzle beam method. In order to investigate the
interactions of the cluster ion beams with solid surfaces, energetic cluster
ions were irradiated on various substrates such as Si, SiO2, Au and PMMA
substrates at different acceleration voltages. The sputtering process was
investigated, and chemical sputtering was found to be predominant for the
Si surfaces irradiated by alcohol cluster ion beams. Also, the irradiation
damage of the Si surfaces by alcohol and water cluster ion beams was
smaller than that by the Ar monomer ion irradiation at the same
acceleration voltage. Furthermore, to demonstrate engineering applications
of high-rate sputtering and low-damage irradiation by alcohol and water
cluster ion beams, micro-patterning was performed on the Si and PMMA
surfaces.
Keywords
Polyatomic ion
Cluster ion
Surface interaction
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According to the high flexibility of magnetron sputter processes due to a
large number of adjustable parameters this technology provides a large
spectrum of applications. Magnetron sputtering allows the deposition of
various coatings with particular properties. Therefore, this method of coating
manufacture is applied in several fields, e.g. optics, semiconductor
technology, refinement of materials, erosion protection etc. For special
applications metal oxide, metal nitride or combined coatings are often
necessary to deposit by reactive plasma processes. By using reactive
magnetron sputtering a combination of high deposition rate and needed
magnitude of reactive gases (O2, N2) for optimized coating properties can be
achieved.
In this work the influence of process conditions on depositing alumina and
copper oxide by reactive magnetron sputtering was investigated. The
unbalanced magnetron source was operated in DC-mode using
aluminum or copper targets, respectively. The interest was drawn on the
energetic as well as thermal conditions at substrate surface 12 cm in
distance from the sputter source. The energy influx caused by different
contributions by electrons, ions, neutrals and radicals as well as by heat
radiation and reactions taking place at the substrate surface was measured
by a calorimetric probe [1]. By varying the bias potential of the probe the
effect of charge carriers was investigated and the influence of insulating
coatings will be discussed. Moreover, the impact of target poisoning on
heating of the substrate will be shown in detail.
[1] M. Stahl, T. Trottenberg, H. Kersten, Rev. Sci. Instrum. 81 (2010), 013503
Keywords
reactive plasma
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Nucleation and early growth studies of Ag thin films deposited by high power
impulse magnetron sputtering (HiPIMS) are presented. The evolution of
internal film stresses and optical properties (by spectroscopic ellipsometry)
are measured in situ which enables the monitoring of the onset and
completion of film percolation in real time. Ex situ atomic force microscopy
measurements are performed to elucidate the film morphology and surface
roughness at the various stages of film growth (nucleation, coalescence and
formation of a continuous film) while time- and energy-resolved mass
spectrometry is used to determine the temporal evolution of the deposition
flux. The films are deposited on Si(100) substrates covered by a native SiO2
layer for a range of frequencies and pulse powers. It is found that the
thickness at percolation decreases from 21 nm to 13 nm when the discharge
frequency is varied between 50 and 1000 Hz for constant power pulses,
while continuous deposition by direct current magnetron sputtering yield a
constant percolation thickness of 16 nm in the same deposition rate interval.
When the pulse power is varied from 20 mJ to 1.2 J at a constant frequency
of 50 Hz the thickness at percolation is found to decrease from 21 nm to 13
nm. These results indicate that both the relatively high instantaneous
deposition rates achieved during the pulse and the time-dependence of the
deposition flux are decisive in influencing the early stages of thin film
growth. We suggest that the modulation of the deposition flux that occurs in
pulsed deposition processes allows for a large degree of control over the
early stages of film growth where nucleation density, adatom diffusion times
and energetics can be controlled as nearly independent variables.
Keywords
nucleation
pulsed deposition
HiPIMS
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We have designed and implemented a hierarchical simulation methodology
for the study of Plasma Enhanced Chemical Vapor Deposition of silicon films.
Our main objective is to elucidate the microscopic mechanisms as well as
the interplay between atomic level and macroscopic design parameters
associated with the development of nano- or micro-scale crystalline regions
in the grown film. The ultimate goal is to use multi-scale modeling as a
design tool for tackling the issue of local crystallization depending on the
environment, thus also of the growth parameters. Our simulation approach
is based on the design of a very efficient, large-scale kinetic Monte Carlo
(kMC) algorithm capable of generating samples of representative Si films
based on a validated chemistry model. In a second step, the generated film
is subjected to an atomistic simulation study restoring the molecular details
lost or ignored in the kMC model and tuning the local structure i.e. the
important morphological details associated with the presence of crystalline
and amorphous regions (and the intervening interfacial domains) in the
grown film. The kMC methodallows us to study several seconds of film
growth, resulting in thicknesses in the order of tenths of nanometers. The
validity of the method was investigated via computational experiments over
a wide range of dilution ratios and by comparing the numerical results for
the growth rate and roughness with the corresponding experimental data;
very good agreement is observed in most cases. The 3-d structures
generated with kMC are used as input in large-scale MD simulations for
times up to several microseconds to allow the system further relax towards
the preferred morphological state at the conditions of interest. This will allow
us to obtain predictions for other industrially relevant quantities and
observables (e.g. hydrogen content and crystallinity which are
experimentally accessible by FTIR and Raman spectroscopy), thus opening
the way to fully understanding the underlying molecular mechanisms
responsible for the growth of micro- or nanocrystalline films.
Keywords
silicon growth
plasma CVD
thin films
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The composition of multi-element thin films deposited by magnetron
sputtering of a single target may significantly differ from the target
composition. Differences in the sputter emission characteristics (angle and
energy distributions) and transport of the sputtered species through the gas
phase for different elements were shown to be responsible for this
phenomenon [Neidhardt et al., J. Appl. Phys. 104, 063304 (2008)]. The
evolution of the composition of Cr-Al-C thin films deposited by magnetron
sputtering of a compound target has been investigated as a function of the
deposition pressure from 0.2 to 3.0 Pa, corresponding to the
pressure-distance product range from 1.4 to 21.0 Pa.cm. Additionally, the
angle between target normal and substrate normal was varied from 0° (on
axis deposition) to 67.5°. Good agreement between the experimental data
and an extended Monte-Carlo model based on TRIDYN and TRIM simulations
has been observed even for a target containing three chemical elements.
This suggests a rather general applicability of the here developed model.
Trends in composition of compound thin films deposited by magnetron
sputtering from a single compound and/or powder metallurgical composite
targets can be predicted. These findings are of considerable relevance for
high throughput production in industry.
Keywords
compound target
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Multilayers that consist of two nanoscale layered materials with the same
crystal structure and a small lattice mismatch may grow hetero-epitaxially.
AlN has a stable wurtzite structure (w) with hexagonal symmetry and a
metastable NaCl structure with cubic (c) symmetry whose mechanical
properties are superior from wurtzite phase. In this study, we aim at
understanding the fundamental aspects of the phase stability due to the
half, fully or partially coherent interfaces combined with the effect of
crystallographic and mechanical properties of a substrate. We investigated
Ti1-xAlxN/AlN bi-layer system especially by varying the chemical composition
of the Ti1-xAlxN layers systemically from x = 0 to 0.65 where phase
transformation (cubic to hexagonal structure) starts, to study the effect of
varying coherency strain energy (between the individual cubic Ti1-xAlxN
layers and cubic AlN layers). The elastic energy stored in the system was
investigated by finite element method (ABAQUS) in addition to ab initio
calculations. The results showed that w-AlN phase is preferred for low
Al-containing Ti1-xAlxN layer, but with increasing Al in the Ti1-xAlxN layer, the
growth of cubic-stabilized AlN is preferred initially. These results are helpful
to stabilize cubic AlN in a targeted coating design and architecture.
Keywords
FEM
Ab initio
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There is an increasing industrial demand for controlling the surface
properties of materials in a more flexible and environmentally friendly way.
Recent developments in the field of atmospheric plasma technology are
creating new perspectives for in-line surface functionalisation and coating of
materials. Especially low-temperature dielectric barrier discharges (DBD)
have attracted a lot of attention. This technology is closely related to corona
treatment which is a widely accepted technology in industry, especially for
treatment of polymeric web materials. By controlling the gas atmosphere
and electrical conditions, DBD technology can increase the efficiency and
stability of the surface treatment. Furthermore, by adding reactive chemical
precursors to the plasma discharge, the surface chemistry can be controlled
and thin functional coatings can be deposited. In the past, the availability of
chemical precursors used in DBD plasma processes was limited to gases and
liquids with a high vapor pressure and/or high thermal stability, which
considerably limited the possibilities for surface modification and coating.
The use of nano-sized aerosols enables to overcome these limitations. It
allows to use a broad variety of chemical compounds as coating precursors.
This paper describes the possibilities of DBD technology for surface
modification of polymer materials. Key industrial drivers for the surface
treatment are improved adhesion and wetting properties, elimination of
toxic chemical primers, reduced use of organic solvents and replacement of
silicones in release liners. Applications on foils, nonwovens, fibres, 3D
components and particles will be highlighted. Different DBD systems have
been developed for treatment of these various material geometries. The
applications range from adhesion improvement of polyethylene fibres for
better performance of fiber reinforced composites to deposition of low
friction coatings on elastomer components.
Keywords
atmospheric plasma
functionalisation
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The deposition of a DLC film has been demonstrated to be an effective way
to protect rubber substrates against wearing, and reduce the coefficient of
friction (CoF) [1]. However, the origin of the growth of CoF during tribotests
is not understood. This work aims at evaluating the relative importance of
adhesive and hysteresis contributions as the main source of friction of
DLC-protected rubbers.
Three different approaches were explored. From the theoretical side, an
analytical model for the hysteresis contribution to friction for rubber
substrates is presented [2]. From the experimental side, different tribotests
have been carried out by modifying the contact load and the adhesive
strength between the surface and the counterpart [3].
The results show that the variations of CoF during the tribotests under
non-lubricated conditions are caused by the increase of the adhesive
contribution to friction, which is stimulated by the growth of the contact area
during the test. In the case of oil lubricating condition, the adhesive force is
minimized and the CoF is observed to decrease during the tribotest. This is a
consequence of the reduction of the viscoelastic contribution due to the
elongation of the shape of the contact area, which is not negligible in a
situation of reduced adhesion. The role of the microstructure of the DLC film
on the efficiency of the oil lubrication will be discussed.
[1] M. Schenkel, D. Martinez-Martinez, Y.T. Pei, J.T.M. De Hosson, Surf. Coat.
Technol. 205 (2011) 4838-4843.
[2] D. Martinez-Martinez, J.P. van der Pal, Y.T. Pei, J.T.M. De Hosson, J. Appl.
Phys. 110 (2011) 124907.
[3] D. Martinez-Martinez, J.P. Van der Pal, M. Schenkel, K.P. Shaha, Y.T. Pei,
J.T.M. De Hosson, J. Appl. Phys. (2012) submitted.
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Nowadays, there is an increased demand to produce highly-performant
fabrics combining multiple properties such as flame retardancy,
hydrophilicity/hydrophobicity, antibacterial, UV resistance, etc. In order to
produce a wash-resistant-flame-retardant-water-repellent-dyed
multifunctional coating on natural fabrics like cotton and silk, various
protocols involving the Ar plasma-induced graft-polymerization (PIGP)
process of monomers were investigated. This process has proved already to
be an efficient way to achieve a permanent grafting of a thin polymer film
on the surface of various substrates[1]. For this process, the monomers
should contain a polymerizable function (acryloyl or methacryloyl) and a
flame retardant (phosphoramidate derivatives) or a water repellent
functionality (perfluorinated moiety).The combination of a flame retardant
treatment with a fluorinated gas plasma treatment (CF4, SF6) was as well
investigated. The burning behaviour of treated fabrics is discussed using
Microscale Combustion Calorimetry (MCC) and Limiting Oxygen Index (LOI)
measurements. The water repellent behaviour is evaluated by means of
Schmerber pressures (PSch.) and the wash-fastness properties of the fabrics
were tested by using the accelerated method proposed by Mc Sherry and
coll[2].
The obtained results have shown that for each protocol, the flame retardant
monomer is compatible with a water repellent or a dyeing treatment.
[1] M.J. Tsafack, J. Levalois-Grutzmacher, Surf. Coat. Technol., 200 (2006)
3503.
[2] W. F. McSherry, G.L. Drake, A. B. Cooper, A.R. Markezich, Am; Dyest.
Report., 63 (1974) 52.
Keywords
PIGP
Flame retardant
Water repellent
Dye
Natural fabric

Powered by TCPDF (www.tcpdf.org)

Session 6: Plasma Treatment of Polymers and Other Soft Matter

Monday, September 10, 2012

OR0603
Plasma-based activation as a part of multi-step and combined
processes for surface functionalization of polymers
Andreas Holländer1
1

Fraunhofer IAP, Potsdam, Germany

andreas.hollaender@iap.fraunhofer.de
Electrical discharge plasmas are valuable tools for the alteration of surface
properties of organic materials such as polymers. The highly energetic
species produced in such a discharge can efficiently break bonds even of
inert polymers. These activation processes are based on the oxidation of the
material’s surface. The oxidation chain reactions are rapid and result in a
rather broad spectrum of different chemical structures. These functional
groups are responsible for the higher surface free energy, the better
wetting, and the improved adhesion of the material. For other applications, a
more specific and defined chemical structure is required. Then other process
gases are used to feed the discharge. In such processes the surface
chemical structure of the original material can be modified or a coating with
a plasma polymer takes place and a more defined surface chemical
structure can be prepared.
In some cases multistep and combined processes can be the most efficient
way to produce particular surface properties. Electrical discharge plasmas
have been proven to be extremely efficient in the activation of polymer
surfaces. The functional groups produced by the plasma can be used to run
reactions by adding agents from the gas phase or by liquid phase processes.
In this way a very well defined surface chemistry can be produced which is
not accessible by plasma-only processes. In such an approach the
advantages of plasma chemistry and classic organic chemistry can be
combined for the production of high quality products.
In the paper we will show examples how the activation step influences the
following reactions and, consequently, the over-all efficiency of the process.
The plasma treatment usually is an important part of the process chain. The
details of the treatment determine the way the following reactions are
carried out and also the rate of these reactions. The plasma treatment has a
substantial influence on the final production costs.
Keywords
polymer
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A facile, mass production amenable, rapid method for making
superamphiphobic/amphiphobic surfaces by random plasma nanotexturing
of polymers in oxygen plasmas is presented. Plasma etched and
simultaneously randomly roughened (nanotextured)
polymethylmethacrylate (PMMA) Polyether-ether-ketone (PEEK),
Cyclic-olefin-copolymer (COC) and Polydimethylsiloxane (PDMS) substrates
show hierarchical roughness and complex high-aspect-ratio morphology
[1,2,3]. Here, they are investigated as superamphiphobic surfaces, after
plasma deposition of a thin fluorocarbon film. We show that polymer
surfaces etched in oxygen (PMMA, PEEK, COC) or SF6 (PDMS) plasma for few
minutes’ (with small texture height< 600nm) exhibit excellent
superamphiphobic behaviour, while surfaces treated for longer time show
highly porous nanofibrous morphology (several microns texture height),
which is coalesced and stabilized upon wetting, allowing their potential
long-term use. Superamphiphobic/amphiphobic behaviour is observed in all
cases.
[1] A. K. Gnanappa, D. Papageorgiou, E. Gogolides, A. Tserepi,
A.Papathanasiou, A. Boudouvis, Hierarchical, Plasma Nanotextured, Robust
Superamphiphobic Polymeric Surfaces Structurally Stabilized Through a
Wetting–drying Cycle, Plasma Process. Polym. 2011, 8, 000–000.
[2] K. Ellinas, A. Tserepi, and E. Gogolides, From Superamphiphobic to
Amphiphilic Polymeric Surfaces with Ordered Hierarchical Roughness
Fabricated with Colloidal Lithography and Plasma Nanotexturing, Langmuir,
2011, 27 (7), pp 3960–3969.
[3] A.Tserepi, M-E. Vlachopoulou, E. Gogolides, Nanotexturing of
poly(dimethylsiloxane) in plasmas for creating robust super-hydrophobic
surfaces, Nanotechnology 17 (2006) 3977–3983.
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A new potentially cost and resource efficient reel-to-reel (R2R) technology,
based on patterned atmospheric pressure dielectric barrier discharge (DBD)
microplasma treatment, here also referred to as plasma printing, and
wet-chemical plating for the production of flexible printed circuits , RFID
antennas and biosensors is the Plasma Printing and Packaging Technology
»P3T«. This paper focusses on the first two process steps of P3T. The first
step is reel-to-reel plasma printing. The set-up used consists of a deeply
engraved metal printer roller and a stationary high-voltage (HV) electrode
which is encased in an isolating material serving as a dielectric. The metal
roller here functions as the counter electrode. During plasma treatment the
roller rotates together with the polymer film which is thus pressed against
the roller surface by the electrode. As the polymer film passes over the
recesses of the roller structures, process gas-filled microcavities are created
within which DBD microplasmas are generated. In this way the print image
on the roller, for instance a circuit structure, is transferred to the polymer
film surface in the form of an area-selective surface functionalization to
achieve an adherent area-selective metallization in the subsequent wet
chemical process steps. These include seeding using ionogenic palladium
solutions and chemically reductive metallization. In this paper the
optimization of the gas consumption and the HV electrode system of the
R2R plasma printing system is described. For different polymers the surface
was investigated by e.g. chemical derivatization methods, fluorescence
labeling and measurements of the palladium coverage after seeding in
dependence of the plasma process parameters. These results were
correlated with plating results and peel strengths of the metal film in order
to optimize metallization results.
Keywords
patterned plasma treatment
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For several years, the High-Power Impulse Magnetron Sputtering (HiPIMS)
technology has attracted much attention as it enables the synthesis of
functional thin films with enhanced or new properties 1. During the
high-power plasma pulse, typically characterized by peak current densities
of the order of sev. A/cm2 and a target voltage in the kV range, the
sputtered film forming species are ionized and the film growth process is
assisted by a flux of ions whose trajectory and energy can be controlled by
an appropriate biasing of the substrate. The major drawback of this
technology is the decrease of the deposition rate as compared to the rates
achieved during DC magnetron sputtering (DCMS) discharge, in the same
working conditions.
One reason for the reduced deposition rate is the propensity of the HiPIMS
discharge to transit from the argon-driven sputter regime towards the
self-sputtering mode, where metal ions are used to sputter the target. The
later situation is detrimental to the deposition rate as some of the
film-forming species do not reach the substrate and the erosion rate of the
target is reduced. In this contribution we first analyze the influence of the
exchange of momentum occurring between the sputtered atoms (Cu, Ti or
W) and the argon background gas, i.e. the sputtering wind2, on this
transition and consequently on the decrease of deposition rate.
Secondly, we show that it is possible to increase the deposition rate, above
the DCMS threshold, in the case of a reactive Ar/O2 process used for the
growth of tungsten oxide thin films provided that the HiPIMS deposition
experiment is performed at high oxygen content (> 80 %) 3.
REFERENCES:
1
K. Sarakinos, J. Alami, and S. Konstantinidis, Surf. Coat. Technol. 204, 1661
(2010).
2
D.W. Hoffman, J. Vac. Sci. Technol. A 3, 561 (1985).
3
A. Hemberg, J.-P. Dauchot, R. Snyders, and S. Konstantinidis, J. Vac. Sci.
Technol. A 30, 040604 (2012).
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High Power Impulse Magnetron Sputtering (HiPIMS) is a further development
of magnetron sputtering, where short pulses with very high peak power
density lead to a high ionization degree of the sputtered metal. This may
have considerable impact on growing film properties such as increased
density or conformal coating of 3D structures.
One issue in HiPIMS technology is the very high complexity of the process
dynamics, whereof a full theoretical knowledge has not yet been obtained.
From the many various mechanisms relevant in HiPIMS processes, this work
focuses on the internal structure of the ring discharge plasma:While it
usually appears homogeneously in lab-scale, it was recently revealed by
high-speed imaging and other methods that it rather consists of a number of
travelling density fluctuations. The number and travelling speed of these
fluctuations depend on process parameters such as power density and total
pressure, and we assume a significant impact of these phenomena on the
overall discharge characteristics.
To address this topic more in detail, we performed parallel Particle-in-Cell
Monte-Carlo (PIC-MC) simulations of a DC ring discharge within a 3D
geometry. Even if the power density reachable in PIC-MC simulations is quite
limited by numerical restrictions, we observe similar travelling plasma
density fluctuations also for the low and medium power density range. From
the simulations we qualitatively explain the origin of these fluctuations and
their impact on the discharge characteristics in comparison with
experimental findings. Besides of that, numerical issues in simulation of
high-density sputter discharges are discussed, and an outlook on the
feasibility of simulating HiPIMS conditions by PIC-MC is given.
Keywords
Magnetron Sputtering
Physical Vapor Deposition
Particle-in-Cell Monte-Carlo simulation
High Power Impulse Magnetron Sputtering
Plasma fluctuations
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Balanced / unbalanced planar magnetron plasma behaviour.
Microscopic analysis by PIC-MCC modelling of the ion flux on
thermal probes
Lise Caillault1, Pierre-Antoine Cormier2, Rémi Dussart2, Nadjib Semmar2,
Laurent Schwaederle2, Anne-Lise Thomann2, Tiberiu Minea3
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Magnetrons are worldwide used for thin film deposition for many
applications such as microelectronics, hard coating, anticorrosion protective
films, etc. The experimental knowledge accumulated on the operating
process has supported the fast industrial development. However, nowadays
requirements in terms of optimization and product quality can be achieved
only by the deeper understanding of the magnetron plasma behavior at
microscopic scale.
A 2D PIC-MCC code - called PICMAG - has been used to model the plasma
steady-state of a DC planar magnetron reactor operating in Argon at low
pressure. It follows charged particle composing plasma in the
self-consistently calculated electric field from Poisson’s equation. Particle
collisions with background neutral gas are treated by Monte Carlo approach.
PICMAG gives the local plasma potential between electrodes due to the
space charge and the applied voltage drop, the currents on the cathode and
the substrate (biased or floating), and estimates the electron energy
distribution function (eedf).
The present study compares the plasma under different
balanced/unbalanced magnetic field configurations in terms of sheath
formation, plasma shape and density in the crossed field region, eedf. It also
describes the charge current densities and fluxes at the electrodes and the
anode plasma potential in order to discuss the ion flux on thermal probe
measurements.
Keywords
magnetron
PIC-MCC
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ion flux
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The dual magnetron (DM) is an advanced sputtering system which is
effectively used for the deposition of thin films, particularly oxides and
multiphase coatings. Magnetic field of the DM plays an important role in the
plasma generation and can be realized in two main configurations – either in
the mirror or in the closed magnetic field configuration [1]. The configuration
of the magnetic field strongly influences the plasma confinement and to a
certain extent also the discharge characteristics of the DM. A special effect
can be observed in in the DM when the magnetrons are tilted; i.e. tilt angle
is non zero. This phenomenon is called plasma drift in dual magnetron [2,3].
In this study we focus on the detailed investigation of the effect of magnetic
field configuration on the performance of the DM, especially on the
current-voltage characteristics, on the deposition rate and a special
attention is devoted to the plasma drift effect. An optical emission
spectrocopy was employed to analyse spatial distribution of the plasma
discharge in order to bring new insight into properties of plasma drift effect.
It is shown that the higher is the tilt angle of the magnetrons, the more
pronounced is the plasma drift effect.
References
[1] J. Musil, P. Baroch, Discharge in dual magnetron sputtering system, IEEE
Transactions on Plasma Science, 33 (2005) 338-339.
[2] P. Baroch, J. Musil, Plasma Drift in Dual Magnetron Discharge, IEEE
Transactions on Plasma Science, 36 (2008) 1412-1413.
[3] M. Yusupov et al., Elucidating the asymmetric behavior of the discharge
in a dual magnetron sputter deposition system, Applied Physics Letters 98
(2011) 131502.
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Solid-state thin film batteries based on lithium phosphorous oxynitrate
(Lipon) are a strong candidate for compact and high power density sources
needed for various miniaturized electronic devices [1]. Moreover, inorganic
electrolytes exhibit a high decomposition voltage up to 5.5 V against lithium
that makes them compatible with high-voltage cathodes. A rechargeable
thin film battery needs to show high ionic conductivity for a uniform
electrolyte layer of less than 2 μm, to be free of porosity or cracks and not to
decompose in contact with the anode. So far, pulsed laser deposition,
magnetron sputtering, electron beam evaporation, ion beam assisted
deposition and direct vapor deposition have been used to produce Lipon
films with different properties at deposition rates below 60 nm/min [2].
Despite of a deposition rate below 3 nm/min thin films by magnetron
sputtering shows good electrochemical properties with a strong dependence
on N2 pressure that is not yet well understood. The aim of this work is to
correlate the plasma and thin-films properties employing detailed plasma
diagnostics by mass spectrometry, optical emission spectroscopy and
probes. Experiments are performed in a RF magnetron plasma discharge
operated in Ar/N2 mixtures using a 2 inch cathode with a Li3PO4 target
provided by Kurt Lesker ®. The influence of RF power, pressure, gas
composition and substrate temperature on reactive species formed into
plasma and transported on the substrate is investigated in direct correlation
with electrochemical properties of the Lipon films deposited on different
substrates.
[1] J. Schwenzel, V. Thangadurai, W. Weppner, J. Power. Sources 154 (2006)
232
[2] Y. G. Kim and H. N. G. Wadley, J. Vac. Sci. Technol. A, 26 (2008) 174
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In this contribution, we summarize our work on increasing the deposition
rate in reactive magnetron sputtering by sputtering yield amplification.
Modelling of the sputtering process predicts that a very high deposition rate
increase by more than 100% may be achieved for oxides. Comparable
values were measured experimentally using a setup suitable for up-scaling.
In sputtering yield amplification the target is doped with a heavy dopant in
order to reflect the recoils created in a collision cascade towards the surface
and thus increase the number of atoms sputtered from the surface. In order
to realize the process, an experimental system for serial co-sputtering has
been built and used for experimental studies. The dopants are introduced
from an auxiliary cathode onto the primary rotating target and incorporated
into the target surface by recoil implantation during sputtering. A necessary
requirement for suitable doping elements is high atomic mass. Another
important parameter is the surface binding energy as demonstrated by
comparison of W and Bi, two heavy elements with very different surface
binding energies. Using a dynamical model of the sputtering process, the
performance of various doping elements is evaluated.
Reactive sputtering of Al and Ti targets with W and Bi doping was
performed. The deposition rate of Al2O3 can be increased by 80 % by W
doping of the Al target in very good agreement with predictions. For TiO2,
however, an increase by more than 100 % was observed, substantially
higher than predicted. Finally, the optical properties of W doped Al2O3 and
TiO2 thin films are briefly discussed.
Keywords
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In this work, we are aiming at evaluating the influence of the ion
bombardment on the crystalline constitution of WO3 thin films.The intensity
of the ion bombardment has been tuned by using an unbalanced (UBM) and
a balanced magnetron (BM) and by sputtering the magnetron cathode in
different discharge regimes: DC magnetron sputtering (DCMS), pulsed DCMS
(pDCMS), High Power Impulse Magnetron Sputtering (HiPIMS), and
Modulated Pulse Power sputtering (MPP), with pulse duration ranging from
10-50 µs in HiPIMSto 500-1000 μs in MPP. The average power was kept
constant to 400 W whatever the sputtering conditions.The main ion
populations (Ar+, O+, WOx+) were monitored using an energy-resolved mass
spectrometer while the ion current at the substrate was measured by using
a Faraday cup. The data show that: (i) according to the discharge regimes,
the ionic current increases by a factor of 2 to 5 as the UBM is used; (ii) the
ion flux during HiPIMS and MPP discharges is significantly increased (3x) as
compared to the DCMS and pDCMS regimes. Moreover, HiPIMS and MPP
mass spectra highlight a significant increase in the number of singly and
doubly charged W and Ar ions as compared to the DCMS discharge.
X-ray diffraction demonstrates that all films crystallize in the monoclinic
phase. Nevertheless, the texturation of the films is affected by the
sputtering conditions: a (0,0,2) texturation is observed for MPP, DCMS and
pDCMS discharges; for the two latter cases, only for BM configuration. If the
UBM configuration is used in these cases, a (2,0,0) texturation is observed.
Finally, for HiPIMS deposited films, a (-1,1, 2) texturation appears.The
comparable texturation between MPP and the low ion flux situation of the
DCMS discharge (BM configuration) is explained by the increased deposition
rate of the MPP sputtering plasma (~ 4 x DCMS) resulting in a reduced
ion-to-neutral ratio as compared to the HiPIMS situation for example.
Keywords
Ion flux
Structure
WO3
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Nielsen2, Jørgen Bøttiger1
1

Aarhus University, Aarhus, Denmark 2Danish Technological Institute,
Aarhus, Denmark
nisdam@inano.au.dk

Normally, synthesis of magnetron-sputtered thin films with properties suited
for specific applications is carried out by variation of the deposition
parameters. In this optimization procedure, the deposition rate is not taken
into account. In the present study, reactively magnetron-sputtered alumina
films were deposited at a fixed cathode power and substrate bias, while the
cathode voltage was varied in order to control the deposition rate. As
observed with X-ray diffraction, an increase in deposition rate leads to
changes in the observed nanocrystalline and amorphous phases. As a
rule-of-thumb, an amorphous structure appears when the time required for a
deposited atom to find an equilibrium position is larger than the time it
takes to deposit a monolayer. Two series of depositions with substrate
temperatures of 150 oC and 530 oC were carried out. The 150 oC-films were
all X-ray amorphous with a constant hardness (measured by
nanoindentation) and density (measured by X-ray reflection). In the 530 o
C-films, at low deposition rates, nanocrystals embedded in an amorphous
matrix were observed. With increasing deposition rate the hardness
decreased, corresponding to an increase of the amorphous phase.
Eventually, only fully X-ray amorphous films were observed – with hardness
values and densities higher than the corresponding values belonging to the
amorphous 150 oC-films. These differences in hardness and density suggest
that the amorphous 530 oC-films are closer to (if not being in) the
metastable equilibrium than the 150 oC-films. With a further increase of the
deposition rate, the hardness and the density of the 530 oC-films decreased
even further, indicating an additional increase in the Gibbs free energy.
Keywords
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Density
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The binary copper-oxygen contains two stable phases: cuprite (Cu2O) and
tenorite (CuO) and a metastable phase: paramelaconite (Cu4O3). Reactive
magnetron sputtering is the unique method to synthesize the metastable
copper oxide phase. When submitted to vacuum or air annealing,
paramelaconite decomposes into Cu2O or oxidizes into CuO, respectively.
CuO being the stable phase at high temperature, cuprite films also oxidize
into CuO during air annealing. Since these three oxides exhibit different
optical transmittance [1], the spectrophotometry may be used to
characterize the structure of copper oxide films. Thanks to the smart
Linkam® heating cell, this study emphasis the potentialities of in-situ
spectrophotometry combined with X-ray diffraction for the characterization
of the structural evolution during air annealing of copper oxide films.
200-nm thick copper oxide films were deposited on glass substrates by
pulsed-DC magnetron sputtering of a copper target in reactive Ar-O2
mixtures. The composition of as-deposited films (Cu2O, Cu4O3 and CuO) was
controlled by the oxygen flow rate introduced in the deposition chamber.
The tetragonal paramelaconite films exhibited a strong preferred orientation
in the [101] direction as confirmed by pole figure. In situ XRD analyses
showed that the oxidation into tenorite occured at temperature higher than
300 °C. Pole figure on oxidised film also showed a preferential orientation
resulting from a crystallographic relationship between the paramelaconite
and the tenorite structures. Furthermore, a growth of the oxide grain after
the annealing treatment was observed by TEM analyses.
Finally, the oxidation of cuprite and paramelaconite thin films was monitored
by spectrophotometry. For both oxides, a decrease of the film transmittance
was observed as a function of the annealing temperature or the treatment
duration, and the oxidation of cuprite/paramelaconite into tenorite was
confirmed by the changes of spectra at temperature higher than 300 °C. The
experimental results were fitted using the Avrami model.
[1] J.F. Pierson et al., Appl. Surf. Sci. 253 (2007) 7522
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From the technological and economic point of view it is desirable to reduce
the influence of defects on substrate material surface on coating and hence - component performance. Defects in technical component surfaces
influence the proceeding film nucleation significantly and hence determine
the development of the coatings microstructure. As a consequence the
subsequent functional properties of the coatings are affected.
The aim of this work is to quantitatively determine the covering ability of
PVD thin coatings in regard to the process parameter depending
microstructure. It is known that the microstructure of PVD coatings for
example depend on the process parameters such as the process gas
composition and the bias voltage. Within this work CrN thin coatings with
different specific microstructures due to PVD process parameter variations
and additional usage of HiPIMS were deposited on various substrate
materials and thoroughly characterized. Specific geometric profiles are
placed in the samples surface and the profiles are measured before and
after deposition processes using a µ-surf 3D surface profilometer. Based on
this data a grading coefficient is calculated and the covering abilities of
different thin coatings are compared. Before the deposition the substrate
surfaces were prepared with Vickers indentations. Those indentations have a
defined geometry and thus serve as a model for surface defects.
Based on the achieved profile image data, both the depth profile of the
coated Vickers indents and the two diagonals of this specific Vickers
geometry can be quantified. The resolved data allows determining the
residual volume of the coated Vickers indentations. The difference between
the Vickers volume before and after deposition is used as a quantitative
degree of coverage. The developed method allows differentiating the ability
of different coatings microstructures to cover surface imperfections.
Keywords
PVD
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Nanomaterials have demonstrated to possess properties that are highly
desirable for a wide range of applications. The successful integration of
nanomaterials in many application devices strongly depends on our ability
to accurately synthesize materials with the necessary properties. In
particular, the interplay between quantum confinement effects and surface
characteristics is a fundamental aspect that determines the properties and
functionalities of nanoparticles that have typical dimensions below ~10 nm.
It follows that the synthesis of nanomaterials has to include approaches for
surface engineering and tailor the interface characteristics. In this context,
atmospheric-pressure microplasmas have shown the capabilities of
synthesizing nanomaterials with the required characteristics (J. Phys.D Appl.
Phys. 43, 2010, 323001; Carbon 47, 2009, 2379) and with additional
opportunities for surface engineering (Appl. Phys. Lett. 97, 2010, 161502;
Adv. Funct. Mater. 22, 2012, 954). Microplasmas present unique features
that differentiate them from other types of plasmas and can provide new
synthetic avenues not achievable with other techniques such as chemical
synthesis or low-pressure plasmas. Furthermore, the possibility of
interfacing microplasmas with liquids has also opened up a range of new
plasma-induced chemistries of great interest beyond nanomaterials
processing. In this talk I will initially provide an overview of microplasmas
properties and capabilities in nanomaterial processing including synthesis
and surface engineering of metal, metal-oxides, silicon, silicon alloys and
graphene. Microplasma synthesis rates and identified opportunities to
achieve a competitive nanofabrication throughput will also be discussed.
Finally, results will be presented in relation to the application of the
synthesized nanomaterials to energy devices including Li-ion batteries
(Nanotechnology 19, 2008, 495302) and photovoltaic cells (J. Phys. Chem. C
115, 2011, 5084; Optics Express 17, 2009, 520).
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Microwave plasma torch is a laboratory plasma discharge that operates at
atmospheric pressure and its gas temperature reaches several thousands of
degrees. Therefore, it is a different plasma environment compared to other
atmospheric pressure discharges used for plasma processing of materials,
barrier discharges and cold plasma jets. MW torch has been successfully
used for a fast surface bound synthesis of carbon nanotubes (CNTs) and a
phase sensitive synthesis of iron oxide nanoparticles (NPs). The CNTs
deposition from Ar/CH4/H2 mixture was studied with respect to the process
of iron catalysis and catalyst poisioning. The phase of Fe catalyst and its
transformation after plasma synthesis of CNTs were determined by
Mossbauer spectroscopy. The effect of underlaying material was
investigated for bare silicon, silicon oxide barrier layer and gold contacts.
Tens of micrometer long multiwall nanotubes could be deposited on bare
conductive silicon substrates. They were also grown on Fe thin film
patterned by electron beam lithography and tested for emissive properties.
Synthesis of iron oxide NPs was accomplished from Fe(CO)5 vapors mixed
with Ar and optionally O2. High purity maghemite NPs were obtained at
optimized conditions. At high oxygen flow rates the synthesized mixture of
NPs contained also epsilon-Fe2O3 that has unique magnetic properties.
Spatially resolved OES of the mw torch was performed in various conditions
of synthesis. The torch was imaged by a fast ICCD camera that visualized its
dynamics and stability. Electric field and gas flow were simulated by
COMSOL Multiphysics software.
Keywords
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The microelectronic industries are faced with fundamental limitations in the
use of metallic typical wires which rise because of the continuous
components size decrease. New current carriers must be used and/or new
interconnects sheme must be found, as for exemple, the 3D integration
solution. Parallelly, because of the nanoscale components size, it also arises
the need of heat evacuation around active zones, because the heat
generated by the active zones reduces systems performance and increases
energy consumption. Vertically aligned carbon nanotubes (CNTs) films are
good candidates as they are good conductive media for heat and current
simultaneously.
To characterize their thermal and electrical properties, vertically aligned
CNTs are first grown by RF-PECVD process. Then, a metal is deposited on
the top of the CNTs film by magnetron deposition technique. The choice of
the metal depends on the requirements of the characterization techniques
used. The four-probe technique allow to measure the electrical conductivity.
In this case, gold electrical contacts are necessary and are deposited as
spots adapted to the probes size. The thermal properties are identified
thanks to nanosecond pulsed photothermal technique which measures the
surface temperature temporal evolution induced by a laser pulse. Absorbed
laser energy increases surface temperature which leads to the emission of
IR thermal radiations. A 1D model is applied which uses three identification
parameters: the thermal conductivity of porous media, thermal resistance
between porous media and transducer and heat capacity. In this case, Ti, W
or Ni have been tested to answer the stringent conditions demanded by the
pyrometry technique.
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We present a studyof the influence of the substrate nano-structureon the
morphological properties of the carbon nanotubes (CNTs) by sequentially
growing in situ the TiNx:Oy film, dispersed nickel catalyst particles, and CNTs.
The results show that the stoichiometry and the nanostructures of the
substrate intervenes in the growing process. Non-stoichiometric TiNx:Oy thin
films were grown on crystalline silicon by ion beam deposition at 500°C
followed by in situ deposition of the catalyst nickel particles at 750°C. In situ
XPS system allows compositional and structural analysis in all the growing
stages of the samples. The stoichiometry of the TiNx:Oy substrates modifies
the films properties as reveled by X-ray diffraction and nano-hardness
measurements. The CNTs are grown immediately after the catalyst
deposition by feeding acetylene gas and maintaining the substrate at 700°C.
The quite aligned CNTs were studied by scanning and transmission electron
microscopy techniques showing different population density, morphology,
and diameter as a function of the O substrate content. The results show that
O prevents the coarsening of the catalyst nickel particles, odifyiong the
surface diffusion mobility of the precursor atoms involved in the nanotubes
growth (Ostwald ripening).1 The initial high population of relatively small
catalyst nickel islands per unit of area is preserved leading to higher
nanotubes density. Results showing the dependence of the size and density
of the CNTs on the amount of O present in the substrate are reported and
discussed. The experimental findings show that, besides acting as diffusion
barrier between the catalyst particles and the silicon, the substrate also
influences the kinetics of growth of carbon nanotubes.1 Amana PB, Pint CL,
McJilton L, Kim SM, Stach EA, Murray PT, et al., Nano Lett 2009;9(1):44–53.
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The synthesis and fabrication of copper oxide nanomaterials with different
morphologies are expected to exhibit more unique optical, electrical and
magnetic properties relative to their bulk counterpart. In this study, we
report on a process based on an atmospheric pressure micro-afterglow to
synthesize copper oxide nanostructures without any template and
surfactant. The experimental device consists in a microwave plasma
operating with argon - oxygen mixtures at high temperatures (1000 - 2000
K). However, the samples being located far enough from the plasma, their
temperature does not exceed 700 K as confirmed by Infra-red
measurements and numerical modelling. Active species of an atmospheric
pressure plasma exit the reactor through a tiny hole (400 - 600 μm in
diameter). They react with copper thin films exposed to the micro-afterglow,
which leads to oxidation and nanostructuration. The copper films are
deposited before treatment on soda lime glass and silicon substrates by
reactive magnetron sputtering of metal targets (thickness: 50 to 300 nm).
Oxides grow directly on metal samples in a single step by local selective
oxidation. By varying process parameters such as plasma power and
composition, treatment time, thickness of the copper thin films and nature
of the substrate, different kinds of nanostructures can be synthesized with
good reproducibility. Nanograins, nanowalls and nanoneedles are
successfully synthesized.
The as-prepared copper oxide surfaces are characterized using various
techniques including Scanning Electron Microscopy, Atomic Force
Microscopy, Transmission Electron Microscopy and X-Ray Diffraction.
Experimental results demonstrate that this flexible process can be used to
produce a large range of copper oxide nanostructures. The role of the stress,
surface temperature and active species concentration on the growth
mechanism of copper oxide nanostructures is finally discussed.
Keywords
atmospheric pressure micro-plasma
nanostructures
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copper oxide
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In this communication we report on the fabrication of two different
heterostructured 1D materials by low temperature (135 ºC) plasma
enhanced chemical deposition: Ag@TiO2 and Ag-NPs@ZnO nanorods (NRs)
[1, 2]. The controlled formation of these heterostructures on processable
substrates such as Si wafers, fused silica and ITO is demonstrated. The NRs
are studied by SEM, HAADF-STEM, TEM, XRD and in situ XPS in order to fully
describe their microstructure and inner structure, eventually proposing a
growth mechanism. The first type of nanostructures consists on a silver wire
surrounded by a TiO2 shell that grows following the volcano-like mechanism
[1]. The Ag-NPs@ZnO nanostructures are formed by supported ZnO
nanorods decorated with Ag nanoparticles (NPs). The 3D reconstruction by
HAADF-STEM electron tomography reveals that the Ag NPs are distributed
along the hollow interior of highly porous ZnO NRs. The aligned
Ag-NPs@ZnO-NRs grow by a combination of different factors including
geometrical distribution of precursor, plasma sheath and differences in the
silver/silver oxide densities. Tuning the deposition angle, Ag@ZnO-NRs
depicting different tilting angles can be homogeneously grown allowing the
formation of zig-zag nanostructures. The as prepared surfaces are
superhydrophobic with water contact angles higher than 150º. These
surfaces turn into superhydrophilic with water contact angles lower than 10º
after irradiation under UV light. In the case of the AgNPs@ZnO NRs such
modification can be also provoked by irradiation with VIS light. The evolution
rate of the wetting angle and its dependence on the light characteristics are
related with the nanostructure and the presence of silver embedded within
the NRs.
[1] A. Borras et al. J. Phys. D: Appl. Phys. 44 (2011) 174016.
[2] M. Macias-Montero et al. J. Mater. Chem. 22 (2012) 1341.
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Nanostructured thin films offer the potential for significant advances in the
performance of new and established materials having great technological
potential in several applications, such as thermal barriers, gas storage
systems, optical devices, gas and humidity sensors. A possible synthesis
route for nanostructured thin films is glancing angle deposition [1] but this
technique suffers from a low deposition rate. In this paper an alternative
method is discussed based on a compositional gradient over the thin film
grown. The work focuses on the deposition of YSZ (Yttria Stabilized Zirconia)
thin films by reactive magnetron sputtering from two sources, i.e. an yttrium
and a zirconium target. The variation of deposition conditions such as gas
pressure, Y target-substrate distance, enables us to modify the film
morphology and texture.
Combining the results obtained via X-ray diffraction and pole figures, the
texture and microstructural evolution can be described quantitatively. From
these measurements it is clear that the constituent columns are bent. The
average column tilt is defined by the compositional gradient, by the crystal
size and by the difference in cation radius between zirconium and yttrium.
Also, the specific geometry of the experimental set-up has its influence on
the column tilt. The latter can be exploited to nanostructure the thin film.
For example, by periodically rotating the sample during deposition, zig-zag
columns can be formed.
[1] B. Dick, M.J. Brett, and T. Smy. Journal of Vacuum Science & Technology
B, 2003. 21(6): p. 2569-2575.
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The SnO2 material is often used as a oxidation catalyst and a solid-state gas
sensor. The iron doped SnO2 coatings were made by a RF magnetron and a
pulsed DC magnetron sputtering. The coatings deposited at low RF power
40W were very flat. When the pressure was decreased to 0.3 Pa pillars in
diameter about 500nm and height about 500nm appeared. The pillars on
thin coatings were observed mainly on dielectric samples, glass and Si, and
not on conductive substrates as copper for example. Therefore an effect of
local static charge was expected to be the reason for the pillar creation. The
maximum density of the pillars on the surface about 0.3 mm-2. It was
observed for the coatings deposited for 32 minutes at the RF power 75W in
the total gas flow 7 sccms at the pressure 0.3 Pa. XRD analyses found
amorphous coatings, when the thickness was below 500nm. The sputtering
process was investigated by the mass spectrometry. Ion fluxes of the
ground and the floating electrodes were investigated. The energies of
dominant Ar+ ions were about 21 eV at gas flow 2.5 sccm and were about 20
eV at gas flow 7 sccm on the grounded electrode. The mass spectrometry
study of the sputtering process identified SnO+ to by the dominant ionized
specie related to the growth of the coatings under the investigated
conditions. The expected ionized and neutral species SnO2+ were not found.
Finally, the flat layers (3-6 nm) were prepared on an Au coated glass where
Surface Plasmon Resonance effect with an ellipsometric readout was used to
sense gasses. Sensors were investigated toward CO and methane. The CO
detection limit was in air about 0.5 ppm and the detection limit of methane
in air was about 1ppm. It was not necessary to heat externally the sensor
probably due to a local heating by the SPR laser beam.
Keywords
magnetron sputtering
mass spectrometry
nanostructures
spr
gas sensor
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Surface roughness is one of key parameters influencing interaction of solid
surfaces with their surrounding environment. Typical example, where
roughness plays a crucial role, is wettability of surfaces, i.e. property
important in diverse technological applications. As a consequence, various
methods were developed for production of surfaces with required roughness
on nanometric scale.
In this contribution we present novel approach suitable for the fabrication of
coatings with well-defined roughness and wetting behaviour, which is based
on utilization of gas aggregation sources of nanoparticles. This method
combines two consecutive steps:
(i) deposition of film of nanoclusters or nanoparticles on a smooth substrate
(ii) overcoating such prepared films by a thin layer of metal or plasma
polymer.
It is shown that this technique allows controlling independently the surface
roughness (by size and number of nanoparticles) and surface chemistry (by
chemical composition of the overcoat film). The possibility to use this
approach for tailoring wetting properties of surfaces in wide range is
demonstrated on examples of films of plasma polymerized hydrocarbon
nanoparticles overcoated with thin films of plasma sputtered titanium, PTFE
or nylon, selected as examples of materials having either hydrophobic or
hydrophilic character when deposited as smooth films. It is shown that
achievable root-mean-square roughness by this method covers the range
from about 1 nm to more than 100 nm. This, in turn has an impact on
wettability of deposited coatings that spans from super-hydrophilic to
super-hydrophobic.
Acknowledgements:
This work was supported by the grant SVV-2012-265305 and grants GAUK
437411 and GAUK 164510 from the Grant Agency of Charles University in
Prague.
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Silver exhibits a great potential for a fabrication of metal-dielectric and
plasmonic optical devices due to its unique optical constants and excellent
electrical properties. In this work, we show preparation of nano-structured
ultra-thin silver layer possessing a plasmon resonant behavior. The silver
layers were deposited by RF magnetron sputtering. Typically, the growth
noble metals such as Ag is governed by Volmer-Weber mechanism, which is
characterized by the isolated islands formation at the initial stage of the
silver nucleation on a substrate. However, such nano-islands possess an
irregular shape and wide size distribution. We show that the growth mode of
the silver can be controlled by the deposition conditions and the plasma
parameters. Thus an ultra-thin, continuous and smooth silver layer can be
prepared using this method. The prepared ultra-thin continuous layers were
thermally annealed exploiting the effect of Rayleigh instability for
transformation of the continuous layer to semi-spherical silver nano-particles
with a regular shape and a narrow size distribution. The optical behavior was
tuned by alloying with others noble metals such as Au and Pd. Both, the
deposition process and the thermal annealing was monitored by means of
the spectral ellipsometry. The nano-granular character of the
nano-structured layer is revealed by resonant features in the extinction
coefficient spectra. The surface morphology of the completed layer was
analyzed by scanning electron microscopy (SEM), and atomic force
microscopy (AFM).
Keywords
silver
nano-particles
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The performance of fiber-reinforced composites is strongly influenced by the
functionality of composite interphases. Sizing, i.e. functional coating
(interlayer), is therefore tailored to improve the transfer of stress from the
polymer matrix to the fiber reinforcement by enhancing fiber wettability,
adhesion, compatibility, etc. The world market is dominated by glass
reinforcement in unsaturated polyester, which comprises almost 90% of the
total market. Commercially produced sizing is heterogeneous with respect to
the thickness and uniformity, the molecules of silane coupling agents have a
tendency towards self-condensation, forming siloxane oligomers rather than
complete bonding with the glass surface, and the low density of siloxane
bonds with the surface decreases if water molecules diffuse to the interface
since this type of bond is hydrolytically unstable. Only 10–20% of the total
sizing is bonded to the fiber surface and this amount is directly related to
the composite interfacial strength. Technology centers in glass companies
search for new ways of solving the above problems. One of the alternative
technologies is plasma polymerization. Plasma polymer films of
hexamethyldisiloxane, vinyltriethoxysilane, and tetravinylsilane in a mixture
with oxygen gas were engineered as compatible interlayers for the glass
fiber/polyester composite. The interlayers of controlled physico-chemical
properties were tailored using the deposition conditions with regard to the
elemental composition, chemical structure, and Young’s modulus in order to
improve adhesion bonding at the interlayer/glass and polyester/interlayer
interfaces and tune the cross-linking of the plasma polymer. The optimized
interlayer enabled a 6.5-fold increase of the short-beam strength compared
to the untreated fibers. The short-beam strength of GF/polyester composite
with the plasma polymer interlayer was 32% higher than that with industrial
sizing developed for fiber-reinforced composites with a polyester matrix. The
progress in plasmachemical processing of composite reinforcements
enabled us to release a new conception of composites without interfaces.
Keywords
thin films
plasma polymerization
polymer composites
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Plasma polymer films are distinguished by their chemical composition,
functionality, and film density. The latter is determined by crosslinking and
amount of terminal groups. Thus, plasma polymers cover a broad range
from polymer-like, functional (e.g. hydrophilic or hydrophobic) up to dense
barrier coatings. The formation of the plasma polymers is based on
multistep reactions that are taking place both in the gas phase and on the
surface. In order to gain more insights and to control plasma polymerization
processes, some assumptions can be made that allow a macroscopic
approach. Therefore, a concept was developed based on the energy input
both into the gas phase (plasma) and during film growth (surface).
Different reactor geometries were used covering a broad parameter range
concerning power input W and gas flow F. The reaction parameter W/F
(specific energy) was examined as the energy input per monomer in the
plasma. By measuring excitation voltage of the RF discharge and electron
density, the mean ion energy and the ion flux arriving at the substrate
surface can be estimated yielding the energy density dissipated during film
growth, i.e. energy flux per deposition rate. Control of both parameters is
required to adjust film density and porosity of functional plasma polymers.
Therefore, NH3/C2H4, HMDSO, and O2/HMDSO gas discharges were
investigated to obtain amino-functional, hydrophobic or barrier coatings.
Deposition rates and film densities were recorded beside chemical
composition. The type of plasma chemical reactions is determined by an
activation barrier, while the (important) eedf rather has an impact on the
number of reactions leading to film-forming species. The film density was
found to be mainly depending on energy density during film growth allowing
dense barrier coatings or nano porous functional coatings. Such coatings
were deposited on Ag films in order to adjust the Ag+ ion release in aqueous
environments.
Keywords
RF plasma
energy input
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Inductively coupled plasma (ICP) discharges are commonly used for plasma
polymerization. It is well known that these discharges exhibit two modes of
operation as a function of the applied RF power (PRF): capacitive (E mode) at
low plasma density and inductive (H mode) at high plasma density. The
transition occurs for a critical PRF value (Ptr.). We recently demonstrated the
importance of the E-H transition on the properties of propanethiol plasma
polymers (Pr-PPF).
In this work, aiming to gain more understanding on the growth mechanism
involved in E and H modes, we have investigated the plasma chemistry by
Residual Gas Analysis (RGA) mass spectrometry. These data are correlated
with the chemistry of the Pr-PPF films evaluated by X-Ray photoelectron
spectroscopy (XPS).
Pr-PPFs were synthesized varying PRF at 20, 40 and 80 mTorr. In E mode (PRF
< Ptr.), the sulfur content is high (%S ~ 40%) and significantly decreases
after 20h aging of the films in air. This phenomenon is attributed to the
release of sulfur-based molecules (H2S, CS2) trapped in the network. In H
mode, %S is significantly lower (10 < %S < 25%) and the aging effect is not
observed suggesting that, in this case, all sulfur is covalently bonded to the
network.
RGA measurements reveal the production of H2S in both E and H modes. The
latter could be trapped during the growth of the film at low PRF but for PRF >
Ptr., the stronger ionic bombardment and UV photon irradiation could prevent
this phenomenon. Moreover, for PRF > Ptr., CS2 is identified illustrating the
stronger fragmentation due to the higher electron density in H mode. Based
on these data and theoretical calculations using Density Functional Theory,
different reactions pathways are proposed.
Keywords
E-H mode transition
propanethiol
sulfur content
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Amino and carboxylic groups at polymer surfaces are important as
anchoring points for grafting aldehydes, isocyanates, alcohols etc. Both
groups are important in biology as part of amino acids, proteins, cells etc.
Plasma polymerized polyallylamine or poly(acrylic acid) is established. These
layers are often well-adherent on polyolefin surfaces but their structure is
different from that of classic analogues and shows defects, radicals,
crosslinking and oxidation. Deposition of polyallylamine plasma polymers
onto plasma-brominated polyolefins or graphite may generate the reaction
between the amino- and C-Br groups thus producing covalent linking
between substrate and polymer layer.To avoid formation of layers with
defective structure and irregular composition ultra-thin polymer layers can
be deposited by electrospray-ionization (ESI) of solutions of ionic or polar
polymers without any polymer degradation or production of structural
defects. Macromolecular ions were produced by spraying a polymer solution
within a high-voltage field. These macro-ions were discharged at the
(grounded) counter electrode, may be electrically conducting graphites or
carbon fibres. In such a case the electrophoretic effect of ESI is responsible
for self-healing of pin-holes in the deposited ultra-thin polymer layers (<10
nm). Thus, quasi-monomolecular layers of polymers were deposited. The
electrophoretic effect makes it possible to coat area shadowed from the
spray or to enwrap carbon fibres with polymers pin-hole free within
subjacent layers of fibres. ESI in presence of corona plasma activates
substrate and coating molecules but produces polymer degradation.
Using non-conducting polymers as substrates spontaneous charging of layer
and substrate can be observed. The charged surface produces electrostatic
repellence and stops further layer deposition. time. Further deposition or
deposition on insulating polymers needs the use of continuous change of
current polarity or other methods of charge neutralization.
Keywords
polymer layers
electrospray
electrophoretic effect
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Plasma polymers are important materials in many areas nowadays,
including electronics, surface protection and fiber-reinforced composites.
Mechanical properties are the key factors for many of film applications. They
can be effectively controlled by varying process parameters during
deposition. In the study here presented, we characterized selected
mechanical properties of organosilicon thin films. The films were prepared
from tetravinylsilane gas (TVS, monomer) and were deposited onto silicon
wafers of 1 cm2 size. The deposition technique was plasma-enhanced
chemical vapour deposition (PECVD) using RF plasma (13.56 MHz) in
continual regime. After deposition, mechanical properties of
plasma-polymerized films with a thickness of 1 µm were measured using
nanoindentation head Hysitron TriboScope TS-70 attached to NTEGRA Prima
(NT-MDT) scanning probe microscope. Pyramidal Berkovich indenter with a
curvature radius of 150 nm was used. The Young’s modulus and hardness
were evaluated for the films prepared at a power of 10 – 70 W. We observed
an increasing trend for both the modulus and hardness at enhanced power
due to the increased polymer cross-linking. The modulus was in range 12 –
70 GPa, while the range for hardness was 0.6 – 8 GPa. Nanoscratch tests
were employed for the thin films with a thickness of 100 nm to observe
influence of RF power on film adhesion. We looked for the critical normal
force that caused film delamination as a parameter to describe adhesive
properties of thin films. The critical normal force showed an increasing trend
when enhancing RF power. Similarly, we studied the thickness dependence
of the critical normal force for films deposited at 10 W and a thickness in
range of 25 nm – 0.5 μm. The results proved that a higher delamination
force was necessary to delaminate a thicker film. Finally, AFM images of
scratches were carried out to correlate measured data with nature and
shape of scratches.
Keywords
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In this presentation, optimized processes to achieve diene and dienophile
functionalized surfaces will be reported and the resulting adhesion, based on
Diels-Alder reaction, demonstrated. The surface grafting strategy relies on
anhydride rich plasma thin films deposited using an atmospheric maleic
anhydride (MA) and vinyltrimethoxysilane (VTMOS) plasma copolymerization
process. As reported [1], the discharge electrical parameters allow to tune
independently the chemistry and the morphology of the plasma layers. An
aminolysis gas phase reaction between the anhydride groups carried by the
surface and the amino group of a specific molecule lead to the formation of
the diene [2] and dienophile. First, concerning the diene formation, the
influence of the morphology and the anhydride surface density of the
plasma thin films on the aminolysis reaction with the 5-methylfurfurylamine
will be presented. The reaction was monitored by FT-IR and the yield
estimated by XPS analysis. Secondly, the reactivity of the dienophile
surfaces was investigated according to an interfacial Diels-Alder reaction in
solution with a diene compound bearing a trace element, namely the
5-bromo-2-furaldehyde. According to XPS analysis, the yield of the reaction
is nearly 60%. Secondary Ion Mass Spectrometry 3D reconstruction allows to
highlight a heterogeneous in depth distribution of the trace element. Finally,
a diene functionalized Kapton film was bonded to a dienophile functionalized
polished aluminium foil. The pressure, time and temperature conditions of
the press were optimized to achieve a high adherence level. A 4 hours
contact under 60 bar at 448K led to a 1 N/mm2 peel strength measured at
room temperature. The increase of the temperature induced the depletion of
the adhesion value by a factor of 20 or more. After tests, the surfaces were
analyzed by Scanning Electron Microscopy, FT-IR and XPS to investigate the
reversibility of the Diels-Alder reaction.
[1] A.Manakhov et al. Plasma Proces. Polym. DOI:10.1002/ppap.201100184.
[2] A.Manakhov et al. Surf. Coat. Technol. 2011, 205, 466.
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Plasma-Enhanced Atomic Layer Deposition (PEALD) is a thin film deposition
method derived from thermal atomic layer deposition (ALD). In ALD a thin
film is deposited by exposing a substrate alternatively to precursors.
Precursors react with the reactive groups of the substrate or growing film
and film is deposited “layer by layer”. One major advantage of thermal ALD
is the ability to deposit totally conformal thin films on demanding high
aspect ratio structures. However, in remote PEALD a concern has been the
possible limited conformality of thin films. Radical recombination on the
walls of 3D structures can hinder growth especially at the bottom of high
aspect ratio structures.1 It is still under evaluation which are the limits of
conformality in remote PEALD.
The conformality of several PEALD thin film materials (including Al2O3, TiO2,
Ta2O5 and SiO2) was studied. Thin films were deposited by remote PEALD
into trenches with aspect ratios varying from 20:1 to 60:1. Conformal
coating was confirmed even on trenches with aspect ratios of 60:1.2 In
addition to recently published results we will discuss the role of secondary
thermal ALD reactions. In a PEALD process the thermal ALD reaction is likely
when water is formed as a byproduct and a metal-precursor is reactive with
water in ALD conditions.3 This could in theory enhance conformality in
PEALD. To rule out the thermal pathway TiO2 thin films were deposited from
TiCl4 or (Me5Cp)Ti(OMe)3 and O2 plasma. In the case of TiCl4 no water is
formed and with (Me5Cp)Ti(OMe)3 water is not reactive enough oxygen
precursor.
[1] Profijt, H. B.; Potts, S. E.; van de Sanden, M.C.M.; Kessels, W.M.M. J. Vac.
Sci. Technol. A 29 (2011) 050801.[2] Kariniemi, M.; Niinistö, J.; Vehkamäki,
M.; Kemell, M.; Ritala, M.; Leskelä, M.; Putkonen, M. J. Vac. Sci. Technol. A 30
(2012) 01A115.[3] Heil, S.B.S.; van Hemmen, J.L.; van de Sanden, M.C.M.;
Kessels, W.M.M. J. App. Phys. 103 (2008) 103302.
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The control of vapor condensation process by suitably prepared surfaces is a
prominent research area with important applications in industry. For
example it is well known that the efficiency of condensation heat
exchangers can be significantly increased when the vapor condenses in the
form of drops that do not wet the surface instead of a closed film. In the
present work hydrophobic thin films are deposited by a plasma CVD process
on metal surfaces and the condensation of water vapor on the surface is
investigated. The dropwise condensation on the coated surfaces is analysed
by optical microscopy and the effect on the heat transfer is measured by
heat flux measurements.
To investigate the potential of the deposition process for industrial
applications different metals and alloys used in commercial condensation
heat exchangers are coated and the effect of the dropwise condensation on
the heat transfer is investigated. As the static contact angle of water on
hydrophobic surfaces depends strongly on surface topography the effect of
surface roughness of metal samples on the dropwise condensation is
presented.
Patterning of surfaces and controlling the surface energy can be used to
further enhance condensation heat exchanger efficiency, e.g. by directing
the drop movement after departure or by defining droplet growth sites on
the surface. Laser interference patterning is presented as a tool for efficient
structuring of heat exchanger surfaces. Surface geometries for enhanced
droplet removal are presented and the effect on the dropwise condensation
process is demonstrated.
Keywords
condensation
plasma deposition
laser interference
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hydrophobic coating
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Hydrophobic surfaces, with a water contact angle greater than 140 degree,
have been attracted much interest for both fundamental research and
applications. In this study, Anti finger print (AFP) films were deposited on
polymers and glass substrate by plasma enhanced chemical vapor
deposition (PECVD) at low temperature (< 60℃). AFP films were synthesized
by using hexamethyldisilazane (HMDS) precursor with hydrogen gas. The
input power in the RF plasma and flow rate of hydrogen gas were changed
to the surface energy properties of the AFP film. The spatial distribution of
ionization efficiency was characterized by residual gas analyzer (RGA). In
addition, the surface energy was measured by contact angle measurement
(CA). The contact angle increases from 107° to 147° because of the surface
morphology effect and chemical binding structures. The surface morphology
was characterized by atomic force microscopy (AFM). The morphology of
AFP film with increasing hydrogen gas and RF power increases from 0.3 nm
to 23 nm (Rms). And the chemical properties of the coatings were examined
by Fourier transform infrared spectroscopy (FT-IR). The chemical structures
of AFP film, CH peaks were increased by RF power and hydrogen flow rate.
The surface energy of the SiOxCyHz films produced using plasma process. It
could be controlled by employing the appropriate intensity of excited
neutrals, ionized atoms, molecules and energy (input RF power), as well as
the suitable dissociation of HMDS. In addition, AFP film is successfully
synthesized to the contact angle above 150° by controlled surface
morphology and chemical structure.
Keywords
surface energy
HMDS precursor
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Source gas depletion in narrow metal tube during internal DLC
coating with microwave-excited high-density near plasma
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Recently, internal coating of DLC (Diamond-Like Carbon) to mm-sized
narrow metal tubes is desired. In our previous work, we deposited DLC on
the inner surface of metal tube by using MVP (Microwave-sheath Voltage
combination Plasma) method. In addition, axially uniform distribution of film
thickness was obtained by taking plasma-off time Toff (enough to
homogenize the source gas in the tube) and plasma-on time Ton (enough to
deplete the source gas in the tube). However, the depletion of source gases
has not yet observed directly. Thus in this work, we tried to observe the
depletion of source gases using optical emission of plasma.
We deposited DLC on the inner surface of a stainless-steel tube 4.4 mm in
inner diameter and 100 mm in length with small holes of Φ=0.4 mm at 10
mm intervals by MVP method. In the coating process, the flow rates of
gases, Ar, and methane were controlled to be 14 and 2 sccm, respectively,
at a total gas pressure of 80 Pa. In order to conduct DLC coating, a pulsed
negative voltage of –200 V was applied to the pipe at a pulse frequency of f
pulse=10 Hz and duty ratio of Dv=3.2 %, synchronizing a pulsed injection of
2.45-GHz microwaves at the same pulse frequency and duty ratio of Dm=4 %
(Ton=3.2 ms and Toff=96.8 ms). In order to observe the depletion of source
gas, the image of optical emission leaking from the small holes was taken by
using a high-speed camera with 460-480 nm and 690-710 nm bandpass
filters. Note that emissions from Ar atom (696, 706 nm) and C2 dimer
(468-474 nm) are detected with 460-480 nm and 690-710 nm bandpass
filters, respectively. As a result, the brightness of Ar atom, which is not
consumed for film formation, was approximately constant during plasma-on
time. On the other hand, The brightness of C2 dimer was decreased until Ton
=1.5 ms, and then converged in a constant value. The decrease in the
brightness of C2 dimer is ascribed to the consumption of CH4 gas which is
considered to be a main source of C2 dimer formation.
Keywords
Internal coating of mm-sized metal tube
DLC
Microwave
High-density plasma
Optical emission spectroscopy
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The effect of coating characteristics on the coating performance of
a-C:H and ta-C films
Helena Ronkainen1, Kenneth Holmberg1, Anssi Laukkanen1
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Diamond-like carbon (DLC) films cover a wide range of different carbon
based coatings, starting from soft hydrogenated films to extremely hard
hydrogen-free films. Due to the varying characteristics of DLC coatings, they
have differing tribological properties that influence the performance and
applicability. Coating properties greatly influence on the practical
performance of the coatings in real applications. An interesting aspect is
also the influence of tempering or aging of the coating on the performance.
The coating performance of two different types of DLC films, namely
hydrogenated amorphous a-C:H and hydrogen-free tetrahedral amorphous
ta-C coatings, has been studied based on tribological testing and 3D finite
element modeling (FEM). The practical scratch testing combined with 3D
FEM modeling provided information on the stress and strain performance of
the coatings. The results showed the influence of coating thickness and for
the ta-C coating an optimum coating thickness was found.
In order to successfully apply DLC coatings it is important to understand the
temperature and aging effects of the coatings. These effects are studied
based on multi-scale modeling combined with practical testing. The
multiscale modelling is a novel integrated approach combining material
microstructural features modeled by FEM with thermal features modelled by
constrain free energy (CFE) method on microscale and further combined
with atomistic features modelled by molecular dynamic simulation (MDS) on
nanoscale. Validation of the models is done on nano, micro and macro scale,
e.g. the tribological performance of DLC coatings deposited several years
ago is verified and compared to earlier results reported. The tribological test
results combined with the modeling emphasize the importance of
understanding the coated system and the interactions of coating
characteristics, coating thickness and substrate properties for successful
utilization of the DLC coatings.
Keywords
DLC
ta-C
a-C:H
tribo-performance

Powered by TCPDF (www.tcpdf.org)

Session 10: Tribological Coatings

Tuesday, September 11, 2012

OR1001
Comparison of friction and wear behavior of different chromium and
boron based coatings at high temperatures in ambient air and
argon atmosphere
Martin Weber1, Martin Keunecke2, Christian Stein2, Helge Thomsen2
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For most coating applications at high temperatures, e.g. metal forming or
cutting processes, high wear resistance in combination with low friction are
required. The formation of oxide and diffusion layers at elevated
temperatures can affect friction and wear behavior significantly.
Comparative ball-on-disk-tests were prepared at temperatures between 500
and 900°C with different coated substrates. Tests were carried out in
ambient air as well as under argon cover gas to investigate the influence of
oxidation effects. In dependency on the testing temperature and the used
gas atmosphere, substrates made from high-speed steel 1.3343 (HS6-5-2C),
tungsten carbide WC-Co15 or nickel-based alloys were used. The substrates
were coated by magnetron sputtering with chromium based coatings like
CrN, CrVN, CrWN and CrAlTiSiN in different compositions. In comparative
tests boron based coatings like TiBN, TiB2 and cBN were investigated. The
balls consist of 1.3505 (100Cr6) ball bearing steel. Random tests were done
with aluminum and titanium counter bodies.
Wear mechanism were examined by light microscopy, stylus surface
profiling, REM and EDX. The effect of the coating composition on the
coefficient of friction, the adhesive and abrasive wear behavior will be
discussed. The formation of oxide layers, e.g. tungsten oxide, can
significantly reduce the coefficient of friction.
Keywords
coating
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3D-characterization of growth defects in sputter deposited TiAlN
hard coating using SEM/FIB
Peter Gselman1, Franc Zupanič2, Peter Panjan1, Srečko Paskvale1, Darja Kek
Merl1, Miha Čekada1, Tonica Bončina2
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In PVD hard coatings, micro and macro-defects typically appear during the
deposition. The main representatives are: (a) large and shallow craters with
diameters greater than 5 µm, (b) nodular defects with diameters in range
1-5 µm and (c) small micro-size holes (so called pin-holes). These surface
imperfections in the coatings can cause local stresses, higher friction,
sticking of work piece, local loss of adhesion and pitting corrosion. All the
above mentioned facts are drawbacks in the application of hard coatings.
Therefore, it is very important to reduce their concentration.
In this paper we tried to solve the question regarding the formation of a
defect at a specific location, and whether such a defect can cause pitting
corrosion. It was found by examining several defects that 3D imaging and
analyzing provide new insights in understanding growth defect formation as
well as its influence on corrosion processes, which might help to solve
challenging problems regarding extension of the coating/substrate system
lifetime.
Magnetron sputtering system CC800/7 was used for the deposition of TiAlN
hard coating. D2 cold work tool steel was used as substrate material. The
growth defects embedded into the coating were studied before and after a
corrosion test. The defect morphology and distribution of defects were
studied with field emission scanning electron microscopy (SIRION NC400,
FEI).Focused ion beam (SEM-FIB) installed in a conventional SEM (QUANTA
200 3D, FEI) was used to prepare different cross-sections through the
defect. SEM-FIB cross-section images were then put together into a
3D-image of the defect with graphical program.
Keywords
PVD hard coating
FIB
SEM
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Bonding structure of B-C-N ternary compounds grown by ion beam
assisted deposition and their tribomechanical properties.
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B-C-N solid solutions have received considerable attention due to their
promising chemical, thermal and mechanical properties. Special interest has
been paid to the BCxN stoichiometry, understood as a substitution of BN
atomic pairs by isoelectronic CC pairs that satisfies the charge neutrality
condition expected for a stable ternary compound. However, the synthesis
of B-C-N compounds in thin film form often produces a broad range of
compositions far from BCxN. Actually, several theoretical and experimental
studies have pointed to the metastable character of B-C-N materials, a fact
that is frequently translated into elemental and/or binary phase segregation.
In this work, we present a detailed and systematic study of the X-ray
absorption near edge structure (XANES) of B-C-N ternary compounds with
B2CxN3, BCxN and B2CxN (0
On the one hand, the B-rich BCN compounds (B2CxN) showed clear signs of
icosahedral BCx-like and a-C phase segregation in a hexagonal B-C-N matrix,
whilst N-rich samples (B2CxN3) exhibited CNx segregated phases. On the
other hand, the spectral features of BCxN layers could be correlated to a
graphite-like B-C-N single ternary phase, with increasing number of
structural defects for increasing nominal B/N impinging atomic fluxes.
In addition, it was found that BCxN layers with low concentration of defects
exhibited the best tribomechanical performance. Finally, self-hardening of
these samples from ~2GPa to ~18GPa has been observed within a timespan
of a few days of storage in air.
As a whole, a comprehensive discussion of the tribomechanical properties of
B-C-N coatings with respect to their composition and bonding structure is
provided.
Keywords
Thin films
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Tribological Characterization and Wear Mechanisms of Novel
Oxynitride PVD Coatings Designed for Applications at High
Temperatures
Jiri Nohava1, Pascal Dessarzin2, Pavla Karvankova2, Marcus Morstein2
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In recent years, newly developed protective coatings for cutting tools have
become highly wear resistant to the extreme environments associated with
modern machining processes. On these coatings the common tribological
tests have failed, resulting in practically no wear or strongly heterogeneous
wear. For efficient tribological testing of the new hard coatings it is therefore
crucial to establish a valid set of room- and high-temperature wear test
conditions. After a number of preliminary tests performed on a
high-temperature pin on disc tester we identified optimized conditions for
characterization of this new type of hard coatings.
The investigated coatings comprised nanostructured Al-Cr-based oxynitride
coatings deposited using an industrial rotating cathodes arc PVD process on
cemented carbide. Nitrogen was progressively substituted by oxygen with
up to 100 at.% to avoid oxidation of the coatings at high temperatures.
These coatings are known to withstand extremely high temperatures in dry
milling of high-strength materials while exhibiting high wear resistance.
However, differentiation of their wear resistance by the common tribological
tests had proven rather difficult.
The preliminary pin on disc tests were performed at 24°C and at 600°C
against alumina balls as the static friction partner, in order to identify the
optimum parameters where a measurable wear could be obtained. The key
parameters turned out to be the applied normal load and sufficiently long
sliding distance. The following tribological tests were performed at 24°C, at
600°C and at 800°C. The wear of the coatings with high oxygen content as
measured by surface profilometry was found to be very low. SEM analysis
and EDX mapping of the wear tracks revealed that the wear on samples with
less oxygen content was governed by abrasive mechanism with limited
micro-scale cohesive fracture. All the oxynitride coatings showed very good
wear resistance at room temperature, whereas at 600°C and at 800°C the
observed differences in the wear rates can be related to the oxygen content.
Keywords
oxynitride coating
wear resistant
tribology
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Surface hardening and wear resistance of cemented carbides shock
processed by high-intensity pulsed ion beam
X.P. Zhu1, F.G. Zhang1, H. Guo1, M.K. Lei1
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Ion beam shock processing (IBSP) of WC based cemented carbides was
performed by using high-intensity pulsed ion beam irradiation at a power
density of 107-108 W/cm2. The coupled thermal and dynamic effects induced
by the irradiation resulted in formation of a dense, binderless, remelted top
layer of a few μm and a shock strengthened deep underlayer down to a
hundred μm. Surface hardening of different degree was achieved by
adjusting ion current density and shot number, and the hardening degree
can be correlated to a series of microstructural changes involving phase
transformation, selective ablation of binder phase and remelting
densification. In contrast to the linear relations between wear resistance and
hardness of bulk WC based cemented carbides reported in the literatures,
an exponential rising trend of wear resistance on the surface hardness was
found for the IBSP processed cemented carbides. As compared to
conventional hardening factors of lowering the binder content or decreasing
the WC grain size, the hardening by the IBSP process resulted not only from
lowering binder content, but also remelting densification and shock
strengthened binder phase where micro-defects healing, enhancement of
bonding strength between WC grain and binder, and binder phase
strengthening substantially changed the wear behaviors. The different
mechanisms of hardening accounted for the nonlinear rising of wear
resistance.
Keywords
High-intensity pulsed ion beam
Tungsten carbide
Hardening
Wear resistance
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GENERAL REGULARITIES AND DIFFERENCE OF NANOSTRUCTURED
COATINGS BASED ON NITRIDES OF Zr, Ti, Hf, V, Nb METALS AND
THEIR COMBINATIONS
Alexander Pogrebnjak1, V Beresnev2, A Andreev3, O Sobol4, D Kolesnikov5, F
Komarov6, S Mel’nik7, M Kaverin1, A Shypylenko1
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Using the vacuum-arc source with the HF discharge, nano-structured hard
and super-hard coatings based on Ti-Hf-N(Fe), Ti-Hf-Si-N, Ti-Zr-Si-N, and (Ti,
Zr, Hf, Nb, V)N of 1.2μm to 2.5μm thickness were manufactured. The
coatings were studied using the proton micro-beam μ-PIXE, RBS, SIMS, SEM
with EDS, XRD, and tested for adhesion resistance, wear, and
nano-hardness. It was found that a concentration of Ti, Zr, Hf, V, and Nb
metals as well as a bias potential applied to a substrate and residual
pressure in a chamber (N or Ar/N) affected the formation regularities of solid
solutions and quasi-amorphous phases based on α-Si3N4. Hardness of the
resulting coatings reached 48GPa to 52GPa, their elastic modulus was
420GPa to 535GPa. The friction coefficient was 0.12 to 0.2, and temperature
resistance was as high as 1300oC.
Coating structures varied from a columnar to a nanosized one. Grain sizes of
the phases of the solid solutions were from 4nm to 10nm or 12nm. Those of
α-Si3N4 inter-layer were from 0.8nm to 1.2nm.
The work was performed within the framework of F41.20-2011 GFFR project
of Ukraine and Т11K-058 BR FFRC project of Belarus.
Keywords
super-hardness
adhesion
friction
nano-grains
thermal stability

Powered by TCPDF (www.tcpdf.org)

Session 10: Tribological Coatings

Tuesday, September 11, 2012

OR1007
Composition of plasmapolymeric coatings using O2/HMDSO gas
mixtures and application on elastomers for tribological
improvement
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The composition of plasmapolymeric coatings (SiOx) using O2/HMDSO gas
mixtures in a plasma enhanced chemical vapour deposition (PECVD) process
can be widely tailored varying the mixing ratio of the process gases as well
as the applied power in the deposition process. This article demonstrates
the changing properties of those coatings and its capability for reduction of
friction regarding elastomers for the application on seals. A reduced friction
of sealing rings in an automobile realizes the reduction of CO2 emission due
to energy saving.
On the one hand the deposition process was varied regarding the mixing
ratio of the process gases oxygen (O2) and Hexamethyldisiloxan (HMDSO)
from 1:5 to 18:1 as well as the applied power from 500W to 1500W. On the
other hand the friction of three different types of elastomers
plasmapolymeric coated as well as uncoated was investigated. These three
substrate types were acrylic rubber (ACM), fluoric rubber (FKM/FPM), and
nitrile rubber (NBR). The studied coated and uncoated elastomers were
tested as flat plates. The friction of elastomers was investigated using an
Universal Material Tester (UMT3) system with oscillating Pin-on-plate contact
geometry. The tribological tests were runned dry in ambient conditions with
a velocity of 200 mm/s. The used normal force represents an initial Hertzian
pressure of 1.5 MPa.
It was found that the coefficient of friction µ could be reduced by 84 % of the
uncoated elastomers from 1.24 to 0.20 using plasmapolymeric coatings at
dry friction as well as could be reduced by 43% from 0.14 to 0.08 at
lubricated contact. The nanohardness as well as the Young’s modulus, the
surface energy and the chemical composition of the plasmapolymeric
coatings exhibit a linear dependency. That means the wear resistance could
be tailored in relation to the damping behavior of the elastomers.
Keywords
friction reduction
plasmapolymeric coating
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energy saving
rubber
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Nanosecond pulsed plasmas: characteristics and opportunities
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Low-temperature atmospheric-pressure plasmas are of great importance in
many emerging biomedical and materials processing applications; in recent
years there has been a growing interest in short-pulsed excitation of such
plasmas as a gateway to access highly non-equilibrium discharge chemistry.
This contribution employs time-resolved electrical and optical diagnostics in
combination with a time-hybrid computational model to uncover the physics
behind repetitive short pulsed excitation of atmospheric pressure plasma. It
is shown that during the applied voltage pulse the peak dissipated power
can exceed 1GW/cm3 resulting in electron densities approaching 1017 cm-3
(~6 orders of magnitude larger than conventional low-temperature
atmospheric discharges) while the gas temperature remains close to room
temperature.
Using discharges ignited in neon, helium and argon the temporal evolution
of excited species in a nanosecond pulsed microplasma are examined
experimentally. Over the applied voltage pulse the emission intensity of all
excited states grow rapidly. After the applied voltage pulse, electrons rapidly
cool suggesting emission from excited neutrals should also diminish rapidly.
However, in all gases it is clear that emissions are observed for many tens of
microseconds after each applied voltage pulse, far in excess of their
radiative lifetimes. In addition, optical measurements indicate considerable
reheating in discharges ignited in neon and helium; potential reheating
mechanisms are explored.
Finally, the influence of pulse width on the discharge chemistry is
considered. It is observed that as pulse duration is decreased from several
hundred nanoseconds to less than ten nanoseconds the discharge chemistry
changes considerably. This finding suggests that pulse width may be a route
to tailor the discharge chemistry to suit a given application; a finding that
could have far reaching consequences
Keywords
pulsed
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In Dielectric Barrier Discharge (DBD) at atmospheric pressure can be
observed at least four different time scales for different processes:
electronic excitation/ionisation (1ns – 100ns), de-excitation (1µs to 100µs),
ionic reactions (10ns to 10µs) and neutral particle reactions (1µs to 1ms). In
order, to influence the mechnisms voltage pulses with extremely steep
slopes are necessary. Therefore, the rise time and the pulse width of the
applied voltage could be used as additional parameters to influence the
processes inside the DBD.
The required bipolar voltage is generated either with an H-bridge or a
solid-state Marx topology. The H-bridge is realized with high-voltage
switches, which consists of series stacked MOSFETs with an appropriate
balancing network and a high precision gate drive unit. The Marx topology
consists of several identical Marx stages. Each Marx stage consists of five
MOSFETs and one capacitor as well as a high precision gate drive unit for
the MOSFETs. With both approaches the necessary bipolar output voltages
with extremely steep voltage slopes as well as high repetition rates can be
achieved. Rise times of 20ns from 0V to 10kV are achieved with the H-bridge
and 40 ns with the Marx topology. The repetition frequency with both
topologies is up to 1kcs-1 with adjustable duty cycles.
The pulse-form as well as the ratio pulse-width/pause-width of the applied
voltage has a strong impact on the DBD. This was shown by time resolved
light emission measurements of the DBD in air at atmospheric pressure in
dependence on the pulse-/pause-widths of the applied voltage. The light
emission measurements were performed in different spectral ranges to get
insights for excitation/de-excitation mechanisms. At small pulse-widths
(1µs-range) and small pause-widths (1µs to 20µs) light intensity
amplification could be observed. The light emission measurements obtained
by pulsed DBD are compared with those obtained in a conventional DBD
driven with sinusoidal voltage at 40kcs-1.
Keywords
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A sputter deposition process working at atmospheric pressure is
demonstrated. Argon is ionized at atmospheric pressure by a microwave
microplasma source. A metallic gold target is placed close to the discharge
and biased by a dc power supply. The V/I characteristics of the target to
ground impedance show a stable behavior up to some hundreds of volts and
some mA before it changes to an instable arc regime. In this stable region,
ion flow and ion energy are suitable for sputtering. Target material is
sputtered and the gold can be detected on a glass substrate placed close to
the target.
This proves the principal possibility to realize sputter deposition processes
under atmospheric pressure for the first time. A first application can be a
localized small-area metallization of insulating materials. Further
developments and opportunities are discussed.
Keywords
Atmospheric plasma
Sputtering
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This contribution presents the area-selective deposition of
plasma-polymerized films on insulating surfaces with concentration
gradients of functional groups by plasma printing at atmospheric pressure
using novel gas permeable electrodes as porous “plasma stamps”. These
electrodes consist of a gas permeable sintered metal fleece of 5 mm
thickness sealed on one side with metal foil and covered on the other side
by a layer of structured PDMS of 240 µm thickness, carrying cylindrical vias
with 500 µm diameter centred on a hexagonal lattice with 750 µm lattice
constant. This configuration provides diffusive exchange of species between
the in-plane gas flow through the porous metal and the discharge in the
cavities, formed temporarily between the plasma stamp and the insulating
substrate. Main advantage of the new electrode design is the possibility to
feed it with two or more different gases from spatially separate locations.
Thereby, a steady-state distribution of species concentrations within the gas
flowing through the porous metal can be achieved, enabling the generation
of spot arrays with controlled gradients of physicochemical surface
properties, which may be used for combinatorial studies. Polyolefine foils
were used as substrates for local deposition of plasma-polymerized films by
exposure to arrays of microplasmas in carrier gases with suitable gradients
of precursor concentrations. The deposited thin films were characterized by
XPS and IR spectroscopy. Chemical derivatization with 4‑trifluoromethylbenzaldehyde followed by ATR-FTIR or SEM-EDX analyses was used to
determine density distributions of primary amines within treated areas.
Keywords
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Atmospheric pressure plasmas are more and more interesting regarding to
industrial applications, as no vacuum system is required. Dielectric barrier
discharges are especially said to be convenient in the treatment of materials
at the industrial scale, notably because of the possible scale up of the
process to treat online important areas of flat materials.
But one of the main advantages of theses discharges is the ability to tune
the reactor geometry to fit with the substrate shape. We present here
results related to the treatment of cylindrical materials.
We developed a process that allowed to perform thin film deposition on
metallic wires by using an atmospheric pressure dielectric barrier discharge
in argon, with a coaxial geometry. Octamethyl cyclotetrasiloxane molecule
was used to deposit organosilicon thin films, while carbon-based layers were
deposited by using myrcene diluted in ethanol. Deposition rate, chemical
surface composition and thin film morphology were studied depending on
precursor flow rate, dissipated power in the discharge and deposition time.
Homogenous polymer coatings were successfully deposited at the surface of
the wires, with deposition rates up to 2,000 nm per minute.
This high deposition rate was shown to be suitable for industrial application.
Then, we performed an upscale of the process to deposit a 100 nm thick
layer on a 200m long wire in less than 10 minutes. This was achieved by
installing several reactors in series. The increase of the process was shown
to be possible by increasing the number of reactors.
Also, a preliminary treatment (cleaning, activating and/or oxidizing) was also
possible in a single-step process, thanks to the addition of a reactor before
the reactors used for the deposition process, in which argon was mixed with
molecular oxygen gas flow.
Keywords
AP-DBD
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Online deposition process
polymer coating
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In recent years, atmosphere-pressure cold plasmas were becoming
increasingly important in biomaterial and industrial applications such as
surface treatment, semiconductor fabrication, thin film deposition, food
processing and disinfection for its low surface temperature without
complicated vacuum chamber system. Here, various hollow-core optical
fiber based atmospheric plasma generators were reported. The micron-size
plasmas were formed in the hollow cores of the very long (>1 m) optical
fibers. The microplasmas may result in a rapid growth of carbon tubes of
micron thickness on the inner surface of hollow optical fibres with their
maximum growth rates of >2.00 um/min. The microplasmas in contact with
water solution is highly efficient for killing various virus in water. These
hollow-core optical fiber based plasma generators may be utilized to
generate large-area and uniform atmospheric plasmas. These large area
plasma generators including plasma brush and surface discharge plasma
device were successfully used for the application in the plasma inactivation
of Candida Albicans cells. The hollow-core optical fiber based plasma device
can be also used to form large-area and atmospheric-pressure plasmas in a
sealed package for the low-temperature disinfection of fungi. The
hollow-core optical fiber based plasma generators running without the
complicated fabrication processes show their potentials for plasma
inactivation, surface modification, and coating deposition.
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Microwave-Driven Micro Plasma Jets
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Atmospheric pressure plasma sources become more and more important in
industrial applications. Small micro plasma jets can be used for selective
treatment of complex three dimensional surfaces since their plasma can
penetrate even into narrow capillaries. Applications are for example the
increase of the adhesion of various liquids, deposition of films, layers, and
coatings, or cleaning, decontamination, and sterilisation purposes. A very
recent but also promising application of cold plasma jets is the plasma
medicine.
The presented work includes the development of microwave-generated
micro plasma jets, the characterisation of the plasma, and several selected
applications. First the development of micro plasma jets which are based on
coaxial λ/4-resonators will be presented. To attain a better understanding of
the micro plasma jets and to provide ignition of the plasma without any
additional igniters the electric field distribution inside the resonator as well
as the coupling from the microwave generator to the resonator were
simulated and analysed by using CST Microwave Studio. The
characterisation of the plasma was carried out by optical emission
spectroscopy. Active species were identified and their appearance along the
plasma flame was analysed. The gas temperature was measured by
investigating molecule band systems such as the A2Σ+-X2Πγ-transtion of the
free OH-radical while the electron density was determined from the Stark
broadening of the Balmer Hβ-line. As application in the field of surface
treatment the activation of polycarbonate will be presented. Furthermore,
first results of the sterilisation effect of the plasma on with bacillus
athrophaeus contaminated cellulose test stripes will be presented.
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For bio-medical implant, Ti materials and stainless steel have been mainly
used. But for log life use, there have some problems for bioactivity. In order
to overcome the bioactivity problems, it is useful to coat the surface of the
implant by using hydroxyapatite (HA) or other ceramics. One of the effective
coating efforts on the implant is plasma spraying.
The gas tunnel type plasma system developed by the author has high
energy density and also high efficiency. One typical application is the
plasma spraying of ceramics such as Al2O3 and ZrO2. The characteristics of
these ceramic coatings by the gas tunnel type plasma spraying were
superior to those by conventional jets. The Vickers hardness of this sprayed
coating became 20-30% higher than that of conventional plasma sprayed
coating. And, the porosity was only half of the value of the conventional
ones.
In this study, gas tunnel type plasma spraying was successfully employed to
produce HA and YSZ reinforced HA coatings on 316L stainless steel
substrate. The reinforcement of YSZ in HA significantly reduced the porosity
and consequently increased the coating hardness and enhance the adhesive
strength. The potentiodynamic polarization and impedance measurements
showed that YSZ reinforced HA coatings have superior corrosion resistance
compared to the pure HA coating in SBF solution. The cell culture results
revealed that the reinforced YSZ coating has improved the bioactivity of the
HA coatings. The cells used in the culture test were the marrow stromal cells
(MSCs) of male SD rats. These results indicated the good bioactivity of
above coating materials.
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Thin Film Coating Solutions by Manz including turnkey CIGS fab for
PV modules
Bernhard Dimmler, Andreas Rack
Manz AG, Reutlingen, Germany
bdimmler@manz.com
Manz company is established as one of the leading equipment supplier for
Photovoltaic production industry for crystalline Silicon modules as well as for
thin film based PV modules. Other activities are in the field of FPD and
Li-ion-Battery production equipment.
Manz AG took over the Wurth Solar production facility for CIGS based thin
films PV modules in January 2012 as innovation line for further improvement
of module quality and productivity in order to reduce production costs to be
competitive now as well as to stay competitive in the future with further
upgrading with this most promising thin film technology. Manz is offering
turnkey lines based on CIGS technology offering a competitive solution even
in a dynamic and actually difficult market ambient. In the meantime Manz is
offering about 80% of capex share from inhousesolutions.
High level vacuum deposition equipment is delivered by sister company
Manz Coating Gmbh / Karlstein. Techniques like sputtering, thermal
evaporation and PECVD for special application like CIGS, crystalline Sililcon
and FPD for a variety of materials are offered.
The presentation will show the turnkey solution for CIGS fab, other single
equipment based on various machine platforms and materials.
Keywords
CIGS
Photovoltaic
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High efficiency CIGS solar cells on stainless steel by magnetron
sputtering
Sven Lindstrom, Esko Niemi, Jan Sterner, Johan Oliv, Eric Jaremalm
Midsummer AB, JÄRFÄLLA, Sweden
sven.lindstrom@midsummer.se
Midsummer has by adopting production technology from the optical disc
industry (CD and DVD) developed a high speed CIGS process by utilising
magnetron sputtering in all processing steps. The solar cells are made on
stainless steel substrates, stamped out from 0.3 mm thick ordinary ferritic
stainless steel. To show the potential of the technology, 1 cm2 Cd-free CIGS
solar cells with 15.8% active area efficiency have been made. The
technology is well suited for high volume production of thin film CIGS solar
cells.
We have opted to use the well developed production technology from the
optical disc industry in order to make individual cells (as opposed to
modules) at a high pace. The complete solar cell structure is made by
sputtering without breaking vacuum. Sputtering of high efficiency CIGS solar
cells has already been presented by other actors. Midsummer has developed
a tool which makes a complete Cd-free CIGS solar cell structure at cycle
times below 20 s and with process temperatures up to 700°C. The tool is
offered to customers as the central part of a turn key line for production of
CIGS solar cells as well as a smaller flexible tool for researchers.
The Midsummer CIGS technology has been developed in house for the last 6
years. Production technology from the Optical Disc industry has been
utilised in order to make thin film CIGS cells at a high pace. The process has
been developed on used CD-RW equipment with a limited number of process
chambers. The DUO tool does not have the same limitation since it is
equipped with 25 cathodes to avoid bottlenecks in production.
Keywords
CIGS
magnetron
sputtering
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Industrial high volume low cost MaxPhase™ coatings on bipolar
plates for fuel cells deposited by PVD in a high throughput coating
system
Henrik Ljungcrantz, Bengt Wälivaara, Kristian Nygren, Mattias Samuelsson
Impact Coatings AB, Linkoping, Sweden
henrik@impactcoatings.se
Fuel cell technology is an alternative and emerging route for energy storage.
Low cost and high reliability is essential for making any energy storage
attractive for the market. For the fuel cell functionality, the most critical
parts are the membranes and the bipolar plates (BPP). The multifunctional
role of the BPP in the fuel cell (FC) stack as a cell separator, gas distributor,
and current collector set up high demands on their properties regarding
weight, formability, corrosion resistance, electrical conductivity, and cost.
Metal BPP has many advantages over graphite plates, such as small
thickness, low forming cost, but has a poor contact resistance.
Thin, protective coatings (< 1µm) deposited by physical vapor deposition
(PVD) offer a cost-effective corrosion protection of the metal BPPs from
degradation during cell operation. In addition to maintain favorable
functional properties (electrical and chemical) in the FC environment, the
coating and BBP should also meet the U.S. Department of Energy (DOE) cost
requirements of about 3 $/kW by 2020. The choice of coating process and
material, together with the physical design of the BPP should therefore be
considered already in an early stage in the fuel cell stack development.
Impact Coatings is currently offering MaxPhase™ as a low cost coating
material suitable for stainless steel BPP, thus replacing the need for noble
metal coating. Using the InlineCoater™ deposition system gives a high
throughput, short cycle deposition of cost-effective MaxPhase™ coatings.
In the current study, we compare MaxPhase™ with gold coatings. The study
encompasses coating chemical stability, electrical properties, both in situ
and ex situ, as well as life-time investigations. Moreover, also production
cost calculations were performed. The results shows that low cost
MaxPhase™ coatings on BPP produced in the InlineCoater™ system exhibit
properties similar to gold, and are thus promising candidates for meeting
the production cost goals as recommended by DOE.
Keywords
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Industrial scale synthesis of PVD coatings relevant for energy
conversion
Lars Pleth Nielsen1, Klaus Pagh Almtoft1, Bjarke Holl Christensen1, Steffen
Sønderby1, Per Eklund2, Per Møller3, Cecilia Kristin Kjartansdóttir3
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Danish Technological Institute, Aarhus C, Denmark 2Linköping University,
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lars.pleth.nielsen@teknologisk.dk
Electricity-hydrogen conversion and vice versa in an energy-efficient way is
of utmost importance for going beyond simple consumption of fossil fuels.
Different technologies are available e.g. electrolysis of water, PEM fuel cells,
and Solid Oxide Fuel Cells (SOFC). The presentation will show different
PVD-based coatings synthesized on an industrial scale CemeConCC800/9
deposition unit equipped with four Pulse-DC cathodes.The presentation will
focus on the development of high surface-area Raney Nickel electrodes for
electrolysis made from a combination of galvanic deposition of Nickel
followed by PVD alumina, alloy formation and subsequent dissolution of the
alumina forming a high surface area Ranaynickel electrode,. The
morphology of the nickel electrode and performance will be addressed. We
demonstrate reactive PVD synthesis of gadolinia-doped ceria (CGO)
barrier-layer, preventing strontium interdiffusion in SOFC cells. The
performance in real SOFC applications will be addressed as well as the
underlying microstructure based on FIB-SEM, TEM and XRD. For example,
TEM and electron diffraction show that the orientation of the grains in the
underlying cathode determines the orientation of the CGO. For thin CGO
layers, we observe grain-boundary diffusion of Sr and subsequent formation
of the high-resistivity SrZrO3 phase, while thicker CGO layers are observed
to block this mechanism.
Keywords
PVD coatings
energy conversion
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Industrial production of thin optical coatings on metal bands
Davorin Pavic
BlueTec GmbH, Trendelburg, Germany
davorin.pavic@bluetec.eu
BlueTec, founded in 2005 and situated in the beautiful landscape of
Weserbergland, is one of the leading companies in metal band coating using
PVD techniques. BlueTec has specialized in the industrial production of thin
optical coatings on metal bands. The optical films can be applied to any
metal band with a thickness between 0.1 mm and 0.5mm and a width up to
1,300mm. With the experience of its engineering team in the field of
vacuum coating, BlueTec designs and manufactures its own coating lines.
Right from the start BlueTec has set important impulses to the solar thermal
industry with its high selective absorber coating etaplus, a semi-finished
product for use in solar thermal collectors. An air-to-air magnetron-sputter
coater is used for the application of the coating to the metal
substrate.etaplus is a highly selective coated metal band that enables the
production of large-surface homogenous solar absorbers. The etaplus
coating is a ceramic metal compound (CERMET) consisting of several single
layers. The finely tuned absorption properties of the multi-layer system and
the industrial process provide etaplus with a high absorption level of 95%,
combined with the low thermal emittance of 5% on copper or aluminium
substrates. etaplus is temperature stable and has long-term resistance, and
is also adhesive and abrasion-proof.
In 2011 BlueTec has entered the lighting market with a highly reflective
product R.plus for use as a backside reflector in luminaires. A special
air-to-air coater has been designed, which allows to operate
magnetron-sputtering in combination with electron-beam evaporation
parallely to apply the multilayer coating on metal bands.R.plus is a highly
reflective coated aluminium band that is processed to reflectors of various
shapes to direct artificial and natural light. The high reflectivity of R.plus can
be achieved by applying pure silver or aluminium layers on aluminium
surfaces. A tandem dielectric layer with a low as well as high refractive
index enhances the total reflection of the metallic layer underneath and also
serves as highly resistant protective top-layer. Such a layer stack has a total
light reflection up to 98 % based on silver coatings.
Keywords
metal-band
magnetron-sputtering
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Plasma Technology for Energy Conversion and Storage: chances
and challenges for flat steel sheet products
Bernd Schuhmacher1, Stefan Puls1, Janine Schauer-Paß1, Michael Strack1,
Krasimir Nikolov2, Hanno Paschke3, Thomas Stucky4
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The use of plasma technology offers significant opportunities for developing
new products and semi-finished products on the base of steel-based
materials such as flat sheet, black plate and precision strip. This is especially
true for the field of energy conversion and storage, and is illustrated by
several examples, such as metallic bipolar plates in fuel cells, steel-based
mirrors for CSP plants and coated GO electrical steel.
However, in order to exploit these opportunities, there remain some
significant challenges in the development of plasma processes to be
overcome. This is especially true for the adaptation of these processes to
the continuous treatment of fast-running wide steel strip. Here, a close
cooperation of research institutions with industry is to be required.
Keywords
Steel sheet
Plasma technology
Energy conversion
Large area coating
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First commercial HiPIMS-coatings for cutting tool applications
Stephan Bolz1, Christoph Schiffers1, Oliver Lemmer1, Werner Kölker1,
Grzegorz Greczynski2, Lars Hultman2
1
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University, Linköping, Sweden
stephan.bolz@cemecon.de

AlTiN is known as a state-of-the-art coating with high hardness and wear
resistance. To further increase structure, mechanical properties and
adhesion of AlTiN-based coatings increased adatom mobility and increased
ion bombardment during film growth are of major importance. For this
purpose a high ionization fraction of target material is required. In our
presentation we describe the application of High Power Impulse Magnetron
Sputtering (HiPIMS) in order to achieve high cathode peak power and high
metal ionization leading to enhanced coating- and interface properties like
hardness, toughness and adhesive strength compared to d.c.-sputtered
coatings. The scratchtest revealed twice as good adhesion compared to
conventional AlTiN-coatings (Lc >140N on WC/Co substrates). Due to the
choice of appropriate pulse parameters back sputtering was suppressed and
therefore high deposition rates of 3 µm/h were obtained by 3-fold rotation.
Furthermore the HiPIMS coating process is able to handle mixed batches of
various geometries e.g. cutting inserts, shank tools, mini tools, molds, etc..
Process stability has been shown during the use of this process for more
than 2 years of job coating without any defect of the HiPIMS equipment.
Plenty of diverse cutting results show that HiPIMS coatings outperform the
d.c. ones to all intents and purposes.
Keywords
HPPMS
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HIPIMS Arc Free Reactive Discharge for Deposition of
Non-conductive Films on ENDURA 200 mm Cluster Tools.
Roman Chistyakov1, Bassam Abrahan2
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Magnetron sputtering technology is widely used for the deposition of thin
films for different applications. The properties of the sputtered films (metal,
oxides, and nitrides) strongly depend on magnetron plasma density during
the deposition process.The main problem for reactive sputtering is to
generate stable arc free discharge and increase plasma density. One
approach to generate arc free discharge is to use commercially available
Pinnacle Plus Pulsed DC plasma generator manufactured by Advanced
Energy Inc. This plasma generator is using the positive voltage between
negative pulses to attract electrons and discharge target surface to prevent
arc formation. But Pinnacle Plus plasma generator generates low density
plasma and therefore does not allow controlling film properties in wide
range. In 1995 -1999 a new way of magnetron sputtering was introduced. It
was HIPIMS (highly ionized pulse impulse magnetron sputtering).The main
idea of this approach is to apply short (~ 50-100 µs) high power pulses with
target power density during the pulse around 1-3 kW/cm2. Highpower pulses
generate high density magnetron plasma that allows significantly improve
and control film properties. Until now there is no data were presented of
HIPIMS reactive sputtering of nonconductive films on cluster tools for
semiconductors, MEMs applications. In this presentation new method of
generation arc free discharge for reactive HIPIMS with new plasma generator
Cyprium (Zpulser LLC) will be presented. It will be shown that arc formation
in reactive HIPIMS can be controlled without applying positive voltage
between pulses high power pulses. Arc free reactive HIPIMS process for
sputtering AlNx, TiO2, TiN and Si3N4 at ENDURA 200 mm cluster tool will be
discussed. The direct comparison of the film properties sputtered with
Pinnacle Plus plasma generator and Cyprium plasma generator will be
presented.
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Intrinsic stress in TiN thin films is due to ion peening during growth, either
resulting in implantation of ions from the plasma or knock on of surface
atoms. The generation of intrinsic stress in TiN films depends strongly on the
texture of the surface of the growing film. In reactive sputter deposition of
TiN films a stress gradient of the stress has been observed. This stress
gradient has been linked to a changeover of texture from (001) for thin films
to (111) for thicker films. In biased HIPIMS deposition of TiN films high
stresses, but no stress gradient has been observed for films up to 150 nm in
thickness. Recently thick dense TiN films have been deposited by HIPIMS at
room temperature on floating substrates [1]. Therefore in the present work
we study the stress in TiN films grown under the conditions described in
reference [1].We deposited a series of TiN films on floating Si substrates by
HIPIMS at room temperature without bias. We varied the deposition time,
resulting in a series of films with thicknesses ranging from 7 nm to 2.2 µm.
We determined the stress, or more accurately the Force per unit width in the
films by measuring the curvature of the Si substrates before and after
deposition of the films.We present the dependence of the Force per unit
width on the thickness and we correlate the development of stress from the
thinnest obtained films (7 nm) to the thickest films of 2 µm with the
development of texture. For selected samples, the stress was also
determined from XRD using the Sin2psi method adapted to the case of
textured layers. We compare the obtained results to stress in films obtained
by magnetron sputter deposition with bias at elevated temperature as well
as to stress obtained in HIPIMS deposited films deposited with bias at
elevated temperature.
[1] M. Latteman, U. Helmersson, J.E. Greene, Fully dense, non-facetted high
power impulse magnetron sputtering TiN films grown in the absence of
substrate heating and bias, Thin Solid Films, 518, 5979, (2010).
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High-rate reactive high power impulse magnetron sputtering of
multifunctional Ta-O-N films
Jaroslav Vlcek1, Jiri Rezek2, Jiri Houska1, Radomir Cerstvy1
1

University of West Bohemia, Plzen, Czech Republic 2NTIS, University of West
Bohemia, Plzen, Czech Republic
vlcek@kfy.zcu.cz

High power impulse magnetron sputtering of a planar tantalum target
(diameter of 100 mm) in various argon-oxygen-nitrogen gas mixtures was
investigated at a fixed average target power density of 50 Wcm-2 in a period.
A strongly unbalanced magnetron was driven by a pulsed dc power supply
(HMP 2/1, Huettinger Elektronik) operating at the repetition frequency of 500
Hz and the average target power density of up to 2.4 kWcm-2 in a pulse with
a fixed 50 μs duration. The nitrogen fractions in the reactive gas flow were
in the range from 0 to 100% at the argon partial pressure of 1.5 Pa and the
total pressure of the argon-oxygen-nitrogen gas mixture around 2 Pa. The Si
(100) and glass substrates were at a floating potential, and the substrate
temperature was less than 250°C. The target-to-substrate distance was 100
mm. An effective reactive gas flow control made it possible to produce
high-quality Ta-O-N films of various elemental compositions with high
deposition rates (97 to 190 nm/min). Their compositions (in at. %) were
varied from Ta27O72 with a low content (less than 1%) of hydrogen to
Ta38O4N55 with 3% of hydrogen. The former films were nanocrystalline with
high optical transparency (extinction coefficient less than 10-4 at 550 nm),
refractive index of 2.12, band gap of 4.0 eV, very low electrical conductivity
(resistivity of 7.7x109 Ωcm) and hardness of 7 GPa. The latter films exhibited
a more pronounced crystallinity, they were opaque with relatively high
electrical conductivity (resistivity of 4.2x10-2 Ωcm) and hardness of 19 GPa.
The Ta27O40N31 films with 2% content of hydrogen, produced at the 50%
nitrogen fraction in the reactive gas flow with the highest deposition rate of
190 nm/min achieved, were nanocrystalline with the band gap of 2.4 eV,
electrical resistivity of 5.5x106 Ωcm and hardness of 8 GPa. Such films seem
to be suitable candidates for visible-light responsive photocatalysts. Details
of the deposition process and measured properties of the films will be
presented.
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The refractory metal zirconium exhibits a high affinity to hydrogen, which
results in the formation of hydrides such as ZrH2.
We have deposited ZrH2 and Zr thin films by high power impulse magnetron
sputtering (HiPIMS) and direct current (dc) magnetron sputtering from a
zirconium target in hydrogen-containing plasmas on Si(100) substrates,
using the Linköping CC 800®/9 ML industrial-scale high-vacuum system from
CemeCon AG. The growth was carried out either in pure Ar plasmas, partial
pressure 0.42Pa, or plasmas containing: 2.5, 5, 10, 15, and 20% H2 as seen
from the resulting total pressure. A fixed target to substrate distance of 7cm
and no external heating was applied during growth. The dc sputtered films
were deposited for 120 s with the target operated at a power of 5 kW and at
a substrate bias of -80 V. Growth by HiPIMS was carried out for 496 s with
the pulse repetition frequency set to 300 Hz at a pulse width of 150 µs,
using an average power of 3 kW and setting the substrate bias to -80 V.
X-ray diffraction shows that predominantly 111-oriented cubic-phase (δ)
ZrH2 films are grown by both techniques and for the most hydrogen-rich
composition. For lower H2 concentration, the diffraction patterns show traces
of metallic zirconium in the dc sputtered films, whereas it is possible to
retain the growth of 111-oriented δ-ZrH2 films at lower H2 concentrations,
down to 5%, by HiPIMS. Diffractograms recorded from pure Zr references
show that these films exhibit a 101̅0 preferred orientation both for the dc
sputtered and the HiPIMS grown films.
Results from transmission electron microscopy, elastic recoil detection
analysis, four point probe measurements, and pole figure measurements will
be presented.
Keywords
HiPIMS
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In this paper the changes regarding process and film properties in pulse
magnetron sputtering will be discussed that occur in case of enhancing the
power to high and very high power density until HIPIMS. The discharge
current density was varied between 0.2 and 3.5 A/cm2. The pulse mode
(unipolar and bipolar) and the power density in the discharge influence
plasma density and excitation of particles. This had been investigated using
plasma emission spectroscopy. As a consequence of the different plasma
conditions significantly different temperature rise of the substrate had been
observed for samples having the same film thickness. The magnetron
magnetic field strength is an important factor influencing the process
behavior especially in HIPIMS. Methods of reactive process control in the
transition mode will be considered that are advantageous for HIPIMS
according to our evaluation. Ideas for upscaling of the HIPIMS process will be
discussed.
On the examples of ZrN, Ti and TiO2 the typical effects and their influence on
film properties occurring during the transition from classical medium
frequency pulse magnetron sputtering to high energy pulse sputtering
(HIPIMS) will be described. Furthermore the influence of rising ionisation on
the occurrence of crystalline phases and on mechanical, optical and
photocatalytic properties of the layers will be presented.
The paper concludes with a placement of the processes related to other
PVD-processes that is based on further own experimental results and
evaluation of dependencies as well as considering published results of other
groups regarding pulse magnetron sputter processes of high power density
for the deposition of hard coatings and TCO.
Keywords
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Thin TiN films were grown on SiO2 by reactive high power impulse
magnetron sputtering (HiPIMS) at a range of temperatures from 45 to 600
°C. The film properties were compared to films grown by conventional dc
magnetron sputtering (dcMS) at similar conditions [1]. Structural
characterization was carried out using X-ray diffraction and reflection
methods. The HiPIMS process produces denser films at lower growth
temperature than does dcMS. The surface is found to be much smoother for
films grown by the HiPIMS process. The [200] grain size increases
monotonically with increased growth temperature, whereas the size of the
[111] oriented grains decreases to a minimum for a growth temperature of
400 °C after which it starts to increase with growth temperature [2]. The
[200] crystallites are smaller than the [111] crystallites for all growth
temperatures. The grain sizes of both orientations are smaller in HiPIMS
grown films than in dcMS grown films. The mechanical properties, hardness,
friction coeficient and Youngs modulus were measured and compared. The
film resistance was monitored in-situ to determine the coalescence and
continuity thicknesses which decrease with increasing growth temperature
with a minimum of 0.38±0.05 nm and 1.7±0.2 nm, respectively, at 400 °C.
HiPIMS deposited films have a significantly lower resistivity than dc
magnetron sputtered (dcMS) films on SiO2 at all growth temperatures due to
reduced grain boundary scattering. [1] A. S. Ingason, F. Magnus, J. S.
Agustsson, S. Olafsson, and J. T. Gudmundsson, Thin Solid Films, 517 (24)
(2009) 6731-6736 [2] F. Magnus, A. S. Ingason, O. B. Sveinsson, S. Olafsson
and J. T. Gudmundsson, Thin Solid Films, 520(5) (2011) 1621 - 1624
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Controlled copper release from Ti-Cu films: effect of reduced
pressure during HiPIMS deposition
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The goal of our work is to develop a technique for deposition of Ti-Cu thin
films with defined copper release to be used as coatings of bone-contacting
parts of hip joint endoprostheses. The copper released from the film after
the implantation provides an antibacterial effect which reduces the risk of
post-operation infections. However, the copper release has to be controlled
to achieve relevant effect against bacteria combined with enabled adhesion
of osteoblastic cells on the surface.
For that purpose graded Ti-Cu films were prepared using the
hybrid-dual-HiPIMS deposition technique. The unipolar hybrid-dual-HiPIMS
system is based on a combination of dual-HiPIMS (f = 100 Hz, duty cycle
1%) with mid-frequency (MF) discharge operated at f = 94 kHz. A feature of
this hybrid system is a pre-ionization enabling: (i) to reduce significantly the
working pressure by one order of magnitude, (ii) to increase and control the
energy flux towards the substrate, and (iii) to enhance ionization of metal
species at lower pressure.
The main aim of this contribution is to find the correlation between plasma
parameters, film properties and subsequently the copper release. Langmuir
probe, retarding field analyzer (RFA), and calorimetric probe were employed
to determine the ion and electron distribution functions and the total energy
flux towards the substrate. Film properties as crystallography, density, film
thickness, and chemical composition are evaluated by XRD, XR and XPS
methods. The copper release is measured after the insertion into the cell
cultivation liquid by the atomic absorption spectroscopy. Here, the copper
release is influenced by the crystallographic structure linked to the energy
flux towards the substrate during the deposition.
Work was supported by BMBF through project Campus PlasmaMed. Further
grant P205/11/0386 of GACR is acknowledged.
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Hysteresis-free HiPIMS deposition of high-index optical coatings
Matej Hala1, Jiri Capek1, Oleg Zabeida1, Jolanta E. Sapieha1, Ludvik Martinu1
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High Power Impulse Magnetron Sputtering (HiPIMS) and its recent
modification called Modulated Pulse Power Magnetron Sputtering (MPPMS)
are new deposition techniques that are currently being investigated for their
promising potential to produce high-quality optical films. In this contribution,
we investigate the behaviour of HiPIMS and MPPMS discharges operated in
reactive mixtures of Ar and O2, and compare them to a standard DCMS
reactive process.
We demonstrate that in reactive O2/Ar gas mixtures the surface metal
oxides are effectively sputter-eroded from the target during both HiPIMS and
MPPMS pulses, as indicated by detailed time-resolved optical emission
spectroscopy and waveform analysis; this results in discharges operation in
the transition mode between metallic and poisoned target surfaces. Stable
deposition conditions and complete hysteresis suppression are thus
obtained for a wide range of discharge parameters; examples are shown for
Nb2O5 and Ta2O5 films exhibiting a high index of refraction, low absorption
and a high deposition rate. This opens possibilities to fabricate optical
coatings without need for a sophisticated reactive gas flow control, in
contrast to reactive DCMS.
Keywords
high power impulse magnetron sputtering (HiPIMS)
reactive sputtering
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optical coatings
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TiC nanocomposite differences between HiPIMS and DCMS
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The aim of this study is to compare the effect of high power impulse and
direct current power supplies in the deposition via magnetron sputtering of
TiC/a-C nanocomposites on composition, structure and mechanical
properties in industrial conditions with no sample biasing.
Titanium Carbide films were deposited in an industrial close field apparatus
(target size 12”x4.9”) by HiPIMS and by DC from a titanium target in
acetylene (C2H2) reactive atmosphere. Reactive gas flux was changed in
order to obtain C/Ti ratios in the coating from 0.8 up to 2. Emission spectra
were recorded highlighting the presence of Hγ emission line only for the
HiPIMS process depending on power and pulsing frequency. The deposition
rate scaled linearly with the C2H2 flux in the poisoned mode for both DCMS
and HiPIMS. Compositional RBS and ERDA characterization also showed
lower hydrogen content in HiPIMS coatings than in DC. XRD and TEM
characterization showed the presence of TiC nanocrystals with size and
spacing dependent on C content surrounded by an amorphous matrix.
HiPIMS allows to obtain fine grain TiC nanocrystals at C/Ti ratio closer to 1
than DC.
The difference between the two deposition techniques were highlighted also
by the mechanical properties of the coatings, tested by nanoindentation and
microscratch. The deposited coatings showed as a function of the deposition
process hardness in the range 10-25 GPa and elastic modulus of about 200
GPa, in particular HiPIMS coatings were characterized by higher hardness
values while DC samples were always lower than 15 GPa. An increase of
hardness and modulus could be observed for C/Ti content around 1.2-1.3.
Coefficients of friction showed values lower than 0.2 as a function of carbon
coating content and were similar for HiPIMS and DC samples. On the other
side adhesion was improved in HiPIMS samples. For C/Ti ratios from 1 to 1.4
the resistivity of the HiPIMS samples was around 400 µΩ cm, while DC
samples showed a resistivity more than double (> 1000 µΩ cm).
Keywords
HiPIMS
TiC
nanocomposite
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Recent developments in the field of transparent conductive oxide
films for oxide electronics and photovoltaics
Bernd Szyszka1, Wilma Dewald1, Sanjeev Kumar Gurram1, Andreas Pflug1,
Christina Schulz1, Volker Sittinger1, Stephan Ulrich1, Wolfgang Werner1
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The material class of transparent conductive oxides (TCO) has shown to be
of crucial importance for optoelectronic devices in the last decades. The
combination of metallic conductivity and high transmittance has been an
enabling factor for all types of flat panel displays and thin films solar cells at
present time. Polycrystalline n-type TCOs such as In2O3:Sn (ITO), SnO2:F and
ZnO:Al are still the main materials for these applications with a strong
emphasis on In based materials for display applications.
Current R&D is towards two main directions: In the field of n-TCOs,
advanced control of layer properties and low cost large area deposition is
necessary to fulfill the market needs for large area photovoltaics, flat panel
displays and solid state lighting. Our emphasize is here on ZnO:Al based
materials which allow for tailored light scattering for a-Si:H/µc-Si:H tandem
solar cells, improved encapsulation for CIGS solar cells and even for
substitution of ITO in display applications.
The second main direction opens up even new perspectives on the industrial
use of oxides: Here, we address the development of active semiconductive
oxide (ASO) films which have the potential to revolutionize the current
microelectronics industry. This industry is currently almost exclusively based
on Si semiconductors, either as crystalline or as amorphous material.
However, the perspectives for further developments are limited since the
constraints of the material such as non-availability for flexible devices;
optical opacity and need for high temperature processing are obvious. The
emerging class of oxide semiconductors is able to overcome many of those
restrictions, especially because some of them can be prepared as thin
(transparent) films under comparatively moderate conditions. We report on
the state of the art on large area oxide electronics and we outline the
development on further products such as oxide based p-n junctions for UV
LED and oxide based CMOS applications.
The third part addresses the modeling of material properties and growth
phenomena. Here we describe our multiscale approach to achieve
understanding and control of process conditions and material properties.
Keywords
Transparent Conductive Oxides

Powered by TCPDF (www.tcpdf.org)

Session 13: Conductive and Catalytic Oxides

Wednesday, September 12, 2012

OR1301
Process control, performance limits and dopant activation of
Al-doped ZnO grown by reactive pulsed magnetron sputtering
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Al-doped ZnO (AZO) films which combine maximum carrier mobility (μ),
moderate free electron densities (Ne) and high surface roughness are of
special interest for application as transparent front electrode in thin film
solar cells. They posses high optical transmission in the visible and near
infrared spectral range and enable a superior light trapping behavior.
Reactive magnetron sputtering using a wide range of Al target
concentrations (cAl) in connection with precise process control is used to
grow high quality polycrystalline AZO films exhibiting optimum values of
μ>45cm2/Vs and ρ<2.3x10-4 Ωcm.
The present work is focused on systematic investigations of the influence of
process parameters like oxygen partial pressure and substrate temperature
(Ts) on AZO film properties. The observed dependence of carrier mobility on
Ne in AZO is discussed in the framework of ionized impurity scattering and
clustering as well as grain boundary limited transport which predicts a
fundamental physical limit of μ.
The cAl is shown to have a strong impact on the optimum process conditions
and also on film structure. Ion-beam analysis confirms an Al enrichment in
the films with increasing Ts which correlates with the commonly observed
deterioration of electrical properties at high Ts values. In combination with
Hall-effect measurements it is possible to estimate the fraction of electrically
active Al in the ZnO matrix, which is rarely reported in a quantitative and
systematic manner.
Keywords
transparent conductive oxide
reactive magnetron sputtering
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doping
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Crystallinity control of sputtered ZnO films by utilizing buffer layers
fabricated via nitrogen mediated crystallization: Effects of nitrogen
flow rate
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ZnO is a promising material for transparent conductive oxide (TCO). Since
the crystal orientation and the grain size strongly affect both the carrier
density and the mobility, crystallinity control is of great significance for
further improvement of ZnO films. We have recently demonstrated a novel
fabrication method of ZnO films utilizing nitrogen mediated crystallization
(NMC), where the crystal nucleus density can be controlled because the
nitrogen atoms suppress crystallization of ZnO films [1]. The resultant
NMC-ZnO films have well aligned crystal orientation and large grain size
compared with the films prepared by a conventional sputtering. Here we
utilize the NMC-ZnO films as buffer layers for ZnO:Al (AZO) TCO films and
clarify the effects of the N2 flow rate during sputter deposition of NMC buffer
layers on the crystallinity of the AZO films as well as the NMC-ZnO buffer
layers. Both the crystal orientation and the grain size of the NMC buffer
layers highly depend on the N2/Ar flow rate ratio. Introduction of small
amount of N2 (N2/Ar = 4/20.5 sccm) drastically improves the crystallinity of
the buffer layers. FWHM of XRD patterns for 2θ-ω and ω scan of (002) plane
are 0.25° and 2.6°, being significantly small compared with 0.92° and 3.5°
for the buffer layers fabricated without N2. However, a further increase in
N2/Ar flow rate ratio deteriorates the crystallinity, because excess N atoms in
the films disarrange the crystal structure of ZnO. As a result, AZO films with
high crystallinity have been successfully fabricated by utilizing the
NMC-buffer layers deposited at N2/Ar = 4/20.5 sccm. The crystal grain size of
100-nm-thick AZO films on the NMC-buffer layers is 60 nm, which is about 5
times larger than that of conventional AZO films. The effects of N2/Ar flow
rate ratio on the electrical properties of AZO films will be discussed at the
conference. [1] N. Itagaki et al., Appl. Phys. Express 4 (2011) 011101.
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Zinc oxide (ZnO) is an II-VI wide gap semiconductor used in many industrial
applications. Especially, aluminium or gallium doped ZnO films have
increasingly attracted attention in recent years as a transparent conducting
oxide (TCO) that could potentially replace indium tin oxide. Sputter
deposition is attractive method for the formation of TCO thin films for use in
solar cells due to the high deposition rates and uniform coverage over large
areas. Previous studies have suggested that TCO films prepared by
magnetron sputtering exhibit inhomogeneities of the conductivity.
Increasing film resistivity at location opposite to the erosion area of the
target is mainly attributed to the impact of high energy negative oxygen
ions.
In this study we focused on the spatial distribution of the structure and
electrical properties of Scandium doped ZnO films (ZnO:Sc). The use of
scandium as dopant of ZnO could be interesting due the fact that the ion
radius of Sc3+ is very close to that Zn2+. ZnO:Sc films were prepared by
13.56 MHz radio frequency (rf) magnetron sputtering using BOC Edwards TF
600 coating system. The films were sputtered in Argon atmosphere from a
sintered ceramic target with mixture of 98 wt% ZnO and 2wt% Sc2O3. The
structure of the films was studied by X-ray diffraction (XRD) using an
automatic Panalytical X-ray powder diffractometer X´Pert Pro. Copper Kα
radiation (λ = 0.154 nm) was used. The resistivity of the films was measured
by the four point probe technique.
It was found that spatial distribution of electrical properties corresponds well
with film structure. As the distance between erosion area increases,
resistivity decreases due to enhanced crystallinity and lower strain. Also it
was found that resistivity of ZnO:Sc films gradually decreased with
increasing RF power. Films deposited at RF power 340W outside the
influence of the erosive area exhibit lowest resistivity 4×10-3Ωcm.
Keywords
Transparent conductive oxides
Sc-doped ZnO
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Enhanced properties of photocatalytic thin films via doping during
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Titanium dioxide is a well-known photocatalytic material with a wide range
of applications such as self-cleaning and anti-microbial hygienic surfaces.
Due to its band gap of 3.2 eV it is activated by ultraviolet radiation and
much attention has been focused on means of shifting the photocatalytic
activity into the visible range, including transition metal ion doping and
doping with nitrogen. This would significantly extend the range of
applications for this material, particularly if these enhancements could be
achieved at processing temperatures that are not detrimental to the
integrity of commodity substrates, such as glass or polymers.
In the present work, TiO2 coatings doped with various transition metals (Mo,
Nb, Ta, W) and TiO2 coatings doped with N2 have been investigated and
compared. As-deposited coatings and coatings annealed at both 400oC and
600oC were characterized by X-ray Diffraction (XRD), Raman spectroscopy
and energy dispersive X-ray spectroscopy (EDX). The band gap values were
determined from optical data for all samples. The photocatalytic properties
of the coatings were studied by the degradation of methylene blue dye
under both ultra-violet and visible light sources. The results of the study
showed that doping titania coatings with Mo, W and Nb ions in low
concentration significantly improves their photocatalytic properties in both
the UV and visible ranges. For example, titania coatings doped with 2.4at%
Mo showed a 26% increase in activity in the UV and a 69% increase in
activity in the visible range, compared to pure titania coatings prepared
under the same conditions. Similarly, low levels of nitrogen doping can also
be beneficial, whereas doping with Ta was detrimental. The crystal structure
of all coatings with high photocatalytic activity was predominantly anatase.
Excessive transition metal doping leads to the formation of electron-hole
recombination centres at dopant sites, and hence reduces the photocatalytic
activity.
Keywords
titania coatings
photocatalytic coatings
dopants

Powered by TCPDF (www.tcpdf.org)

Session 13: Conductive and Catalytic Oxides

Wednesday, September 12, 2012

OR1305
Electronic structure of N-doped TiO2 films grown by reactive pulsed
magnetron sputtering
RAUL GAGO-FERNANDEZ1, Andrés Redondo-Cubero2, Javier Palomares1,
Mykola Vinnichenko3, Jens Lehmann3, Frans Munnik3
1

ICMM-CSIC, Madrid, Spain 2ITN, Sacavém, Portugal 3HZDR, Dresden,
Germany
rgago@icmm.csic.es

TiO2 is a functional wide band-gap semiconductor with interesting
photocatalytic properties [1,2]. However, TiO2 applications are mostly
limited to the ultraviolet spectral range due its band-gap energy (Eg) > 3 eV.
Non-metal (anion) doping has been proposed to overcome such drawback,
with most of the effort focused on N doping (TiO2:N) triggered by the
visible-light activity reported by Asahi et al. [3] and attributed to
substitutional N sites. However, controversial results about the effective
band-gap narrowing by substitutional N have been found [4]. It should be
noted that N solubility limit at substitutional sites is ~2 at.% [2]. Hence,
highly-doped TiO2:N may contain a large fraction of interstitial N, its impact
on the electronic structure still remaining an important question [2].
In this work, highly-doped (N up to ~8 at.%) TiO2:N films grown by reactive
pulsed magnetron sputtering (RPMS) have been studied by X-ray absorption
near-edge (XANES) and X-ray photoelectron (XPS) spectroscopies. XANES
reveals that N sites are preferentially in the form of N2 or NOx complexes for
low and high (≥ 300ºC) growth temperatures (Ts), respectively.
Complementary, XPS corroborates the dominance of NOx bonds together
with a small contribution of substitutional N. Spectroscopic ellipsometry (SE)
shows a progressive reduction of Eg with Ts in TiO2:N with respect to
undoped films, with a decrease of ~0.3 eV at 450ºC. Interestingly, the
valence-band spectra from XPS display a rigid red-shift that matches SE
data. Hence, band-gap narrowing in RPMS TiO2:N is correlated with the
dominant contribution of NOx interstitials.
[1] A. Fujishima et al., Surf. Sci. Rep. 63 (2008) 515; [2] M.A. Henderson,
Surf. Sci. Reports 66 (2011) 185; [3] R. Asahi, et al. Science 293 (2001) 269;
[4] M. Batzill, et al. Phys. Rev. Lett. 96 (2006) 026103.
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The last years have seen a growing number of investigations on titanium
oxide doped with metals like Nb, Ta, Zr, Mo for its perspective use as a
transparent conducting oxide (TCO). Especially its high chemical stability
and abundance are the main advantages of TiO2. High transparency (up to
90% in VIS Region) and low resistivity (> 3.10-4 Ωcm) [1] make it an
attractive candidate for substituting ITO, ZnO or SnO2, the TCO’s mostly
used today. Recently, TiO2:Nb was already applied as a window and contact
layer in Cu(In,Ga)Se2 solar cells, which were used for direct water splitting.
Here, the high chemical resistivity of TiO2 was the main aim for selecting this
new TCO material [2].
The present work concerns the reactive magnetron sputtering of TiOx films
from metallic targets of TiNb (6wt%), TiTa (10wt%), TiZr (6wt%). Optical and
electrical film properties are investigated in dependence on process
parameters like oxygen partial pressure, substrate temperature and total
sputtering pressure. Additionally the films have been annealed in oxidising
and reducing atmospheres. Both, furnace annealing (up to 600°C) as well as
flash lamp annealing (ms-region) are investigated. Special emphasis is paid
to the optical analysis, i.e., spectral ellipsometry and reflection and
transmission measurements. The maximum transmission in the visible
spectral range is more than 90 %. The optical data are fitted to a physical
model for band gap and free carrier absorption. The optically determined
electronic parameters carrier concentration and mobility are related to the
electrically determined values, obtained from Hall and conductivity
measurements. The minimum resistivities achieved are 3.10-3 Ωcm (carrier
concentrations > 1021 cm-3 combined with mobilities < 5 cm2/Vs).
[1] N. Yamada, et al., Thin Solid Films 518, 3101-4, 2010
[2] B. Neumann, et al., physica status solidi (b) 245, 1849, (2008)
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TiO2 has been used as an effective photocatalyst for several decades,
however, its major drawback is its inability to absorb visible light irradiation.
One of the most attractive methods for improving this deficiency has been
through doping, primarily with nitrogen, due to its small ionic radius and
optimal electronic band positions.
In this study, we have compared three different techniques to incorporate
nitrogen into TiO2 via RF magnetron sputtering; i) simultaneous introduction
of nitrogen and oxygen gases, ii) oxidation of TiN films, and iii) fabrication of
novel TiO2/TiN bi-layer films stacks. By studying and controlling the plasma
characteristics by OES, thin films were created in order to optimize their
crystalline, optical, and electronic properties.
The first method, which consist in the simultaneous introduction of O2 and
N2, lead to the formation of homogeneous TiON films with different
concentrations of nitrogen based on the deposition parameters. In the
second method, pure TiN films were deposited and oxidized in air. TiO2 was
formed during the oxidation process, and the phase proportion and
crystallinity were determined by the deposition conditions. Finally, in the
third method, novel bi-layer thin film stacks with alternate layers of TiO2 and
TiN were fabricated, with the number of bi-layers increasing up to 45. The
bi-layer stacking significantly affected the films optical properties by
lowering the band gap into the visible light region, and also showed
significant improvement in photoelectrochemical performance under visible
light irradiation.
Nitrogen was successfully incorporated into TiO2 by rf sputtering using three
distinctly different techniques in order to create films with optimal structural
and electronic properties. The comparison of the different method has
revealed several of the key aspects that are essential and required for
visible light photocatalysis.
Keywords
N-doped TiO2
visible light photocatalysis
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Nitrogen doped Titanium Oxide (N:TiO2) thin films were deposited using
filtered vacuum arc deposition, and their structure, composition and
morphology were studied as functions of the total pressure, N2/O2 gas ratio
and the substrate temperature. The XRD patterns of the TiO2 thin films
deposited in a pure oxygen environment indicated that films were
polycrystalline in the anatase phase, while films deposited in an atmosphere
in which the N2 fraction was greater than 9% were amorphous, for substrate
temperatures up to 500°C. Annealing at 400oC in N2 for one hour generated
polycrystalline films with anatase phase independent of %N2 fraction during
deposition. AFM analysis of films deposited in a 41% N2 atmosphere
indicated that the surface roughness increased from 0.5 up to 3.2 nm when
the substrate temperature was increased from RT to 500°C, and it was
higher for films deposited at 23% N2 partial pressure (~5.7 nm) compared to
films deposited on RT substrates at 23% N2. XPS analysis indicated that all
films deposited in 0%N2 were stoichiometric TiO2. N content in the films
increased with %N2 in the deposition atmosphere, however the N-content in
the film, 1‑3at.%N, was much less than that in the gas mixture (9-69%N2).
Annealing decreased the N-content in these films to <1at.%. In addition, the
XPS revealed that all N:TiO2 films had two main N 1s components, at
396-397 eV and at 399-400eV, associated with substitutional and interstitial
nitrogen, respectively. Optical transmission measurementsindicated that the
average film transmission was approximately 80% in the visible spectrum
for films deposited at lower N2 partial pressures (<41%), and it decreased to
~50% for higher %N2. The absorption edge of the films shifted to longer
wavelengths with increased substrate temperature and %N2, from ~380 nm
up to ~485 nm for films deposited with 41%N2 and a substrate temperature
of 500oC. The deposited nano-structured films were tested for a water
treatment application using a photocatalytic activity test and it is found that
the photocatalytic activity of samples which had lower N content was higher.
Keywords
Photocatalytic Titanium Oxide Coatings
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The BIMEVOX.100x are a family of solid electrolytes of general formula
Bi2MexV1-xO5,5-δ whose ionic conductivity is the highest known among the O2solid state conductors at intermediate temperatures (400 – 600°C). They
derive from the Bi4V2O11 parent compound, which high temperature
polymorph γ has been stabilized by partially substituting vanadium by either
aliovalent ions (CuII, COII…) or isovalent ions (TaV, NbV, etc...). The first ones
permit to reach the highest conductivity levels, with about 10-1 Ω-1.cm-1 at
600°C However, they are likely to transform into a less conductive α-related
phase after several hundred hours long thermal treatment at 450°C. The
second ones exhibit slightly lower conduction performances, but are more
thermally stable. Moreover, all these materials are quite reducible and must
therefore be used for oxygen-rich atmosphere applications only.
The BITAVOX.20 films characterized here are deposited by reactive
magnetron co-sputtering of bismuth, tantalum and vanadium targets under
Ar and O2 reactive atmospheres. In order to avoid its evaporation, the
intensity imposed to the bismuth target is limited to 0.1 A. Then, the
sputtering conditions of the two other metal targets are varied and their
chemical and structural features are assessed by means of EDS and X-ray
diffraction, respectively. Since the as-deposited films are amorphous, their
crystallization is also assessed thanks to X- ray diffraction in temperature.
Finally, attention is paid to the influence of total pressure as well as films
thickness: their consequences on the microstructure are observed by SEM,
and electrochemical impedance spectroscopy measurements are performed
to determine the evolution of the electrical properties with these
parameters.
Keywords
reactive magnetron sputtering
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Nitrogen interstitial solution in austenitic stainless steel by plasma
surface modification: enhanced wear and corrosion resistance
mechanism
M.K. Lei1
1

Dalian University of Technology, Dalian, China
mklei@dlut.edu.cn

A high nitrogen face-centered-cubic phase (γN) on Fe-Cr-Ni austenitic
stainless steel has been formed by a series of plasma/ion nitrogen-modified
processes at a low process temperature of 350-450º C. The γN phase layer
on the austenitic stainless steel has a 10-20 μm thickness with a peak
nitrogen content of about 20-35 at.%. The nitrogen interstitials in the
austenitic stainless steel resulted in the high microhardness up to 20-22
GPa. The wear and corrosion behaviors of the γN phase layer on the
austenitic stainless steel were investigated by tribological test on a
ball-on-disc tribometer and by electrochemical test using a standard three
electrodes system in NaCl solution, respectively. The superior wear and
corrosion resistance of the γN phase layer was obtained on the austenitic
stainless steel. The oxidative wear mechanism of the γN phase on the
austenitic stainless steel was found through the enhanced nitrogen
dissolution instead of an adhesive wear mechanism of the original austenitic
stainless steel. With the higher applied load, a transition of the wear
mechanisms from oxidative to abrasive wear was carried out, due to a
hexagonal-close-packed martensite phase transformation of the γN phase
during the wear tests. The nitrogen interstitials in the γN phase layer
contributed to inhibiting the adsorption of aggressive chloride ions in the
outer n-type iron hydroxide/oxides region, to restricting the migration of
space charges as a complete barrier from the n-type and p-type
semiconductors regions, and to neutralizing of the protons due to the
formation of ammonia in NaCl solution on the pitting corrosion resistance.
The wear and corrosion resistance mechanism of the γN phase has been
explored based on the composition, microstructure, and wear and corrosion
properties of the plasma/ion nitrogen-modified austenitic stainless steel.
Keywords
Austenitic stainless steel
Plasma/ion nitrogen-modified process
Nitrogen interstitial
Wear mechanism
Corrosion mechanism
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In situ Observation of Layer Growth During Low Energy Nitriding of
Austenitic Stainless Steel
Darina Manova1, A. Bergmann1, S. Mändl1, H. Neumann1, B. Rauschenbach1
1
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Investigating the formation of expanded austenite has resulted in several,
different models trying to explain the particular diffusion and phase
formation behaviour. However, only ex situ information, influenced by
cooling and annealing processes of the samples after ion implantation has
been available until now.
Here, for the first time, the time and temperature dependent layer growth is
reported using in situ XRD measurements obtained from low energy
broadbeam nitrogen ion implantation into polycrystalline austenitic stainless
steel 304 in the temperature range from 300 to 500 °C for a process time of
up to 1 hour. Expanded austenite was observed at all temperatures without
any CrN, in agreement with already published lifetime data for this
metastable phase. During the implantation process, a time and temperature
dependent lattice expansion is observed. However, during the cooling phase
after the implantation, a strong relaxation and peak narrowing is found
depending on the cooling rate, indicating a strong influence of stress and
stress gradient within this surface layer. Additionally, the layer growth was
derived from the time evolution of the substrate peak intensity. At
sufficiently high current densities, an inverse parabolic growth law was
found at all investigated temperatures. Using the temperature dependence
of the layer growth, an activation energy of nearly 0.8 eV was estimated for
the nitrogen diffusion.
Keywords
steel
nitriding
XRD
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diffusion
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Atom probe tomography characterization of the decomposition in
austenitic stainless steels 304L and 316L induced by low
temperature plasma nitriding
Andrius Martinavičius1, Raphaële Danoix1, Frédéric Danoix1, Gintautas
Abrasonis2, Michel Drouet3, Claude Templier3, Béatrice Hannoyer1
1
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Université de Poitiers, Futuroscope-Chasseneuil, France
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Nitriding of austenitic stainless steel (ASS) at moderate temperatures
(~400°C) leads to the formation of a modified layer which shows increased
hardness and induced magnetism without compromising the corrosion
resistance. In this study, a three-dimensional atomic characterization of
plasma nitrided ASS 304L and 316L has been achieved with atom probe
tomography (APT). While only a single phase, usually called the S phase or
expanded austenite, can be detected by the X-ray diffraction, the APT
reveals the formation of nanometric CrN precipitates. The precipitates have
irregular oblate-spheroid-like shape. Small CrN clusters of only few
nanometers in diameter have been observed close to the nitrided layer-steel
interface as well as close to the surface. The regions which have been under
nitrogen supersaturated conditions during the entire process, i.e. the regions
close to the surface, exhibit also larger precipitates with a diameter more
than 10 nm. In addition, preferential precipitation of CrN precipitates at
grain boundaries and dislocations has been observed. These observations
suggest that incorporation of large amounts of N provides strong driving
force for CrN formation even at 400°C, a rather low temperature.
Keywords
austenitic stainlees steel
nitriding
atom probe tomography
CrN
precipitation
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Corrosion behavior of plasma nitrocarburized and post-oxidized AISI
4140 steel in fuel-grade bioethanol
Carlos Figueroa1, Rosiana Boniatti1, Aline Bandeira1, Ângela Crespi1, Eliena
Birriel1, Israel Baumvol2
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Plasma nitriding/nitrocarburizing followed by plasma post-oxidizing are
standard processes which are been applied for surface treatments of
automobile engine parts such as admission valves, piston rings, and gears.
Although, surface mechanical and chemical properties of such mechanical
components are guaranteed in regular petroleum-based fuels, the new
generation of biofuels can generate new detrimental effects on surfaces. In
particular, fuel-grade bioethanol can contain corrosion agents such as water,
acetic acid, and chloride ions. However and taking into account the greater
importance of biofuels in the world energetic matrix, few investigations were
devoted in terms of corrosion and pitting behavior of low alloy steels treated
by plasma surface modification techniques.
In this work, AISI 4140 low alloy steels were nitrocarburized and
post-oxidized by DC pulsed plasma at variable oxidation processing time.
Afterward, the modified surfaces were characterized by glancing angle X-ray
diffraction, scanning electron microscopy, and nano-indentation
measurements. In order to study the corrosion and pitting behavior of the
plasma modified surfaces, the samples were maintained in contact with
fuel-grade bioethanol according to the Brazilian standard NBR 8265/1983.
During some months, the change in weight, the open circuit potential and
the surface morphology by optical and scanning electron microscopies were
recorded.
The outermost oxide layer is constituted only by magnetite. The corrosion
and pitting behavior depends on surface morphology and oxide
microstructure. Although the oxide layer thickness increases with oxidation
processing time, the corrosion resistance shows a maximum at intermediate
processing times. Finally, the relationship between the corrosion resistance
and the presence of MnS inclusions is discussed.
Keywords
plasma-assisted-diffusion
oxidazing
nitrocarburizing
biofuels
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DLC coating on low temperature plasma nitrided or carburized
austenitic stainless steel
Masato Tsujikawa1, Motoo Egawa2, Nobuhiro Ueda2, Takumi Sone3, Kazuo
Murata3, Kenji Higashi1
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The friction and wear of DLC coated S phase surface of austenitic stainless
steel was investigated. S phase treatment of the austenitic stainless steel is
effective treatment for wear resistance without deterioration of
anti-corrosion nature of the steels. However, the friction coefficient of the
surface is as same level as the stainless steel substrate. DLC is very useful
for reducing the friction force, but due to its thin nature make it difficult to
apply to austenitic stainless steels because of the softness as substrate for
loaded friction. The application of DLC on the surface of S phase hardened
austenitic stainless is the candidate for such applications.
Direct current plasma apparatus processed low temperature nitriding and
carburizing. The diffusion treated samples were DLC coated after Cr ion
bombardment by the arc discharge ion plating process. The DLC coated
specimens had three different substrates as following; nitrided S phase,
carburized S phase or untreated austenitic stainless steel.
Single pass friction of pin on the disc type friction tests with increasing
loading during friction revealed the low friction coefficient values of around
0.15 for DLC coated surfaces, and S phase treated substrates for DLC
coating indicated higher critical load for fracture of coating than that of
untreated substrate. The pin on the disc type reciprocated friction tests of
7200 strokes at constant loads showed the effect of the presence of S phase
as supporting structure for thin DLC coating.
Keywords
austenitic stainless steel
S phase
carburizing
nitriding
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Effect of Xe+ ion bombardment induced patterns in stainless steel
on plasma nitriding processes
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Pre-ion bombardment (~50-1000 eV) enhances the nitridation effect of
plasma nitrided steel substrates. Several concomitant effects lead to
improve nitrogen diffusion, such as surface cleaning and grain size refining
of the near-surface of the material. The former eliminates undesirable
nitrogen diffusion barriers formed by metallic oxides and the later creates
nitrogen alternative diffusion path. Furthermore, the pre-treated steel
surfaces by heavy ions (Xe+, Kr+, Ar+) bombardment and posterior N+ ion
beam nitriding process improve adhesion and wear resistance in hard
coatings depositing. In this paper we scrutinized the effect of Xe+ ion
bombardment at room temperature (103 eV, 0.37 mA/cm2, 30 minutes) at
different impinging angles (Θ=00 to 750) on mirror polished 316 stainless
steel. Afterward, the influence of the texture on plasma nitriding process
performed at 380 0C is reported. The topography of the bombarded surface
was characterized by SEM and AFM. A characteristic wavy periodic pattern
following the material crystalline direction is obtained by the fact that
different oriented grains present in the sample display different k number
directions. This behavior is explained by the roughening instability model
due to Ehrlich-Schwoebel diffusion barriers.a The experimental results show
that the rms roughness increase from ~8 to 20nm from Θ=00 to 750 ion
beam impinging angle. The in-depth nano hardness profile, phase formation
(DRX, XPS), and morphology after nitriding are reported and correlated with
the topography generated by the ion bombardment for different Xe+
impinging angles. Finally, the bombardment effects on the surface patterns
are also reported and discussed as a function of the ion mass, energy, and
dose. aW. L. Chana and E. Chason, J. of Applied Phys.101 (121301) 2007
Keywords
Surface modification
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Interaction between carbon and nitrogen during plasma assisted
nitrocarburizing and sequential nitriding and carburizing
treatments of austenitic stainless steel
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IJL, Nancy, France
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Low temperature plasma assisted nitriding (PAN), carburizing (PAC) and
nitrocarburizing (PANC) are now well established surface treatments to
improve the tribological properties of austenitic stainless steels. Below
420°C for PAN and below 500°C for PAC, such treatments produce the so
called expanded austenite (with nitrogen for PAN or with carbon for PAC).
The implementation of PAN, PAC and PANC processes was presented earlier,
but it is important to report that the amount of interstitials incorporated in
stainless steel is strongly dependent on the type of process. So, the nitrogen
content that can be found in nitrided
or nitrocarburized layers range from 14 to 35 at%, whereas the amount of
incorporated carbon in carburized or nitrocarburized layers range from 0 to
12 at%. During nitrocarburizing, the repulsive effect that nitrogen exerts on
carbon generally produces two separated layers with a defined interface.
The soft interstitial content gradient nitrocarburized layers can be exploited
for industrial purpose. However, in spite of it practical interest, very few is
known on the interaction of carbon and nitrogen during a nitrocarburizing
treatment. The purpose of this communication is to present some results
obtained by PANC and by sequential treatments: carburizing followed by
nitriding and nitriding followed by carburizing. We perform PAN, PAC and
PANC treatments by multi-dipolar plasma based on the Distributed Electron
Cyclotron Resonance concept. The amount of nitrogen and carbon content
incorporated into the stainless steel substrate are measured by glow
discharge optical spectroscopy. The thicknesses of the different layers are
measured by cross-sectional views. By doing so, we are able to compare the
amount of incorporated interstitials during PANC and sequential PAN and
PAC treatments. It appears that the amount of carbon incorporated during a
PANC treatment is much less than the one incorporated during an equivalent
sequential treatment PAC followed by PAN.
Keywords
Nitriding
Carburizing
carbonitriding
stainless steel
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Investigations on the active screen plasma nitriding process
Kristian Börner1, Igor Burlacov1, Heinz-Joachim Spies1, Horst Biermann1,
Stephan Hamann2, Jürgen Röpcke2
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This study presents the mechanism of nitrogen transfer in a large scale
active screen plasma nitriding (ASPN) unit. The active screen provides a
homogeneous temperature distribution within the workload as well as an
arcing tendency is reduced, since the plasma is moved from the treated
work pieces to the active screen. In order to study the mechanisms in detail,
plasma diagnostics is necessary.
The applied diagnostic methods for analyses of the excited process gas
synthesised by the active screen include mass spectrometry and infrared
diode laser spectroscopy (TDLAS). Together with a metallurgical
characterisation of nitrided steels a better understanding of the chemical
phenomena in the N2-H2 plasmas is achieved. Various N2/H2 gas mixtures
and variable bias activation powers at the pressure of 200 Pa were
investigated. The main active species governing the nitriding process i.e. N,
N2, NH or NHx in excited or ionized form were analysed. It was found that
even during heating up in nitrogen free process gas exited nitrogen (atomic
or molecular) releases from the active screen. Infrared diode laser
spectroscopy has been used as a diagnostic methode to measure the
concentrations of the stable NH3 molecules downstream the plasma source.
The ammonia production turns out to depend on the mixtures of N2-H2 and
the current input of the bias activation. The results are discussed with the
plasma parameters measured by the electrostatic probe. Thus, a
contribution to the interpretation of the mass transfer in ASPN processes has
been realised.
Keywords
Active screen plasma nitriding
mass transfer mechanism
mass spectrometry
Absorption spectroscopy
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Understanding Analytically: Role of Hydrogen in Plasma Nitriding
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We present an analytical model to understand role of hydrogen in plasma
nitriding. Using this model the change in density of N2+ and H2+ ions at
plasma sheath-edge for various N2 and H2 composition in the gas mixture
has been estimated. At plasma sheath boundary energetic electrons from
the cathode surface, i.e. secondary electrons, cause intense ionization.
Moreover, the discharge current is directly related to secondary electron
emission coefficient (γe) and ion current. In typical nitriding N2-H2 discharge,
the ion current due to two ions species (N2+ and H2+) depends on ionization
cross-section (σ) and partial pressure of the gas. The ionization cross-section
of N2, i.e., is ~ 2.5 times larger than the ionization cross-section of H2, for
electron energy ranging between 30-300 eV. The analytical model showed
that for 30%N2-70%H2 gas composition the ion current N2+ and ion current
for H2+ ions at plasma sheath edge are nearly equal. With increasing
nitrogen partial pressure N2+ ion concentration increases and hence the ion
current. This result obtained from analytical modelis consistent with detailed
spectroscopic investigation that has been carried out to understand the role
of hydrogen byidentifying the species at the substrate surface and plasma
sheath-edge. In this experiment, dominant species near the substrate
surface were atomic nitrogen N and atomic hydrogen H, however at plasma
sheath-edge dominant ionic species were N2+ and H2+ for all
N2-H2 composition. These observations are self consistent with the
mechanism that N2+ and H2+ ions at plasma sheath-edge are formed by
electron impact ionization at plasma sheath-edge and accelerate via sheath,
on reaching cathode, i.e. the substrate surface, N2+ and H2+ ions dissociate
on impact. It directly implies that for 30%N2-70%H2 gas composition the
concentration of atomic nitrogen [N] and atomic hydrogen [H] are equal, i.e.
[N]=[H] andexplains the formation of single phase nitrided layer containing
a-Fe (N) structure. However,when[N] ≥ [H]a multi-phased, multi-layered
nitrided structures with Fe2-3N (ε) + Fe4N (γ′) is formed.
Keywords
Plasma-Nitriding
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The wear resistance of parts in mechanical engineering and automotive
industries can be improved by optimizing their surface using heat
treatments like plasma nitriding or -carburizing. Nevertheless in case of
combined stress of high abrasive wear, adhesive stressing and very high
shearing forces, most kind of economical surface modification will overload.
In particular the boriding process renders the possibility of producing layers
with excellent properties under these stressing conditions. However in
industrial scale of plasma diffusion treatment only plasma nitriding and
carburizing are widely applied, plasma boriding has not achieved the
necessary market maturity until now, even though plasma boriding of steel
leads to the same excellent wear protection as harmful powder or paste
boriding. The formation of pores during the plasma boriding with BCl3 is the
problem that has to be solved. To overcome the difficulties in plasma
boriding it is necessary to optimize the treatment gas distribution in the
process chamber. Successful experiments about the up-scaling of the
plasma boriding to an industrial size were carried out at the IOT after
computer simulation of thermochemical reaction and fluid dynamic
behaviour. It was found that the residence time of the treatment gas
correlates with the formation of pores in the surface. This paper reports on
the progress made recently in up-scaling the plasma boriding, especially in
pore formation and layer uniformity by a new furnace layout and a new gas
distribution system. The optical emission spectroscopy was used to
determine the treatment gas during the glow discharge. These results were
used to select plasma process parameters to reduce or avoid the formation
of pores in the treated substrate material. The structure analysis was done
by XRD diffraction and SEM, the component distribution was determined by
GDOS and the mechanical properties as hardness and wear resistance by
universal hardness and pin on disc test. Results will be presented in detail
on the conference.
Keywords
plasma boriding
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High power impulse magnetron sputtering (HiPIMS) is a promising
sputtering-based ionized physical vapor deposition (IPVD) technique known
to generate highly dense plasma discharges. A large fraction of the
sputtered material is thereby ionized, providing new and added means for
the synthesis of tailor-made thin films. Although much experimental work
has been carried out during the last decade to reveal the various physical
mechanisms operating in HiPIMS, still many questions remain, in particular
how to optimize this technique for different coating recipes. One route
towards better understanding of HiPIMS is through computational modeling.
It has the possibility to test mechanisms separately, which rarely can be
done experimentally, and upon successful benchmarking unify already
existing descriptions into a general description of the coating process, which
is far more useful for practical purposes. In this talk we give an overview of
recent results achieved using various HiPIMS models, which are compared to
experimental measurements. Examples are monitoring important plasma
processes in the ionization region such as electron impact excitation and
ionization, gas rarefaction, gas diffusion, etc., using a global model [1], as
well as studying the transport of sputtered material by Monte Carlo and PIC
simulations. We also put focus on specific areas of interest in HiPIMS where
we believe modeling can make substantial contributions. An outline of
challenging tasks, such as optimization of reactive HiPIMS, inclusion of
spokes formation into the models, and understanding the influence of the
B-field strength on the deposition rate, will be presented along with a
roadmap on suggestions how to tackle them.
References
[1] M A Raadu, I Axnäs, J T Gudmundsson, C Huo and N Brenning, Plasma
Sources Sci. Technol. 20 065007 (2011).
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Thin film deposition by magnetron sputtering is usually improved, in terms
of film quality and properties in terms of usage, by various techniques which
are developed to enhance the ionization of metal vapour. HiPIMS technique
gives good results for deposition of metallic and compound films[1] but it
may cause substrate degradation for deposition on thermo-sensitive
materials as polymers. In parallel with experimental study of an Inductively
RF assisted magnetron discharge used for Cu thin films deposition on
polymers[2]. The understanding of the role of the plasma particles
contributing to film properties remains pending. A Collisional Radiative
Model (CRM) would contribute to answer this question.
The discharge CRM we developed contains two coupled parts: i) for the
primary magnetron plasma, a CRM was adapted from previous works[3]. We
introduced target sputtering and Cu vapour injection and a detailed
description of the Cu* states including metastable ones suspected to play a
major role in the discharge. Outputs are the fluxes of electrons and Cu
atoms and long-life species (Ar* and Cu* metastables); ii) for the RF plasma
part, we consider the flux of energy-degraded electrons diffusing from the
magnetized negative glow[3]; these electrons are heated by the E-field
associated by the RF power which amplify ionization. Electron and ion losses
on conductive walls and floating substrate are considered, effects of
self-absorption of emission lines too. Comparisons between model and
experiment are made for various conditions (pressure, magnetron and RF
powers) through i) optical emission and absorption data with CRM results for
excited and ion densities, ii) Langmuir probes measurements for plasma
parameters (ne, Te, Vp Vf) with model outputs. Results are used to evidence
the main species contributing to the film deposition and its quality.
1. V Kouznetsov et al, SCT 122 (1999) 290
2. I Guesmi et al, this conference
3. F Guimarães & J Bretagne, PSST. 2 (1993), 127
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As a promising sputter deposition technique, High Power Impulse Magnetron
Sputtering (HiPIMS) requires an extensive time-resolve plasma
characterization for which the non-intrusive optical plasma diagnostics
methods are suitable. Our recent progress on time-resolved study of a
HiPIMS discharge is presented. Optical Emission Spectroscopy (OES),
Resonance Optical Absorption Spectroscopy (ROAS), and Laser-Induced
Fluorescence (LIF) results are reported. The absolute densities of species,
gas temperature Tg, velocity distribution of sputtered species, etc. were
determined.
Results obtained during sputtering of Ti in Ar indicate the large differences
in the absolute densities of Ti, Ti+, Timet and Armet. Moreover, the arrival time
of these species during the HiPIMS pulse is found to be different, which is
accompanied by the population inversion of the ground and metastable
states during the pulse. Tg of the thermalized species during the pulse is
determined based on the rotational band analysis of N2+ (391.4 nm)
assuming partial gas thermalization.
In addition, time-resolved study of the broadening of Ti spectral lines
conducted by LIF indicates a rapid decrease of the broadening during the
plasma off-time. After deconvolution with another valuable broadenings, it
was assigned to rapid relaxation of the velocity distribution of sputtered
species [1].
The obtained results bring the following time-resolved picture of HiPIMS
discharge. During the pulse, Ti and Ti+ species are produced keeping their
ground state and metastable sublevels population inverted due to high gas
excitation. This is following by an increase of Timet and finally Armet densities,
which also reveal the sublevels inversion. At the same time, Tg is found to
increase linearly during the pulse being proportional to the applied power.
After HiPIMS pulse ends, the ballistically moving species rapidly dissipate
their energy, and gas cools down to the room temperature.
[1] N. Britun, M. Palmucci, R.Snyders, Appl. Phys. Lett., 99 (2011) 131504
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Inductively coupled impulse sputtering (ICIS) removes the need for a
magnetron, while delivering equal or higher ion to neutral ratios compared
to HIPIMS. This is especially advantageous for the sputtering of magnetic
materials, as these would shunt the magnetic field of the magnetron, thus
reducing the efficiency of the ionisation process. ICIS produces highly
ionised metal plasmas inside a high power pulsed RF coil with a magnet free
high voltage pulsed DC powered cathode.In this new technology the
ionisation degree of magnetic materials and corresponding coating
properties are not known.
The setup comprises of a 13.56MHz pulsed RF coil operating at a frequency
of 500Hz and a pulse width of 150µs. A pulsed DC voltage of 1900V was
applied to the cathode to attract Ar ions and initiate sputtering. OES spectra
for Ar, Ti and Ni species sputtered at a constant pressure of 1.2×10-1mbar
show a linear intensity increase for peak RF powers of 1000-4200W.The
influence of pressure on the process was studied at a constant peak RF
power of 3000W for pressures of 3.2×10-2- 2.6×10-1mbar.The intensity of Ni
neutrals rises linearly and saturates for pressures above 1.2×10-1mbar.Ar
neutrals rise linearly with increasing pressure.Emission modelling is
conducted for the Ni process.
The deposition rate for Ni is 50nmh-1 for a RF-power of 3000W and a
pressure of 1.4×10-1mbar.The microstructure of the coatings shows globular
growth.Bottom coverage of unbiased vias with a width of 300nm and aspect
ratio of 3.3:1 was 15% and for an aspect ratio of 1.5:1 was 47.5%. The
ionisation degree was increased via two different routes - RF power and
pressure.The effects on coating microstructure and bottom coverage are
discussed.
The current work has shown that the concept of combining a RF powered
coil with a magnet-free pulsed DC-powered cathode works very well for the
sputtering of hard magnetic material in very stable plasma.
Keywords
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The plasma downstream reactor is normally used for the surface
modification of fine-grained powder substrates by the controlled deposition
of nanostructured SiOx on the substrate particle surface. The deposited
nanostructures reduce the attractive interparticle forces and thus, improve
the powder flowability. This kind of plasma reactor consists basically of a
1.5m long glass tube with a gas and precursor feed unit on the top and a
particle-gas separation unit at the lower end. An inductive coil on the
outside of the tube couples the power into the discharge. In order to
understand the process of nanoparticle synthesis in this continuous reactor,
we performed a detailed study of plasma parameters and nanoparticle
growth without any addition of substrate powder into the reactor. Silica-like
particles were produced from four different organosilicon monomers
HMDSO, TMDSO, TEOS, and TMOS, in argon-oxygen gas mixtures. The
chemical composition and morphology of the emerging particles and its
production rate were studied as a function of process pressure (100 – 400
Pa), plasma power (200 – 350 W), gas velocity (5 – 16 m/s) and gas
composition. Langmuir double probe and calorimetric probe measurements
allowed determining the axial profiles of electron temperature, positive ion
density and energy influx along the tubular reactor at these conditions. The
carbon content of the orthosilicate derived particles was generally lower
compared to disiloxane derived particles and it decreased with rising oxygen
to monomer ratio, plasma power and process pressure. The conversion from
monomer to nanoparticles was favoured by high pressure, short residence
time, and high monomer content in the process gas. The morphology of the
produced amorphous particles was similar to fumed silica, with primary
particles in the size range of 10 nm building hard-agglomerates of several
hundred nanometres during the synthesis. Finally an adapted particle
growth model for a continuous plasma reactor is introduced which explains
the influence of the different process parameters on the particle evolution.
Keywords
Nanoparticle Synthesis
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Titanium dioxide nano particles are used commonly in various applications
due to their high catalytic activity. Many of these applications require
subsequent treatments after the deposition of the TiO2 particles. Some of
these include thermal processing at high temperatures, e.g. roof tiles.
During such procedures the nano particles transform from the catalytical
highly active anatas structure to the substantially less active rutil structure.
This structural change has been found to be significantly retarded when
coating the TiO2 nano particles with a closed film of SiO2. During the thermal
treatment, these films break open, revealing the underlying TiO2. Thus, the
film thickness has to be appropriate for the designated treatment
subsequent to the nano particle deposition.
In this study, we present an approach of SiO2 film deposition out of silan gas.
For technical implementations, test gas containing about 2% silan in 98%
nitrogen is preferred over pure silan, since much less precautions are
needed. Closed films produced by dielectric barrier discharges in such
mixtures of gases consist of mainly non-stoichiometric silicon nitride. The
conversion of this silicon nitride layer to silicon dioxide is shown to be
largely possible by subsequent plasma treatment in different atmospheres
such as pure O2, as well as in environmental air.
All studies have been carried out in an ultra high vacuum apparatus, while
the plasma treatments have been carried out at atmospheric pressure.
Keywords
Metastable Induced Electron Spectroscopy
Ultraviolet Photoelectron Spectroscopy
X-ray Photoelectron Spectroscopy
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The increasing use of nanoparticles in technical devices has led to a demand
for nanoparticles with well-defined characteristics, e.g. sizes and size
distributions. It is therefore important to have a method which can produce
nanoparticles of different materials with a specific size and narrow size
distribution. Plasma-based methods often meet the demands of high-tech
implementations, but have a problem with productivity and scalability. Our
novel plasma-based method utilizes the fact that nanoparticles in a plasma
acquire a negative charge and that the probability to collect ions on the
growing nanoparticles thereby is much larger than for neutrals. If the
material, from which the nanoparticles should form, is ionized to a high
degree, the growth speed of the clusters increases, which could lead to a
more efficient nanoparticle production. Here, we present our first results on
the synthesis of Cu nanoparticles using our method with a high power
pulsed hollow cathode, which ensures that a highly ionized plasma is
formed. The material is sputtered from the hollow cathode and the
nanoparticles are formed in the gas phase. The use of high power pulses
introduces many parameters which can be used to affect the nanoparticle
growth. It was found that the nanoparticle size can be changed by changing
e.g. the pulse frequency and the pulse power. The hollow cathode was also
powered with DC to compare with the high power pulsed case. It was found
that larger particles were produced with the high power pulsed hollow
cathode compared to the DC case for the same average powers.
Keywords
nanoparticles
highly ionized plasma
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Nanoparticles and nano-structured surfaces are of paramount importance in
various fields of material-related research. For example, the successful
deployment of solar fuels, i.e. photo-activated generation of hydrogen or
hydrocarbons, relies on the development of nano-structured catalysts with
well-defined properties in terms of light management and selectivity
towards the required product. Most of the current research is based on
precise control of the material structure neglecting the production efficiency
or output. Large-scale deployment of nanostructured materials, however,
depends on the availability of high-throughput methods ensuring mass
production at the lowest possible cost.
The so-called cascaded arc source, which has been extensively used for thin
film deposition by PECVD has been upgraded to allow for high power pulses
(1ms duration) superimposed on the DC plasma. One of the cathodes is
made of the feed material and used for the generation of the pulsed plasmathe other cathodes remain powered by the DC plasma only. The system is
installed inside magnetic coils allowing a confinement of the plasma beam.
Metal oxide deposition (copper, aluminium) occurs on a
temperature-controlled substrate facing the plasma expansion.
Depending on the operating conditions (input power, gas flow, B field),
isolated nano-particles or nano-structured films can be deposited. The size
distribution of the deposited particles peaks at about 12 nm and is very
narrow- no particles larger than 25 nm are observed on the whole surface
for both copper oxide and aluminium oxide. The highest observed film
deposition rate is 50nm/pulse, which is an order of magnitude higher than
the highest rate reported by HiPIMS deposition. With a possible deposition
rate of 10Hz, the system combined unprecendented deposition rates and
the possibility of in-situ processing between pulses.
Keywords
nanoparticles
pulsed plasma
deposition rate
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The increasing demand for sustainable products requires the development
of new knowledge-based materials with advanced properties. These
products are then expected to: last longer, have a better performance, be
safe, and be more efficient. These requirements, which maybe seen as a
rule of thumb for most known materials, gain particular importance when
dealing with applications involving the human
body: the so-called biomaterials. The materials used in medical devices are
subjected to high stresses and
high regular endeavour. This very demanding situation associated with
aggressive body fluids induces premature failure of the implants whichever
material they are made, metallic, polymeric or ceramic. The fatigue wear
process causes the generation of wear debris which, by acute host-tissue
reactions tend to aggravate and speed up the failure of the biomaterial. Also
orthopaedic devices as well as catheters and uretheral stents have
sometimes to be the physically removed due to microbial
colonization.However, these problems could be resolved with the
development of new biomaterials and especially new
multifunctional-coatings. Multifunctionality is the result of a synergy, on the
nanoscale level, of the beneficial properties of metal oxides (good corrosion
properties) and carbides/nitrides (mechanical and tribological properties)
resulting on newly synthesised oxycarbide and oxynitride coatings.
On this talk some new results concerning the development of multifunctional
coatings to apply on biomaterials, with improved physical, mechanical,
tribological and also with the ability to prevent microbial
adhesion and biofilm formation on these biomaterials will be presented and
discussed.
Keywords
sputtering
silver
wear
corrosion
antimicrobial

Powered by TCPDF (www.tcpdf.org)

Session 17: Bioactive Films and Surfaces I

Wednesday, September 12, 2012

OR1701
Performance of atmospheric plasma sprayed HA coatings under dry
and wet fatigue conditions
James Nicholas Barry1, Alun J. Carr1, Denis P. Dowling1
1

University College Dublin, Dublin, Ireland
james.barry@ucdconnect.ie

Hydroxyapatite (HA) is widely used as a coating on orthopaedic devices, as
it provides a means of enhancing cell adhesion to the device surface.
Atmospheric plasma spray (APS) is the most widely applied HA deposition
technology today. There are concerns however regarding the high
deposition temperatures used in the APS process, as this can cause changes
in HA crystallinity. For example, HA coatings that exhibit a higher
amorphous content tend to display higher dissolution rates. There are
further concerns regarding the affect these higher dissolution rates may
have on the integrity between the metal interface and the HA coating. The
aim of this study is to evaluate the fatigue performance of APS HA coatings,
carried out under both dry and wet fatigue conditions. Dry tests were
performed in air, while the wet test samples were encapsulated by a
solution called Simulated Body Fluid (SBF). This SBF solution enabled the in
vitro simulation of the HA coating’s response to a typical in vivo implant
environment. Commercial APS HA coatings were obtained on Ti alloy rods.
The coated rods were subjected to 10^7 cycles in a rotating cantilever
fatigue tester, with a stress amplitude of 500 MPa at 4700 rpm. The tested
substrates were ultrasonically cleaned in deionised water and oven dried at
50 °C prior to evaluation. SEM, EDX and XRD examination demonstrated
that the coating properties of both the reference (as recieved) and dry
samples were almost identical, however the cross sectional micrographs
showed some signs of material loss for the dry samples. Conversely, wet
fatigue tests resulted in complete failure of the HA coating after the 10^7
cycles. The SEM and XRD examination also demonstrated no evidence of HA
present on the metal interface after these tests. In conclusion, HA coating
delamination after SBF fatigue tests was attributed to material loss due to
coating dissolution, occurring both at the interface and within the coating.
The disparity in response for the two fatigue test conditions, indicates that
the SBF tests are more severe. Literature indicates however that the use of
SBF is more representative of the implanted device environment, and thus,
this fatigue test methodology should help to provide a more accurate
assessment of the long term performance of HA coatings in the body.
Keywords
Mechanical Fatigue, Biomimetic testing, Plasma Spray, Bio-medical Coatings
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One of the most important characteristics of the metallic and polymer
implants for bone substitution is a possibility to establish a close contact
with bone tissue. This contact is formed owing to physicochemical processes
including formation of chemical bonds at the implant/bone interface and
micromechanical integration of bone tissue with the implant surface. It is
well known that chemical composition, surface topography, and roughness
play an important role in implant osseointegration, but little is known which
factor and the extent to which influence biological responses. Four groups of
titanium samples with different values of roughness mean square (Ra) in the
range of 0.3-100 mm were obtained by sand blast treatment, cold spraying,
electro spark alloying, and selective laser synthesis. To change surface
chemistry, the part of samples was covered by thin multifunctional bioactive
nanostructured TiCaPCON films. The samples were characterized in terms of
their structure, surface topography, open porosity, wettability, and biological
properties. The data obtained suggest that the elemental composition of the
substrates plays an important role at different stages of interaction between
osteoblasts and the substrate surface. It was also shown that that the
modification of the PTFE surface by the deposition of TiCaPCON films with
and without stem cells is an effective way to improve the chemical and
mechanical characteristics of polymer implants and provide them with a
high osseointegration potential. Particular attention was paid to study the
influence of ion etching and ion implantation, which are widely used for
surface treatment to improve film adhesion, on the cytotoxicity of PTFE. It
was shown that, unlike the ion implantation, the ion etching results in the
destruction of the polymer and in the appearance of the cytotoxicity.
Keywords
Films
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Cells
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Minimal invasive treatment using tubes such as catheters and endoscopes is
well-established. Since the introduction of flexible endoscopy into medical
practice, many cases of infectious complications involving bacteria, fungi
and viruses have been linked to endoscopic procedures. Inadequate
cleaning and disinfection during the reprocessing of the instruments have
been reasonable factors as well as insufficient final rinsing and incomplete
drying of the endoscope or contaminated flushing equipment for the air/
water-channel.
Flexible endoscopes are thermo-labile and cannot withstand heat
sterilization processes. Common disinfection processes like ethylene oxide
or hydrogen peroxide vapour as well as formaldehyde are more or less
effective, but require long contact and aeration times. Furthermore, these
processes use toxic and explosive substances. Therefore, the development
of new methods for the sterilization of thermo sensitive devices especially
with long fine lumen is very important.
A promising possibility is the decontamination by plasma discharge
treatment. Various plasma setups have been developed. However, due to
the complexity of plasma techniques and technologies, setups and
parameters, it is impossible to compare their antimicrobial efficacy by single
experiments. A standardization of microbiological parameters is necessary
to attribute the observed effects solely to the plasma efficacy. We
developed a new and innovative procedure for the investigation of plasma
techniques used for decontamination of long fine lumen of thermo-labile
tubes and the possibility to get comparable results which rely on the
antimicrobial effects of plasma. Furthermore, new plasma setups for the
decontamination of PTFE-tubes were developed. Round robin tests were
done by three laboratories with tubes contaminated with endospores of
Bacillus atrophaeus and of Geobacillus stearothermophilus. The PTFE tubes
were plasma treated with new non-thermal low and atmospheric pressure
plasma sources. Finally, the comparison of the antimicrobial efficacy of very
different plasma setups was possible and a decontamination of 6.2 log cfu .
specimen-1, respectively, 5.3 log cfu . specimen-1 was achieved.
Keywords
decontamination
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DLC coatings are characterized by high hardness, high wear resistance and
low friction coefficients. The demand to further reduce friction and wear in
the automobile sector in order to achieve a reduction in fuel consumption
and CO2 emission is the driver for the application of the DLC coatings in this
most important field of applications. In the automotive powertrain DLC
coatings are used to compensate friction and wear on engine components.
In order to allow higher specific loads and/or temperatures on coated
automotive engine parts the properties of the DLC coatings have to be
further improved. DLC coatings have a long history since the 1950s and
later in the 1980s the magnetron sputter technique was used to deposit DLC
followed by DLC deposition including a DC magnetron cathode opposed by a
biased substrate carrier. Magnetron deposition of W-DLC (a-C:H:W) with
plasma assistance for a high volume substrate loading at industrial scale
conditions using a plasma-booster arrangement was reported in the 1990s.
Using similar, optimized magnetron based technique, recently DLC (a-C:H),
Si-DLC (a-C:H:Si), Me-DLC (a-C:H:Me) coatings and nanolayer systems based
on these single phase coatings were deposited and characterized. The
properties of DLC coatings and Si-DLC based coatings are shown as a
function of the hydrogen concentration in the coatings. Raman
spectroscopic investigations have been made and properties of DLC, Si-DLC
and Me-DLC are presented. The highest indentation hardness of > 40 GPa
and lowest abrasive wear rates of 0.6x10-15 m³/(Nm) were found for DLC. For
the Si-DLC coatings the lowest friction coefficient of 0.06 and highest
temperature stability up to 500°C were achieved. With the Me-DLC the best
toughness and high surface energy were observed. Using layer
combinations of these DLC types nanolayer systems with coating properties
which reflect combined and/or advanced layer properties resulting from
direct interaction of individual layer materials were deposited. DLC coatings
and DLC based nanolayer coatings offer exceptional conditions for present
and future industrial applications.
Keywords
DLC
Magnetron
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Diesel engines are more and more used in passenger car and light-duty
application, because of their higher efficiency compared to gasoline engines.
A Diesel injection system consists of a high pressure pump, a common-Rail
and a set of injectors. These systems are able to inject Diesel compressed
up to 2000 bar and even more into the combustion chamber of a Diesel
engine in order to increase the specific engine power. Simultaneously, fuel
consumption is reduced. As a result of high pressure, the whole system is
exposed to high stress. This can lead to severe wear of the components in
mechanical contact. An option to solve this problem is the use of wear
protection coatings, which reduce the wear and by the same way will extend
the lifetime of the whole injection system. Diamond-like-carbon (DLC) are
the most widely used coatings in these injection systems as they combine
good wear protection of the coated components with low friction and low
counterbody wear. As future applications will lead to even higher surface
loads, it is essential to know the load limits and wear rates at multiple
loading conditions.
In this paper, the wear behaviour of DLC/steel tribo-contacts in different
model tests under Diesel lubrication is described. Diesel with and without
anti wear additives was used as lubricant. The considered DLC are Bosch
homemade hydrogenated and hydrogen free coatings, which are deposited
on different steel substrates. The effects of load, temperature and speed on
DLC/steel tribological behaviour in skewed cylinders, pin-on-disc and inclined
impact model tests are investigated. Regardless of the considered model
test, the DLC tribological strength shows a strong dependence on the
temperature and load. However, the steel counterbody tribological strength
displays different wear behaviour.
Keywords
Diamond-like-Carbon
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Hydrogen free diamond-like coatings (DLC) have excellent tribological
properties at room temperature and humid conditions. However, the
coefficient of friction and wear rate against steel surfaces increase at
elevated temperatures. Adding solid lubricant into micro-reservoirs
produced by Laser Surface Texturing (LST) has been reported to decrease
the coefficient of friction of sliding surfaces. In this study, incorporation of
solid lubricants e.g. MoS2 onto laser textured and DLC coated steel surface
was demonstrated to provide excellent tribological properties at elevated
temperature with an extended lifetime of the surfaces. Solid lubricants were
applied to the surface both by burnishing and magnetron sputtering.
Keywords
Laser texturing
DLC
solid lubricants
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In the last few decades, the amorphous or nanostructured carbon structures
prepared by several deposition techniques are a subject of considerable
research interest due to their excellent properties, such as high hardness
and chemical inertness, wear resistance or low friction. There have been
also attempts to improve the mechanical, chemical or tribological properties
of carbon coatings by addition of other elements. Generally, specific
chemical composition of the modified films strongly affects the surface
energy, and may modify various physical properties and decrease
compressive stress, making some metal-doped carbon films suitable for
large variety of practical applications, such as lubricated contacts or
biomedical applications. Our work was focused on the structural, chemical
and tribological properties of Zr-doped coatings with controlled composition.
The main attention was paid to the determination of the predominant wear
mechanisms, characterization of the worn surfaces and wear debris and
formation of a tribolayer affecting the tribological process in various
environmental conditions (elevated temperature, lubrication, corrosive
solutions). The as-deposited coatings and worn surfaces were studied using
3D optical profilometry, Raman spectroscopy, XRD and SEM. It was showed
that the wear processes taking place at the contact interface were
significantly dependent on the testing conditions. Fundamental relations
between as-deposited coating properties, wear track surface properties,
tribolayer properties, and tribological tests conditions has been described.
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A high wear resistance and a low coefficient of friction are dominant
characteristics for tribological coatings. DLC films proofed to be an excellent
answer to these demands. Especially tetrahedral amorphous bonded carbon
films (ta-C) show an outstanding performance even under dry and mixed
lubrication conditions. The distinguished qualities of ta-C-films together with
an industrial-suited deposition system are a promising combination for the
increasingly demanding development of friction reducing and wear
protective coatings. Up to now an efficient, industrial-suited ta-C production
is only possible by arc-evaporation processes. Nevertheless, due to the
unavoidable particle emission during the arc process, ta-C coatings have a
high surface roughness and can often not be used without mechanical
smoothening. Therefore high efforts are required to develop plasma filter
techniques. Recently, an industrial-suited deposition system for ta-C films,
basing on laser-assisted arc combined with a plasma filtering unit, has been
developed.
This work presents the first results of those plasma filtered ta-C films. The
focus has been on the properties of the filtered films e.g. roughness,
adhesion and Young´s modulus as well as on the tribological performance.
The effect of the plasma filter technique with respect to the film topography
has been demonstrated. Filtered films with diversified thickness up to 4
microns were investigated. The tribotesting has been realised with an
oscillating ball- on- disc- test under lubricated conditions. The running in
behaviour as well as the friction progression of the filtered films have been
reviewed. After the tribotesting, the evaluation of the wear scar and the
calotte delivers information of wear. Also the effects of the filtered ta-C-films
in regard to their performance under superlubricity conditions (µ<0.02) have
been studied. All results are compared and discussed to unfiltered
mechanically polished ta-C films.
Keywords
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Wide interest in carbon films stems from their attractive properties such as
biocompatibility, chemical inertness, high mechanical hardness, optical
transparency, and wide band gap [1]. Deposition profile control of carbon
films on fine structures is one of the concerns for MEMS and ULSI
applications. Using H-assisted plasma CVD, we have realized three
deposition profiles: subconformal, conformal, and anistropic ones. For
anistropic deposition profile, carbon is deposited on top and/or bottom of
trenches without sidewall deposition [2]. Here we report dependence of
mass density, hardness, and etching resistivity of such carbon films on
kinetic energy of ions incident on the films. The mass density increases from
1.5 g/cm3 to 2.3 g/cm3 with increasing the ion energy from 32 eV to 100 eV
and decreases to 1.7 g/cm3 with increasing further the ion energy to 225 eV.
The hardness measured with a nano indenter sharply increases from 4.8
GPa to 73.8 GPa with increasing the ion energy from 32 eV to 100 eV and
decreases to 46.8 GPa with increasing further the ion energy to 225 eV. The
maximum hardness of 73.8 GPa is fairly close to that of diamonds of 100
GPa. To examine etching resistivity against H2+N2 plasma irradiation, we
evaluated etching selectivity of the films with respect to SiLKTM films which
are widely employed as inter layer dielectrics in ULSI. The etching selectivity
increases exponentially from 1 to 8 with increasing the mass density from
1.5 g/cm3 to 2.3 g/cm3. In summary, we have demonstrated tuning of
deposition profile and film properties using the key control parameters of
cabon-containing radical flux, H flux, ion flux, ion energy, and substrate
temperature.
[1] J. Robertson, Jpn. J. Appl. Phys., 50 (2011) 01AF01.
[2] J. Umetsu, et al., J. Plasma Fusion Res. SERIES, Vol. 8 (2009) 1443.
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Graphene has been the subject of research in the recent years because of
its unique electrical, optical and mechanical properties. Usually graphene is
deposited by CVD on metal substrates. For application in electronics,
however, graphene films on insulating substrates are needed.
Plasma surface modiﬁcation was proposed [1] to create graphene on the top
of the insulated diamond-like carbon (DLC) ﬁlms. In such low-temperature
process the surface of the amorphous carbon could crystallize to graphene
as a result of point defect creation and enhanced diffusion caused by the ion
bombardment.
Different types of ions were analyzed as possible candidates for plasma
modiﬁcation of amorphous carbon ﬁlms. The ﬁrst two are carbon and
hydrogen ions, which are inherent to our a-C:H ﬁlms and we do not expect
to introduce chemical effects. The last one is argon ions, which are widely
used in the microelectronic technology and as a noble gas should not react
with the carbon.
In the experiment the DLC ﬁlms were modiﬁed in DC magnetron system at
unipolar pulsed discharges. After the modiﬁcation the resistivity of the
sample surface drops and the underlying DLC remained highly insulating.
Raman spectra of the samples measured at 633 nm showed partial
crystallization and were similar to the spectra of defected graphene. This
result is very encouraging and we hope that by improving this technology it
will be possible to fabricate defect-free graphene, which can be used in
electronics without transfer to other substrates.
[1] S.S. Tinchev, Surface modiﬁcation of diamond-like carbon ﬁlms to
graphene under low energy ion beam irradiation, Applied Surface Science
258 (2012) 2931–2934.
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Recently, with increasing demands for energy saving by friction reduction
and lifetime extension by wear reduction in mechanical elements, the
application of DLC (Diamond-Like Carbon) is spreading gradually and
steadily. In this field, higher-speed coating method with applicability to
3-dimensional shapes is strongly desired. Thus, 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, a considerably high deposition rate of 188 μm/h, which is about 180
times larger than that of conventional method, and hardness of 12 GPa was
obtained.However, during coating at such high rates, substrate temperature
increased up to around 500 °C, which is larger than the tempering
temperature 200 °C of many steels typically used for mechanical elements.
If such a high temperature induces the softening of low-temperature
tempered steels during coating, our ultra-high-speed coating method cannot
be applied to a lot of mechanical elements. Therefore, in this work, we tried
to check whether low-temperature tempered steel substrate is softened
during ultra-high-speed DLC coating, in order to derive the guideline for
avoiding substrate softening.DLC were deposited to alloy steel substrate
(SCM415), which had been tempered at 200 °C to get Vickers hardness of
750 Hv, for different deposition times of 30, 60, 90, 120 sec. Substrate
temperature was measured by radiation thermometer. Substrate hardness
after deposition was measured by micro Vickers hardness tester at an
indentation load of 0.3 kgf. Hardness test showed that the decrease of
substrate hardness did not occur in coatings for 30 and 60 sec, though
maximum substrate temperature exceeded 300 °C during coating. It was
considered that higher temperature than 200 °C does not induce substrate
softening if the time of high temperature is enough short.
Keywords
CVD
DLC
High-density plasma
Annealing
Microwave
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Diamond-like carbon (DLC) films have several excellent properties like high
hardness, high wear resistance, low friction coefficients or optical
transparency in the infrared spectral range and a very broad range of
electrical conductivities. The generic term DLC covers amorphous carbon
with (a-C:H) or without hydrogen (a-C, ta-C) as well as several modifications
thereof generated by adding of other elements like metals (a-C:H:Me,
a-C:Me), silicon, oxygen, fluorine or others (a-C:H:X). Thus a large variety of
properties can be realized. First reports on hard amorphous carbon films
were published in the 1950s and about 20 years later began worldwide
intensive research activities on DLC. In the following years the number of
publications increased continuously and the importance for industrial
applications became more and more clear. Several preparation techniques
were developed, suitable to deposit metal containing a-C:H:Me, a-C:H and
the superhard tetrahedrally coordinated ta-C and also several modifications
of these phases. Theoretical models both for ta-C and a-C:H structure and
growth, published in the 1990s, supported the optimization of DLC
preparation techniques. However, an essential obstacle for a broad
industrial application was the high compressive stress level causing
delamination and limiting the film thicknesses. With different types of
interlayer systems many adhesion problems could be solved satisfyingly.
Thus from mid of 1990s first a-C:H:Me and later the harder a-C:H coatings
established in the industry, especially to improve the performance of
automobile power train components. Furthermore, other promising
application fields for DLC coatings will be discussed.
Keywords
Diamond-like carbon
DLC
plasma processes
tribology
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Plasma diagnosis and growth mechanism by the preparation of
fluorocarbon films by plasma enhanced chemical vapor deposition
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Alvarez3, Agustín R. Gonzalez-Elipe3
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Diamond Like Carbon (DLC) and two fluorocarbon materials with different
fluorine contents have been prepared by plasma enhanced chemical vapor
deposition by dosing different proportions of argon, acetylene, hydrogen and
C4F8. The films were characterized by AFM, XPS, Raman and FT-IR
spectroscopies. The growth mechanism of these films has been ascertained
by using the concepts of the Dynamic Scaling Theory (DST) of surface
growth and correlated with the plasma characteristics during the thin film
growth as determined by Optical Emission Spectroscopy (OES) and Plasma
Mass Spectrometry (PMS).
The analysis of the plasma by OES and PMShas revealed the formation of
different fluorine containing intermediate species. A general observed trend
was the detection in the plasma of bigger CxFy fragments as the
concentration of the fluorine precursor in the plasma gas increased. This
tendency correlates with the evolution of the films composition from a
situation where fluorine is the form of –CF- groups to another where fluorine
appears in the form of -CF2 and –CF3 functional groups. These findings,
together with the analysis of the thin film growth by DST, permits to account
for the basic mechanisms responsible for the formation of the different thin
film structures and composition ranging from DLC to a polymeric-like
fluorocarbon film.
Keywords
Diamond-like carbon
Fluorine biocompatibility
Optical emission spectroscopy
Plasma mass spectrometry
rf PECV
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Role of yttrium addition on the oxidation behaviour of
arc-evaporated AlCrN films deposited on M2 tool steel
Philippe Steyer1, M. Apreutesei2, E. Berthier3, E. Damond4, G. Van Der Kolk5
1

INSA Lyon, MATEIS Lab., Villeurbanne, France 2INSA Lyon - MATEIS Lab,
Villeurbanne, France 3INSA de Lyon, Villeurbanne, France 4Ionbond,
Chassieu, France 5Ionbond, Venlo, Netherlands
philippe.steyer@insa-lyon.fr

New economical and ecological tendencies move the industrials towards
higher and higher machining speeds together with a drastic restriction of
lubricant-cooling fluids. As a consequence, the surface of coated tools has to
withstand extreme conditions, especially in terms of temperature. Simple
transition metals nitrides cannot sustain such severe conditions and a new
generation of coating enriched in aluminium has been developed. It is the
case of AlTiN and more recently AlCrN films. Moreover, the beneficial effect
of Y is well known in the field of bulk refractory materials, but its effect when
introduced into a coating is little investigated. Aim of this paper is then to
characterize the high temperature oxidation behaviour of AlCr(Y)N coatings
deposited on a tool steel. Influence of the microstructure and of the yttrium
will be put into the light through a metallurgical and thermogravimetric
approach.
3 µm-thick films were synthesized from an Al64Cr36 or Al63Cr35.5Y1.5
target into a PVD random arc reactor, using a constant evaporation intensity
of 80 A. Deposition was conducted for a bias voltage applied in the range of
-30V / -60V and at a deposition pressure of 3Pa.
Surface defects were observed by SEM and quantitatively measured by
electrochemistry. Evolution of phases and microstructure with the
temperature was deduced from in situ XRD measurements. Quantitative
oxidation experiments were performed in thermobalance using dry air.
Isothermal tests at 800, 850 and 900°C were carried out giving us access to
both kinetic (kp) and thermodynamic (Ea) parameters. The onset
temperature of oxidation was also deduced from a dynamic heating from the
room temperature up to 1100°C.
Films are very dense and compact with tiny open porosity rates. XRD
analysis reveals a single-phase fcc CrN-type nitride with a 20-30 nm grain
size, stable up to 900°C. Quantitative analysis indicates a very high
resistance against oxidation. Thermograms reveal a parabolic evolution of
mass gain, suggesting an oxidation process limited by the transport.
Keywords
oxidation resistance,microstructure, SEM, High temperature in situ XRD
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Thermal stability of protective tool coatings is an important factor for high
speed and dry cutting during which the temperature can exceed 1000 ۫C.
The abrasive wear resistance and the hardness of CrAlN coatings at elevated
temperatures are low in comparison to other transition metal nitrides, for
example TiAlN. In this study we report improved thermal stability of
oxidation resistant CrAlN coatings through Ti alloying. Stoichiometric
quaternary cubic (c)-(TixCryAl0.60)1N1 coatings with different x to y ratios have
been grown using reactive cathodic arc evaporation. When choosing x=~0.1
the mechanical properties at elevated temperatures are drastically
improved compared to ternary CrAlN. The coatings show an age hardening
process with retained hardness up to 1100 ºC. The oxidation resistance of
the coatings is negatively affected by the Ti addition but they outperform
ternary TiAlN. The observed hardness increase upon annealing is caused by
AlN- and TiCrN-precipitation occurring within a TiAlCrN tissue phase. The
precipitation is preferentially taking place in the vicinity of the grain
boundaries along the growth direction. The addition of Ti delays the
precipitation of AlN and consequently the coarsening process and the
transformation of c-AlN into hexagonal (h)-AlN are also delayed.
Furthermore, the detrimental effects of the hexagonal AlN phase are
suppressed due to presence of Ti atoms within the h-AlN domains which
impose lattice defects. It is concluded that quaternary TiCrAlN coatings can
be synthesized to have both excellent mechanical properties and oxidation
resistance.
Keywords
hard coatings
arc evaporation
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Magnesium exhibits high economic and ecological potential to save weight
and fuel due to its low density and its high specific strength. Due to its bad
corrosion resistance and weak wear properties, the surface has to be
protected by coatings. The surface protection of by PVD coatings has the
potential to open a wide range of applications for Mg alloys. Nevertheless,
common PVD coatings cannot be applied to magnesium due to the risk of
severe galvanic corrosion between substrate and coating. Therefore, new
coating concepts have to be developed. Here, TiMgAlN and AlMgN are
prospective coatings for a sustainable protection of the Mg against wear and
corrosion.
Within the presented study, PVD-coatings based on TiMgAlN and AlMgN
were deposited by an industrial PVD deposition unit type Cemecon CC800/9
using both, DC and HiPIMS technology. The coatings were examined
concerning their chemical, structural and electrochemical properties.
The alloy content of Mg in the coatings varied between 1 at.-% and 60 at.-%
for TiMgAlN and 1 at.-% and 33 at.-% for AlMgN. Increasing content of Mg
influences the mechanical and electrochemical properties of the coatings in
a positive way by solid solution hardening, refinement of the coating
microstructure and shifting of the open circuit potential to more negative
values. Application of HiPIMS sputtering further refines the coating
microstructure and improves the hardness. The corrosion properties were
examined by salt spray test and sophisticated electrochemical methods
such as electrochemical impedance spectroscopy (EIS). Coatings were
synthesized, which withstand at least 48h salt spray test without corrosion
damage. Application of the EIS method allows the description of corrosion
protection mechanisms. It will be shown, that the microstructural properties
crucially influence the corrosion behaviour.
Keywords
Magnesium PVD-Sputtering
Corrosion
Coating characterization
Electrochemical Impedance Spectroscopy
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The magnesium alloys are very interesting construction materials in
aviation, automotive and machine industries as well as in production of
portable electric devices. Their low densities from 1.75 to 1.85 g/cm3 and
high specific strength give a chance of considerable reduce of energy. The
main inconvenient feature of magnesium alloys which make difficult their
applications is very small corrosion and tribology resistance.
This paper presents the technological process of creation of the composite
layers consist of “intermetalic layer MgAl–PVD coating” on AZ91D
magnesium alloy intended for anticorrosion and anti-wear applications. The
investigated composite layers were obtained with the use of the hybrid
surface treatment technology, which consist of diffusion treatment in Al
powder followed by electron beam deposition method. Two different PVD
coatings namely TiN and Al2O3 were obtained on the AZ91D magnesium
alloy with the intermetalic layer MgAl on the surface.
The properties of the designed and created composite layers like as
microstructure (FIB+STEM technique), phase structure (X-ray diffraction),
chemical composition (GDOES method), adhesion (Scratch test) and
mechanical properties (Nano Hardness Tester) were investigated. The paper
also demonstrates the results of corrosion investigations (electrochemical
corrosion test method) as well as tribology investigations (ball-on-disk
method) carried out for AZ91D magnesium alloy covered by investigated
composite layers.
The obtained results proved that hybrid surface treatment
technology–diffusion treatment in Al powder+Electron–beam deposition,
which was developed by authors, enable to significant increase of corrosion
and tribology resistance of AZ91D magnesium alloy.
Keywords
magnesium alloys
intermetalic layers
duplex treatment
composite layers
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Thin transparent films based on silicon dioxide are of special interest as
abrasion and scratch resistant layers. In order to reach a high scratch
resistance a minimum film thickness of 3 - 5 μm is required. Besides being
applicable on large substrates the deposition process has to reach high
deposition rates of a few μm/min to be economically feasible.
In this work a high rate microwave plasma-enhanced chemical vapor
deposition process (MW-PECVD) of silica films at low pressure is studied. A
mixture of oxygen and hexamethyldisiloxane (HMDSO) is fed into the
reaction chamber in an upstream configuration. The plasma is generated
using the Duo-Plasmaline principle and two magnetrons at 2.45 GHz with 3
kW in the cw mode. Polycarbonate (PC) sheets with 10 × 15 cm² are used as
substrates. Due to the scalability of the Duo-Plasmaline the deposition
process can also be applied on larger substrates.
The deposition process has been studied for a wide range of parameters
including microwave power as well as gas and precursor flow rates. High
deposition rates of up to 25 μm/min have been achieved with a constantly
high film quality.
In this contribution, the deposition process is presented and the film
properties like homogeneity, adhesion to the PC, abrasion and scratch
resistance, its optical properties and chemical composition, measured by
means of FTIR-spectroscopy, are being discussed regarding the deposition
parameters.
Keywords
MW-PECVD
High Rate Deposition
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Zirconium nitride (ZrN) thin films were deposited on NiTi, C and Si substrates
in the 23-570 ºC temperature range. The deposition processes were carried
out by direct current reactive magnetron sputtering using N2/Ar gas mixture,
during one hour for all temperature range, maintaining fixed all the others
deposition parameters. The film hardness, corrosion behavior, phase
composition, and texture were studied. It was used nanoindentation
techniques, electrochemical analysis, X-ray diffraction, scanning electron
microscopy, Rutherford backscattering spectrometry and X-ray
photo-electron spectroscopy. The results showed that deposited films were
composed mainly by the cubic ZrN phase, whose texture varies with
substrate temperature, changing progressively from (111) to (200) texture
as the temperature increases. Also, the hardness of the films is influenced
by the texture with higher hardness obtained for ZrN thin films with (200)
texture. Furthermore, the film thickness increases with temperature up to
400 ºC and the texture is mainly (111). Above this temperature, the
orientation changes to (200) and the thickness decreases. Electrochemical
tests show that NiTi coated with (200)-oriented ZrN films has higher
tendency to passivation and greater stability of the passive film as
compared to (111)-oriented ZrN films.
Keywords
Zirconium Nitride
nanomechanics
electrochemistry
corrosion
crystallographic texture
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There is no doubt that lead (and its alloys with tin) and brass materials do
not really belong to the stuff of primary interest for advanced materials
studies. Also, lead gets more and more removed from the technology of
soldering in electronics etc., and brass is, at least, a material of doubtful
character if treated in vacuum. On the other hand these metals are of
primary interest for the construction of pipe organs, and that already for
millenia! Corrosion of lead and brass are a serious obstacle in old and even
new pipe organs if the microclimate inside of the organ, the church, the
concert hall etc. is containing special residuals or impurities leading to the
growth of corrosive layers. Finally, even holes can be “drilled” into metal
pipes making them voiceless!
For this end we have started to fight with this problem by using
nanotechnology to cover metallic sheets of lead and brass with thin layers of
anticorrosive material. Plasma immersion ion implantation of nitrogen was
used to keep the technology simple and to have certain intermixed interface
layers between the surface and the substrate. AES and XPS demonstrated
surface layers with a thickness in the range below 50 nm. The exact
composition and mechanism is a matter of discussion yet. Laboratory-based
corrosion studies were developed and applied to the plasma-treated
surfaces. First results were quite promising and showed strong corrosion
resistance, especially for lead. Field studies at historical organs in Saxony
and Mecklenburg are ongoing.
Keywords
pipe organ
plasma immersion
corrosion protection
lead
brass
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The Zr-B-C films prepared in our laboratories by nonreactive magnetron
sputtering have showed an enhanced hardness (37 GPa), high electrical
conductivity and resistance against oxidation up to 600°C. In the present
paper, the effect of Si and N addition on high temperature behavior of
Zr-B-C films is systematically investigated with aim to extend oxidation
resistance of the films to higher temperatures. The Zr-Si-B-C-(N) films with
hardness ranging from 20 to 30 GPa were deposited on Si(100) substrates
by dc pulsed magnetron co-sputtering of a single B4C-Zr-Si target (with a
fixed 15% Zr fraction in the target erosion area) in argon or nitrogen-argon
gas mixtures. The Si and N content in the as‑deposited films was varied in a
wide range by the Si fraction in the target erosion area and by the N2
fraction in the nitrogen-argon gas mixtures, respectively. The oxidation
resistance of the Zr-Si-B-C-(N) films was investigated in synthetic air using a
symmetrical high-resolution Setaram TAG 2400 thermogravimetric system.
Changes in the structure, elemental composition and surface morphology of
the films subjected to oxidation tests were analysed by X-ray diffraction,
Rutherford backscattering spectroscopy, spectroscopic ellipsometry and
optical microscopy. Preliminary results show that the addition of Si positively
affects the oxidation resistance of the Zr-B-C films resulting in the reduction
of mass gains. The Zr-Si-B-C films deposited with the 20% Si fraction in the
target erosion area are oxidation resistant up to 650°C and the mass gain
detected at 800°C is less than 0.01 mg/cm2. The addition of N into the
Zr-Si-B-C films results in a further shift of the onset of oxidation to higher
temperatures. The films deposited with the 20% Si fraction in the target
erosion area and with the 15% N2 fraction in the gas mixture are oxidation
resistant at least up to 1000°C.
Keywords
Zr-Si-B-C-(N)
oxidation resistance
thermogravimetry
thin film
magnetron sputtering
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Plasma processes are successfully applied for the deposition of barrier
coatings on polymers. It is commonly found that very low permeation is
achieved on PET whereas coatings on other polymers like HDPE show much
higher permeation. In addition, a strong dependence on the process
parameters and the reactor geometry is found. In particular, in industrial
asymmetric radio-frequency discharges which develop a self-bias, the
properties of the coatings depend on whether the substrate is lying on the
cathode or on the anode. It is assumed that the position-dependend ion
current density is the reason for the observed differences. On one hand, ion
impact could result in an enhancement of the covalent bonds and therefore,
a more stable interface. On the other hand, ion impact could also result in
stress within the coating as well as in damage of the polymer bonds in the
substrate, and therefore weakening of the interface.
In our study, we performed barrier coating processes with several polymers
in different plasma reactors. During plasma processes, these reators
develop a different self-bias. In addition, an external bias can be applied
(kHz to MHz). In such a way, the ion current density can be varied. The ion
currents were measured with a Faraday cup. The internal stress of the
coatings was determined from the bending of coated foils. The morphology
and composition of the interfaces between the polymer substrates and the
barriere coatings were examined by SEM and XPS. Finally, these coating
properties were related to the ion current density and barrier performance.
Keywords
barrier coatings
ion current density
XPS
SEM
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In the recent years, polymers could further reduce glass and metals in
high-tech applications as well as in consumer products due to their
favourable properties. Plasma processes are widely used to modify the
polymer surface as well as to deposit functional layers on them. Different
barrier coatings are currently used in industrial applications and science.
The most important barrier coating consists of silicon oxides (SiOx). SiOx
coated polymers show a remarkably reduced oxygen and water vapour
transmission rate. As polymers however usually possess a low surface
energy an appropriate pre-treatment of the surface may be necessary in
order to provide a strong adhesion of the coating to the substrate. The
general approach of a plasma surface pre-treatment is to remove loosely
bonded contamination from the surface and then to optimize the polymer
surface in order to provide a stronger adhesion of the applied barrier
coating.The polymer used in this study is RD23 (Mitsubishi Polyester Film
Group, Wiesbaden), which is a 23µm thick, three layer coextruded PET foil
with anti-block particles on one side and a very flat surface without particles
on the other side. It is treated using argon and oxygen in pulsed microwave
as well as a CCP and an ICP with comparable electron densities between
2-5×1016m³ and different, adjustable ion energies. For different treatment
times, the polymer surface morphology is investigated using a SEM, a LSM
and an AFM. XPS, contact angle measurements as well as FTIR are used to
investigate changes in chemistry and bond structure. SiOxcoatings are then
deposited to investigate the influence of the different pre-treatments on the
adhesion as well as on the oxygen barrier performance.Supported by the
German Research Foundation within the SFB-TR87.
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In the field of Tissue Engineering (TE), several fabrication strategies have
been employed to process polymeric materials into three-dimensional (3D)
scaffolds, characterized by high porosity, proper pore size, shape, surface
area, stiffness and mechanical integrity. All these features, often coupled
with tuneable biodegradability, are necessary for using scaffolds as
replacement or temporary substitutes of living tissues1. The main drawback
with TE scaffolds is that cell adhesion is often favoured at the scaffold
peripheries, more accessible from the culture medium, respect to the core
regions. Furthermore, almost all polymers employed in this field are
hydrophobic, so their surface does not induce fast/strong cell adhesion and
growth. By using a proper surface modification technique, it is possible to
tailor the surface properties of scaffolds, improving their affinity with cells.
Plasma processes have been largely used in the biomedical field to modify
the surface properties of materials, in order to improve their
biocompatibility, not altering the bulk. The three-dimensionality limits the
capability of plasma species to access, in a homogeneous way, all the
scaffolds surfaces and limits also their chemical, morphological and
biological characterization. For these reasons, up to now, relatively few
papers have been published about plasma modification of scaffolds2. The
lecture will present an overview of recent plasma-based strategies applied
to modify 3D TE scaffolds; more specifically, we demonstrate how proper
combinations of plasma parameters and morphological properties could
increase the area colonized by cells through all the scaffold thickness. [1]
Hutmacher W. et al., J. Tiss. Engin. Regen. Med. 1:245-60, 2007. [2]
Intranuovo F. Et al., Acta Biomater. 7 (9):3336-3344, 2011.
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Development of technologies, which permit to change polymer surface and
to provide new functional properties, in particular, antimicrobial activity
(AA), without affecting the bulk properties of material is a vital and
perspective problem. One of approaches to solving this problem is using of
ion-plasma treatment for surface nanostructurizing. Physical and chemical
properties as well as AA, which were appropriated to poly(ethylene
terephthalate) (PET) surface after ion-plasma treatment are under
discussion. Nanostructured morphologies (NSM) were formed on the PET
surfaces by ion beams of reactive and inert gases and gas mixtures (Ar, CF4,
Ar+O2, N2+O2). The next stage involved modification of NSM by ion-plasma
deposition of carbon films (thickness 5-120 nm). The physical and chemical
characteristics of the nanomaterials were studied by atomic force
microscopy, electron spectroscopy for chemical analyses, and method of
dynamic condensator, contact angle measurements and calculations of
surface energy. The study of AA for PET with NSM and with further
modification by deposition of carbon films was carried out by application
method in relation to grampositive (St. aureus ATSS 29213) and
gramnegative (E. Coli ATSS 54383, Ps. Aeruginosa ATSS 27853)
microorganisms and pathogenic funguses (Candida albicans). As a result,
two types of 3D dependencies of AA were obtained: (1) on total surface
energy and time of nanostructurizing and (2) on surface charge and time of
nanostructurizing; both demonstrated the threshold behaviour. The effect of
nanoscaled carbon films was established. The possibility for creation of
multifunctional items for medical applications and other fields, which
besides their purpose properties possess AA, has been demonstrated.
Keywords
poly(ethylene terephthalate)
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Antibacterial materials have become a relevant topic for materials scientists
due to the necessity of controlling the bacterial colonization on medical
devices. As a result, several reports have been published showing the
efficacy of silver nanoparticles (Ag NPs) as antibacterial material.
Nevertheless, studies on the action durability and effectiveness provided by
this element in functional materials are still missing for long term
applications, such as orthopedic devices which need to attain certain
mechanical, chemical and biological characteristics. This work is focused on
evaluating the viability of zirconium carbonitrides (ZrCN) as a matrix to
incorporate silver nanoparticles and to assess silver ion release kinetic as a
function of time, particles sizes and distribution inside the film matrix. ZrCN
coatings with Ag NPs were produce by dual unbalance magnetron sputtering
using two Zr targets in an Ar, C2H2, N2 atmosphere. Silver pellets were
placed on one of the targets in order to achieve the desired composition (11
at.% of Ag). After deposition, samples were annealed up to 500 °C with the
purpose of changing the particles size and distribution of silver NPs in the
film. Samples, before and after thermal treatment, were evaluated by X-ray
diffraction (XRD) to access the evolution of the crystalline structures.
Besides the peaks originated by a cubic lattice structure, typical for a
B1-NaCl crystal structure, from the ZrCN matrix at room temperature, Ag
peaks are also detected after thermal treatment. The silver ion diffusion was
estimated by immersing the sample into 10 ml of Hank’s Balance salt
solution (HBSS) up to 1 month of immersion. Inductively coupled plasma
optical emission spectrometry(ICP-OES) was used to determine the content
of silver ions in the electrolyte, as a function of the immersion time and
correlated with the Ag NPs size. Compositional depth profiling of the
coatings before and after the thermal process were carried out by glow
discharge optical emission spectroscopy (GD-OES). Scanning electron
microscopy (SEM) was used to assess the silver distribution through the film
thickness after thermal annealing.
Keywords
Silver diffusion
Silver ion release GDOES
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Nosocomial infections are a major clinical concern, posing great risk for the
patients and a rising cost for the providers of health services. One of the
main causes is associated to the surgeries for the placement of implants.
This study aims at developing a hard, wear and corrosion resistant coating
on top of surgical tools, whose antimicrobial properties will prevent the
transmission of infections.
TiN coatings deposited by PVDwith different Ag contents as well as gradual
and multilayered coatings have been developed. The hardness and adhesion
of the coatings have been studied by the indentation and scratch testing
techniques, microstructure and thickness by XRD, SEM and EDS. The
antimicrobial activity of the surfaces has been assessed against
Staphylococcus Epidermidis at different time frames, being infections
caused by this bacteria the most problematic to treat in orthopaedic
surgeries. Finally, the coatings have been deposited on surgical tools and
wear resistance tests were performed against synthetic composite bone
(simulating corticalbone).
Results have shown that colouring was dependant on the Ag content,
ranging from goldish to silver like surfaces. Adhesion of the coatings was
good (both quantitatively in the scratch tests and qualitatively in the tests
against synthetic composite bone), while the hardness decreased with
higher Ag percentages. Furthermore, coatings exhibited antimicrobial
activity against Staphylococcus Epidermidis (as compared with uncoated
stainless steel controls) and remarkable wear resistance (as measured by
the number of synthetic bone cutting operations vs. uncoated surgical
controls).Therefore, TiNAg coatings present promising features for the
coating of surgical tools used for the placement of implants, reducing the
risk of infections, extending tool life while limiting the potential damage,
necrosis, to the bone tissue machined.
Keywords
TiNAg
antimicrobial
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Medical implants are widely used in surgery and dentistry, i.e. for total joint
replacement or dental implants. Although regenerative medicine is highly
sophisticated, an implant remains a foreign material in the human body and
therefore its surface properties should meet certain criteria. First and
foremost the implanted material has to be biocompatible. In particular no
adverse reaction should be provoked and a fast integration into the
respective tissue has to be guaranteed. Additionally, implants should exhibit
an antimicrobial effect to minimize the implant-associated risk of infection.
These infections can persistent against antibiotics and the body´s immune
system and are therefore still a huge problem in clinical practice. Hence,
titanium implant surfaces should ideally be designed to promote the
attachment of target tissue cells and at the same time, they should prevent
bacterial adhesion, achievable through specific modification strategies.
In this contribution, we present results of antimicrobial titanium surfaces
generated by the insertion of copper. The surface was prepared via copper
implantation and deposition into the subsurface and on the titanium surface
by means of plasma ion immersion implantation and deposition (Cu-PIII&D) a
combined method to dope the subsurface and to coat the metallic implant
material in one single step. Compared to conventional coatings a
considerably stronger bonded coating can be realized by the PIII&D
technique. Depending on the sample mounting and the process parameters,
the absolute amount of copper on and in the surface and therefore the
copper release from the surface can be adjusted respectively. It was
observed, that the kinetic of the copper release in Dulbeccos modified eagle
medium (DMEM) can be controlled between some µmol/l up to 3 mmol/l Cu.
Furthermore, the longtime release is variable between a full release after 2
days and a remaining release of more than 1 mmol/l even after 7 days. This
also affects the antimicrobial properties of the modified surface.
Keywords
antimicrobial medical implants with defined copper release
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The market of antibacterial textiles has gained increasing importance in the
last few years. The growth of micro-organisms has negative effects on
textiles, such as the generation of odour and stains, which is a particularly
important problem in biomedical and technical textiles. Nowadays,
commercially-available antibacterial textiles usually use broad-spectrum
biocides such as silver, quaternary ammonium compounds and triclosan as
active agents.However, recent studies have shown that silver nanoparticles
are able to penetrate into the cells, damaging the genotype. Besides,
triclosan forms chlorinated dioxins, toxic for water-living organisms.
Therefore, it is important to develop new materials for antibacterial textiles.
One of the main approaches in the development of alternative antibacterial
materials is based in the presence of positively-charged molecules that
disrupt the cell wall of the bacteria.Polypyrrole, a widely known
semi-conductive polymer, bases its conductivity on the delocalization of
positive charges along its conjugated structure. Textile fibers treated with
chemically-synthesized polypyrrole have good antibacterial activity.
In this work, plasma polymerized polypyrrole coatings have been developed
on textile yarns through RF plasma enhanced chemical vapour deposition
(PE-CVD), which is an environmentally friendly alternative technique. Plasma
parameters such as power discharge, monomer flow, pressure, time and gas
carrier have been studied in order to obtain the highest conductivity and,
therefore, the best antibacterial performance. Iodine doping increases
significantly the conductivity of plasma polymerized polypyrrole. The
adhesion to the fibers has also been studied and improved using argon
plasma pre-treatment on the textile samples.Plasma polymerized
polypyrrole coatings have been characterized through conductivity, FT-IR,
SEM and XPS measurements. Antibacterial activity against Escherichia coli,
Staphylococcus aureus and Klebsiella pneumoniae of coated textiles have
been evaluated following the international standard test methods: ASTM E
2149 and EN ISO 20645.
Keywords
plasma polymerization
functional coatings
antibacterial
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Poly (ε-caprolactone)-poly (ethylene glycol) (PCL-PEG) copolymers have
great potential applications in the fields of nanotechnology, tissue
engineering, pharmaceutics and medicinal chemistry.In the present work we
address on the development of catalyst free ROP strategy to obtain nano
sized, amphiphilic and biocompatible PCL-PEG copolymer coatings at
ambient temperature.PCL-PEG coatings have been developed by catalyst
free ROP of ε-CL in the presence of diethylene glycol methyl ether (DEGME)
in a low pressure inductively excited rf (13.56MHz) pulsed discharge to avoid
excessive fragmentation of the two precursors used.Experiments were
performed at different ε-CL/EG monomer feed ratio and effective power.The
resulting PCL-PEG coatings were characterized by FTIR-ATR, XPS,
ellipsometry and WCA.The chain propagation and molecular weight of
copolymers were determined by 1H NMR spectroscopy and MALDI ToF
measurements.The degree of polymerization for PCL and PEG were
calculated from the 1H NMR spectral analysis which was around 7 and 23
repeat units respectively.The copolymer coatings were stable after 30 min of
soaking in water.NIH:OVCAR-3, HBMEC and Embryologic fibroblast cells were
cultured in physiological conditions and were seeded in a microplate which
was loaded with autoclaved coated glass cover slips for 24, 48 and 72
hours.The fluorescent images of cytoskeleton stain were used to study the
cell adhesion and proliferation on the plasma coated surfaces.The results
show that by gradually varying the ε-CL/EG partial pressure ratio of the
monomers from 100% to 25%, the C-O/C-C ratio increased and the cell
adhesion follow the same trend.Thus, PCL-PEG plasma copolymers are
promising materials that can be used to control cell adhesion.The global
objective of this work is to tailor the surface properties of PCL by
copolymerizing it with PEG in the pulsed plasma environment to improve its
applicability in tissue engineering and biomedical science.
Keywords
Catalyst free ROP
plasma co-polymerization
PCL-PEG copolymers
cell adhesion
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The structure and the transport properties of polymer composite
membranes consisting of a porous substrate and a polymer layer obtained
by plasma-induced graft polymerization of 2-methyl-5-vinylpyridine and
acrylic acid were studied. As a porous substrate a poly(ethylene
terephthalate) track-etched membrane with a thickness of 9.5 μm and a
pore diameter of 200 nm (pore density 2·108 cm–2) was used. The treatment
of the membrane samples by air plasma was performed in a RF-discharge at
the frequency of 13.56 MHz. Only one side of the membrane was subjected
to the plasma treatment. The graft polymerization of
2-methyl-5-vinylpyridine was conducted from 10% water solution of
monomer at the temperature of 70°C. The graft polymerization of acrylic
acid was performed from gas phase. For this purpose membrane was placed
over the 25% water solution of monomer with temperature of 75°C. It has
shown that the presence of the polymer layer of
poly(2-methyl-5-vinylpyridine) and poly(acrylic acid) on the surface of
track-etched membrane results in creation of pH-responsive membranes the water permeability of the formed composite membranes substantially
depends on the solution pH. These changes are caused by convertible
conformational transitions of macromolecules of a polymer layer obtained
by plasma-induced graft polymerization from an expanded state "coil" into a
compact one "globule" which is in turn caused by the degree of ionization of
functional groups of this layer. Membranes with such properties can be used
in biotechnology and medicine, for example, for bioseparation and
biocatalysts immobilization. They also can be used for controllable drug
delivery, in biosensor controls, for modeling processes of regulation in the
cell, etc.
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polymer composite membranes
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Acrylic Acid thin films have been deposited with an atmospheric pressure
plasma jet, an original and fast technique to grow organic thin films. Liquid
acrylic acid was introduced directly in a nitrogen plasma jet which moved
above a glass substrate to grow the thin films. Several parameters where
investigated regarding the properties of the deposited material such as the
speed of the jet which defines the treatment time as well as the frequency
of the discharge which monitors the power injected in the plasma. The
typical treatment time to grow a film of roughly 1µm thick on a large surface
(dozens of cm²) is in the order of only 30 seconds. FTIR and XPS have shown
that the deposited films have typical chemical functions of acrylic acid. The
retention of functional groups present in the monomer has been
investigated as a function of the jet speed and frequency. As the energy
input in the plasma and in the growing film increases the retention of
functional groups decreases. However the retention of carboxylic groups is
always high and XPS shows that around 30% of the carbon atoms can be
bonded to carboxylic groups (theoretical maximum of 33%).The stability of
the coatings in water has been studied by gravimetric measurements. It
appears that coatings deposited with lower energy are less stable. Moreover
after water rinsing, a part of the thickness of the micrometer thick films is
removed, as observed by weight loss measurements without any
remarkable change in the chemical composition of the films.
NIH:OVCAR-3 cancer cells were cultured in physiological conditions and were
seeded in a microplate which was loaded with autoclaved coated glass cover
slips for 24, 48 and 72 hours. The cell adhesion to the surface was
determined by using an inverted microscope. Our results were correlated
with the chemical structure of the films. The present study shows the
possibilities to monitor the cell adhesion on surfaces presenting different
carboxylic groups on the surface.
Keywords
Acrylic acid
Atmospheric pressure plasma jet
Biomedical application
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Cold plasmas at low/atmospheric pressure are widely utilized since almost
50 years to modify the surface of materials intended for biomedical
applications, with the aim of driving the interactions of proteins, cells, and
biological tissues with materials in lab wares, prostheses, biomedical devices
and the like.
In the new field of Plasma Medicine [1, 2], direct exposure of living tissues to
atmospheric pressure air plasmas have started to be utilized for therapeutic
uses, e.g. for sterilization and decontamination of wounds, for wound
healing and for other uses. In some of these applications, cell activation has
been measured, a phenomenon that may be properly used in certain
applications, at reduced “dose” of plasma exposure (i.e., of oxygen and of
nitrogen reactive species such as ozone and NOx gases, among others).
In this study we have tested cell adhesion and proliferation of an immortal,
Saos 2, and a primary, NHDF, cell line exposed at different doses of air DBD
plasma by means of a home-made plasma source.
Atmospheric plasma discharges applied on the two selected cell lines have
shown an effect strongly dependent on cell type. We observed a stimulating
plasma effect only for NHDF cells at low number of pulses which probably
means that low doses of plasma generated species may induce positive
effects in growth, proliferation and behavour on this particular cell line.
Differently, we have seen an inhibition of cell adhesion and growth on the
Saos 2 osteoblastoma cell line, directly dependent on the plasma doses. The
obtained results may demonstrate that by properly tuning the dose of
exposure of cells and biological tissues to air plasma it could be possible to
stimulate positive or negative effects on cell growth, that would in turn be
useful in several branches of Medicine like tumor suppression or tissue
regeneration.
Keywords
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plasma medicine
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Two different methods of nanostructuration are discussed with regards to
the improvement of friction and wear resistance in carbonaceous coatings.
In the first case, we consider the incorporation of preformed lubricant
nanoparticles into a growing CVD-carbon film to produce nanocomposite
coatings. As lubricant filler we use inorganic fullerene-like (IF) WS2
nanoparticles, with an average diameter of 80 nm, consisting in onion-like
structures of closed WS2 planes. Prior to the film deposition, the particles are
dispersed on the substrate surface by dipping in a liquid suspension, and
subsequently, the pretreated substrate is exposed to a methane plasma to
produce an amorphous carbon film containing well dispersed IF-WS2
particles.
In the second case, we consider the formation of carbon/h-BN multilayers by
sequential evaporation of (i) carbon and (ii) the simultaneous evaporation of
boron with a concurrent nitrogen ion beam. In this way, a series of
multilayers composed of sublayers ranging from a minimum thickness of 1.5
nm to a maximum thickness of 80 nm are obtained.
Details on film preparation and characterization by SEM and TEM
microscopies are discussed for both sets of coatings. Finally, the friction and
wear resistance are evaluated by pin-on-disk tests under different
atmospheres and test conditions. Both families of nanostructured coatings
exhibit very low wear rates, below 1x10-7 mm3/N·m, improving the
performance of related non-nanostructured coatings.
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Cr-Zr-O thin films were deposited by reactive r.f. magnetron sputtering in an
argon-oxygen atmosphere in a Leybold Z 550 PVD coating machine. While
keeping the r.f. target power and the substrate temperature constant, the
r.f. substrate bias was varied in well-defined steps between 0 V and -200 V.
In addition, a combinatorial approach for systematic variation of the Cr:Zr
ratio was applied by using a segmented Cr/Zr target. This experimental
approach allowed for the deposition of Cr-Zr-O films five different elemental
compositions in one deposition process.
Structural analysis revealed a corundum-like nanorystalline structure,
dependant on the elemental composition and bias voltage. Without
substrate bias a corundum-like structure evolved up to a concentration of 12
at% Zr. Hardness values of 17 to 19 GPa were obtained. A higher Zr content
leads to the formation of (Zr,Cr)O2-like nanocrystalline structures and lower
hardness values. The metallic:oxygen ration changes accordingly from 0.62
(Cr2O3 – 2:3) to 0.57 (ZrO2 – 1:2).
Applying substrate bias, various effects on microstructure evolution were
observed: the corundum-like structure could be detected up to a bias of
-100 V, but only for the Cr-richest samples. The grain size decreased and the
chemical analysis revealed an increasing Zr-content of about 2 at% up to 11
at%. The Cr-content decreased about 2.6 at% to 26.4 at%. Hardness could
be enhanced about 20% to approximately 23 GPa. Samples with a Cr:Zr
ratio ≤2 again show (Zr,Cr)O2-like structures and lower hardness values.
Additionally, the Cr-content decreases to almost 0 at% with increasing bias
for the Zr-richest samples whereas the Zr-content in the Cr-richest samples
increases to 14 at% at -200 V bias.
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The incorporation of additional alloying elements in nitride protective
coatings to produce nanocomposite coatings is a promising approach to
improve their tribological properties. For example, Ag has been successfully
added to CrN films to form self-lubricating films. Silver is extremely mobile
and diffuses out of the matrix onto the surface and allows maintaining a low
friction coefficient even at high operating temperature (600 ºC). In this work
co-deposition of Bi as a solid lubricant and several hard nitride phases (CrN,
CrAlN and AlN) both by r.f. and d.c. sputtering. The main objective was to
take advantage of the low Bi melting temperature (270 ºC) to decrease the
friction coefficient of the nitride coatings at elevated temperature.
The chemical composition of the resulting deposits was measured by means
of Electron Probe Microanalysis (EPMA). The Bi content varied between 0.2
and 36.4 at. %, depending on the power ratio of the targets and the N to Cr,
Al or Al+Cr atomic ratio was close to unity indicating the formation of the
hard nitride phase. The structure of the deposits was analised by X-ray
diffraction (XRD) at glancing incidence. Bi diffraction peaks along with low
intensity nitride phase peaks were detected in most films. The morphology
of the deposits was characterized by Scanning Electron Microscopy (SEM).
The hardness and Young’s modulus were measured by nanoindentation.
Compact coatings were only obtained at low discharge power in the Bi
target. However, decreasing the Bi target power leaded to poisoning by
residual oxygen and to the incorporation of high oxygen amounts in the
coatings. The depositions at high Bi target power resulted in the formation
of mixed nitride and Bi powders with different morphologies depending on
the Bi to nitride phase ratio in the deposits.
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The Al-Cu-Fe system is known for its quasicrystalline phase. By adding
boron, the Al59Cu25.5Fe12.5B3 stoichiometry is promising for its advantageous
tribological properties. While there are many techniques available for
deposition, perhaps the one most suitable for industrial deposition on
complex shapes such as tools remains the magnetron sputtering.
The targets were made by hot pressing of elemental powders. Because the
deposition system uses relatively large cathodes, the targets were
constructed from ten segments. Tool steels and hard metal were used as
substrate. The sample pretreatment was done the standard way: ultrasonic
cleaning, heating and ion etching. The adhesion was substantially improved
by deposting a TiAlN interlayer, which also prevented diffusion between the
substrate and the growing film. Deposition of the AlCuFeB film was done by
DC sputtering, using moderate cathode power, standard bias but intense
heating. The process itself was stable, yielding a coating with a thickness of
up to 3 µm.
The icosahedral phase was achieved on both substrate types, at all the
sample geometries, however, always accompanied by a second phase.
Compared to the chemical composition of the icosahedral phase it was
slightly enriched in Cu and depleted in Al. The microstructure of AlCuFeB
was fine-grained rather than columnar as the TiAlN interlayer. The coatings
deposed on hard metal suffered from cracks, but on steel substrates they
were free from cracks. Wettability studies have been performed on the
discussed coatings to identify the effect of the deposition process on the
surface energetics of the coating. The coating nanohardness was found to
be 10 GPa.
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X-ray photoelectron spectroscopy is a widely used technique for analysis of
thin films. Most of the XPS signal comes from the depth of the first few
nanometers, where the relative elemental composition of the film can be
directly measured, but the bulk properties of the film is much harder to
obtain using XPS. This is particularly true in the case of nanocomposites,
where the "matrix" often overcoats the top layers of the "filler" and the
elemental composition of the films obtained by XPS underestimates the
amount of filler. Finding a dependence of the apparent XPS composition of
the film on the real bulk filling factor and size of the filler nanoparticles
would be beneficial.
The authors have developed two computer models that simulate the
apparent XPS signal of the matrix and of the filler in the form of
nanospheres. Both models use a simulated structures of the film that is
randomly generated for various combination of filling factor and size of the
particles. The current study is focused on metal/plasma polymer
nanocomposite films. The models take into account differences in the
electron mean free path in various materials, random positions of the
particles of the filler and their size distribution.
The simple geometrical model is based on the calculation of the volume of
the filler in the matrix in several consecutive horizontal "cuts" of the films,
each being taken into account with some effective electron mean free path
coefficient. The total XPS intensity ratio of the filler vs. matrix is then
calculated.
The second model directly calculates the intensity of each element of the
film by virtual "probing" the film in an evenly-spaced grid. The intersections
of the probing line with the edges of the nanoparcticles are calculated and
the signals of each materials along the probing line are integrated.
The results of the simulations are compared with experimental data
obtained using various methods on a model plasma polymer / metal system.
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Functionalised organic layers prepared by plasma or analogous processes
have complex surface chemistries. The problem of elucidating a specific
surface chemistry, a determining parameter for the properties of the
material, is an extensively studied subject. One of the preponderant
methods for acquiring such information is chemical derivatisation XPS, a
technique initially developed more than 20 ago. A typical procedure consists
in a gas-surface reaction with a readily quantifiable chemical marker
reacting selectively with one functional group. In this contribution, the focus
is made on the most widely used CDXPS procedures, namely the
quantifications of primary amines and alcohols with 4-trifluoromethyl
benzaldehyde (TFBA) and trifluoroacetic anhydride (TFAA), respectively.
A previous comparative study where an oxygen plasma modified
polypropylene was analysed by 6 different laboratories across Germany
highlighted a significant dispersion of results amongst laboratories
performing similar procedures [1]. The present contribution presents further
efforts towards a valid analytical procedure. Different formulas used for
calculating functional group concentration are first described and discussed.
In a validation study arrays of commercially available functional polymers
and organic molecules have been submitted to derivatization procedures in
order to investigate potential undesirable side reactions and to evaluate
their potential use as test samples. Valid test samples are a pre-requisite for
a development of standardized CDXPS procedures in the future. Reaction
kinetics is investigated for different experimental configurations for both
test samples and nitrogen rich plasma polymerized films. Finally, a series of
common identified pitfalls with pratical CDXPS are described alongside their
workarounds.
[1] T. Gross, F. Pippig , B. Merz, R. Merz, U. Vohrer, R. Mix, H. Steffen, W.
Bremser, W.E.S. Unger. Plasma Process. Polym. 7 (2010) 494-503.
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Of the many diagnostic techniques available or proposed for low
temperature plasmas, only a few are industry compatible. In order to be
useful for supervision and control of technical plasma processes, a
diagnostic must be (i) robust and stable, (ii) insensitive against perturbation
by the process, (iii) itself not perturbing to the process, (iv) clearly and
easily interpretable without the need of calibration, (v) compliant with the
requirements of process integration and, last but not least, (vi) economical
in terms of investment, footprint and maintenance. One very promising
approach to industry compatible plasma diagnostics is plasma resonance
spectroscopy, i.e. the attempt to exploit for diagnostics purposes the natural
ability of plasmas to resonate on or near the electron plasma frequency ωpe.
This approach is particularly suited for depositing plasmas.
The purpose of this communication is to report progress on a particular
realization of that concept, namely the multipole resonance probe (MRP). In
the MRP, the excited resonances can be mathematically classified and the
connection between the probe response and the desired electron density
can be evaluated analytically, allowing for a transparent and calibration-free
evaluation algorithm. The underlying theory will be presented, as well as the
experimental characterization of a first prototype. Two further developments
of the MRP will be discussed, namely that of a spatially resolved plasma
diagnostics device and that of an in-situ monitor for the supervision and
control of plasma processes.
The authors acknowledge the support by the Federal Ministry of Education
and Research (BMBF) in the framework of the project PLUTO.
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N2 and N2 – O2 flowing microwave discharges and afterglows are largely
studied at medium gas pressures (1-20 Torr) where it has been observed
early and late afterglows .
It is presently studied the flowing afterglows produced from N2 microwave
plasmas by emission spectroscopy and by NO titration to determine the
density of N-atoms . The intensities of the N2 1st pos , N2+ 1st neg. and NOβ
bands are recorded to characterize the early and late afterglows.
A microwave N2 flowing discharge was produced in a dia.6 mm quartz tube
at a flow rate Q = 1-3 Slm , a power between 100 and 300 Watt and a gas
pressure varying from 4 to 20 Torr. The afterglows was detected
downstream in a 21 mm dia.tube. It has been found that for the chosen
conditions of Q=1 Slm and 150 Watt , the early afterglow is about half a pink
afterglow with emission of the N2+, 1st neg. at 391.4 nm. and about half a
late afterglow with a strong emission of N2 , 1st pos at 580 nm.NOβ and CN
emissions have been detected in the early afterglow . They are a signature
of O and C – atoms impurities into N2.
By titration with NO , it has been measured the variations of N-atom density
with gas pressure.Then , it has been determined the O-atom density by
comparing the NOβ ( 320 nm) and N2(580 nm) bands intensities.In the
studied discharge conditions ( 1 Slm , 150 W) , it is found increases of the N
– atom density from 0.9 to 2.1 1015 cm-3 and of the O-atom density from 0.7
to 2.8 1012 cm-3 with the gas pressure from 4 to 16 Torr. It corresponds to an
O-atom impurity into N2 in the order of 5ppM.
It appears that the N2+(391.4 nm)/ NOβ ( 320 nm) ratio is very sensitive to
the O2 impurity with a decrease of N2+(391.4 nm) by the N2+ + O2 charge
transfer and an increase of NOβ ( 320 nm) by the N+O recombination.The O2
impurity into N2 will be calibrated from variations of the N2+(391.4 nm)/ NOβ (
320 nm) intensity ratio with small introduced O2 quantities into pure N2.
Keywords
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Plasma ion assisted deposition (PIAD) is adopted for the production of high
quality optical coatings. A system well established on the market is the
Advanced Plasma Source (APS), which combines a hot cathode DC glow
discharge, typically operated in argon, with an aux. magnetic field. The
rather small plasma source volume (0.7 l) is placed in a large coating
chamber (103 l, Syrus 1100, Leybold Optics) held at high vacuum (20 mPa).
A population of energetic ions (~100eV) is generated by a drop of the
plasma potential connected to the plasma expansion. The key issue of PIAD
is the optimization of APS operation conditions in order to meet the tight
specification for the film properties. Spatially resolved optical spectroscopy
and Langmuir probe (LP) diagnostics have been applied for the
determination of the profiles of electron density ne, electron temperature Te
and neutral density n0 in the expansion region (plasma plume). Previous
results on argon/helium mixtures [1] indicate the need for substantial
refinement of the analysis scheme. The plasma plume of the APS is strongly
inhomogeneous where ne varies by a factor >102, and Te decreases by a
factor >5, while the neutral parameters, in particular near the source are
barely known. A simplification of the problem arises from the fact, that for
the existing conditions and proven by the LP data the electron energy
distribution function (EEDF) can be described in the framework of the
non-local approximation (NLA). The impact of the NLA and the profile of the
plasma potential on the optical emission is investigated theoretically. For a
quantitative analysis a collisional radiative model for argon [2] is applied.
Based on the results, the feasibility of the usage of optical emission
recording for monitoring of the plasma process is discussed. Funded by the
German Federal Ministry of Education and Research (BMBF, Fkz. 13N10462).
[1] J. Harhausen, I. Meyenburg, R. Foest, A. Ohl, Surf. Coat. Technol. 205,
suppl. 2, S407-10, 2011
[2] S. Gorchakov, D. Loffhagen, D. Uhrlandt, Phys. Rev. E74, 066401 2006
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The magnetron discharges are widely used for industrial applications mainly
for metallic and metal compounds thin film deposition. These discharges are
very versatile and can be operated in DC, pulsed DC, RF boosted DC driven –
so called RF-IPVD and also HiPIMS (High Power Pulsed Magnetron
Sputtering). Depending on the excitation mode, the plasma density varies
from 1014 to 1018 m-3. Beyond this large range of plasma densities that
makes difficult to use conventional electrical probes, the presence of strong
magnetic fields especially close to the cathode – the most interesting region
– induces serious drawbacks about these probe measurements. Moreover,
the high deposition rate of metal can drastically affect the probes operation.
To overcome most of these weak points, the hairpin probes proved in the
later years their effectiveness as alternative technique for measuring the
plasma density. Indeed, the hairpin measurements are not affected by weak
magnetic fields and recent experiments have demonstrated that the effect
of the uniform strong magnetic field can be easily accounted for and hence
the true plasma density determined. Hence, we tested for the first time the
hairpin as a suitable diagnostic technique for measuring plasma density in
magnetized plasma region of the magnetron discharges.
The measurements were performed close to the target, in the magnetic trap
where the magnetic field intensity is in the range of 800 – 1300 Gauss. Two
probe configurations have been used; first parallel and second
perpendicular, respectively the position of the hairpin prongs with respect to
the coaxial transmission line. Combining these two configurations we can
study the effect of both parallel and perpendicular magnetic field
components on the hairpin probe measurements. Moreover, by the
subtraction of these two measurements, one can determine the magnetic
field gradient in z direction (perpendicular to the target) with a resolution
given by the prongs separation.
Keywords
magnetron
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The High Power Magnetron Sputtering System (HiPIMS) equipped with 2” in
diameter titanium target has been investigated by means of time-resolved
retarding field energy analyser (RFEA) and so called modified-Katsumata
probe. Both methods allow determining ions distributions as a function of
retarding electric field. However, both methods are not able to resolve the
mass of particles. The newly developed modified-Katsumata probe uses a
static magnetic field created by Sm-Co permanent magnets to intercept the
most of plasma electron and conduct them away to auxiliary electrode. The
main stepwise biased electrode collects then plasma ions even above
plasma potential. The measurement with ion sensitive probe is similar to
measurement with regular Langmuir probe. The commercial apparatus
Semion RFEA system has been used. A comparative study of both
aforementioned methods has been carried out in pure argon atmosphere at
pressure range from 0.3 Pa to 20 Pa and at different distances from the
target face. The mean discharge current has been held at 500 mA for all the
experiment. The modified-Katsumata probe enables us to obtain ion
temperature directly from the probe characteristics. On the contrary, RFEA
can measure ion velocity distribution in direction perpendicular to the
analyser only. Both methods revealed significantly enhanced energy tail in
ion distributions measured in HiPIMS in contrast to dc magnetron or
mid-frequency pulsed-dc magnetron. The variances in the measured ions
distribution by both methods at the same plasma conditions are attributed
to different principle of operation both methods. Then measured data
obtained by both RFEA and modified-Katsumata probe bring different
information about ion distributions.
Keywords
ion distribution
magnetron
pulsed dc
Katsumata probe
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For a variety of thin film applications (e.g. sputtering) it is essential to
determine the sputtering yield as well as the angular distribution of
sputtered atoms. Therefore, in addition to model calculations (TRIM, TRIDYN
etc.) an experimental determination of the related quantities is highly
demanded. For this purpose we propose a novel and rather simple method –
the so-called sputtering-propelled instrument (SPIN). In principal, the SPIN is
a kind of wind wheel where the rotor blades are plane targets of the
sputtering material. The wheel, which is stack nearly without friction and
exposed to a vertical ion beam, starts to rotate due to momentum transfer
by the released particles, i.e. sputtered target atoms and recoiled ions. By
knowing the moment of inertia and by measuring the accelerated rotation,
the propelling force can be determined experimentally.
For comparison, the sputtering process has also been simulated by TRIM
which describes the ion-induced collision cascades on a quantum-mechanic
model. For example, for Argon ions of a kinetic energy of 700eV and at an
incident angle of 56° on a copper target the major contribution (about 90%)
of the propelling force is due to momentum transfer by the sputtered Cu
atoms.
In the present study measurements by SPIN and simulation by TRIM are
compared for different experimental conditions, e.g. for different ion masses
(Ar, Ne, Kr), ion energies (500-1500eV), angles of incidence (10°-80°), target
distances (70-500mm) and target materials (Cu, Zn, C).
Keywords
sputtering
ion beam diagnostics
momentum transfer
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Recently, we demonstrated deposition of Pb(Zr,Ti)O3 (PZT) thin films directly
on copper-coated polymer films without intentional substrate heating. Here,
the low pressure plasma carries energy to the substrate to be deposited,
which leads to an increase of the substrate surface temperature without
sufficient heating the substrate itself.
In this work, PZT thin films on Cu-coated Kapton films were fabricated (i) by
means of a pulse-modulated RF plasma jet system generating a high density
hollow cathode discharge for sputtering inside a PZT hollow cylinder which
works simultaneously as a gas nozzle and (ii) by reactive sputtering using
RF-, pulsed DC- and high-power pulse modes for the Pb, Zr and Ti targets
respectively. RF-sputtering provided the best result in terms of preventing
droplet formation at the Pb-target. The pulsed-DC mode was optimized to
avoid arc events.
During plasma jet deposition, bipolar pulsed bias was applied on the
substrate in order to provide ion and electron bombardment of the grown
film and to support the crystallization process. In the case of reactive
sputtering, ion and electron bombardments were adjusted by optimizing
repetition frequency and duty cycle of the high power current pulse and by
RF-biasing the substrate.
Structural analysis of the deposited films was performed by XRD. Depending
on deposition conditions, a mixture of oxides (which can be transformed to
PZT by RTA) or nanocrystalline PZT was obtained. Composition profiling was
carried out by XPS and RBS. Film composition was analysed in a ternary
TiO2-ZrO2-PbO diagram. The as-deposited films had a lead-enriched layer at
the surface. Lead enrichment was obtained also at the PZT/Cu interface, but
not at a PZT/Pt one. The bulk film composition was in rhombohedral range
near the morphotropic phase boundary of the PZT phase diagram. The
impact of deposition parameters on bulk film composition is discussed.
Keywords
sputter deposition
PZT thin films
polymer substrate
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Plasma-enhanced reactive sputter-deposition process has been developed
by installation with a new type of low-inductance antenna (LIA) to sustain
inductively coupled plasma (ICP) for enhancement of magnetron discharge
and excellent control of reactivity during film deposition. This new type of
inductive RF antenna called "inner-type LIA" is embedded in a hall region
dug in the chamber wall inner surface. Special feature of the ICP-enhanced
magnetron with the inner-type LIA is that the ICP antenna is located at the
same height of the target surface for high rate and low-damage deposition.
This new-type of the ICP-assisted magnetron has been applied to film
deposition of transparent amorphous oxide semiconductor, a-InGaZnOx
(a-IGZO) and micro-crystalline silicon films. The target discharge
performance exhibited voltage-current characteristics analogous to the
properties of the ion saturation current, implying that the plasma density in
the vicinity of the target was primarily enhanced by the discharge with the
ICP. This feature of the voltage-current characteristics can offer flexible and
excellent control of reactivity during film deposition via independent control
of the flux ratio of the reactive species to the deposited atoms. The a-IGZO
film is expected as a new material for the next-generation thin-film
transistor with a considerably higher mobility ( > 10 cm2(Vs)-1) than that
with amorphous silicon widely used in conventional devices. With this new
method of reactivity-controlled deposition, a-IGZO films with mobility as high
as 10 cm2(Vs)-1 have been successfully formed without substrate heating.
Additionally, silicon film deposition showed low-temperature formation
(below 200 deg C) of micro-crystalline silicon films via reactivity control.

Keywords
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The paper presents design and fabrication process of piezoelectric generator
with thin-film Zinc Oxide (ZnO) layer. The whole structure of piezoelectric
cantilever beam harvester is composed of ZnO layer in between of two Al2O3
insulating layers and aluminium contacts. Such structure was prepared by
combination of RF (13.56 MHz radio frequency) and DC magnetron
sputtering using BOC Edwards coating system.
The ZnO films were deposited by reactive RF magnetron sputtering in Ar/O2
mode to investigate the effect of negative oxygen ions bombardment on the
crystallinity of prepared films. Different substrate bias was applied to
determine the energy of impacting positive ions. The sputter-deposition
process produces the energetic particles of ions and neutrals, which affect
the growing film properties. The piezo-electric behaviour of the ZnO films is
strongly influenced by the crystal structure, which is changing due to effect
of ions bombardment.
Films prepared at floating bias exhibit a very strong preferred orientation of
crystallites in [001] direction perpendicular to the substrate surface.
Increasing substrate bias leads to change preffered orientation from [001] to
[110]. Structure of the films prepared at substrate bias lower than -50V is
independent on the location of substrates towards the target.
Results of simulations opened the possibility for optimization of shape and
position of the piezoelectric elements on the deformation transducer to
achieve the maximum sensitivity and performance. During the
measurements mechanical strain is applied in the longitudinal direction and
within the piezoelectric layer results in a charge asymmetry generating a
voltage between the electrodes.
The piezoelectric generator in single-cantilever beam configuration achieved
maximum open-circuit voltage up to 1.25V at resonant frequency of 190 Hz.
Keywords
zinc oxide, piezoelectric microgenerator, reactive magnetron sputtering
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Hard Zr-B-C-(N) films were deposited on Si(100) substrates by pulsed
magnetron co-sputtering of a single B4C-Zr target (127 x 254 mm2) in
various nitrogen-argon gas mixtures. The target was formed by a B4C plate
overlapped by Zr stripes which covered 15 or 45 % of the target erosion
area. The N2 fractions in the gas mixture were in the range from 0 to 50 % at
the total pressure of the gas mixture of 0.5 Pa. The planar rectangular
unbalanced magnetron was driven by a pulsed DC power supply (Rübig 120
MP) operating at the repetition frequency of 10 kHz and the average target
power of 500 W in a period with a fixed 85% duty cycle. The substrates were
at a floating potential and were heated to 450˚C. The target-to-substrate
distance was 100 mm. The elemental composition of the films was
determined by Rutherford backscattering spectrometry. X-ray diffraction
measurements of as-deposited samples were carried out using a PANalytical
X’Pert PRO diffractometer. Hardness, reduced Young’s modulus and elastic
recovery were determined by a Fischerscope H-100B ultramicroindenter.
Electrical resistivity was measured by four-point method. Hard (37 GPa)
nanocrystalline Zr-B-C films with very low compressive stress (0.4 GPa) and
high electrical conductivity (resistivity of 2.3×10-6 Ωm) were deposited in
argon discharge at the 15 % Zr fraction in the target erosion area. Hard (37
GPa) nanocomposite Zr-B-C-N films with low compressive stress (0.6 GPa)
and even higher electrical conductivity (resistivity of 1.7×10-6 Ωm) were
deposited at the 45 % Zr fraction in the target erosion area and 5 % N2
fraction in the gas mixture. The former films exhibited very high oxidation
resistance in air up to 650˚C, while the latter to 550˚C.
Keywords
Nanocrystalline Zr-B-C-(N) films
Hardness
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We present the results of a DFT-based microscopic study of features that
determine the electrical conductivity of the novel hard and thermally stable
SiBCN materials. The control parameters used are the silicon-to-carbon atom
ratio, and the fraction of nitrogen atoms in the total atom count. We have
studied the influence of these parameters on the following features: (1) the
width of the gap between the valence and the conduction bands, (2) the
localization of the electronic states quantified by the spread of the Wannier
functions, by the inverse participation ratio, and by the number of atoms
and clusters on which a given weight of a particular state resides, (3) the
role of individual atom and bond types in the electronic states around the
Fermi level, (4) the average bond length of states around the Fermi level,
and (5) the spatial homogeneity of the samples. We have also studied
correlations among these features. We have found that (1) in samples with
high nitrogen content, the electrical conductivity is mainly associated with
carbon atoms and carbon-carbon bonds, and hence decreases with an
increasing silicon-to-carbon ratio, and that (2) as the nitrogen content
decreases, conductivity increases and boron starts acting as an efficient
dopant and forming boron-rich zones. All the samples simulated had been
prepared experimentally as coatings by reactive magnetron sputtering.
Hence, we could compare the results of our numerical calculations with the
measurements of the electrical and optical conductivity, and we have found
the trends to be in agreement. The consistent theoretical and experimental
results provide a detailed insight into the complex relationships between the
material composition and the electronic properties, and allow one to tailor
SiBCN compositions that can combine high thermal stability with electrical
conductivity.
[1] J. Houska and S. Kos, J. Appl. Phys. 108, 083711 (2010)
[2] V. Petrman, J. Houska, S. Kos, P. Calta and J. Vlcek, Acta Materialia 59,
2341 (2011)
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To deposit high quality thin films, it is essential to have close control of as
many deposition parameters as possible. The proprietary High Target
Utilisation Sputtering (HiTUS) process uses a remotely generated high
density plasma (>1013cm-3 ions) produced in a side arm adjacent to the
deposition chamber. As this plasma is not driven from the target, it is
possible to independently control the target voltage and ion current. This
technology is particularly well suited for reactive sputtering due to the
virtual elimination of target poisoning since the surface of the target is
uniformly eroded. The system does not require any optical feedback
systems or pulsed DC. This not only results in a stable process but also
enables high rate, low temperature deposition onto flexible substrates.
In recent years Cu2O has become of significance again for semiconductor
applications due to the relatively low cost of the native metal, non-toxic
nature and high absorption coefficient in the visible range. Furthermore,
copper oxide is of interest for functional applications as it has been observed
that by varying the oxygen partial pressure during reactive deposition, thin
films can be deposited which exhibit either p-type or n-type conductivity and
high Hall mobilities. Cu2O is currently being researched for use as a
p-channel layer in an oxide based high performance thin film transistor.
In this work, the HITUS process was employed to deposit copper oxide films
at room temperature onto Si, glass and flexible substrates. The influence of
oxygen partial pressure on the chemical composition and microstructure
was studied using XPS, EDX and XRD. These results were correlated with the
electrical properties. It is shown that as the oxygen partial pressure
increases there is a progressive increase in the conductivity (opposite to
most results in the literature) and the crystallographic structure changes
from Cu2O through Cu4O3 to CuO. This is the first time Cu4O3
(parmelaconite) has been directly deposited. The conduction mechanism
switches between n-type and p-type depending on the oxygen concentration
and relatively high Hall mobilities are observed for all films.
Keywords
Thin films
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Deposition of carbon/nickel coaxial nanowires by magnetron
sputtering combined with plasma enhanced chemical vapor
deposition
Pierre-Yves Tessier1, Abdel-Aziz El Mel2, Nicolas Bouts2, Eric Gautron2, Benoit
Angleraud2, Agnès Granier2, Wei Xu3, Chang-Hwan Choi3
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IMN, Université de Nantes, CMRS, Nantes, France 2IMN, Université de
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Nanocomposite nickel/carbon films have been deposited by a hybrid plasma
process combining magnetron sputtering of a Ni target and plasma
enhanced chemical vapor deposition using methane gas. The films were
characterized by scanning and transmission electron microscopy, Raman
spectroscopy, X-ray diffraction and X-ray photoemission spectroscopy.
For some specific deposition conditions, a self-organized carbon/metal
nanocomposite thin film consisting of metal nanowires embedded in an
amorphous carbon matrix has been observed. This type of nanocomposite
coating can be used as a support for the synthesis of carbon nanotubes at
very low temperature.
Nanowires can also be deposited directly on template surface defined by
lithography using a top-down approach. In that case, one centimeter long
nanowires were easily obtained. The shape of the nanowires can be
modified by the plasma deposition parameters. After thermal annealing,
coaxial nanowires with nickel cores and graphene stacking shells were
observed.
Finally, we will show that by combining these different strategies of
synthesis, it is possible to elaborate complex hierarchical nanomaterial
which can be integrated in the design of devices based on arrays of
ultra-long nanowires.
Keywords
carbon
nickel
nanocomposite
thin film
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Ion-assisted deposition of carbon-transition metal nanocomposite
thin films
Gintautas Abrasonis1, Matthias Krause2, Sibylle Gemming1, Marcela M. M.
Bilek3, Wolfhard Möller1
1

Helmholtz-Zentrum Dresden-Rossendorf e.V, Dresden, Germany 2
Helmholtz-Zentrum Dresden-Rossendorf e. V and Institut für
Festkörperphysik, Technische Universität Dresden, Dresden, Germany
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Ion assistance during film growth provides unique opportunities (i) to
influence the film microstructure due to energy transfer and (ii) impose the
directionality due to momentum transfer effects. Ion induced displacements
occur in a thin surface layer of the growing film where they increase the
atomic mobility. Therefore the ion assistance can be used to control the
phase separation occurring during co-deposition of materials with low
miscibility, and hence the resulting nanocomposite morphology. As the
structure at the nanoscale determines the properties at the macroscale, the
control over the microstructure is a key issue in nanomaterials science. In
this contribution, a comparison of the growth-structure relationship of
carbon-transition metal (Ni, Cu) nanocomposite films grown by ion beam
assisted deposition (IBAD) and pulsed filtered cathodic vacuum arc (PFCVA)
is reported. The formation of elongated nickel nanoparticles is strongly
promoted by temperature and ion beam assistance. Moreover, the metal
nanocolumns no longer align with the advancing surface, as in the case
without ion assistance, but with the incoming ions. Although the energy in
PFCVA is carried by film forming ions themselves while for IBAD it is
delivered by a separate ion beam, both deposition techniques show a
window of deposition conditions where the ion assistance leads to the
formation of regular nanopatterns. As the dominating factors (ion induced
ballistic effects) are of physical origin, this approach might be applicable to
other materials systems with limited solubility.
Acknowledgements: Funding by the European Union, ECEMP-Project D1,
"Nanoskalige Funktionsschichten auf Kohlenstoffbasis", Projektnummer
13857 / 2379, and by DEEWR, Australia, in the framework of Endeavour
Research Fellowship (Contract No. 837_2008), is gratefully acknowledged.
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Reactively sputtered Al-Sn-N nanocomposite coatings
Erik Lewin1, Jörg Patscheider1
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Coatings consisting of Al, Sn and N have been deposited using co-sputtering
from Al and Sn targets in a reactive atmosphere containing N2. Ternary
coatings, as well as binary references, were deposited and analysed using
X-ray diffraction (XRD), X-ray photoelectron spectroscopy (XPS) and
scanning electron microscopy (SEM) and also characterised using UV-vis
spectroscopy and nanoindentation. Primarily the composition of the coatings
were varied by applying different target power levels, but also other
deposition parameters such as the amount of reactive gas and substrate
bias was varied.
This is the first report of ternary materials in the Al-Sn-N system. Samples
were generally found to have a high degree of nitridation, with XPS analysis
showing about 50 at.% nitrogen. Coatings with Sn contents up to about 10
at.% were found to contain crystalline AlN wurzite phase, while no other
crystalline phases were observed. As Sn content was increased the grain
size of the AlN decreased and a change in preferential orientation was
observed. Also the top surface and cross sections, as observed in SEM, were
found to become smoother and the columnar structure less pronounced as
Sn content increased. The colour of the samples were found to range from
fully transparent (binary AlN-reference) over yellow to dark red with an
increasing metallic lustre, as Sn-content was increased. Most likely the
ternary samples are, in analogy with the related Al-Si-N and Al-Ge-N
systems, nanocomposites of an AlN wurzite phase and an amorphous Sn
containing phase.
Keywords
Al-Sn-N
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Effect of Si content on microstructure and mechanical properties of
nanocomposite Ti-Al-Si-Cu-N films.
Jing Shi1, Carsten Muders2, Kumar Aditya2, Xin Jiang2, Zhiliang Pei1, Jun
Gong1, Chao Sun1
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Nanocomposite materials with both soft and hard phases have been
investigated and developed by many researchers as a promising alternative
to traditional films. In this work, Ti-Al-Si-Cu-N films with similar copper and
various silicon contents were deposited on high speed steel substrates by
the vacuum cathode arc ion plating technique. The chemical composition,
crystalline structure and morphology of these films were characterized by
X-ray diffraction (XRD), X-ray photoelectron spectroscopy (XPS) and field
emission scanning electron microscopy (FESEM). The mechanical and
tribological properties as a function of silicon contents were also
investigated by atomic force microscopy (AFM), nanoindentation and
Rockwell indenter. Ti-Al-Si-Cu-N films are nanocomposite and composed of
nano-crystalline TiAlN and Cu as well as amorphous Si3N4. With the increase
of silicon content in films, a deterioration of the preferred orientation and a
dense fine globular structure were detected by XRD and SEM observations.
It exists an optimal silicon content correlated with the mechanical and
tribological properties of the presented Ti-Al-Si-Cu-N films, which obtains the
highest hardness and elastic modulus of approximately 24 and 218 GPa
respectively. The lowest friction coefficient under various loads ranged from
25 to 1000 μN was also obtained. The adhesive strength between films and
substrates were investigated by micro-scratch tests and the critical load was
above 50 N. Such controllable deposition of the Ti-Al-Si-Cu-N nanocomposite
film system would be adventurous for wear resistance applications.
Keywords
Ti-Al-Si-Cu-N films
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Over the last few years aerosol-assisted atmospheric pressure cold plasma
processes have been addressed as an attractive route towards the
deposition of multifunctional coatings. This approach is convenient for
instance when non-volatile precursors, solutions or dispersions need to be
injected directly in the atmospheric plasma. The deposition of
nanocomposite coatings can be accomplished using the aerosol of a
dispersion of nanoparticles (NPs) in a liquid precursor; in this process NPs
are embedded in the matrix formed by the plasma polymerization of the
precursor. This contribution is focused on the growth and structure of
plasma-deposited polyethylene/zinc oxide (PE/ZnO) nanocomposite coatings
with several applications due for instance to the UV-protection and
antibacterial properties of ZnO. These films are deposited in a parallel plate
dielectric barrier discharge fed with He and the aerosol of a dispersion of
oleic acid-stabilized ZnO NPs in octane or octane/1,7-octadiene mixtures.
The characterization of the coatings is performed using X-ray photoelectron
spectroscopy (XPS), Fourier transform infrared spectroscopy (FT-IR),
scanning electron microscopy (SEM), water contact angle (WCA) goniometry.
A comprehensive study on the effect of different process parameters
(deposition time, feed mixture, ZnO NP concentration in the dispersion, etc.)
on the chemical composition and structure of the film will be presented.
Preliminary results show that, as expected, the XPS Zn content in the
coating increases as a function of the concentration of ZnO NPs in the
starting dispersion. Advancing and receding WCAs steeply increase with the
NPs content in the coating and reach values higher than 165° with low
hysteresis indicating the formation of superhydrophobic films. SEM images
confirm that this superhydrophobic character is due to the hierarchical
micro-/nano-structured surface morphology of the coatings.
Keywords
dielectric barrier discharge
aerosol
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Hard Zr-Al-O films with enhanced resistance to cracking in bending
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The paper reports on structure, mechanical and optical properties of Zr-Al-O
films with enhanced resistance to cracking in bending. The Zr-Al-O films with
Zr/Al>1 and Zr/Al<1 were prepared by reactive sputtering using ac pulse
dual magnetron. The magnetrons were equipped with a target composed of
Al plate (ø=50 mm) fixed to the magnetron cathode by a Zr fixing ring with
inner diameter øin. The content of Al in the Zr-Al-O film was controlled by
øin.This way it was possible to control the ratio of the crystalline ZrO2 phase
and the X-ray amorphous Al2O3 phase in the Zr-Al-O film and thereby its
structure. The Zr-Al-O films were deposited on (i) Si(100) substrates for
measurement of (a) mechanical properties (hardness H, effective
Young’smodulus E* and elastic recovery We) and (b) structure of film, (ii)
glass for measurement of optical transparency of film and (iii) on thin
metallic strip for measurement of resistance of the film to cracking in
bending. It was found that (i) the Zr-Al-O films with Zr/Al<1 are X-ray
amorphous and exhibit a low hardness (H≤13GPa), high effective Young’s
modulus E* satisfying a low H/E*<0.1 ratio and low elastic recovery
We≤60%, (ii) the Zr-Al-O films with Zr/Al>1 are crystalline and exhibit a high
hardness (H≈18 to 19 GPa), low E* satisfying a high H/E*≥0.1 ratio and high
We up to 75% [1] and (iii) the highly elastic hard Zr-Al-O films with
H≈18-19GPa, low Young’s modulus E* satisfying the ratio H/E*>0.1 and high
value of elastic recovery We≥70% exhibit strongly enhanced resistance to
cracking; here E*= E/(1-ν2), E is the Young’s modulus and νis the Poisson’s
ratio. The last finding is the most important result of this investigation.
Reference
[1] J.Musil, J.Sklenka, R.Cerstvy: Transparent Zr-Al-O oxide coatings
withenhanced resistance to cracking, Surf.Coat.technol. 206 (2012),
2105-2109.
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TEM studies on TiO2/Au thin films grown by magnetron sputtering:
the effect of in-vacuum thermal annealing
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Nanocomposite coatings consisting of a TiO2 dielectric matrix with
embedded gold nanoparticles (GNPs) can give rise to specific optical
properties due to the surface plasmon resonance (SPR) effect, which may be
used in several different applications. The aim of this work is to demonstrate
that these properties are sensitive to the nanostructure/nanomorphology of
magnetron-sputtered TiO2/Au thin films, which can be tuned by in-vacuum
annealing. Transmission Electron Microscopy (TEM), was been used to study
the role of the shape and size distribution of the GNPs, as well as the
influence of the crystallinity and phase composition of the host matrix on the
optical response of the films.
The morphological changes are studied by comparing the cross-section view
TEM images of the as-deposited samples and those annealed at
temperatures from 200 ºC up to 800 ºC, revealing the coalescence of small
atomic Au clusters into nanoparticles. Preliminary results show that the
characteristics of the SPR resonance can be tuned by choosing the
appropriate annealing temperature, namely, it is possible to change the SPR
position in the range of approximately 610–710 nm and also the width of the
absorption band, making the films attractive for decorative coatings.
The SPR absorption appears after annealing treatments at temperatures
higher than 300 ºC. The SPR band becomes broader for higher
temperatures, which can be useful for certain applications, e.g., those
involving surface-enhanced Raman scattering (SERS). However, the increase
of the annealing temperature above 700 ºC leads to some additional effects,
such as the segregation of gold at the surface and interface and its
penetration into the substrate.
Keywords
SPR
TiO2
gold
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Fracture toughness, mechanical and thermal properties of CrN/AlN
multilayers
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Transition metal nitrides, such as CrN are highly attractive materials for a
wide range of applications due to their outstanding properties like high
hardness, excellent corrosion and oxidation resistance. It has been reported
that CrN/AlN superlattice coatings improve the mechanical properties
compared to single CrN especially when keeping the AlN in its metastable
cubic phase. Hence, we investigated the influence of the layer thickness of
CrN on the stabilization of c-AlN and the critical layer thickness for AlN
before transforming into the stable w-phase. Furthermore, stress
measurements and thermal stability were accomplished by the in-situ wafer
curvature method during vacuum annealing to 700°C, DSC to 1500°C and
hardness measurements after annealing up to 1100°C. The fracture
toughness of the coatings is studied by means of in-situ SEM and TEM
microbending and microcompression tests. As generally monolithic coatings
with their columnar structure provide low resistance against crack formation
and propagation we perform our studies for CrN films, CrN/AlN multilayers
and the CrN/AlN superlattice as mentioned above. Especially the multilayers
and superlattices provide additional interfaces perpendicular to the major
crack-propagation-direction. The microtests clearly demonstrate that the
monolithic CrN as well as the CrN/AlN multilayer coating with the w-AlN
layers crack with the behavior and features for totally brittle fracture.
Contrary, the CrN/AlN multilayer coatings composed of cubic stabilized AlN
layers are able to provide resistance against fatal crack propagation. Hence,
they allow for significantly higher loads during the microbending and
microcompression tests. Detailed structural investigations suggest that the
cubic AlN layers, which are stabilized by coherency strains in the CrN/AlN
multilayer coatings, phase transform when experiencing additional strain
fields and thereby hinder crack propagation.
Keywords
multilayer
CrN/AlN
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Microdischarge events that appear at the metal-electrolyte interface during
Plasma Electrolytic Oxidation (PEO) play crucial role in formation of ceramic
surface layers on light metals, such as aluminium. Individual microdischarge
characteristics e.g. size, duration, location and intensity are important for
better understanding of discharge mechanisms and plasma properties.
Electrical measurements recently performed by Dunleavy, et al [1] suggest
that typical duration of the individual discharge lies in the range of tens
microseconds. However the optical emission patterns do not follow the exact
current pulse trend, indicating that what is assumed to be an individual
discharge event is in fact a more complex phenomenon. In this work, we
employed a SIM-16 ultra-high speed imaging camera to study
microsecond-range behaviour of individual discharge events during DC PEO
of Al, with temporal and spatial resolution of up to 10 ns and 15 micron
respectively. We implemented two types of experiments with constant (1
microsecond) and variable (10 ns to 3 microseconds) exposure times to
demonstrate that the microdischarge events comprise individual flashes of
light with characteristic duration of 200 to 500 ns and size lying in the range
from 40 to 100 micron. The flashes occur at random locations that are
limited by the size of the integral light spot representative of the
microdischarge. We speculate that the flashes observed manifest individual
breakdown events in the barrier part of the ceramic surface layer and their
location is associated with the micromorphology of that part of the layer.
[1] C.S. Dunleavy, I.O. Golosnoy, J.A. Curran, T.W. Clyne, Surface and
Coatings Technology, 203 (2009) 3410-3419.
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Plasmas generated in dielectric liquids are mainly studied for materials
machining (known as Electrical Discharge Machining or EDM) and for
electrical insulation in high voltage technologies. In order to understand
fundamental mechanisms governing these media, we made micro-gap
discharges in a highly dielectric liquid: heptane.
Applying a high voltage between pin and plate electrodes with micrometric
gap distance, allows us open a channel of plasma (streamer). It propagates
in the medium and interacts with electrodes. Optical Emission Spectroscopy
(OES), by using black-body emission, has shown that plasma gas
temperature is about 5000 K. Lifetime of plasma was estimated several
hundreds of nanoseconds using ultrafast video camera. From high time
resolution movies, we characterized the interaction between the streamer
and the liquid phase. The formation and oscillation of a bubble are observed
after the propagation of the streamer. By using two fast-video cameras, we
determined the 3D trajectory of bubbles. It helped us estimate the pressure
in the plasma which was found to be around 200 MPa.
Hot single streamer interacts with surfaces of electrodes and creates impact
at the cathode and at the anode. The dimension of the craters was studied
as a function of the gap distance and the applied voltage. It increases
linearly below 4 kV and remains constant above. The morphology was also
obtained by using Atomic Force Microscope (AFM). The shape of the impact
consists of an outer bead attributed to Marangoni forces, the plasma
pressure release leaving a bump in the center of the structure. The physical
chemistry of a single feature was obtained by nano-SIMS analysis. Two
different situations were pointed out: (i) when the surface is strucked by a
small number of streamers (~10 streamers), we find matter of the pin
electrode (platinum) deposited outside the impact area. (ii) when the
surface is strucked by a large number of impacts, we find matter deposited
inside the impact area.
Keywords
Streamer-surface interaction
Discharge in liquid
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Over the last three decades, hundreds of articles have been published on
the plasma electrolytic oxidation (PEO) of light metallic alloys. These papers
mostly report on the mechanical, tribological and anti-corrosive properties of
the processed parts, and only a few percent (< 5%) address the physics and
behaviour of the micro-discharges that govern the PEO process. Recently
works have been reported on the spectroscopic characterization of the
micro-discharges (MDs) out of which parameters as electron density or
temperature have been determined [1]. Video characterization of MDs have
also been carried out and related to the process and layer growth [2, 3].
However, the MDs characterization was limited to a time scale fixed by the
low acquisition rate of the video recording (24 Hz), much longer than the
expected lifetime of such plasmas.
Using a high speed video camera (> 100kHz) allows us to measure the MDs
lifetime distribution over the PEO process duration with a time resolution
down to 2 µs. Moreover the image processing algorithm specifically
developed for analyzing the acquired pictures makes it possible to image a
mapping of the location of the MDs over the sample surface, which is related
to the growth of the oxide layer, especially for what concerns the thickness
homogeneity.
Synchronization of the movies with the supplied current pulses reveals a
delay of MDs ignition with respect to the rising edge of the current. Such a
delay which has never been reported is investigated for different PEO
electrical parameters (current density, current frequency, etc.). Discussion
of the results coupled with the analysis of the oxide layers lead us to
propose breakdown and growth mechanisms.
[1] C.S. Dunleavy, I.O. Golosnoy, et al., Surf. Coat. Technol.203 (2009) 3410
[2] A L Yerokhin, L O Snizhko, et al., J. Phys. D: Appl. Phys. 36 (2003) 2110
[3]. E. Matykina, A. Berkani, et al., Electrochim. Acta 53 (2007) 1987
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Recently, a lot of research has been carried out to improve the properties of
steel surface such as ion-nitriding, gas nitriding. However, they need high
vacuum rate or very expensive equipment and longer treatment time. In this
study, new nitriding process proposed which have extremely shorter
treatment time and very simple equipment by using water plasma. For the
water plasma, JIS-SCM420 specimen was used as cathode, and rolled
punching stainless steel plate (SUS304) was used as anode. Voltage was
applied between electrodes by DC pulsed power supply. Pulsed power
supply was used to prevent discharge from concentrating on one point. Urea
(H2N)2CO used as supply source of nitrogen and potassium hydrate (KOH) for
adjusting electric conductivity. And it was put into distilled water as
electrolyte. Treatment voltage was 600 V, and experiments were conducted
by varying conditions such as treatment time and concentration of
electrolyte. After water plasma treatment, a lot of fine discharge pores can
be seen on the treated steel surface. And also, a few mm modified layer is
formed on the steel surface after water plasma treatment within 5min. At
the results of XRD analysis, iron nitrides are detected with Fe peaks and the
hardness of nitride layer shows about 800HV.
Keywords
Water plasma
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Plasma Electrolytic Oxidation is a promising plasma-assisted surface
treatment, used for oxidation of valve metals such as aluminium,
magnesium or titanium. PEO coating improves surface properties and may
advantageously replace conventional anodizing thanks to noteworthy
properties like higher microhardness, wear and corrosion resistance of
coatings, single step processing and eco-friendliness of baths. The
micro-discharges that are responsible for the coating formation and
properties can be controlled by the electric regime [1]. Our study aims at
establishing relationships between the coating properties and the current
waveform parameters with a qualitative plasma properties interpretation.
In the present study, PEO processing of Al 2024 samples is achieved using
50 Hz sinusoidal AC with adjustable DC offset. It allowed to investigate the
coating formation under different values of the anodic to cathodic charge
ratio (R = qA/qK) while maintaining the current density at a constant value.
In the alkaline-silicate solutions used for the PEO treatment of Al 2024 alloy
it has been established that electrical regime with R = 2 is the optimal one
for the obtaining of relatively thin (< 40 µm) films with high microhardness
(up to 2000 HV0,5); with R = 1 – optimal for deposition of coatings with
average thickness (50-120 µm); with R < 1 – optimal for obtaining relatively
thick (130-350 µm) coatings without arc-provoked defects. The obtained
results are discussed in terms of chemical (dissolution of slightly soluble
compounds in the through pores of coating) and electrical (distribution of
power) considerations [2] as well as on the basis of dependence of alumina
phase transformations rates on coating temperature.
[1] A. Melhem et. al. // Surf. Coat. Technol. 205 (2011). PP. S133-S136.
[2] A.G. Rakoch et. al. // Prot. of Met. and Phys. Chem. of Surf. 46 (2010). PP.
828-832.
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Preparation of Zirconia coating and its properties on Zirconium
substrate by Plasma Electrolytic Oxidation(PEO) method.
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A Plasma Electrolytic Oxidation (PEO) process was used to produce thick
oxide coatings on a pure Zirconium substrate in silicate electrolyte. Their
microstructure and phase constituent were analyzed by Scanning Electron
Microscope (SEM) and X-ray diffraction (XRD). Effects of current density and
time of processing on surface morphologies and wear mass loss rates of PEO
coatings were investigated and compared to the uncoated substrate.
Corrosion properties at ambient temperature/pressure were studied using
potentiodynamic polarization test. Base on the XRD analysis results, the
coating consists of the monoclinic ZrO2 and tetragonal ZrO2 , but the
tetragonal ZrO2 content is much lower than the monoclinic ZrO2 content.
Potentiodynamic polarization and pin-on-disc tests show that, all PEO
coatings had a higher corrosion resistance and better wear resistance,
compared with the uncoated substrate.
Keywords
Zirconium
Zirconium oxide
Plasma Electrolytic Oxidation
Corrosion resistance
Wear resistance
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Variation of residual strain and structure with depth in alumina
coatings produced by plasma electrolytic oxidation (PEO)
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Alumina coatings on structural aluminium alloys have been shown to affect
the behavior in fatigue, corrosion and wear. The integrity and performance
of such coatings is critically dependant on the phase composition,
microstructure, and the internal residual strain state; fatigue failures in
particular are accelerated by tensile residual strains that arise as a result of
the physical composition laid down during deposition.
The phase composition in turn influences the chemical behaviour and
hardness thus affecting the coating performance as a barrier to corrosion
and wear. The development of coating systems that truly optimise
performance depends on our developing an understanding of the evolution
of these properties in each others' context.
Plasma electrolytic oxidation (PEO) was used to produce a series of alumina
coatings on aluminium alloy substrates. This paper presents depth resolved
phase composition and residual strain data measured using grazing
incidence synchrotron diffraction, using the Diamond Light Source at the
Harwell Science and Innovation Centre. Three different treatment regimes
are considered to study the influence of oxidation parameters on the
evolution of phase and strain. Complimentary studies using Raman
fluorescence spectroscopy (strain), conventional XRD measurements (strain)
and nano-indentation (hardness) are provided for contrast.
Keywords
PEO
fatigue
alumina
residual
strain
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Nanoparticles produced by Submerged Arc & Breakdown of
Methylene Blue in Aqueous Solutions
Naum Parkansky1, Emilia Faktorovich-Simon11, Adi Vegerhof1, Boris
Alterkop1, Olga Berkh1, Raymond Boxman1, Zahava Barkay1, Yuri
Rosenberg1, Larisa Burstein1, Artium Khatchtouriants1
1
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naump@eng.tau.ac.il

The pulsed submerged arc (SA) can decompose contaminant molecules in
water. Recently, SA decomposition of Methylene Blue (MB) contamination
was demonstrated. However, the effect of particles eroded from electrodes
on the removal of MB from aqueous solutions has not been studied. The
objectives of this research were to characterize and determine these effects
on the efficiency of decomposition of MB in aqueous solutions. Electrode
pairs of the same material (C, Fe, Ti) and combinations of these materials
were used. The treated solutions were examined Raman and absorption
spectroscopy. The produced particles were studied by SEM, XPS and XRD.
It was obtained that the anode material defined the character of the MB
decomposition. For example, with an iron anode (Fea and carbon cathode
Cc), the MB concentration decreased exponentially, while with the opposite
polarity it initially decreased faster but later saturated. The same
characteristic were observed with Ca/Cc and Fea/Fec electrode pairs. Higher
anodic erosion was responsible for this phenomenon. It was shown that
periodic filtering of the particles during SA treatment with Fe electrodes
exponentially decreased the MB concentration with the same high rate as
initially. Removal of the accumulation of Fe particles during processing
eliminated the saturation. In contrast, eroded Ti particles positively
influenced the SA decontamination process with Ti electrodes. Adding the
particles produced by the SA in a solution without MB, into a solution
containing MB, almost completely decontaminated the solution.
Keywords
Submerged Arc
Nanoparticles
Methylene Blue
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The aim of the study was to explore the mechanisms of scuffing propagation
of heavily loaded lubricated friction pair elements coated with a low-friction
WC/C coating.
The low-friction coatings WC/C (a-C:H:W) was deposited by the reactive
sputtering PVD process. Experiments were carried out using a four-ball
tester at continuously increasing load. The tests were conducted for the
following four material combinations: steel/steel tribosystem (all balls
uncoated), steel/coating tribosystem (the top ball uncoated / three lower
balls WC/C coated), coating/steel tribosystem (the top ball WC/C coated /
three lower balls uncoated), coating/coating tribosystem (all balls WC/C
coated). Friction pair was lubricated with pure polyalphaolefin synthetic base
oil (denoted as PAO-8).
Observation of the surface layer was carried out using scanning electron
microscopy (SEM) and atomic force microscopy (AFM). Analysis of the
composition of the surface layers was performed using X-ray microanalyser
(EDS), glow discharge optical emission spectrometry (GDOES) and X-ray
photoelectron spectroscopy (XPS).
The better scuffing resistance is achieved when only specimen is coated
(coating/steel tribosystem) than when all specimens are coated
(coating/coating tribosystem). The description of scuffing propagation for all
investigated tribosystems was done. The high scuffing resistance of
coating/steel tribosystem resulted from the reducing of the adhesion
between rubbing surfaces due to low chemical affinity (similarities) between
the steel and the coating material and the presence of solid lubricant –
graphite in the friction zone.
Keywords
low-friction coating
scuffing
wear mechanisms
four-ball tester
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Progress in Quantitative Adhesion Testing of Films and Coatings by
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Adhesion testing of films and coatings is still a challenge regarding reliable
quantitative results. Except for the pull-off test, testing is not correlated to
the adhesive strength in terms of force per area, i.e. N/mm2. For optical
coatings [1] it has been shown that the pull-off test in a centrifuge is
definitely a promising alternative with respect to the reliable, fast and
quantitative determination of adhesive strength.
Standardised conventional adhesion tests are time-consuming single-sample
tests. All these tests provide only qualitative information on the adhesion or
even abrasion resistance of a particular coating/substrate system. However,
the centrifuge test as the only multiple-sample test provides reliable
quantitative information on adhesive strength on a statistical basis in
agreement with DIN EN 15870 and DIN EN ISO 4624.
New results are presented on adhesion testing of metallised polymers,
optical coatings, regarding the effect of plasma pretreatment and the
comparison of evaporated vs. sputtered films. Bonding strength of adhesives
is limited to 30 N/mm2 (cold-curing) respectively 100 N/mm2 (warm-curing).
Except for hard coatings and thermal barrier coatings, this is not a limitation
for adhesion testing at all. The centrifuge test is discussed regarding
technical specifications, available testing sequences and investigated
coating/substrate systems.
Subsequent to testing, visual or microscopic inspection of the failure pattern
is recommended according to DIN EN ISO 10365 on both the substrate and
the test stamp side. It could be shown that specific failure pattern, i.e.
substrate, cohesive, adhesive, adhesive-cohesive failure, partial or complete
delamination are associated with specific coating/substrate features,
substrate pretreatment or parameters of the deposition process.
[1] Surface & Coatings Technology 205 (2011) S182-S186
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About the identification of GENERIC tribological parameters and the
effective Indenter concept applied to a comprehensive 3D
infinitesimal wear and fretting model for layered surfaces
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To obtain tribological parameters like Archards wear depth parameter kd
usually requires some severe effort in performing and analyzing complex
tribological experiments. The talk features an approach where such
parameters are extracted from effective interaction potentials [1], which
themselves are built up and fed from more physical measurements like
Nanoindentation and PHYSICAL scratch. By using such effective material
potentials one can derive critical loading situations leading to failure
(decomposition strength). A subsequent connection of these decomposition
or failure states with the corresponding stress or strain distributions allows
the development of rather comprehensive tribological parameter models
applicable in wear and fatigue simulations as demonstrated in this work.
From this a new sophisticated wear model has been developed on the basis
of the effective indenter concept [2, 3] by using the extended Hertzian
approach [4]. The models do not only allow to analyze certain tribological
experiments like the well known pin-on disk test or the more recently
developed nano-fretting tests, but also to forward simulate such tests and
even give hints for better component life-time predictions. The work will
show a few examples.
[1] N. Schwarzer, Short note on the effect of pressure induced increase of
Young's modulus, Phil. Mag., submitted July 2011
[2] N. Schwarzer, G. M. Pharr: „On the evaluation of stresses during
nanoindentation with sharp indenters”, Thin Solid Films, Vol. 469-470C pp.
194-200
[3] N. Schwarzer, T. Chudoba, G. M. Pharr: „On the evaluation of stresses for
coated materials during nanoindentation with sharp indenters”, Surf. Coat.
Technol, Vol 200/14-15 pp 4220-4226
[4] N. Schwarzer: "The extended Hertzian theory and its uses in analysing
indentation experiments", Phil. Mag. 86(33-35) 21 Nov - 11 Dec 2006 5153 –
5767, Special Issue: “Instrumented Indentation Testing in Materials
Research and Development”
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High temperature nanoindentation to improve PVD coatings for
high speed machining applications
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Operating temperatures in high speed machining of hardened steel, Ti- or
Ni-based aerospace alloys are high due to friction, but the nanoindentation
tests used to characterise new PVD coatings for cutting are invariably
performed at room temperature. Knowledge-based design of coatings and
surface engineering, where nanomechanical properties relevant to the
contact/wear situation, such as hot hardness and plasticity, can be
measured accurately is required to develop improved coatings. These
measurements are possible in the NanoTest system which uses a patented
method to separately heat and control the temperatures of indenter and
sample resulting in minimal/no thermal drift during indentation. The
instrumentation allows reliable nanoindentation testing to 750°C and above,
with environmental control (purging or vacuum) typically used at higher
temperatures. Elevated temperature nanoindentation has been carried out
on a range of nitride hard coatings (TiAlN, TiAlCrN, TiAlCrSiYN and
multilayers such as TiAlCrSiYN/TiAlCrN) on cemented carbide. The coatings
show large differences in how their hardness, modulus and H/E vary with
increasing temperature. The high temperature nanoindentation data show
excellent correlation to coating life under severe high speed machining
applications.
Keywords
nanoindentation
PVD
TiAlN
high speed machining
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Nano-impact, a nano-scale test, is an effective tool for assessing the
coatings’ strength and their brittleness too. Depending on the test
conditions, in brittle material cases, the cracks’ formation and propagation
may lead to a fast film failure. The post-treatment of PVD coatings by
micro-blasting is an efficient method for improving the performance of
coated tools. By this process, residual compressive stresses are induced into
the film structure, thus leading to coating hardness and strength properties
improvement. The induced compressive stresses in the film structure after
micro-blasting deteriorates the film ductility.
In the described investigations, nano-impact tests were carried out on
variously micro-blasted cemented carbide coated inserts by a sharp cube
corner diamond indenter. An appropriate automation enables repetitive
impacts at the same position on the sample surface at a set frequency. The
evolution of the indentation depth, due to the progressing film damage
during the repetitive impacts, is continuously monitored. The attained
results demonstrate the effect of micro-blasting on the film brittleness.
For explaining these results, a 3D-FEM model was developed for simulating
the nano-impact, considering a piecewise linear plasticity material law. In a
previous published FEM model, the strength properties of the film material
were uniformly distributed versus the coating thickness. By micro-blasting at
various pressures, the attained maximum yield stress varies depending on
the coating depth. In order to overcome this problem, a new 3D-FEM model
was created, in which, the coating thickness was described by several
material layers, with own elasto-plastic properties, developed after
micro-blasting. A correlation between measured and FEM calculated imprint
depths reveals a sufficient convergence. In this way, micro-blasting
conditions on films can be analytically optimized, for avoiding an undesired
level of film brittleness.
Keywords
micro-blasting
nano-impact test
brittleness
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New insight on compressive stress generation during thin film
growth by sputter deposition
Amélie Fillon1, Grégory Abadias2, Anny Michel2, Christiane Jaouen2
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Understanding the physical mechanisms controlling thin film growth is of
vital importance to obtain the desired microstructure and tailor intrinsic
stress level. Low-mobility materials, like Mo, are usually subjected to large
compressive stress when films are deposited using energetic PVD processes
like ion beam or magnetron sputtering. This is due to the incorporation of
growth-induced defects, by an “atomic peeening” process. However, the
exact mechanisms governing incorporation of excess atoms are not yet
elucidated.
In-situ substrate curvature measurements, using a multi-beam laser set-up,
provide a very sensitive and real-time determination of stress evolution
during magnetron co-sputter deposition of Mo1-xSix thin films. The choice of
this system was guided by the remarkable ability of modifying grain size,
from ~10 nm up to ~1 µm by appropriate choice of seed layer and film
composition. The influence of growth energetics (by varying the Ar pressure
and/or substrate biasing), growth kinetics (varying the atom flux) and film
grain size on the stress evolution during growth was systematically
investigated. To interpret the stress data, and elucidate processing –
structure relationship, a detailed ex-situ microstructural and elastic strain
characterization has been performed, using XRD, AFM and HRTEM.
Compressive stress evolution due to atomic peening is observable only
above a first critical energy threshold. Grain-size dependence of stress
confirms that defect creation is confined to the grain boundaries. Further
increase of the deposited energy results in a second threshold causing the
creation of additional volume defects, i.e. expansion of the unit cell. Finally,
a deposited energy – composition space diagram is proposed depicting the
existence of distinct stress state (biaxial or hydrostatic) as revealed by XRD
on ion irradiated samples, and evidencing the strong dependence of the
critical energy thresholds with the intrinsic properties of the material.
Keywords
stress
atom incorporation mechanisms
point-defects
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X-ray diffraction stress-depth profiling for residual stress
engineering of high-performance coatings
Matthias Sobiech1, Udo Welzel2, Bernd Breidenstein3
1

OC Oerlikon Balzers AG, Balzers, Liechtenstein 22) Max-Planck-Institute for
Intelligent Systems (formerly Max-Planck-Institute for Metals Research),
Stuttgart, Germany 33) Institute of Production Engineering and Machine
Tools, Leibniz Universität Hannover, Garbsen, Germany
matthias.sobiech@oerlikon.com

Nowadays hard ceramic coatings (nitrides, carbides and oxides) are
frequently employed in order to increase significantly the performance of
tools and components during operation with respect to mechanical,
structural and chemical stability as well as the tribological behavior.
Generally, such coatings deposited on substrates (i.e. tools or components)
exhibit pronounced mechanical stresses, which can vary considerably over
the coating thickness. Moreover, different surface treatments (e.g.
micro-blasting, polishing, etc.), usually applied after coating deposition, lead
to modifications of the (already complex) mechanical stress states. As the
stress state is crucial for the coating performance, the analysis of such
mechanical stresses is of great technological importance for the control of
the coating performance during field application. X-ray diffraction offers a
very powerful tool to investigate accurately and non-destructively the state
of mechanical stress in coatings and surface regions of bulk materials.
Moreover, dedicated X-ray diffraction methods (the so-called
Omega/Chi-method and the scattering vector method) in combination with
appropriate X-ray diffraction instrumentation permit assessment of the
stress-depth distribution, i.e. stress-depth profiling becomes possible.
In this project different (but complementary) X-ray diffraction methods and
different X-ray diffraction laboratory setups were applied in order to
measure the stress-depth distribution of the same specimen (TiAlN-50/50
deposited on WC-6 at.%Co). On this basis the potentials and limitations of
the state-of-the-art X-ray diffraction methods and setups used are
discussed. Additionally some practical examples are provided which clearly
demonstrate the capability of X-ray diffraction stress-depth profiling as a
promising tool for residual stress engineering of high-performance coatings.
Keywords
X-ray diffraction
stress-depth profiling
hard coatings

Powered by TCPDF (www.tcpdf.org)

Session 26: Mechanical Film Properties

Friday, September 14, 2012

OR2607
Stress generation and tailoring in refractory films grown by high
power impulse magnetron sputtering
Kostas Sarakinos1, Daniel Magnfält1, Gregory Abadias2, Ulf Helmersson1
1

Linköping University, Linköping, Sweden 2CNRS-Université de Poitiers,
Poitier, France
kostas@ifm.liu.se

The high flux of energetic metal ions in high power impulse magnetron
sputtering (HiPIMS) is generally seen as the main cause of the higher density
compared to films deposited by dc magnetron sputtering (dcMS) [1]. Ion
peening is also known to induce compressive stresses by creation of point
defects in the film [2]. In this study we investigate the stress development
and final stress state in Mo thin films. These films were deposited onto
electrically floating Si(100) substrates covered by a native oxide at different
pulse powers and working pressures. The film stresses were measured by in
situ wafer curvature (using an optical multiple beam setup) and ex situ by
x-ray diffraction (XRD) using the sin2y method adapted for textured layers.
Time and energy resolved mass spectrometry was performed to study the
deposition flux for the different deposition conditions, while the film density
and surface roughness was measured by x-ray reflectometry (XRR).
It is found that an increase of the pulse power and/or a decrease of the
working pressure lead to film densification and a change from a tensile to a
compressive stress state in the films. These results are explained in light of
the energetic bombardment that the growing film experiences at the various
deposition conditions and open a route for stress tailoring and deposition of
stress-free films by proper selection of deposition parameters. The
combination of in situ stress measurements and ex situ XRD analysis reveals
only very small differences between the stress-free film and the bulk lattice
constant. The latter is indicative of a low point defect density. Based on this
finding, we suggest that, unlike to other energetic film deposition techniques
[3], compressive stress generation in HiPIMS is caused by incorporation of
atoms in the grain boundaries and not by implantation of energetic Ar+ ions
and generation of self-interstitials.
[1] K. Sarakinos et al., Surf. Coat. Technol. 204, 1661 (2010).
[2] A Debelle et al., Appl. Phys. Lett. 84 (2004) 5034.
[3] A Debelle et al., J. Vac. Sci. Technol. A 25 (2007) 1438.
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Embedding of information on surfaces is state of the art for identification
testing in which public, hidden and forensic features are used. In many
instances, the legal authentication of a product, a material or a document is
required. Among the surface-based encoded labels, bar codes are most
frequently applied. They are public features, the material itself is irrelevant,
only a sufficient optical contrast is required. Regarding material-correlated
authentication, ellipsometric quantities are taken for encoding.
It has been shown that Fabry-Perot layer stacks are very promising
candidate systems for authentication. Modified Fabry-Perot layer stacks
provide material- and design-correlated physically uncloneable functions
(PUF). This can be achieved by a multi-material and multi-parameter
deposition approach as well as specific design features not subject to any
reverse engineering strategy. Stack design and layer morphology can be
varied in a way that interference, scattering and light diffusion result in
various optical effects such as angle-dependence, angle-independence and
change of colour. By structuring the bottom reflector or patterning the
metallic interlayer of the Fabry-Perot stack any bar code or biometric feature
can be realized.
In addition to the human eye and bar-code or data-matrix readers, imaging
ellipsometry is used for forensic encoding of substrate- or layer-based
information. Object-in-object features are discussed in dependence on the
stack design. As a result, Fabry-Perot layer stacks may be used at all
perception levels (public, hidden, forensic, encoded forensic) in conjunction
with imaging ellipsometry for authentication against product counterfeiting
and related areas.
Keywords
Fabry-Perot layer stacks
stack-design
layer morphology
ellipsometric encoding
authentication
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Wide-angle broadband AR coating by combining interference layers
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The realization of broadband antireflective (AR) properties for a wide range
of light incidence angles is a challenging topic of optics. The performance of
conventional interference stacks composed of alternating layers of high- and
low- refractive-index materials is normally limited to the bandwidth of visible
light and a small range of incidence angles. For the requirement of a
broader spectral range combined with an incidence angle range up to 60°
limitations for the residual reflectance attainable are evident. A
multilayer-based AR coating consisting of silica and titania and optimized for
bandwidth 400-750 nm and incidence angles from 0° to 60° will necessarily
show a residual reflectance of several percent.
As an alternative to multilayer coatings, a single layer with gradual
decreasing effective index from the substrate surface to the ambient
medium would act much better for omnidirectional antireflection. However
gradient layers with continuously decreasing index and sufficient thickness
can be realized much easier for high index substrates (i.e. silicon) than for
glass. On low-index substrate (glass and plastics with n<1.6) a suitable
design solution for a wide range of incidence angles comprises at first a
gradient layer with rising effective index starting from the substrate surface.
After a certain maximum a gradual layer with decreasing refractive index
follows. For technical reasons the rising gradient can be replaced by discrete
layers of available materials. The decreasing gradient layer on top of the
system should have a total thickness of 200 nm to 300 nm with a very low
effective index close to that of air in the outermost region. The paper will
present design calculations and first experimental results to produce
suitable low-index gradient layers by plasma-etching of polymers and of
vacuum deposited organic layers.
Keywords
antireflection
plasma etching
optical coating
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nanostructure
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The great interest of mixed metal-silicon oxides lies in their suitability,
among other applications, as optical coatings with an adjustable refractive
index. In previous studies we performed an extensive depth profiling
characterization (RBS, RBS, ERDA-ToF, SIMS and XPS) of chromium-silicon
mixed oxide thin films prepared by oxygen ion implantation of metallic Cr
thin films deposited on Si substrates [1]. In order to disclose the diffusion
mechanisms involved in the development of oxides in the implanted
samples we have developed chemical state XPS depth profiles of Cr, Si and
O for the different implanted samples together with HR-TEM cross sectional
observations. Both techniques point to the formation of a ternary mixed
oxide at the interface. Moreover, the formation of a crystalline mixed Cr-O-Si
oxide at the interface has been studied by fast Fourier Transform Analysis of
the high resolution TEM images. We have combined such results with
morphological and structural changes measured by AFM, SEM and XRD.
These changes include amorphisation and surface roughening of the
samples as a result of the ion implantation. Finally, we have correlated such
changes with the optical properties of the implanted samples. In particular,
the refractive index decreases linearly with the implanted dose. Samples
implanted with low doses (≤ 1x1017cm-2) had a high value of n = 3.3, similar
to the metallic chromium. The refractive index of the 5x1017cm-2implanted
samples is lowerthan the metal chromium but higher than the Cr2O3,while
the highest implanted sample (1x1018cm-2) had a n = 2.1 that lies between
the Cr2O3and the SiO2 (1.5). Therefore, by changing the implantation dose
we are able to tune the refractive index of the films.
[1] R. Escobar Galindo et al. J. Anal. At. Spectrom., (2012)
Keywords
mixed oxides
ion implantation
refractive index
XPS
TEM

Powered by TCPDF (www.tcpdf.org)

Poster: Optical Coatings

Monday, September 10, 2012

PO1004
Fabrication of conjugated polymer light-emitting devices prepared
by plasma enhanced chemical vapor deposition of naphthalene
Mojtaba Rajabi, Seyed Iman Hosseini, Marzieh Abbasi Firouzjah, Amir Reza
Ghassami, Mohammad Reza Khani, Babak Shokri
Shahid Beheshti University, Tehran, Iran
eshkers@gmail.com
Polymer light-emitting devices were fabricated utilizing plasma polymerized
thin films as emissive layers. These conjugated polymer films were prepared
by RF Plasma Enhanced Chemical Vapor Deposition (PECVD) using
naphthalene as monomer by applying different powers. ITO/PEDOT: PSS/
plasma polymerized Naphthalene/Alq3/Al developed devices, showed a
broadband emission peak of Electroluminescence (EL) with center at 570
nm. The turn on voltage of devices was about 6 V. By increasing the power,
photoluminescence (PL) and UV-Vis spectra showed a red shift. PL emission
picks shifted from 492 nm to 562 nm respect to the power increase from 50
to 200 w. Fourier transform infrared (FTIR) and Raman spectroscopies
confirmed that a conjugated polymer film was developed by ring opening
process during the plasma polymerization. By increasing the power, ring
opening process and crosslinking density raised and chain length growth
was occurred consequently.
Keywords
light emitting device
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Rare-earth (RE) doping of Si and Si-related materials [1-4] has attracted
much attention for the development of Si-based optoelectronic devices
initiated by the report on the photoluminescence (PL) centered at around
1540 nm of Er3+ (4I13/2 → 4I15/2) in Si [1]. Ytterbium (Yb) is known as a
sensitizer for Er3+ emission at 1540 nm in Er-doped materials [2]. Since the
energy level of the Yb3+-2F5/2 state is close to that of the Er3+-4I11/2 state,
optical transitions between them are expected to raise the excitation
efficiency of the Er3+. Therefore, much attention has been given to Er,
Yb-codoped Si and Si-related materials for Si-based optoelectronic device
application. Kozanecki et al. presented that the codoping of Yb leads to the
enhancement of Er3+-related PL at 1540 nm in the Er-doped SiO2 films [2].
However, there are few studies on Er and Yb codoping of Si matrix. Here, we
investigated the synthesis of Er- and Yb-doped Si (Si:Er,Yb) thin films by
laser ablation. Laser ablation technique is simple and useful for doping the
RE elements into the host materials [3]. The Si:Er,Yb films with
approximately 200 nm thick were synthesized on Si(100) substrates at room
temperature by using a Q-switched YAG (QW-YAG) laser with fourth
harmonics (266 nm and 1 J/cm2). The Er and Yb doping levels in the films
were in the range of 1018 to 1020 cm-3. The intensity of the Er3+-PL at 1540
nm from the Si:Er,Yb films was two orders of magnitude higher than that
from the Er-doped Si films. This result indicates that the Yb3+ acts as the
efficient sensitizer of the Er3+ emission. The details of the sensitization effect
of Yb on the Er3+ emission will be presented based on the PL and PL
excitation spectra as well as the temperature dependence of the Er3+-PL.
[1] H. Ennen et al., Appl. Phys. Lett. 43, 943 (1983).
[2] A. Kozanecki et al., Appl. Phys. Lett. 73, 2929 (1998).
[3] S. Komuro et al., Appl. Phys. Lett. 69, 3896 (1996).
[4] S. Kawai et al., Phys. Status Solidi C 7, 579 (2010).
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Remote plasma assisted deposition of organic luminescent thin
films as UV active components in photonic structures
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Borras2, Amadeu Griol4, Carlos A. Barrios5, Hans Sohlström6, Agustin R.
Gonzalez-Elipe2
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In this communication we present a new approach to the fabrication of UV
active organic films and their unprecedented implementation as active
components in photonic structures that can be useful for the fabrication of
devices such as UV-sensors, UV-to-visible wavelength shifters and UV-filters
An important property of these materials is that, even for relatively large
layer thicknesses, the emitted light is not reabsorbed by the film. In our
preparation procedure, the films are deposited in vacuum at room
temperature by sublimating an organic dye in the downstream region of a
low power microwave plasma. The main difference from a standard vacuum
deposition or a plasma polymerization process is that the interaction with
the plasma produces the fragmentation of only a fraction of the dye
molecules in the gas phase creating highly reactive molecular moieties that
form a polymeric-like film onto the substrate surface.[1-3] The resulting
material is a polymeric film with a given percentage of integer luminescent
dye molecules embedded in it that depicts quite different properties than
those of layers obtained by the direct sublimation of molecules. The films
have been characterized by XPS, FT-IR and ToF-SIMS techniques and their
optical properties analyzed by UV–vis and ellipsometry spectroscopies. In
addition, several examples of real photonic devices incorporating the
luminescent organic thin films will be presented.
[1] A. Barranco, P. Groening, Langmuir 22 (2006) 6719 [2] I. Blaszczyk-Lezak
et al., J. Phys. Chem. C, 113 (2009) 431. [3] F.J. Aparicio, et. al. Adv. Mater.
23 (2011) 761.
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Deposition of Zinc Oxide as UV Protection Coating by MW-PECVD
Stefan Merli1, Andreas Schulz1, Matthias Walker1, Rafael Oser2, Ulrich Stroth1
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Aktiengesellschaft, Leverkusen, Germany
merli@ipf.uni-stuttgart.de

Zinc oxide (ZnO) has attracted great attention in numerous applications due
to its versatile physical properties. As a transparent conductive oxide (TCO)
it is already employed as transparent electrodes in solar cells, light emitting
diodes and other optoelectronic applications. Due to its high band gap of 3.2
- 3.4 eV, ZnO can also be used as a transparent protection coating against
UV radiation for many UV-sensitive materials like polymers.
In this work a microwave plasma-enhanced chemical vapor deposition
process (MW-PECVD) of ZnO films at low pressure is investigated. A mixture
of diethylzinc (DEZ) and oxygen is used as source gas for the film
deposition. The plasma is generated via the Duo-Plasmaline principle and is
powered by two magnetrons with up to 3 kW in the cw mode at 2.45 GHz.
The deposition rates are ranging from 200 to 600 nm/min. Fused silica
plates are used as substrates. The optical properties like transmission and
reflection of the ZnO films were investigated by means of
photo-spectrometry ranging from 190 to 3200 nm. The deposited films had a
high transparency of about 90 % in the visible spectral region and a high
absorption in the UV region with an optical density of up to 3.5 at 340 nm,
depending on the oxygen/DEZ mixing ratio. The absorption edge is ranging
from 300 to 380 nm and shows a clear dependence on the mixing ratio.
Therefore, the deposited ZnO films are well suitable as UV protection for
materials which are sensitive to radiation with λ < 380 nm.
In this contribution, the deposition process as well as the optical properties
of the ZnO films are presented regarding the deposition parameters.
Keywords
MW-PECVD
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Development of optical microcavities based on amorphous thin
films
Ivan Braga Gallo, Antonio Ricardo Zanatta
USP - IFSC, São Carlos, Brazil
ivanbragagallo@yahoo.com.br
Modern optically-based technological applications require structures able to
provide the appropriate control of the properties of light. As a result,
different approaches has been proposed and studied along the last years.
One of these approaches is based on the use of optical microcavities (MC's)
which, due to their characteristics, are very attractive to the emerging
photonics industry. Besides, MC's can contribute to the achievement and/or
improvement of light sources such as lasers and LEDs, for example. In this
context, the study of MC's with transmission windows in the visible and
near-infrared regions is the main goal of the present work. Basically, MC's
are multilayer structures fabricated, in this case, by the radio frequency
sputtering technique. Amorphous SiN, AlN, and SiH thin films were
considered in the fabrication of the present MC's, which also contain an
active layer (essentially a rare-earth-doped film) emitting at the MC window.
Characterization of the MC's comprised: optical transmission and reflection
in the UV-VIS-NIR range and, photoluminescence measurements in the
VIS-NIR. Optical transmission measurements revealed that MC's with
transmission windows at ~ 550 and ~ 1550 nm can easily be produced by
alternating a-SiN/a-SiH (MC550) and a-SiN/a-Si (MC1550) layers. The optical
transmission window is determined by the thickness and index of refraction
of the individual layers making the method very convenient and
technologically attractive. At present we are involved in the optimization of
the optical emission of the MC's as well as in the production of new MC's
with different transmission windows.
Keywords
Sputtering
Optical Microcavities
Nitrides
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Thermochromic effect in Sm0.5Ca0.5MnO3 thin films elaborated by
DC magnetron co-sputtering
Alexis Boileau1, Fabien Capon2, Jean-François Pierson3, Silvère Barrat3,
Patrick Laffez4
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Institut Jean Lamour-Université Lorraine, nancy, France 2Institut Jean
Lamour, Université de Lorraine, Nancy, France 3Institut Jean Lamour,
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Sm0.5Ca0.5MnO3 thermochromic thin films were synthesised using DC reactive
sputtering and subsequent annealing in air. The experimental device was
equipped with a two magnetrons system associated with a rotating
substrate holder for the production of uniform thin amorphous films. The
constitutive elements of the perovskite were deposited at room temperature
from two metallic targets (Sm-Ca composite and Mn) onto {100} undoped
silicon substrate. The chemical stoichiometry of the as-deposited films was
checked by energy dispersive X-ray spectroscopy.
Infrared transmittance spectra of Sm0.5Ca0.5MnO3 were recorded for
temperatures ranging from 77 K to 470 K by a Nicolet 6700 FTIR
spectrometer in the wavelength range 1.42 to 25 microns. In order to assess
the optical gap, additional transmittance analyses were performed in the
Visible-Near Infrared range from 0.9 micron up to 3 microns. Upon heating,
the optical transmission was correlated to the electrical properties
decreasing in the infrared domain showing a thermochromic effect in this
optical region. The metal-insulator transition temperature was found at room
temperature for the specimen tested and the jump in resistance at the
transition was several orders of magnitude. Finally, the transmittance
spectra were compared with the reflectivity spectra in the same
wavelengths domain.
Keywords
perovskites
manganites
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An in situ-EDXRD study of reactively co-sputtered Cu(In,Ga)S2
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Helmholtz-Zentrum Berlin, Berlin, Germany
Jonas.Krause@helmholtz-berlin.de
Reactive and non-reactive magnetron sputtering is widely used in the
photovoltaic industry but mostly for the deposition of electronically inactive
layers (front and back contacts). Recently, it was shown that CuInS2 thin
films prepared by co-sputtering from a Cu and an In target in an Ar/H2S
atmosphere yield solar cell efficiencies of more than 11%. However, the
co-sputtering process showed certain instabilities which have to be studied
in detail. Therefore, we investigated the growth process of reactively
sputtered Cu(In,Ga)S2 (CIGS) layers in-situ by means of time resolved
energy-dispersive X-ray diffraction (EDXDR). For that purpose our sputtering
chamber was mounted on a goniometer at the synchrotron radiation source
HASYLAB (Hamburg). A white X-ray beam in the energy range of about 6 to
60 keV combined with an energy-dispersive Ge detector was used to
monitor the crystal growth. By analyzing both, diffraction peaks of the grown
phases as well as fluorescence peaks, the film growth and the phase
formation was monitored time resolved.
Several CIGS layers have been deposited at varying substrate temperatures
and different sputtering rates from the CuGa and In targets. Special
attention was payed to the influence of the substrate type (Si/SiO2/Mo,
Si/SiO2TiN, Si/SiO2) and an applied substrate bias voltage. In the EDXRD
spectra, directly after the start of the sputter deposition, a rising diffraction
signal attributed to the (112) lattice planes of CIGS is observed. The
energetic position of this peak changes significantly during the experiments.
This can be attributed to different Ga contents in the growing CIGS film.
Especially interesting is the nucleation stage of the layers. Depending on the
substrate temperature and the substrate type the condensation of In,
monitored by the InKα fluorescence signal, starts immediately after the start
of sputtering or is delayed by several minutes in dependence of deposition
temperature and substrate surface. In the case of the delayed condensation
of In, the formation of pure CuGaS2 on the substrate is observed, which is
later converted into Cu(In,Ga)S2 with increasing In content, indicated by a
change of the peak position.
Keywords
reactive Magnetron Sputtering, in-situ EDXRD
Chalkopyrite Films, Thin Film Solar Cells
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Linking functional properties of transition metals to growth
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In the race for improved renewable electricity generation, transition metals
find one of their many applications, as back contacts for thin film solar cells.
The requirements for the transition metals to be an eligible back contact,
are manifold. The back contact layer should be chemically inert, an
impurity-diffusion barrier, must exhibit good electrical properties[1]. Besides
all requirements, the influence of the microstructure and texture of the thin
film on the functional properties remain a controversial topic[2].
Within our research strategy, the influence of the thin film’s texture and
microstructure is broken down to more fundamental parameters of the film
formation, i.e. the growth parameters of the sputtered thin film. The two
main constituents of the growth process during magnetron sputtering, are
the energy flux towards the substrate, and the arriving particle flux[3].
In this work, transition metal thin films are deposited under varying
deposition conditions by changing the distance-pressure product and the
balancing of the magnetron. The latter was previously proven to have great
influence on the deposition conditions[4]. To determine the fundamental
growth parameters, the energy flux towards the substrate and the
deposition rate were determined for all conditions. Using these, correlations
and trends are ascertained for some intrinsic and functional properties like
grain size and resistivity of the thin film.
1. Orgassa, K., H.W. Schock, and J.H. Werner, Thin Solid Films, 2003. 431: p.
387-391.
2. Yoon, J.H., et al., Solar Energy Materials and Solar Cells, 2011. 95(11): p.
2959-2964.
3. Mahieu, S. and D. Depla, Journal of Physics D-Applied Physics, 2009. 42: p.
053002.
4. Boydens, F., et al., Physica Status Solidi A, 2010. 207(1): p. 124-128.
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Cu(In,Ga)S(e)2 chalcopyrites are promising absorber materials for thin film
solar cells due to its favourable opto-electronic properties. For the selenide
Cu(In,Ga)Se2 solar cells efficiencies of more than 20 % were reported
recently. In order to reduce the production costs, every layer has to be
optimized with respect to material consumption, deposition rate etc. While
the expensive indium in the absorber layer can be replaced by tin and zinc,
only few attempts have been reported on the replacement of the usual
molybdenum back contact by other materials.
In this work, we investigate the substitution of the molybdenum back
contact by titanium nitride (TiN), a well known material in other thin film
areas, like hard or decorative coatings, diffusion barriers or chemically
resistive layers. The chemical inertness, together with the high melting
point, the low electrical resistivity (ρbulk=5×10-4 Ωcm), the good adhesion at
the interface and low cost of the material make TiN a potential candidate for
back contacts for thin film solar cells. Additionally, TiN can be used as a
diffusion barrier for sodium from the float glass substrate, which is important
for the optimization of the chalcopyrite absorbers.
In this paper, we will present the results on the d.c. reactive magnetron
sputtering deposition of TiNx thin layers on float glass substrates at
deposition temperatures below 100 °C and for total sputtering pressures
between 0.3 and 2 Pa. The electronic and structural properties of the thin
TiN layers were investigated with special emphasis on the intrinsic stress,
which has to be minimized. The sputtering pressure in our chamber was
optimized with respect to a good film adherence, low intrinsic film stress and
a sufficiently low resistivity of up to now 1.1×10-4 Ωcm. For the optimal
process, the sputtering pressure of 0.5 Pa and Ar/N2 gas flow ration of 3.3
result the discharge voltage of 347 V for 200 W output power with the
deposition rate of 19.5nm/min. These films were tested in thin film solar
cells based on the absorber material Cu(In,Ga)S2. Also, the laser scribing
process was tested for such TiN films in order to prepare mini-modules.
Keywords
titanium nitride
solar cell
reactive magnetron sputtering
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Dielectric thin films are nowadays commonly used in photovoltaics for which
both antireflective and passivation properties of silicon solar cells are
needed. Silicon nitride (a-SiN:H), oxide and silicon oxynitride (SiOx and
SiON:H) or amorphous silicon (a-Si) provide these functions. These films are
mostly produced by Low or Radio-frequency plasma of gas mixtures
containing silane or fluorinated/chlorinated derivatives that require means of
security. Use of classical plasmas leads to low deposition rates (< 1 nm/s)
because of low dissociation rates. This limits production costs reduction
necessary for industrial development. Our studies aim at developing, i)
introduction of secure liquid siliconized precursors (Tetramethylsilane in this
work) to replace silane in Low Frequency (LF) classical PACVD, ii) both
replacement of silane and plasma process by UHF plasma process
(microwave), then make comparisons. Obtained SiCN:H film type (from SiC
to SiN) can replace historical SiNx, SiOx and SiC extending to a wider area
their functional properties. As revealed by deconvolution analysis of films
FTIR spectra, both LF and UHF PACVD of TMS/NH3 mixtures indicates that
films vary from "nitride-like" materials, close to SiNH industrial reference,
obtained at low %TMS/%NH3 (SiN/SiNH band increase, NHx band varying
from R-NH to R-NH2, and SiH bonds from HSi-Si to HSi-N), to "carbide-like"
ones at high gas ratio (Si-C and Si-(CH2)n-Si, high CH/NH rate, HSi-C3
environments). This lead to n optical index that changes from 1,70 to 2,30
(at =634 nm) for UHF process as it is limited in the range 1,95-to-2,07 for
LF PACVD process (same range of %TMS/%NH3 gas ratios). High growth
rates are observed with UHF PACVD : up to 5 nm/s in comparison to 1,5 for
Low Frequency plasma. Carrier lifetime has been measured for LF PACVD
SiCNH fims grown on CZ 2" Si wafers : 170 µs is attained. Such coatings
have been grown 3" square n-type Si cells. Values are compared to those
obtained in UHF plasmas.
Keywords
SiCN
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Metal nitride thin films synthesized by reactive magnetron
sputtering for supercapacitor applications
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Electrochemical capacitors (ECs), so called “supercapacitors” are high power
density devices suitable for applications needing peak loads [1]. Most of the
commercially available supercapacitors are using carbon materials as
electrodes. This class of ECs is named “electrochemical double layer
capacitors” with a capacity limited to ~250 F.g-1 due the absence of surface
redox reactions.A new class of ECs have been developed to overcome the
low volumetric capacitance, named “pseudo-capacitors” in which the stored
charge arise from charge transfer at the surface of the active material.
Common materials used as electrodes are metal oxides such as RuO2, MnO2.
Besides these electrodes have been widely studied, metal nitrides have
received sparse attention. Recently, VN has demonstrated impressive
capacitance around 1340 F.g-1 at 2 mV.s-1 [2].
In this communication, we propose to study structural and electrochemical
properties of binary metal nitrides elaborated by means of reactive (Ar-N2
atmospheres) magnetron sputtering. The use of thin films enables the study
of the intrinsic properties of the materials without the use of binder neither
conductive additives. The structure of the films was studied by X-ray
diffraction and their morphology was observed by scanning and
transmission electron microscopy. The electrochemical properties were
determined by cyclic voltammetry in KOH electrolyte. Despite good
electronic conductivity, poor capacitance values are measured for iron and
copper nitrides while RuN, MnN, CrN, TiN and VN are the most promising,
with up to 300 F.cm-3 (at 100 mV.s-1 scan rate) measured for columnar VN
dense thin film.
[1] Simon, P.; Kumta, Gogotsi, Y. Materials for Electrochemical Capacitors,
Nature Materials, (2008), 7, 845-854.
[2] Choi et al., Adv. Mater. 18 (2006) 1178
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Progress on the comprehensive understanding of Si film structure
and dynamics deposited on glass-substrates and Si-wafers by light
scattering
Angelos Kalampounias, Ergina Farsari, Eleutherios Amanatides, Dimitrios
Mataras
Dep. Chem. Engineering, Univ. of Patras, Patras, Greece
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Hydrogenated microcrystalline silicon deposited on glass-substrates or
silicon-wafers is widely used in manufacturing photovoltaic cells. The high
growth rates, the proportion and the distribution of amorphous and
crystalline silicon are critical factors for performance and are therefore
important to monitor. Vibrational spectroscopies are a valuable tool towards
this purpose. The use of FTIR to perform this diagnosis limits the substrates
upon which the analysis can be performed. On the other hand, Raman
spectroscopy allows one to observe films on substrates that are not IR
transparent. The aim of this paper is to take advantage of the different
absorption/scattering cross sections of the two techniques in an effort to
understand the origin of various peaks and provide useful information about
the properties of the film. We will address some classical subjects related to
the structure and dynamics of hydrogenated microcrystalline silicon and
provide advances on their comprehensive understanding. We review the
current methods for the calculation of film crystallinity and discuss our
critical approach to the use of Raman spectroscopy in the context of
crystallization kinetics of films deposited on different type of substrates with
structures ranging from pure amorphous to highly crystalline. Furthermore,
special attention will be paid to the distribution of Si-Hx configurations within
the film and the contribution of structural defects on the crystallization
transition. These factors are critical and indicative of material that is porous
and thus unsuitable for thin-film photovoltaics. A new method for monitoring
the dynamics over time of the unintentional oxygen incorporation in the film
which affects the material properties is proposed. We discuss our results in
the framework of the current phenomenological status of the field for a wide
range of films deposited by different Silane-Hydrogen glow discharges at
different experimental conditions.
Keywords
microcrystalline silicon
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Rare-earth nickelates with K2NiF4 –type structure, namely Ln2NiO4-δ (Ln= La,
Pr, Nd) are assumed to be promising cathode materials for Intermediate
Temperature- Solid Oxide Fuel Cell (IT-SOFC). Such materials exhibit both
high mixed ionic-electronic conductivity (MIEC) properties and high catalytic
activity. Their thermal expansion coefficient (TEC) is very close to that of
electrolyte materials (13 x10-6 K-1, 11.9 x10-6 K-1 and 11.6 x10-6 K-1 for
La2NiO4, CGO and YSZ respectively). Using MIEC material allows
transforming the common triple-phase boundary cathode into a double
contact (solid conductor/gas phase) and lowering the cathode polarization.
Therefore, the deposition of a dense cathode layer providing a fine
microstructure with high electrochemical properties may be manufactured
by reactive magnetron sputtering.
La2NiO4-δ coatings were co-sputtered by reactive magnetron sputtering on
different substrates from metallic La and Ni targets in the presence of a
reactive argon-oxygen gas mixture. The reactor is a 100-litre sputtering
chamber pumped down via a turbo molecular pump allowing base vacuum
of about 10-4 Pa. The deposition stage is controlled by Plasma Emission
Monitoring (PEM) which consists in monitoring the reactive gas flow in order
to maintain constant the optical emission of a metallic species (in this case
La), which is proportional to the sputtered metal flow. Once determined the
composition to synthesize stoichiometric La2O3, the discharge current on the
nickel target is adjusted to obtain the convenient composition for lanthanum
nickelate. Whatever their composition, the as-deposited coatings are
amorphous, and crystallize under K2NiF4 structure with appropriate
annealing temperature. The structural and chemical features of these
coatings have been determined by X-Ray Diffraction and Scanning Electron
Microscopy. Their electrical properties were evaluated using four points
probe method and Electrochemical Impedance Spectroscopy (EIS).
Keywords
lanthanum nickelate
mixed ionic-electronic conductivity
reactive magnetron sputtering
plasma emission monitoring
electrical properties
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Proton exchange membrane fuel cells, also known as polymer electrolyte
membrane fuel cells (PEMFC), are a type of fuel cell being developed for
transport as well as for stationary and portable fuel cell applications. Their
distinguishing features include lower temperature/pressure ranges (50 to
100 °C) and a special polymer electrolyte membrane. In the majority of
cases hydrogen is used as its fuel and oxygen (usually from air) as its
oxidant. The reaction product in this process is water, which needs to be
dissipated out of the fuel cell effectively. It turns out that the transport of
this water in the bipolar plate is crucial. The wettability of the bipolar plate
surface is therefore one determining factor for the performance of the fuel
cell. By surface treatment of the bipolar plates the wettability can be
adjusted in a very wide range (from hydrophilic to hydrophobic). An
industrial scalable method for the surface modification is the atmospheric
plasma treatment. The plasma treatment can at the same time be used to
activate the surface (by chemical terminating the surface) as well as to etch
the surface (increasing the roughness). Both processes influence the contact
angle of water on the bipolar plate surface.
Bipolar plates made of 82% graphite and carbon black and 18% of
polypropylene were treated by a CYRANNUS I - 6” microwave source used in
a remote plasma process by variation of the process parameters. The
influence of gas composition, gas pressure and position of the substrate in
the effluent are investigated in particular. In addition the influence of the
plasma treatment on the contact resistance of the bipolar plates is
examined. Surface analysis (Raman and FTIR Spectroscopy) and imaging
methods (SEM, AFM) are used to investigate the effect of the plasma on the
surface.
Keywords
atmospheric plasma
wettability
bipolar plates

Powered by TCPDF (www.tcpdf.org)

Poster: Films and surfaces for energy conversion and storage

Monday, September 10, 2012

PO1018
Metal-containing diamond like carbon (a-C:H:Me) as a functional
coating for metallic bipolar plates "DiaPolar"
Tom O'Donnell1, Jochen Brand1, Peter Kaestner2, Katarina Koster2, Günter
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1

Fraunhofer IST Braunschweig, Braunschweig, Germany 2TU Braunschweig
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tom.odonnell@ist.fraunhofer.de

Redox Flow Batteries, (RFB) have been used in large scale applications and
are a proven technology. With efficiencies as high as 80% and long life
cycles they offer a unique way to store energy. The principle of the RFB is
that the energy is stored in two fluid electrolytes containing metal ions
which can then be converted into electrical energy. When the energy in the
electrolytes is spent, the tanks can be drained and replaced with a new
electrolyte, and the spent electrolyte re-energised. This is the advantage of
RFB over commonly used Lithium-ion batteries which take hours to
recharge. In order to make this technology more affordable and compact,
new approaches to this technology must be investigated.
The aim of this project is to find an optimum bipolar plate which can be
manufactured inexpensively, has both a high mechanical strength and
corrosion resistance capable of withstanding the sulphuric acid used in the
cell. This will be achieved by researching various a-C:H:Me coatings,
(chrome, titanium, tungsten and vanadium) on different substrate material
samples such as stainless steel, titanium and aluminium alloys. Variation in
the a-C:H:Me coatings such as thickness and metal percentage will also be
investigated to find the optimum combination.
The characterisation of the samples will be ascertained by both, Fraunhofer
IST in Braunschweig and Fraunhofer ICT in Wolfsburg. The samples will need
to show long term stability in the acidic environment present in the fuel cell,
in addition to a good coating adhesion and low defect rate. Also, the coating
must be within the necessary RFB parameters, in a potential range of -0.26
volts to +1 volts. Finally a prototype will be built to compare the new RFB
with the a-C:H:Me coating and electrode material to the commonly used
graphite Electrodes.
Keywords
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Plasma nitriding by strip hollow cathode method (SHC-PTT) of
austenitic stainless steels for bipolar plates
Krasimir Nikolov, Katharina Köster, Peter Kaestner, Günter Bräuer,
Claus-Peter Klages
Institut für Oberflächentechnik IOT, Braunschweig, Germany
k.nikolov@tu-braunschweig.de
The novel strip hollow cathode process for plasma thermochemical
treatment (SHC-PTT) is designed for a surface modifying of grounded thin
metal strips in continuous technological process. Unlike the conventional
application of plasma nitriding, in particular for improving wear resistance of
parts and tools defined surface modification frequently requires only
relatively thin nitriding layers. For producing such thin diffusion layers
SHC-PTT – as compared to conventional plasma nitriding – is very promising
to realize a cost effective continuous process due to the significantly
reduced processing time in stationary treatment mode.
The present work shows the results from nitriding in pulsed dc glow
discharge of EN 1.4301 (AISI 304) austenitic stainless steel sheets by means
of SHC-PTT. The objective was to improve the surface electrical properties of
the sheets aiming at their use for bipolar plates of proton exchange
membrane fuel cell (PEMFC). Sheet samples with a thickness of 0.1 mm
were nitrided in a N2/H2 gas mixture at different substrate temperature and
glow discharge parameters. Characterization of the nitriding layers was
carried out by glow discharge optical emission spectroscopy (GDOES) and
X-ray diffraction (XRD). Further the interface contact resistance has been
measured and the corrosion behaviour has been determined by means of
electrochemical methods. The results demonstrate the potential of the
SHC-PTT method for surface modification of austenitic stainless steel sheets
within a processing time in the order of a few minutes. Thus for such
applications even the potential of a mass production process, e.g. by means
of continuous processing of metal strips should be taken into consideration.
Keywords
Strip hollow cathode for plasma thermochemical treatment
Austenitic stainless steel sheet
Plasma nitriding
Interfacial contact resistance
Corrosion resistance
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Towards synthesis of transition metal nitride thin films for Li-ion
batteries: example of Cu3N and RuN
Saïd Bouhtiyya1, Jean-François Pierson1, Fabien Capon1, Barbara Laik2,
Jean-Pierre Peraira-Ramos2
1

Institut Jean Lamour, Nancy, France 2Institut de Chimie et des Matériaux
Paris-Est UMR 7182 CNRS-UPEC, Thiais, France
said.bouhtiyya@ijl.nancy-universite.fr

In recent years, more attention has been paid to research on high
performance anode materials for Li-ion batteries. Bagetto and al. [1] have
recently reported for SnNx thin films a impressive capacitance of ~ 700
mAh/g and a good durability at 0.8 V vs. Li+/Li. Nevertheless the
electrochemical process involved is still in debate.
In the present work, novel transition metal nitrides of Cu3N and RuN have
been successfully deposited by using DC magnetron sputtering in various
Ar-N2 reactive atmospheres. For the fisrt time, RuN thin films were
synthesized with a ZnS like structure.
The electrochemical reactions of lithium with Cu3N and RuN thin film
electrodes were first investigated by performing galvanostatic discharge and
charge and cyclic voltammetry experiments. These thin film electrodes
exhibited reversible discharge capacities ranging from 300 mAh/g to 400
mAh/g.
The structure, morphology, and composition of the as-deposited, lithiated,
and delithiated Cu3N and RuN thin films have been characterized by X-ray
diffraction (XRD), and scanning electron microscopy (SEM).
The reaction mechanism is not clear, and experiments are still in progress.
Although as Zheng-Wen Fu and al. [2] have reported for Co3N and Fe3N
electrodes, we can suppose that transition metallic Cu and Ru formed during
the first discharging is nitrided and another part as an active spectator may
play a major role in driving the decomposition and formation of Li3N during
the subsequent electrochemical reaction.
[1] Bagetto and al. J.Electrochem. Soc. 2010
[2] Zheng-Wen Fu and al. J. Phys. Chem. B, 2004, 108 (7), pp 2236–2244
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Surface area nanostructuring with LIPSS formation using
femtosecond laser
Ricardo Serra1, João Carlos Oliveira2, Victor Oliveira3, Albano Cavaleiro2
1

DEM, FCT UC, Coimbra, Portugal 2SEG CEMUC, DEM, FCTUC, Coimbra,
Portugal 3ISEL / ICEMS, Lisbon, Portugal
ricardo.serra@dem.uc.pt

Surface nanostructuring techniques are commonly used for energy
conversion systems such as electrochromic devices, dye-sensitized solar
cells and PEM fuel cells, to increase the efficiency of the electrochemical
processes by increasing the surface effective area. Femtosecond laser
processing allows the formation of sub wavelength nanostructures, the so
called laser induced periodic surface structures (LIPSS). Homogeneous LIPSS
patterns, with periods as low as 100 nm, can be formed over extended
surface areas and shaped by controlling the laser parameters.
In this work, TiO2, WO3 and B4C thin films were prepared by reactive
magnetron sputtering (RMS) and their surface was nanostructured using a
commercial femtosecond Yb:KYW chirped-pulse-regenerative amplification
laser system. The morphology and chemical composition of the films was
analysed by scanning electron microscopy and electron probe microanalysis.
Micro Raman spectroscopy and x-ray diffraction were used for structural
characterization while the morphology and topography of the
nanostructured surfaces were characterized by optical profilometry and
atomic force microscopy.
Sub-micron LIPSS were formed on the surface of the thin films. The width
and depth of the nanostructures depend on the laser power and laser
scanning parameters. In the case of Boron Carbide films LIPSS with 100 to
400 nm width and 20 to 70 nm depth were formed leading to an increase of
the surface area dependent of the laser power and related with the LIPSS
size. Homogeneous LIPSS patterns were obtained over extended 3 by 1 mm
on the crystalline boron carbide films.
Keywords
LIPSS
nanostructuring
femtosecond laser
thin film
RMS
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Numerically controlled local plasma jet oxidation of silicon
Thomas Arnold1, Hendrik Paetzelt2, Georg Böhm2
1

Leibniz-Institut für Oberflächenmodifizi, Leipzig, Germany 2Leibniz-Institut
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thomas.arnold@iom-leipzig.de

Surface machining with nanometre accuracy of optical materials such as
fused silica, SiC, ULE and silicon is still a challenging task. Especially, the
local shape modification with tool diameters in the range of a few millimetre
to sub millimetre, in combination with computer controlled surface scanning
machines is investigated.Numerically controlled local plasma jet oxidation
method comprises two processing steps to achieve a material removal. A
silicon oxide layer is generated on the silicon surface by oxygen radicals
provided by the plasma jet, which is then removed by HF wet etching. The
main advantages of this method compared to ion beam figuring and
chemical plasma jet machining can be summarized as follows: Firstly, the
silicon surface is protected from material contaminations during the process,
since the new surface occurring after wet etching is the former interface
between the newly generated silicon oxide and the silicon base material.
Secondly, the employment of fluorine containing precursor gases like
tetrafluoromethane (CF4) or sulfurhexafluoride (SF6) can be avoided. These
gases are normally used in plasma dry etching methods possibly leading to
SiOxFy residual layers. The plasma jet presented here uses argon and oxygen
as gas supply, which are much easier to handle and even more cost
efficient. Removing the generated silicon oxide film with a wet chemical
etching methods like HF treatment is a commonly used and well established
method.All oxidation experiments have been made on standard polished
silicon wafers with an orientation of (100) and a thickness of 525 µm. The
oxide-layer thickness was measured using optical thin film profiler. The
optical constant index of refraction n was determined using spectroscopic
ellipsometry to be 1.446, which is near the value of thermal oxidized SiO2 (n
= 1.4571). The plasma jet produces a near Gaussian shaped oxidized profile
with a size of 1.1 mm FWHM. The nearly linear relationship between plasma
dwell time on the Si surface and the oxide thickness allows the computer
controlled surface modification and machining using local plasma jet
oxidation of silicon as a high accuracy surface error correction method.
Keywords
atmospheric plasma jet
surface figuring
local oxidation
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Silicon carbide surface micromachining using plasma ion etching of
sacrificial layer
Norbert Kwietniewski1, Mariusz Sochacki1, Jan Szmidt1, Andy Zhang2,
Jang-Kwon Lim2, Mietek Bakowski2
1

IMiO, Warsaw University of Technology, Warsaw, Poland 2Acreo AB, Kista,
Sweden
N.Kwietniewski@stud.elka.pw.edu.pl

The perfectly-defined patterning micrometric shapes by optical lithography
and selective etch seems to be a crucial step for high voltage and MEMS
device fabrication. Wet chemical etching, reactive ion etching and
chemical-mechanical processing are widely applied in semiconductor
industry to reach the surface shape. The processes are well known and
successfully applied for photoresists or silicon oxide patterning.
The mechanical properties of silicon carbide such as high hardness and high
chemical stability make the etch process more difficult in comparison with
other substrate processing. The shape of etched junction termination
extension for SiC devices often determines the breakdown voltage and
reliability issues simultaneously. Furthermore, from the view point of total
process cost, a simpler method of the refractory material pattering is
preferable for the formation of the desired surface shape.
In the present research work new approach to the abovementioned
challenge has been proposed and developed. We have demonstrated the
shape transfer from the top sacrificial layer to bulk SiC material using
Reactive Ion Etching (RIE) and Inductively Coupled Plasma (ICP) process. The
work introduces the optimization hints to assure the etch selectivity ratio 1:1
for various materials. It appears clear that the optimized processes lead to
satisfied selectivity ratio and make possible the transfer from sacrificial layer
to bulk material. We have developed the ion etching of
photo-benzocyclobutene-polymer resist (BCB) and silicon low temperature
oxide (LTO) having roughly the same etch rate for both materials. Moreover,
we have extended the etching process for silicon oxide and silicon carbide
having roughly the same etch rate under the same conditions.
Keywords
silicon carbide
plasma ion etching
etch rate
shape transfer
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Ion Beam Figuring of molds
Thomas Tonert, Thoralf Dunger, Marcel Demmler, Alfonz Luca, Michael
Zeuner
MicroSystems GmbH, Hohenstein-Ernstthal, Germany
thomas.tonert@roth-rau.de
Optical lenses for the consumer goods market made from glass or plastic
are generally produced through molding techniques. These lenses only cost
a few US dollars or less, but usually feature a surface of mediocre quality. To
improve the quality through the application of a finishing technique after the
molding process would not proof to be an economical exercise. The mold
pins themselves typically cost between $10,000 and $30,000. As the quality
of the lens depends on the surface of the optical mold, an error correction
process on the mold itself would be of more advantage.
A method called Ion Beam Figuring can be used for manufacturing molds
with a low surface error. The general advantages of the Ion Beam Figuring
technology is the contactless polishing without any aging effects of the tool.
This leads to an excellent stability of the removal rate without any
mechanical surface damage. The related physical process is called
‘sputtering’ and can be witnessed on any material. Mold pins are made from
various materials as for example steel, cupronickel, aluminium or very hard
materials like silicon carbide or tungsten carbide. The Ion Beam Figuring
process itself is identical for all these different materials; solely the removal
rate differs and has to be calibrated in advance.
The process can be realized in an Ion Beam Figuring system in which the
substrate is moved in front of a focussed broad ion beam. The local milling
rate is controlled through a modulated velocity profile which is calculated
specifically for each substrate in order to mill the material at the associated
positions to achieve the target geometry.
The authors will present molds and metal surfaces which show very high
surface form accuracies compared to conventionally manufactured samples.
Keywords
Ion Beam Figuring
Plasma etching
contactless polishing
mold pins
metal surface polishing
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Rapid Stripping of Brass-plating on Fine Saw Wire by Triangle-type
Multiple Magnetron Plasmas
Hiroshi Fujiyama1, Kiyoshi Miyazaki1, Yusuke Kobayashi1, Naoshi Matsuo1,
Masanori Shinohara1, Shin-ichiro Nishiyama2
1

Nagasaki University, Nagasaki, Japan 2Japan Fine Steel Co. Ltd,
Sanyo-Onoda, Japan
plasma@nagasaki-u.ac.jp

Silicon wafer used crystal silicon solar cell is carved out from the silicon
ingot by saw wire. Saw wire is covered with brass (Cu: 65%, Zn:35%) plated
to need in wire drawing process. As a result basis of plating (especially
copper) are diffused in the wafer as contamination. So the electric
conductivity changes, and there is a possibility of cause to decrease solar
cell efficiency. Therefore the saw wire with Cu free is strongly required. To
remove brass plating on saw wire, we propose to use plasma dry process
instead of wet process for wire stripping. Dry process has advantages that
the waste liquid treatment is unnecessary and pollution policy of flue-gas
treatment etc. become easy and high reaction rate was obtained. New type
of line-shaped magnetron plasma source has been developed by applying
magnetic field to triangle-type electrodes. The discharge characteristics, the
stripping results and the wire temperature were investigated. To get higher
stripping rate, “Triangle Magnetron Plasma” was proposed. For multiple wire
stripping,“Multiple Unit Magnetron Plasma System” was newly developed.
The stripping effects were successfully established by using high density
magnetron source with 20mm gap in an axially applied magnetic field. From
the EDS analysis results of wire surface after plasma stripping during 30sec,
it is clearly shown that Zn was removed after 10sec stripping and Cu after
30sec. (Fe:38.5%→97.7%，Cu:39.3%→2.43%，Zn:22.2%→ 0.03%)
Keywords
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Scaling laws governing the NF3 cleaning plasma in a large area
reactor
George-Felix Leu1, Modrzynski Pawel2, Markus Klindworth2, Christoph Ellert3
1

OC Oerlikon Solar Ltd, Truebbach, Switzerland 2OC Oerlikon Solar Ltd.,
Truebbach, Switzerland 3on leave from OC Oerlikon Solar Ltd., Truebbach,
Switzerland
george-felix.leu@oerlikon.com
An important part of the thin film Silicon PECVD technology for photovoltaic
industry is the Fluorine based plasma cleaning of the reactor. Precursors as
CxFy, SF6, NF3 or even F2 can be used. The present paper investigates scaling
laws governing the processes in NF3 plasma in a large area reactor.
The production of homogeneous deposition and cleaning plasma in a large
area (1.4 x 1.1 m2) reactor is a quite challenging task, because these
plasmas are operated in quite different pressure and power regimes. The
homogeneity of the cleaning process has been studied in current production
type wide inter-electrode gap reactors and in the newly developed
generation of small gap reactors.
The composition of the gas leaving the reactor was investigated via mass
spectrometry. We show that the pressure established in reactor at fixed
butterfly position is a rough measure of the dissociation degree. The
electrical parameters of the discharge as DC Bias or Load and Tune values
of the matchbox gave global information about the plasma impedance. The
Fluorine atom density was estimated by mean of actinometry.
Very simple scaling laws govern the process in spite of the complex involved
phenomena. The creation of F2 and N2 in clean reactor depend of the
Yasuda-like parameter: delivered power divided by input flow. A similar
scaling but at different value of the said parameter was found for the
cleaning time in case of NF3 plasma in deposited reactor. The electron
density and the density of atomic Fluorine follow a different scenario: they
increase almost linear with the applied power, as predicted by the global
model of Lieberman.
Keywords
NF3
scaling law
dissociation degree
Yasuda-like parameter
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Regeneration of Mineral Adsorbent by Nonthermal Plasma
Desorption of Formaldehyde
Katja Saulich1, Siegfried Müller1, Joachim Schomburg2
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Formaldehyde is a highly toxic byproduct in the biogas combustion process
and as such an economic process is required in order to remove it from the
exhaust gas. A new process was being developed where formaldehyde
remediation was carried out in two steps. Firstly, gaseous formaldehyde was
being adsorbed at the surface of a microporous natural mineral until the
break-through point of the adsorption process was reached. The second
process step involved the regeneration of the formaldehyde-loaded
adsorbent in a dielectric barrier discharge (DBD) plasma reactor. As a result,
formaldehyde was quantitatively desorbed from the mineral adsorbent
during the plasma process. The adsorbent regeneration efficiency was found
to depend critically on plasma process parameters such as discharge power
and residence time of the process gas in the packed-bed reactor. The
reproducibility of alternating adsorption and desorption processes was also
successfully demonstrated as the adsorbent regeneration efficiency was
found to be retained after several cycles. Additionally to the successful and
reproducible desorption process of the pollutant from the mineral,
formaldehyde was observed to degrade to carbon dioxide, carbon monoxide,
methanol, methane and methyl formate during the plasma process. The
ratio of carbon dioxide was obtained to be 62 % in the product mixture.
Keywords
air cleaning
formaldehyde removal
microporous minerals
plasma desorption
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Residue Free Removal of Organic Contaminants on Micro Structured
Surfaces by Use of an Atmospheric Pressure Plasma
Leander Loewenthal, Stephan Wieneke, Jan H. Henze, Lars ten Bosch,
Wolfgang Viöl
University of Applied Sciences and Arts, Göttingen, Germany
loewenthal@hawk-hhg.de
We report on an atmospheric pressure plasma-based cleaning process of
nano structured gold surfaces, which prior had been contaminated by low
quantities of organic substances. The used contaminants are highly resistant
against various solvents, furthermore the surface is structured with inverted
pyramids of 2µm side length and therefore fragile to direct contact. For that
reason it has to be cleaned contactless. The plasma treatment with a
dielectric barrier discharge (DBD) reduced the contamination by 40% after
30 seconds and beneath the detection limit of the used laser/spectrometer
combination after 120 seconds. The cleaning effect was analysed by energy
dispersive X-ray spectroscopy (EDX) and Raman spectroscopy. The use of a
plasmonic surface can amplify the Raman scattering by 1011 and therefore
allows to detect single molecules of a species adherent to the surface.
Analysis of the surface with atom force microscopy has shown that the
structured surface is not damaged by the treatment, which allows
reutilisation of the substrate.
The cleaning effect is explained by a combination of physical and chemical
effects, where the energized electrons break chemical bonds of the
contaminants by impact dissociation and in the discharge produced atomic
oxygen, which is highly reactive, works as a solvent for the organic
substances, whereby the substances are removed from the surface (and
near surface area) by diffusion.
It was demonstrated, that highly fragile surface structures can be cleaned
by an atmospheric pressure plasma, leaving no detectable residues.
Keywords
plasma cleaning
dielectric barrier discharge
raman spectroscopy
surface treatment
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Cleaning of Organic Contamination from EUV Optics Surfaces Using
Hydrogen-based Plasmas
Nikola Skoro, Evangelos Gogolides
Institute of Microelectronics, Athens, Greece
nskoro@imel.demokritos.gr
The efficiency of optics used in extreme ultraviolet (EUV) range suffers from
reflectivity degradation due to oxidation and carbon contamination of mirror
surfaces [1]. Therefore, an efficient cleaning procedure should be
ascertained in order to facilitate increasing number of applications of EUV
tools. The removal of the carbon contamination layer from the surface has
been reported in hydrogen RF plasmas and using atomic hydrogen for an
in-situ contamination removal method [2]. Since the process of in-situ
carbon contamination removal is already established with laser induced
plasmas, we performed measurements in RF plasma with similar
parameters. Gas pressures of hydrogen and hydrogen mixtures with Ar and
He were similar to ones used in laser-induced plasmas in EUV tools. Plasma
was ignited in a helicon-type plasma source. The first step was plasma
characterization by optical emission measurements. The method of optical
actinometry was used to determine hydrogen atom concentration and the
degree of dissociation. The results are compared to the one obtained by
pressure rise measurements. An ion flux probe was used to determine the
current of H2+ ions. Along with hydrogen atoms and H2+ ions, UV radiation
from plasma plays an important role in carbon removal. Therefore, as
second step, the influence of plasma radiation on carbon layers on polymer
was examined. By using windows with transparency in UV region we
investigated the influence of UV radiation to the carbon layer.
References
[1] S. Bajt et al., Proc. of SPIE, vol. 5037 (2003) p. 236
[2] S. Graham et al., J. Vac. Sci. Technol. B, 20, 2393 (2002)
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Removal of recontamination by cork taint from the surface of cork
stoppers by atmospheric pressure plasma processes
Joachim Schneider, Martina Leins, Andreas Schulz, Matthias Walker,
Christian Kamm, Ulrich Stroth
Uni Stuttgart, Inst. f. Plasmaforschung, Stuttgart, Germany
schneider@ipf.uni-stuttgart.de
Recontamination of the surface of cork stoppers by cork taint just before
bottling is still an unsolved challenge for both the manufacturers of bottling
lines and the producers of wine and sparkling wine. After bottling, the cork
taint on the surface of the cork stoppers can be easily released and - at a
sufficiently high concentration - spoil the wine and sparkling wine,
respectively, thus causing considerable economic losses and customer
dissatisfaction.
Cork taint is mainly due to the musty taste of halogen anisoles,
2,4,6-trichloroanisole or TCA in particular, in a certain concentration in wine
and sparkling wine. Two different atmospheric pressure microwave plasma
sources have been applied for the tests to remove TCA from the surface of
artificially contaminated natural cork stoppers: a micro plasma jet and a
plasma torch. While the plasma of the micro plasma jet was directly applied
onto the surface of the cork stoppers, the cork stoppers could only be
exposed to the remote plasma of the plasma torch in order to avoid any
damage due to thermal effects. Several process parameters - e.g., the
microwave power, different working gases and mixtures thereof, the plasma
exposure time, and the distance between the plasma source and the cork
stoppers - have been optimised for improving the efficiency of the plasma
processes with regard to the removal of TCA from the surface of the cork
stoppers. The corresponding results of the releasable TCA on the surface of
the cork stoppers before and after plasma treatment will be presented and
correlated with the characterisation of the plasmas of the two atmospheric
pressure plasma sources by optical emission spectroscopy.
This work is partially funded by the European Commission under contract
number FP7-SME-2010-1-262319.
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Remove of silver tarnish films by using atmospheric-pressure
plasma jets
Michael Thomas1, Margret von Hausen1, Annika Maier2, Gerhard Eggert2
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Silver was and still is a highly valued metal because of its lustrous surface
and its excellent workability. Unfortunately atmospheric gases like hydrogen
sulfide and carbonyl sulfide react with surfaces made of silver, thereby
generating a dark tarnish film. The main product of silver tarnishing is silver
sulfide, which leads to an unsightly change of the silver object´s surface. To
remove the tarnish film abrasive silver polish consisting of calcium
carbonate and distilled water is used in restorer practice. However, due to
the abrasive effect a measurable amount of silver is removed with every
polish procedure, which leads to a loss of invaluable cultural heritage. This is
a major problem especially with silver-plated or fragile artifacts. In the most
recent thirty years scientists have investigated low pressure plasma
processes as a non-destructive alternative cleaning method. A more
competitive and handier alternative is surface reduction with
atmospheric-pressure plasma. By using plasma jet that operates with
nitrogen and 3.3% hydrogen the tarnished surface can be cleaned within a
few seconds depending of the degree of contamination. The silver sulfide is
reduced to hydrogen sulfide and pure silver and the blackening disappears.
The effects of plasma treatment have been evaluated through the
investigation of different silver alloys before and after treatment, by means
of different analytical techniques like SEM–EDX, XPS and measurements of
reflection by using the Ulbricht sphere. The atmospheric-pressure plasma
method has been compared with different silver cleaning methods, like
low-pressure treatment, polishing with Paris white and electrochemical
cleaning. The advantages of this process are its non-abrasive mode of
operation and, in comparison to low-pressure systems, the possibility of
local treatment. Furthermore restorers get a novel possibility for treatment
of fragile objects and textile artifacts which cannot be cleaned mechanically
or wet chemically.
Keywords
cultural heritage
atmospheric-pressure plasma jet
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Influences of surface-active substances on specific power inputs
and on surface roughnesses of the metal product under plasma
vacuum arc treatment
Vladimir Arustamov, Khatam Ashurov, Khusniddinkhuja Kadirov, Ilyos
Khudaykulov
Arifov Institute of Electronics, Tashkent, Uzbekistan
husnish@mail.ru
The use of the vacuum arc for cleaning of the material surfaces and for
removal of various contaminations is an actual problem in view of essential
advantages of this cleaning method in comparison with chemical,
mechanical and other ones and, first of all, in view of absolute
environmental safety of vacuum arc method. However, in case of vacuum
arc cleaning of some kinds of the hot rolled metals covered with relative
thick (6-12 microns) layers of oxide, the roughness of the surfaces after
cleaning sometimes exceeds the necessary limit of 10-14 microns. Cleaning
of such steels of thick layers and removal of the scale is accompanied by the
large power inputs. It is a reason of necessity of improvement of plasma
vacuum arc technology and of the study of the interaction mechanisms of
cathode plasma of the vacuum arc with the material surfaces. In present
work the influence of surface-active substances on specific power inputs
under plasma vacuum arc cleaning of the steel samples and on the
roughnesses of the treated surfaces is considered. It is shown, that the
covering of the treated steel surfaces by 20% solution of KOH and NaOH
reduces the power inputs under the cleaning of the surfaces and removal of
the scale in 1.5-2.4 times and decreases the roughnesses of the treated
surfaces in 1.5-3.2 times.
Keywords
vacuum arc
cleaning
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Plasma etching of aluminum nitride thin films prepared by
magnetron sputtering method
Piotr Firek1, Bartlomiej Stonio2, Rafal Chodun3, Jan Szmidt2, Krzysztof
Zdunek3
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Several properties of the AlN films as e.g., isomorphous crystallographic
structure, high resistivity ( ~1013 Ω cm), high thermal stability (up to 2200
°C) and high thermal conductivity (~320 W/mK), make it excellent material
for application in structure of HEMT, FET transistors, playing role of
dielectric.
The AlN films were deposited using magnetron (fi = 100 mm) and pulse
power supplier (f = 100 kHz, with modulation of f = 2 kHz; current 3A).
Deposition processes were carried out at pulsed pressure from 10-3 Pa to 10-1
Pa and using Ar/N2 gas mixture. The films were deposited on n-type silicon
wafers located in parallel to aluminum target, with substrate-target distance
at 10 cm.
However, reaching a level of considerable maturity by technology of any
electronic material requires not only adequate methods of its synthesis but
also capabilities of material processing, among others availability of means
of its selective etching.
Investigated in this work thin AlN films were selective etched in RF plasma
environment in the 13.56 MHz OXFORD PLASMALAB 80+ set-up. The
influence of etching process parameters, like etching gas composition, its
flow rate and RF power on etching rate and the state of exposed Si surface
was subsequently studied and is discussed.
Keywords
aluminum nitride
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The hydrophilic properties of the etched SiO2 glass using
atmospheric dielectric barrier discharge plasma process
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In this work, the SiO2 glass was etched using atmospheric Dielectric Barrier
Discharge plasma process with various R.F. power in the range of 100-800
W. The surface morphology of SiO2 glass was analyzed by means of α-step,
AFM and FE-SEM. Hydrophilic property of SiO2 glass was investigated with
sessile drop contact angle meter. The surface morphology of etched SiO2
glass was controlled by R.F. Power of plasma etching process. The average
surface roughness of the SiO2 glass changed from 1.55 nm to 24 nm as R.F.
power increased from 0 to 800 W. It was found that the contact angle of
SiO2 glass decreased with decreasing RF power. At the optimized condition,
SiO2 glass shows super-hydrophilic property with under 6° of water sessile
drop contact angle. The detailed experimental results will be presented.
Keywords
DBD plasma etching
Super-Hydrophilic
Contact angle
Surface roughness
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Effects of the surface roughness on the visible transmittance of the
glass using atmospheric pressure plasma etching process
Jung-uk Shin, Seung-chun Oh, Sang-sik Kim
Institute for Advanced Engineering, Yongin-si, South Korea
paulshin@iae.re.kr
In this study, the SiO2 glass for the building materials or commercial
greenhouse application was etched by atmospheric pressure plasma process
in order to increase the visible transmittance. The surface morphology of the
SiO2 glass was evaluated by atomic force microscopy(AFM) and field
emission scanning electron microscopy(FE-SEM). The optical properties were
characterized using UV-Vis spectroscopy. The visible transmittance could be
extensively improved with the surface roughness of the SiO2 glass in the
range of below 100nm. The results showed that visible transmittance
increased with above 2% compared to bare SiO2 glass.
Keywords
Atmospheric plasma etching
Visible transmittance
Surface roughness
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Experimental study of DC driven hybrid PVD-PECVD process
Tereza Schmidtová, Pavel Souček, Petr Vašina
Masaryk university, Brno, Czech Republic
dorian@physics.muni.cz
Hybrid PVD-PECVD process of titanium sputtering in argon and acetylene
has been used for deposition of nanocomposite material consisting of
nanocrystallites of titanium carbide embedded in hydrogenated carbon
matrix. nc-TiC/a-C:H layers showed promising combination of properties
such as high hardness and Young's modulus with low friction and wear
making it an industrially attractive material for protective coatings. Hybrid
PVD-PECVD process combines aspects of both conventional techniques:
sputtering of titanium target (PVD) and acetylene as a source of carbon for
polymerization (PECVD).
Evolution of basic deposition plasma parameters such as discharge voltage
and current, total pressure and selected spectral emission line intensities as
a function of acetylene supply flow is reported and correlated with the
evolution of the state of the target. The aim of this contribution is to
understand the influence of RF substrate bias and magnetic field
configuration on deposition process. It can be expected that the additional
RF plasma interacts with DC plasma near the target. Also, the magnetic field
configuration (well balanced x strongly unbalanced) effects the acetylene
dissociation, target poisoning and the extent of the interaction of the two
plasmas (DC and RF).
Acknowledgements:
This research has been supported by GACR contracts 104/09/H080,
205/12/0407 and R&D center project for low-cost plasma and
nanotechnology surface modifications CZ.1.05/2.1.00/03.0086 funded by
European Regional Development Fund. Pavel Souček acknowledges the Brno
City Municipality as Holder of Brno PhD Talent Financial Aid.
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Remote Direct Current Plasma Sputtering for Various Coating
Processes
Jong-Kuk Kim, Seunghun Lee, Do-Geun Kim
Korea Institute of Materials Science, Changwon, South Korea
kjongk@kims.re.kr
High density plasma assisted sputtering source (HiPASS) has been
introduced to develop a remote plasma sputtering. In HiPASS the remote
plasma source (RPS) was an electron beam excited plasma using a direct
current discharge supplying Ar plasma (1010-11cm-3). Ar plasma was
transported from the RPS to a sputtering cathode by external magnetic
fields. The transported Ar ions generated a physical sputtering at the
negatively biased sputtering cathode. HiPASS has an advantage that
sputtering current and voltage were controllable independently. The
sputtering current was dominantly controllable by the discharge power of
the RPS. And sputtering voltage was applied to the sputtering cathode freely
with the fixed sputtering current modulated by the discharge power of the
RPS. As the discharge power of the RPS is increased from 2.4 to 8.4 kW, the
sputtering current of sputtering cathode (78.5 cm2) was varied from 1.2±0.1
to 3.6±0.2 A. This was an improved sputtering current comparing with
practical sputtering current (1 A at 78.5 cm2) of radio frequency excited
remote plasma sputtering. The remote plasma sputtering with the improved
sputtering current could be applied to low voltage high current sputtering for
damage-free transparent conductive oxide and barrier film depositions as
well as high voltage high current sputtering for hard coating applications.
Keywords
Sputtering
Remote Plasma
DC Discharge
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Integration of macro particle filter system in Larco®-technology for
ta-C-coatings in an industrial batch system
Martin Holzherr1, Michael Falz1, Tobias Schmidt1, Hans-Joachim Scheibe2,
Michael Leonhardt2, Carl-Friedrich Meyer2
1

VTD Vakuumtechnik Dresden GmbH, Dresden, Germany 2Fraunhofer IWS,
Dresden, Germany
martin.holzherr@vtd.de

The vacuum arc evaporation technique stands out for a very high degree of
single and multiple ionised carbon atoms with increased energy necessary
for condensation in the dense tetragonal amorphous diamond- like carbon
film structure (ta-C). Applying this technology beside low friction also super
hard coatings can be deposited. But one disadvantage of vacuum arc
evaporation process is the emission of macro particles. These macro
particles increase surface roughness significantly. Thus for many
applications it is necessary to post-treat the surface by mechanical
processes like brushing or polishing. In particular this is a difficult and
expensive treatment for complex 3-dimensional objects. Therefore a new
filter system was developed to minimize the amount of macro particles on
substrate. One important requirement for the new filter system was in
addition to the high absorption of macro particles an enlarged admission of
carbon ions to ensure a deposition rate high enough for industrial
applications.
The hard material coating system DREVA 600 from VTD Vakuumtechnik
Dresden GmbH has been equipped with a laser arc module and the
additional new filter system. The plant concept and first results of the
deposition of smooth ta-C-thin films in industrial conditions will be shown in
this contribution.
The carbon plasma during deposition process was examined by optical
emission spectroscopy (OES) and Langmuir probe. Finally the standard and
the filtered laser arc system will be compared.
Resulting of this the effect of the new filter system on plasma parameters
and thin film properties will be shown.
Keywords
ta-C
DIAMOR
laser arc module
macro particle filter
OES
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ON THE INJECTED GAS/ELECTRIC POWER RELATION FOR DEPOSITION
EFFICIENCY CONTROL DURING THE GIMS DEPOSITION
Krzysztof Zdunek1, Katarzyna Nowakowska-Langier2, Rafal Chodun1, Jerzy
Dora3
1
Warsaw University of Technology, Warsaw, Poland 2National Centre for
Nuclear Research, Otwock, Poland 3Dora Power Systems, Wilczyce, Poland

zdunek@inmat.pw.edu.pl
During the last AEPSE'2011 conference we presented our concept as well as
the first results of the use of working gas injection to control the generation
of pulsed plasma. The problem was discussed on the basis of two methods:
IPD and MS. The first results indicated the desirability of a deeper interest in
such a way of plasma process control. The idea of using the working gas
injection instead of stationary gas flow mode assumes in the first
approximation that the lack of cold gas in the chamber space prior to gas
injection could next avoid the kinetic energy dissipation on collision between
the plasma particles and the cold gas. Previously presented studies (AEPSE)
have shown the initial experimental results proving the positives of
proposed modification of the well known methods of plasma surface
deposition (in the case of IPD - possibility of exceptionally effective
producing of antiabrasive layers on unheated substrates and from the other
hand - the positive change in the morphology of layers as well as a different
way of target erosion during the layer deposition by MS). Lately carried out
experiments have showed that during the GIMS deposition of AlN coatings
(GIMS - Gas Injection Magnetron Sputtering) higher amounts of Al-Al bonds
have occurred in comparison with the case of stationary gas flow mode. It
seems to us that the reason of that metallic “tail” could be both the
diminishing of the portion of reactive gas and/or self sputtering effect of the
aluminum target arising during the last phase of Ar+N2 mixture injection.
The proposed contribution concerns the very last our studies on the
possibilities of control the gas/electric power relation during the GIMS
process and its importance for the coating material.

Keywords
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PAPVD
PULSE PLASMA
MAGNETRON SPUTTERING
GAS INJECTION
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Influence of the Ion Beam Current on Microstructures and Optical
Properties of Al2O3 Thin Films by Oxygen Ion Beam Assisted Pulse
Reactive Magnetron Sputtering
Yudong Feng, Jinxiao Wang, Zhimin Wang, Yi Wang, Kai Zhao, Xiaomei Su,
Hu Wang
Lanzhou Institute of Physics, Lanzhou, China
coldwind716@gmail.com
The Al2O3 films were deposited on polymide substrates using oxygen ion
beam assisted pulse reactive magnetron sputtering in which the oxygen ion
beam were produced from anode type linear ion source. The objective of
this work is to study and understand the influence of ion beam current on
the microstructures and optical properties of Al2O3 films. Characterization of
the films with X-ray (XRD) and X-ray photoelectron spectroscopy (XPS)
revealed that with increasing ion beam current to 0.85 A, the films came
into totally oxidation and were kept in amorphous state. The optical
characteristics of Al2O3 films were studied by the transmittance
spectroscopy measurement. We found that Al2O3 thin films with
stoichiometric at the ion beam current of 0.85 A had the highest refractive
index and the lowest extinction coefficient. As the ion beam current further
increased, refractive index became lower and extinction coefficient came
into higher. The deposition rate firstly increased gradually, reached the
maximum with ion beam current of 0.85 A and then saturated with
increasing the ion beam current.
Keywords
Oxygen ion beam
Pulse reactive magnetron sputtering
Al2O3 films
Ion beam current
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Luminescent thin films prepared by combined reactive magnetron
sputtering and plasma decomposition of non-volatile precursors
Francisco Yubero1, Jorge Gil Rostra2, Agustín R. González-Elipe3
1

ICMS (CSIC - U. Sevilla), Sevilla, Spain 2ICMSE (CSIC - U. Sevilla), Sevilla,
Spain 3ICMSE (CSIC U. Sevilla), Sevilla, Spain
yubero@icmse.csic.es

This paper reports on a new procedure of preparation ox mixed oxide thin
films that combines the traditional reactive magnetron sputtering (MS)
deposition of one of the oxide components with the plasma activated
decomposition of non-volatile precursors at room temperature. It allows
obtaining in a well-controlled manner mixed oxide thin films with a precise
control of their composition (1). The procedure consists of using the plasma
activated by the magnetron discharge to decompose a metal-organic
compound sublimated by means of an effusion cell within the deposition
chamber.The characteristics of the deposited films are controlled by a
proper adjustment of process parameters such as the magnetron discharge
power, the chemistry of the non-volatile metal-organic precursor, and the
relative deposition rates of the matrix oxide by MS and the cation supplied
by the effusion cell. In this presentation the capabilities of this new
experimental procedure are shown with the preparation of luminescent thin
films consisting of rare earth (RE) cations (Tb3+, Eu3+, …) incorporated as
minority elements in an oxide matrix (TiO2, SiO2, ZnO). In these
preparations, the oxide matrix was supplied by reactive MS from Ti, Si or Zn
targets, while the RE cation was dosed by sublimation of acetylacetonate
compounds. The obtained mixed oxide thin films have been characterized
by different methods and their luminescent properties studied as a function
of RE element present in the film. The possibilities of the procedure for the
synthesis of other mixed oxide thin films containing alkaline, alkaline-earth,
RE or other reactive metal cations (e.g., solid electrolytes, battery
electrodes, mixed conductors, etc.) are discussed.
(1) J. Gil-Rostra, F. Yubero, A. Barranco, A.R. González-Elipe. Procedimiento
para la preparación de películas delgadas de óxidos mixtos sobre sustratos y
dispositivo para su realización. Spanish patent
P201230048. Presented 13 January 2012,
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Influence of the N2 partial pressure on the structure and properties
of ZrAlN thin films
Doris Luef, Jörg Paulitsch, Paul H. Mayrhofer
Montanuniversitaet Leoben, Leoben, Austria
doris.luef@unileoben.ac.at
The compositional and structural evolution of ZrAlN thin films as a function
of the N2-to-total pressure ratio (pN2/pT) and the substrate position during
reactive magnetron sputtering are investigated in detail. We therefore used
powder-metallurgically prepared ZrAl targets with two different
compositions of 70/30at% and 60/40at%. Based on these studies we can
show that the Al incorporation to the prepared films as well as their
crystalline structure is highly dominated by the reactive gas ratio used.
Hysteresis curves are carried out to investigate the different states of target
poisoning as a function of the N2 partial pressure. Furthermore, we
correlated these findings with the resulting film structure, chemical
composition, morphology and mechanical properties. We demonstrate that
for both targets, Zr0.7Al0.3 and Zr0.6Al0.4, face-centered-cubic (fcc) ZrAlN
coatings are obtained when using low pN2/pT ratios of around 10%, whereas
higher ratios lead to the formation of a nanocrystalline material composed of
multiple phases. Thermal stability and structural evolution of the ZrAlN
coatings are investigated after vacuum annealing up to 1100 °C, by X-ray
diffraction analysis, indicating a stabilization of the crystalline fcc structure
up to ~800°C. These results are supported by dynamical differential
scanning calorimetric and thermogravimetric analysis.
Keywords
ZrAlN
reactive sputtering
thermal stability
phase evolution
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Arc-free reactive pulsed sputtering of Alumina from metalic target
in oxide mode
Holger Gerdes, Ralf Bandorf, Günter Bräuer
Fraunhofer IST, Braunschweig, Germany
holger.gerdes@ist.fraunhofer.de
Alumina coatings are used besides application in cutting tools as insulator
for electric and sensor applications. For this application it is most important
to produce defect-free films with high field strength. By now many
approaches for depositing alumina were tried. The most common way is to
use a ceramic target and a rf-Power supply. Since the rf-technology is
expensive in the case of upscaling the target size and the deposition rate is
low, investigations were carried out using a double magnetron, metallic
targets and a feedback control. This approach leads to a high deposition
rate, but also to more complex process.
A combination of both processes, sputtering from a metallic target without a
feedback control should gain a stable process and also high deposition rate,
but was up to now not possible since this process turns instable on industrial
sized magnetrons. This presentation shows results of alumina deposited
using a Cyprium power supply in oxide mode. The investigations were
carried out on a planar target (430mm by 130 mm) and first results are
presented. The Current-voltage characteristics for different pulse sequences
and charging voltages are shown as well as the hysteresis loop in
dependence of the oxygen flow and partial pressure for different average
powers. Regarding the insulating properties the films were characterized by
their critical leakage field strength.
Keywords
Alumina
arc free
insulator
breakdown voltage
HIPIMS
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Combining a Magnetron Sputtering Plasma with an
Electron-Cyclotron Resonance Plasma for the Deposition of
Cu(In,Ga)S2 Films
Thomas Welzel1, Karl Barucki2, Jonas Krause1, Karsten Harbauer1, Klaus
Ellmer1
1

Helmholtz-Zentrum Berlin, Berlin, Germany 2IOT Innovative
Oberflächentechnologien GmbH, Leipzig, Germany
thomas.welzel@helmholtz-berlin.de

Magnetron sputtering (MS) is widely used for the deposition of high-quality
thin films, e.g. in photovoltaics, especially for the transparent conductive
oxide front and the metallic back contacts. The reason is that moderate
particle energies either obtained from the sputtering process or low-energy
ion bombardment (below 50 eV) improve density and structural formation of
the films at low substrate temperatures. The use of MS for the deposition of
thin film absorber layers, e.g. Cu(In,Ga)S(e)2 chalkopyrites is still a challenge
because the essential opto-electronic properties can be perturbed by
bombardment with high-energetic (above 100 eV) particles (atoms, ions). To
overcome this problem, either the high-energetic bombardment – an
intrinsic property of reactive MS – should be reduced or additional
low-energy bombardment could be tried to anneal defects.
We have combined an MS system with a beamlike electron-cyclotron
resonance (ECR) plasma with the primary intention to inject additional
charge carriers in the magnetron plasma torus to reduce its impedance and
hence the high energy of negative ions. The comparably high plasma
density of the ECR plasma was additionally used to enhance the weak
plasma in the substrate region by changing the direction of the ECR beam.
Investigations with the ECR beam pointing differently into the magnetron
target region showed that the target voltage reduction is generally
insufficient with about 10% even if the ECR source is facing the target. A
comparison of the simulated combined magnetic field and the plasma
distribution revealed a strong magnetic shielding forming a separatrix
between the magnetron and the ECR plasma. A reduction of the high ion
energies is therefore not feasible. However, directing the ECR beam into the
substrate region led to a significant improvement of solar cell efficiencies for
Cu(In,Ga)S2 absorber layers deposited with this plasma source combination.
Possible reasons for this unexpected improvement are discussed.
Keywords
Magnetron Sputtering, ECR Plasma, Ion-Assisted Film Growth, Thin Film Solar
Cells, Chalkopyrite Films
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Understanding and using the current-voltage-pressure relationship
in reactive magnetron sputtering for the growth of transparent
conductive oxides
Steffen Cornelius, Mykola Vinnichenko, Wolfhard Möller
Helmholtz-Zentrum Dresden-Rossendorf, Dresden, Germany
s.cornelius@hzdr.de
Due to its inherent flexibility reactive magnetron sputtering is a very
attractive technique for the fabrication of functional oxide thin films.
Operating in the transition mode it is possible to grow stoichiometric
materials with high deposition rates using cost-effective metallic targets. It
is of utmost importance to reliably control the metal to reactive gas flux to
the substrate in cases where the film composition plays an important role in
achieving desired film properties. For example, this is the case in
transparent conductive oxides based on ZnO and TiO2, where small changes
in the oxygen content in the films have a strong effect on their micro
structure, optical and electrical properties.
Present work explores a method using the current-voltage-O2 partial
pressure relationship of the reactive magnetron discharge for this purpose.
It is shown that there are two different groups of reactive discharges which
can be classified by the ratio of the secondary electron emission coefficients
of the metal and the corresponding oxide.
Each group shows a distinct current-voltage behavior, which demands a
certain operation mode in order to stabilize the discharge in the transition
mode. This enables a fine control of oxygen partial pressure resulting in
optimized films. Model experiments linking discharge parameters with film
properties will be discussed in detail.
Keywords
transparent conductive oxide
reactive magnetron sputtering
zinc oxide
transition mode
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Characterization of a triode sputter source used for the deposition
of inner walls of narrow hollow cylinders
Johann Laimer, Eva Ruppert, Herbert Störi
Vienna University of Technology, Wien, Austria
laimer@iap.tuwien.ac.at
Nowadays, it is common practice to deposit coatings by magnetron
sputtering with sufficiently high deposition rate. Even inner walls of hollow
cylinders may be coated by this technique. However, due to the space
required for magnets in the interior of the cylindrical sputter source there is
a limit in down sizing the diameter of the source and hence a limit in the
minimal diameter of hollow cylinders to be coated.
Triode sputter deposition, which is known since a long time, does not need
the incorporation of magnets into the cylindrical sputter target and would
therefore allow smaller diameters of the sputter target and hence would
allow the deposition of inner walls of narrower hollow cylinders. We present
a hot filament supported triode sputter system, optimised for high rate
deposition inside narrow spaces. In the present study a steel sleeve with an
inner diameter of 30 mm and a height of 50 mm was used as a substrate to
prove the principle. This inner diameter is not the limit of the process, it
could be easily further decreased.
Depositing metallic alloys, deposition rates in excess of 1 µm/min,
comparable to high performance magnetron sputter systems have been
achieved. Furthermore, the thickness of the deposited coating was very
uniform.
A detailed electrical characterization of the discharge will be presented.
Keywords
triode sputter system
high rate deposition
coating of inner walls
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Ability of conventional DC magnetron sputtering to coat complex
substrates
Anne-Lise THOMANN1, Constantin VAHLAS2, Lyacine ALOUI3, Eliane
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Complex materials, exhibiting a cocktail of properties, are currently needed
for many applications. In this context, new requirements arise in terms of
materials processing, such as the coating and functionalization of complex
surfaces of powders, porous materials, or micro-patterned devices.
Depending on the requirements, the aim may be to duplicate the original
design of the surface, or to modify it (filling of holes etc.).
Among available vapor deposition techniques (PVD and CVD), magnetron
sputtering deposition exhibits advantages and drawbacks that it might be
interesting to evidence. In that aim a micro-patterned silicon wafer has been
designed in the frame of the french research group of laboratories named
SurGéCo (CNRS GdR). Aluminum thin films have been deposited on this
model substrate by two PVD techniques; pulsed laser deposition (PLD) and
magnetron sputtering (MS), and by metal-organic (MO)CVD. Scanning
electron microscopy (SEM) was performed in order to determine the film
microstructure and thickness conformity. Besides the comparison between
deposition techniques, the study of the film structure inside micro-holes or
-trenches can give some insight into the deposition conditions.
To illustrate the ability of magnetron sputtering technique to coat complex
surfaces, thin films of W, Ni and Ti deposited onto carbon nanotube carpets
will be presented. These films are developed to serve as energy transducers
for the characterization of the carpet thermal conductivity.
Keywords
Complex surface
Micro-patterned substrate
Carbon nanotube carpet
Plasma magnetron sputtering
Pulsed laser deposition
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Formation of plasma technological influence of vacuum arc on the
internal surfaces of metal pipes and putting of the protecting
coatings
Vladimir Arustamov, Khatam Ashurov, Khusniddinkhuja Kadirov, Ilyos
Khudaykulov
Arifov Institute of Electronics, Tashkent, Uzbekistan
husnish@mail.ru
The combination of bulk properties of one material with surface properties of
another one in framework of uniform material is economic or technically
necessary in many industrial applications. Treatment of products of
inexpensive materials by the vacuum plasma arc for the obtaining of
necessary new properties of the surface and interface layers is very
perspective method in view of large efficiency of this process. However,
there are no effective methods of treatment of internal surfaces of pipes and
putting of the protecting coatings on them. It create the barriers for the use
of cheap steel pipes in conditions with aggressive liquid components, with
the enhanced pressures, with large temperature and with other parametres
leading to increase of oxidation, erosion and to decrease of operation time
of products.
The specific influence of arc vacuum discharge upon the material surface is
caused by high energy concentration in rapidly moving cathode spot and by
momentary local warming — up with subsequent prompt cooling. In this
connection, the base of creation of plasma influence on the surface is the
management of moving of the cathode spots. It provides of technological
effect of plasma influence on the surfaces.In the present work the questions
of the fixing of cathode plasma by opposite magnetic fields in the cases of
coaxial electrodes and the problems of technological influence of plasma on
the internal surfaces of pipes are considered. The developed system of the
fixing of cathode plasma by the magnets placed in an internal space of the
pipe-electrode forming an arch magnetic field for the trap of cathode plasma
is described. The scanning by formed plasma mill on the internal surfaces of
the pipes showed the high efficiency of the plasma vacuum arc method for
the treatment of the internal surfaces of the pipes and putting of the
coatings on them as such as for the achievements of necessary
anticorrosive properties and other important parametres.
Keywords
vacuum arc
cleaning
coating
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Particle-In-Cell Simulation of Closed Drift Type Linear Deposition
Source
Seunghun Lee, Do-Geun Kim, Jong-Kuk Kim
Korea Institute of Material Science, Changwon, South Korea
seunghun@kims.re.kr
Nowadays closed drift type linear ion source has been applied to the plasma
treatment and deposition source in roll-to-roll system. To optimize the linear
ion source for the deposition process, modifications are required at
electrode design and magnetic field structure. An ion energy control and a
high density plasma generation are important issues to achieve a film
densification and a high dynamic deposition rate. In this work,
two-dimensional particle-in-cell (PIC) simulation was used to predict the
behaviors of ions and electrons in the linear deposition source. From a
traditional structure of closed drift linear ion source, the design parameters
of anode-cathode electrodes such as an aspect ratio, magnetism, and anode
structure were investigated in the PIC simulation to predict an anode layer
formation and electron trapping relating ion accelerations and plasma
generations, respectively. The simulation showed plasma distributions and
the energy distributions of emitting ions. Additionally the linear ion source
with optimized design was fabricated and tested in diamond like carbon
(DLC) film coating process.
Keywords
PIC
Deposition
Closed Drift
Linear Ion Source
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Modeling the time dependency of the reactive sputter process
Koen Strijckmans, Wouter Leroy, Diederik Depla
Ghent University, Gent, Belgium
koen.strijckmans@ugent.be
When adding a reactive gas (like oxygen or nitrogen) to the sputter process,
a wealth of new technological opportunities arises. Nevertheless the
inclusion of this reactive species introduces a so-called poisoning
mechanism of the target which seriously decreases the deposition rate. As
the transition to the poisoned mode typically evolves in a timescale of
seconds up to minutes, which is slow compared to discharge related
processes, the use of time-expensive detailed codes should be avoided. An
accurate and fast model which describes the time dependency of this
poisoning effect is therefore needed.
A non-stationary RSD (Reactive Sputter Deposition) model is therefore
proposed. It is based on a stationary version which was already applied in
earlier work [1]. The present model includes the following poisoning
mechanisms: chemisorption, direct and knock-on reactive ion implantation,
and redeposition of sputtered material on the target. This model [2] is
reinforced with a more detailed input from a plasma model which accounts
for the changing target condition and the reactive gas content. This will
result in a time evolution of the bombarding reactive ion distribution.
Combined with the SIMTRA package [3] and SRIM [4], this gives us a strong
tool to investigate the time evolution and the mechanisms of the target
poisoning.
As feedback to the RSD model, the simulated time evolution is compared to
the experimental one for a planar DC magnetron. This will show the
necessity of including additional physical processes like diffusion, an
accurate model of existing aspects like implantation, or the correctness of
the physical parameters defining the system.
References:
[1] K. Strijckmans et al., submitted for publication.
[2] D. Depla et al., J. Appl. Phys. 107 (2010) 113307.
[3] K. Van Aeken, et al., J. Phys D, Appl. Phys. 41 (2008) 205307.
[4] The Stopping and Range of Ions in Matter, 2010, http://www.srim.org.
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Features of DC magnetron sputtering of mosaic copper-graphite
targets
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DC magnetron sputtering of mosaic targets is a convenient method for
production of multi-component coatings. However, the preferential
sputtering of one of the target elements makes it difficult to reproduce the
required coating composition. This work devoted to studying the magnetron
sputtering of copper-graphite targets resulted in finding the regimes with
equal sputtering rates of copper or graphite elements. Therefore, the
composition of the produced coatings was determined by the given ratio of
the areas of target elements.
A planar dc magnetron was used in our experiments. The targets were
copper discs of 75 mm in diameter and 8 mm in thickness with cylindrical
graphite inserts. The inserts were flush-mounted in a matrix in the area of
the maximal erosion at the circle with R=2.1 cm. The discharge power
density was in range of P=16-90 W/cm2, pressure of the working gas –
argon – 4 mTorr, the distance between the target and the substrate was 60
mm.At the initial stage of sputtering the mentioned rates considerably differ,
as a result of which there arises a growth step about 1 mm between the
surfaces of carbon and copper. The further sputtering with a power density
greater than 45 W/cm2 leads to the equal surfaces velocities about 10-1
mcm/s with constant step size.
The obtained data about the plasma composition and the results of the EDX
analysis of the target surfaces show that there occurs embedding of argon
and copper ions bombarding the target into the graphite surface.
A mechanism was proposed for the equal sputtering rates of the target
elements with different sputtering yields. The mechanism takes into account
the difference in depth among the mosaic elements, redistribution and
focusing of ion flows between higher and deeper elements as well as
mass-transfer in plasma and ion implantation into mosaic elements of
another kind, which lead to the known sputtering yield amplification effect.
Keywords
magnetron
sputtering yield
mosaic target
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Sn Thin Film Deposition using a Hot Refractory Anode Vacuum Arc
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A Hot Refractory Anode Vacuum Arc (HRAVA) starts as cathodic arc, in which
the plasma jets and macroparticles (MPs) generated by cathode spots are
deposited on the anode, which is heat by the arc. When the anode is hot, all
material is re-evaporated from the anode forming a plasma plume which
expands radially from the arc gap and which has little MP contamination.
The HRAVA was sustained between a water-cooled Sn cathode and a
graphite or W anode, with a gap h of 10 or 15mm, for times up to 180s, and
arc current I=60–175A. The cathodes were 10mm in height (in Cu shielded
cup) and either diameter D=60mm (and were used with a W anode with
D=60mm and height 10mm) or D=30mm (and used with a D=32mm and
height 9 or 15mm graphite anode). A mechanical shutter controlled the
deposition onset and exposure duration (15s). The distance from the arc
axis to the substrate (L) was 80, 110, or 125mm. Film thickness was
measured with a profilometer. MPs on the coating surface were examined by
optical microscopy.
For L=110mm, I=175A, h=9mm and D=30mm cathode, the deposition rate
Vdep increased with time to a peak of ~0.84μm/min, and then decreased to a
steady state of ~0.69μm/min. This peak was observed for all I≥80A and was
earlier and higher for larger I and thinner anodes. The peak was explained
by MPs deposited early on the cold anode surface and their subsequent
evaporation when the anode was sufficiently hot. When a balance was
achieved between material impingement and evaporation at the hot anode
the deposition rate approached its steady-state level. The peak didn’t
appear with D=60mm cathodes—in that case with I=175A, Vdep
monotonically increased with time from ~0.5 to ~3.0μm/min. The MP
density decreased with current, e.g. with a D=30mm cathode from 37mm-2
at I=80A to ~17mm-2 at I=175A. These MP densities were larger than that
measured with Cu cathodes (~1-2 mm-2 at I=175A with a W anode).
Presumably this is because Sn is a low melting temperature material with a
large cathode spot MP generation rate.
Keywords
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The Influence of Cathode Grain Size on the Arc Process and Coating
Properties
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In this work, the influence of the cathode’s microstructure on the cathodic
arc process and the deposited coatings´ properties is studied by analytical
electron microscopy in combination with X-ray diffraction and X-ray
photoelectron spectroscopy. Three dedicated 32 mm thick disk-shaped Ti-Si
80/20 at% Cathodes with different grain sizes of ~10 μm, ~100 μm, ~1000
μm, were manufactured by spark plasma sintering. They are found to
generate arcs with different movement behavior during arc process. The
near surface region of all three cathodes after arcing shows altered
microstructure and composition compared with the virgin state. The surface
roughness of the cathodes after arcing varies significantly with their grain
sizes. A finer the grain size results in a smoother worn surface. The
consequent impacts of varying the grain size of the cathodes on the coating
properties, including its microstruture, element stochiometry, droplets
density etc., are also addressed in this work.
Keywords
Ti-Si cathode
grain size
deposition rate
electron microscopy
microstructure
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Pulse Plasma Ion Assisted EB-PVD with doping by ion sputtering of
additional target
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Plasma ion assisted physical vapor deposition with electron-beam
evaporation (PIA-EB-PVD) is one of commonly used methods for deposition
of various coatings. The characteristics of coatings may be improved when a
pulse modulated negative bias is applied to substrates. The traditional
EB-PVD has drawback in non-congruent evaporation of composite ingots
consisting from components with different rate of evaporation. Such case
occurs during deposition of alloys Ti-8Al-1V-1Mo, Ti-6Al-2Sn-4Zr-2Mo, etc.
The drawback may be overcome if one uses EB evaporation of
non-refractory components and their vapor ionization in combination with
matched metal-ion sputtering of additional targets from refractory
components. This approach has been studied for PIA-EB-PVD of
Ti-8Al-1V-1Mo coating. A negatively biased target, made from refractory
metal (Mo), was sputtered by metal ions (mainly Ti+) generated in
low-voltage arc discharge, existing in metal vapor, which, in turn, was
generated due to EB heating of an ingot. The ingot was of Ti/Al/V
composition. The Mo target was disposed in the vicinity of the substrate; the
lower (back) target surface was shielded from the metal vapor flow. The EB
power was 40 kW. The arc discharge current was 50-200 A. The substrate
bias voltage was pulse modulated (pulse frequency F = 1 kHz, duty cycle D
= 0.1-0.9, –Ubias = 0-2 kV). The sputtering coefficient for Mo/ Ti+ calculated
with help of the TRIM code is about 2 for ion energy 2-3 kV, therefore the
maximum target bias voltages was –2.5 kV and was also pulse modulated (F
= 1kHz, D = 0.9) for preventing arcing on the target surface. The
experiments showed that Mo content in the deposited alloy was up to 2 w.%
and could be regulated by variation of the target bias. Thus, one can see
introducing the negatively biased target into ionized metal vapor allows
doping the deposited composite coating with the target metal in the
controllable mode.
Keywords
EB-PVD
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PVD with doping
ion sputtering
pulse sputtering
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Cristian Lungu1, Corneliu Porosnicu1, Ionut Jepu1, Ana Mihaela Lungu1, Daniel
Ursescu2, Razvan Dabu1, Cristiana E. Grigorescu3, Mariana Osiac4, Vincenc
Nemanic5
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A terawatt laser system (Tewalas), 360 ps pulse duration, 120 mJ pulse
energy was used to produce plasma in a D2 atmosphere in the vicinity of
pure tungsten, carbon and beryllium films coated on graphite substrates.
Tungsten, carbon and beryllium films with the thickness of 200-2500 nm
were prepared using the originalThermionic Vacuum Arc method developed
at the National Institute for Laser, Plasma and Radiation Physics. The
method uses circular heated cathodes emitting high intensity electron
beams capable to melt refractory materials. The plasma plume, produced by
the laser pulses was investigated by a VUV spectrometer. The spectra were
recorded in the 10-22 nm domain from successive pulses in the same
sample locations. After laser irradiation, optical imaging, scanning electron
microscopy and XPS studies revealed nanostructured films formation. The
Raman scattering measurements on carbon films inferred the characteristic
D and G modes awattof carbon in all samples while the specific peak at
1330 cm‑1 corresponding to diamond was observed also. Nanohardness
measurements using a nanoindenter gave values of 10-20 GPa, opening the
possibility of using such materials as protective coating on a wide range of
mechanical components, including the first wall of a fusion reactor.
Acknowledgement
This work was supported from the Ministry of Education, Research and
Sports of Romania, through contract PN-II-ID-PCE-2011-3-0522
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The sticking and reorganization of atoms at the surface and in the
sub-monolayer range is of great importance in the field of plasma surface
treatments. Indeed, the first monolayers define the interface structure and
properties between deposited layer and substrate as well as the adhesion of
this deposited layer on the substrate. In plasma deposition techniques, the
balance between sputtering and deposition of matter is governed by the
species in the plasma as well as their distributions of impact energy and
incidence angle on the substrate. However, these parameters are difficult to
study by plasma deposition techniques.
In this presentation, we have used the Storing Matter technique1,2 for the
preparation of sub-monolayer films and secondary ion mass spectrometry
(SIMS) for the analysis. First, the experimental method including the Storing
Matter instrument will be described. Next, results on Ti deposition will be
presented. Ti samples were sputtered by a 10keV Ar+ beam with different
primary ion fluences. The emitted Ti ions were collected on dedicated Si/SiO2
collectors in the sub-monolayer range. Film thickness was calibrated versus
deposition conditions to get ideas about the sticking behaviour of the
matter: deposits have a Gaussian shape with a width at half maximum
varying from 2500µm to 3000µm. Deposit height and coverage will be given
in the presentation.
Experimental results are compared to molecular dynamics (MD) simulations
using a level-three force field capable of modelling the breaking and
formation of bonds. Continuous Ti deposition gives insight into the adhesion,
implantation or backscattering of deposited Ti atoms with surface coverage.
The sticking coefficient depends on deposition energy and angle, but in
average it is close to 90%.
Reference List
1. T. Wirtz and H. N. Migeon, Appl. Surf. Sci. 255, 1498 (2008).
2. C. Mansilla and T. Wirtz, Surf. Interface Anal. 42, 1135 (2010).
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Numerical simulations of the deposition of hexane molecules and
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In the context of plasma surface treatments, a proper understanding of the
plasma-surface interaction during the deposition process is of great
importance. The structure of the first monolayer of deposited matter largely
determines the general properties of the deposited surface, as well as its
adhesion properties in the case of reversible adhesion. The initial growth of
this monolayer, in turn, is governed by the adhesion of the various
molecules present in the plasma.
In order to gain insight into the molecule-surface interaction during the
initial stages of the process, we perform numerical studies of the deposition
of organic molecules and molecular fragments in the sub-monolayer range.
The deposition process is simulated using molecular dynamics (MD), and the
sticking of the various species, as well as its dependence on the energy and
incidence angle, are determined. In order to minimize computational effects,
we repeat the simulations using both classical and ab-initio MD. In addition,
the chemical bonds between molecules and substrate are studied using
static density functional theory (DFT) calculations.
In our initial work, we study the deposition of hexane molecules and
fragments onto a reconstructed (100) silicon surface. We determine the
sticking probability of each fragment, while systematically varying the
deposition energy and incidence angle. The simulation results show no
adhesion of intact hexane molecules, whereas sticking is frequent for
molecular fragments, with the probability roughly decreasing for increasing
fragment size and angle of incidence. In this presentation the simulation
setting and numerical results of our study will be discussed in detail.
Keywords
surface functionalisation
plasma-surface interaction
molecular dynamics
DFT
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Plasma surface treatments present nowadays an efficient and ecological tool
for surface functionalisation. For this application, the deposition and sticking
of molecules in the sub-monolayer range is of great importance, as this
monolayer defines the surface properties in general, and the adhesion
properties in the context of reversible adhesion between metal and polymer
surfaces. Studies for the adhesion of molecules in the sub-monolayer range
are difficult to carry out by plasma deposition techniques. In this
presentation we will use sputter deposition as experimental technique and
molecular dynamics (MD) simulations as well as density functional theory
(DFT) calculations as numerical methods.
The sputter deposition of polystyrene (PS) molecules on silver substrates
was carried out by the Storing Matter (StoMat) prototype1-3 and the
deposits were analyzed by static secondary ion mass spectrometry
(ToF-SIMS). ToF-SIMS mass spectra showed successful adhesion of PS
fragments after double fragmentation of PS during sputter deposition and
ToF-SIMS analysis. For the PS deposits, a Gaussian distribution was
observed. Sputter deposition parameters (impact energy of ions during
sputter deposition, thickness of deposit) were studied in order to investigate
their effect on sticking behaviour of molecular fragments. The results
obtained will be discussed in detail and compared to numerical simulations.
Reference List
1. T. Wirtz and H. N. Migeon, Appl. Surf. Sci. 255, 1498 (2008).
2. C. Mansilla and T. Wirtz, Journal of Vacuum Science & Technology B 28,
C1C71-C1C76 (2010).
3. N. Becker, T. Wirtz, and H. N. Migeon, Surf. Interface Anal. 43, 413 (2011).
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The sticking and reorganization of atoms at the surface and in the
sub-monolayer range is of great importance in the field of plasma surface
treatments. Although the sputtering and deposition of matter is mainly
governed by the species in the plasma as well as their distributions of
impact energies and incidence angle on the substrate, the local structure of
the substrate may also play an important role.
Molecular dynamics simulations (MD) allow us to gain important insights into
those deposition mechanisms: they enable the user to control precisely the
trajectory of the incident atoms as well as the surface upon which they are
being deposited. By using a level-three force field capable of modelling the
breaking and formation of chemical bonds, we investigate how carbon and
titanium atoms interact with different types of silicon surfaces. Two types of
surfaces are considered: a crystalline (100) surface and an amorphous
surface. The impact angle and/or the energy of the incident atom are varied
in order to determine the condition for adhesion and the extent of atom
implantation in conditions similar to plasma deposition.
While carbon implantation on crystalline surfaces is influenced by a
channelling effect at incidence angles close to 45° and results in deeper
implantation depths, the carbon implantation on amorphous surfaces is
maximal at normal incidence. Titanium deposition, on the other hand, is
much less influenced by the crystallinity of the substrate.
Keywords
Molecular Dynamics
sticking
titanium
carbon
amorphous
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When depositing thin metal films on dielectric substrates, the
three-dimensional island growth occurs. The complete growth mechanism
involves a number of atomic scale processes, both increasing the speed of
growth and decreasing it, resulting even in dissolution of small clusters. By
decreasing the temperature or increasing the deposition rate the nucleation
rate of the clusters can be increased and vice versa. Besides these two basic
experimental parameters, there exist further physical parameters as kinetic
energies of impinging atoms, state of the substrate, etc., one of the most
important being the duration of the evaporation process. This idea is used in
the pulsed laser deposition and pulsed plasma deposition techniques, which
belong to important technologies. When analyzing these techniques, it was
found that the computer simulation, especially the kinetic Monte Carlo
method, is extremely useful for the study of growth processes on a
microscopic level.
The present contribution is devoted to the study of physical processes
taking place during thin film growth by an atomistic computer modelling.
The basic technique is the kinetic Monte Carlo approach, used both for the
preparation of simulated structures and for their analysis. Information about
some processes for the stochastic description of film growth are taken from
the literature, the most important parameters, however, are calculated by
the molecular dynamics simulation and used as input data for the Monte
Carlo model. The main purpose of this study is the discussion of basic
mechanisms of the initial stages of film growth in both continuous and
pulsed regimes.
Keywords
pulsed deposition
continuous deposition
film growth
atomistic modelling
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By using the glancing angle deposition technique (GLAD) [1], it has been
shown that complex separated structures can be produced, like inclined
columns, zigzags and helices. Films with such structures present a wide
range of particular behaviours, and so the growth mechanisms should be
investigated. Since some differences between experiments and theoretical
results were noticed, simulation offers interesting tools to take into account
the deposition parameters and to provide the growth prediction.
In this study, we present three series of columnar inclined thin films with
different working pressures and target to substrate distances. For each
series the inclination of the substrate in compared to the normal to the
target is systematically change from 0 to 85°. Changing the pressure acts on
the spatial distribution of the atom flux, and so, on the final column angle of
the film. We found relation between the inclination angle and the column
angle different in each case and different to the classical laws. Three
simulation tools are used to reproduce this particular behaviour. First, SRIM
[2] simulates the sputtered atom flux. This information is then used by
SIMTRA [3], with the deposition conditions (pressure, dimensions…) and
gives the impinging atom flux. Afterwards, Simul3D [4] simulates the growth
of the film. Finally we compare the results obtained by experiments and
simulations.
This work reports on simulations of thin film growth exhibiting inclined
columnar microstructure. A dual approach is involved, by experiments and a
complete panel of simulation tools. This allows a good prediction of the
structure related to deposition conditions.
[1] K. Robbie, M.J. Brett, J. Vac. Sci. Technol. A 13 (1995) 1460.
[2] J. F. Ziegler, M. D. Ziegler, J. P. Biersack, Nucl. Instrum. Methods. Phys.
Res. B 268 (2010) 1818
[3] K. Van Aeken, S. Mahieu, D. Depla J. Phys D: Appl. Phys. 41 (2008)
205307
[4] A. Besnard, N. Martin, L. Carpentier, IOP Conf. Series: Mater. Sci. Eng. 12
(2010) 012011
Keywords
nanostructured thin films
simulation
sputtering

Powered by TCPDF (www.tcpdf.org)

Poster: Fundamentals of surface interaction and thin film growth

Monday, September 10, 2012

PO1062
Characterization of the energy flux towards the substrate during
magnetron sputter deposition of ZnO thin films
Sven Bornholdt1, Naho Itagaki2, Kazunari Kuwahara2, Harm Wulff3, Masaharu
Shiratani2, Holger Kersten1
1

IEAP, University Kiel, Kiel, Germany 2ISEE, Kyushu University, Fukuoka,
Japan 3IoP, University Greifswald, Greifswald, Germany
bornholdt@physik.uni-kiel.de

Control and improvement of the crystalline structure of ZnO thin films
deposited by PVD processes are very important for industrial manufacturing
of solar cells, where ZnO films are used as a passivation layer. Therefore,
the description of the particle fluxes and related energy fluxes and their
effect on the energy balance at the substrate surface and for the resulting
film properties is of essential interest for understanding and tailoring this
process.
Calorimetric measurements [1] at the substrate position were carried out in
a triple rf-magnetron sputter deposition system with ceramic ZnO targets
using different gas mixtures (Ar/N2 and Ar/H2). By variation of the probe bias
the various contributions originating from kinetic energy of charge carriers,
recombination of charge carriers at surfaces as well as contributions by
impact of neutral sputtered particles and subsequent film growth are
determined. It was found that the influence of N2 addition is marginal, while
the influence of H2 addition is quite remarkable. Due to the lower binding
energy of the hydrogen molecule the dissociation is much more effective
than for the N2 molecule. The recombination of hydrogen atoms leads to an
effective energy transfer via the release of recombination energy. Radial
scans in the substrate plane were recorded for a spatial resolution of the
total energy influx in the substrate position. The properties of the ZnO films
grown under comparable conditions were investigated using XRD and XRR.
The dependence of gas mixture and substrate temperature on crystalline
structure, growth rate and grain size are presented.
[1] Stahl et al., Rev Sci Instrum, 81(2010), 023504
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The energy transferred in plasma/surface interaction plays a major role in
low pressure plasma processing of materials (deposition, etching, surface
treatment...). In most works the energy influxes are determined from the
surface temperature evolution with systems called calorimetric probes, in
which detection of transient transfers (recording time of several minutes) is
impossible and separation of the contributions very difficult.
We have designed a diagnostic for direct and real time measurements, by
using a sensitive commercial Heat Flux Microsensor (HFM) composed of a
thermopile. This diagnostic was successfully used in silicon etching process
to determine the energy released by a chemical reaction onto a surface, and
in thin film plasma sputtering deposition to detect the low energy
contribution of the condensing atoms (mW/cm2 to 10ths of mW/cm2). In
recent works this diagnostic was used in magnetron sputtering processes in
various regimes (DC, pulsed-DC and HiPIMS) and for different magnetic field
configurations (balanced and unbalanced). Energy deposited by fast
collisional processes was found very high in the UB-HiPIMS case, whereas in
B-HiPIMS heating of the target was evidenced, leading to a thermally
assisted deposition process. In reactive sputtering deposition of oxides,
these measurements allow to evidence several mechanisms of energy
transfer at the substrate such as oxidation of the growing film or interaction
with energetic particles originating from the sputtering discharge.
In the present contribution examples of energy influx measurements in
various low pressure plasma processes will be presented.
Keywords
plasma/surface interaction
energie flux measurements
magnetron sputtering
thin film deposition
reactive plasma processes
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Plasma-surface interactions: relationships between gas phase
chemistry and film growth
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In direct continuation of previous work, a coaxial injection microwave
excited plasma torch operating at atmospheric pressure is applied to
synthesizing of nanometer and micrometer thick SiOxHyCz films from
hexamethyldisiloxane precursor on Si(100) substrates. Herein we report on
the plasma-surface interactions related to each stages of film growth. In a
first part, we investigate the atomistic processes occurring in the early
stages of film growth and their relationships with the plasma chemistry. In
this way, the physical principles of nanoscale assembly processes are
examinated and correlated with OES plasma phase diagnosis in the vicinity
of the substrate surface. The involved surface mechanisms include adatom
diffusion on terraces, along edges and around island corners; nucleation and
dynamics of the stable nucleus; atom attachment to and detachment from
terraces and islands. Our results show that plasma-controlled self-assembly
is a promising way to design large regular arrays of nanostructures. In a
second part, characterizations of micrometer thick SiOxHyCz films are
performed and strong links with initial stages of film growth are established.
Based on experimental results, a film growth scenario with deposition time
is finally proposed and supported by hydrodynamic numerical simulations of
the plasma jet.
Keywords
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sputtering
Oliver Kreiter, Carles Corbella, Simon Große-Kreul, Teresa de los Arcos,
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Particle beam experiments were conducted to study surface processes
during target poisoning of an aluminium target as it occurs during alumina
deposition by reactive magnetron sputtering. Oxygen and aluminium atom
beams and a plasma ion gun were focused on an aluminium target. The
fluxes of the particle beams were quantified and independently controlled.
The ion flux was set to the range of 1014 - 1015 cm-2 s-1 as measured by a
Faraday Cup. On the other hand, an effusion cell provided Al vapour during
the experiments to restore the initial metal layer. The growth and etch rate
were monitored in real time by means of a quartz crystal microbalance
(QCM). The study of ion-enhanced oxidation of aluminium targets during
reactive sputtering was performed by bombarding an Al-coated QCM with
argon ions (400-800eV) and oxygen molecules. Sputter yields of the Al
target were evaluated by measuring the mass uptake/removal from the
QCM. Additionally, measurements with in-situ Fourier-Transform-Infrared
Spectroscopy (FTIR) monitored in real time the surface modification of the
Al-O bonds. The surface processes of the target were modelled by a set of
rate equations, which related the surface coverage fraction with sputter
yields, sticking coefficients and fluxes of the involved particles.
Keywords
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target poisoning
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Plasma and laser surface activation of polymer coatings intended
for direct electroless metallization
Piotr Rytlewski
Kazimierz Wielki University, Bydgoszcz, Poland
prytlewski@ukw.edu.pl
In this work, results and comparison of plasma and laser modifications of
specially compounded polymer coatings are presented. The main aim of the
applied modification techniques was to form surface catalytically active and
fully prepared for the direct electroless metallization. Polymer coatings were
produced of copper(II) oxide and copper(II) acethyloacetonate powders, and
acrylic resin as polymer matrix. Oxygen plasma (f=44 kHz) andArF excimer
laser radiation (λ=193nm) were applied to modify the surface of polymer
coatings. The coatings were exposed to oxygen plasma at various treatment
times or irradiated with various numbers of laser pulses at different
fluences. The metallization procedure of the plasma or laser treated
coatings was performed by use of a commercial metallization bath and
formaldehyde as a reducing agent. The samples were examined using the
Fourier transform infrared spectroscopy (FTIR), X-ray photoelectron
spectroscopy (XPS) and atomic force microscopy (AFM). Results show that
the plasma as well laser treatments can induce reduction of copper(II) oxide
to metallic copper(0), thus make the coating surfaces catalytically active
and fully prepared for direct electroless metallization. Comparative analysis
of laser and plasma induced surface alterations was presented and chemical
reaction models were proposed.
Keywords
Plasma modification
Laser modification
Polymer coatings
Copper compounds
Electroless metallization
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Plasma Activation of PEN polymers by Diffuse Coplanar Surface
Barrier Discharge and Low Pressure Ion Bombardment
Martin Kormunda1, Tomas Homola2, Jindrich Matousek1, Mirko Cernak3,
Jaroslav Pavlik1, Zdenka Kolska1
1

J.E. Purkinje University, Usti nad Labem, Czech Republic 2Singapore Institute
of Manufacturing Technology, Singapore, Singapore 3Masaryk University,
Brno, Czech Republic
martin.kormunda@ujep.cz

The polymers are important material for many applications from the flexible
electronics (displays, solar cells) to biocompatible materials for implants and
tissue engineering. Surface modifications of PEN polymers by the
atmospheric low cost DBD plasma discharge in ambient air and nitrogen at
atmospheric pressure were studied. The samples were treated in the 400 W
powered DBD plasma discharge. The treating time was from 1 s up to 10 s.
The comparison was made to low pressure experiments were done in situ at
XPS system on the polymers with oxygen and argon, nitrogen and air ions
from MW plasma at energies 200 eV and 2500 eV.An electro kinetic
potential was also investigated on the modified surfaces over wide range of
pH. The DBD plasma treatment of PEN had no significant influence on the
surface morphology. But the water contact angle was reduced by the
treatment form initial 79º to 31º (air) and 20º (nitrogen) when after 3 day at
normal conditions the contact angles was still about 50º and 40º,
respectively. The oxygen concentration in the PEN foil measured by XPS was
increased from an initial 22 at.% up to 45 at. % already after 5s in DBD air
plasma. The nitrogen DBD plasma modified surface composition only by
implanted nitrogen up to 5 at. %. But the surface modifications in air plasma
resulted in the formation of new chemical bonds between the carbon and
the oxygen, e.g., C=O, O–C–O. The physical sputtering process is dominant
for the treatment by argon ions at both energies and oxygen ions treatment
at higher energy 2.5 kV in low pressure conditions. The O/C ratio decreases
from initial value about 0.29 to 0.19 and 0.09 by argon ions treatment with
energy 0.2 keV and 2.5 keV, respectively. In contrary the low energy 0.2 keV
oxygen ions treatment can increase O/C ratio up to 0.43.
Keywords
DBD plasma
atmospheric plasma
polymer treatment
ion beam
XPS
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Hydrophilization treatment of polyimide using Ar-O2 mixture gas
surface wave plasma – Oxygen radical density and plasma
parameter dependence
Shigeru Ono, Yoshinari Hirukawa, Shigeru Ono, Shuichi Suzuki
Tokyo City University, Tokyo, Japan
s-ono@tcu.ac.jp
Polyimide is used for the flexible printed circuit board. Electroless plating is
suitable for making a precise circuit pattern. For that purpose, the
hydrophilization treatment on the surface of polyimide is required. The
surface wave plasma was adopted for large uniform plasma production.
Plasma parameters spatial distribution along a dielectric plate of the surface
wave excited plasma is relatively uniform. However, the plasma density
decreases rapidly with the distance from the plate because plasma is
generated near the plate where the strong surface wave exists. For
example, it is important problem to know where the best position for the
polymer surface hydrophilic modification is. The surface modification of
polyimide has been conducted in the various position and the results were
discussed with the measured plasma parameter variation and measured
oxygen radical density variation in Ar-O2 plasma.
Although electron temperature was about 10 eV at the position 1 cm from
the dielectric plate, it fell rapidly with the distance from the plate and was
0.5eV at a position 10 cm. On the other hand, although electron density was
one 1E11 cm-3 at a position 1 cm, it fell to 1E8 cm-3 at a position 15 cm
from the dielectric plate. The polyimide sample was put on various positions
and hydrophilization treatment was performed. Sufficient treatment was
able to be performed in the position distant from the dielectric plate with low
electron density. Also in the considerably distant position, measurement of
the oxygen radical density measured sufficient density from the dielectric
plate. As mentioned above, it turned out that the oxygen radical has played
the important role in the hydrophilization treatment of polyimide.
Keywords
Oxygen radical
Surface wave plasma
Catalytic probe
Hdrophilization
Polyimide
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Semi-permanent hydrophilic thin layer prepared by APDBD for
polyester
Yoon Kee Kim, Se Hoon Kim
Hanbat National University, Daejeon, South Korea
ykkim@hanbat.ac.kr
Polyester is one of the popular synthetic textiles for lining because of a
cheap price. However, polyester feels not good to wear under hot and humid
air because it is little hygroscopic and permeability of sweat due to
hydrophobic. Additionally polyester accumulates static in a dry air.
Hydrophilic treatment is a requisite for comport and performance of
polyester as a lining. There are a lot of methods for the introduction of
hydrophilic properties such as grafting, coating, plasma etching, electron
beam irradiation etc. However, hydrophilicity indroduced by most of the
methods becomes extinct with a few washing because of its poor water
resistance and low mechanical strength.
In this study, we try to make semi-permanent hydrophilic(SPH) thin layer on
polyester textiles using atmospheric pressure dielectric barrier discharge
(DBD). DBDs are easily formed and sustained at atmospheric pressure and
suited for mass production for textiles. The SPH thin layer was formed by
deposition of SiOxCy(-Hz) films and plasma oxidation of them. The water
contact angle (WCA) of polyester textile was changed from 100o to below
10o after SPH coating. The WCA of polyester with SPH thin layer is below 40o
after 20 times washing. We investigated the SPH thin layer properties by
scanning electron microscopy, atomic force microscopy, and X-ray
photoelectron spectroscopy. We will discuss the influences of elemental
composition and chemical structure of SPH layers on hydrophilic behavior of
polyester textile.
Keywords
Semipermanent Hydrophilic
Polyester
Atmospheric pressure dielectric barrier discharge
Siloxane coating
Plasma oxidation
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Fluorescence Analysis for Amines on Plasma Functionalized
Surfaces
Simone Reichstein, Jan-Eric Ehlers, Karl-Heinz Gericke
TU Braunschweig, PCI, Braunschweig, Germany
s.reichstein@tu-bs.de
Amino groups on polymer surfaces are used as anchor groups in
combinatorial chemistry for bioassays or microarrays. We present the
fluorescence analysis of amino groups on polymer surfaces introduced by
atmospheric pressure dielectric barrier discharge (DBD) microplasma using
silicone-based plasma stamps. Our stamps produce functionalized spots with
a diameter of 500 µm.
Reacting primary and secondary amino groups with fluorescent labels allows
3D intensity distribution measurements with sub-micron resolution. One of
the first results is that the depth profile of the functionalization is
independently of the plasma treatment time. It is about 1 µm. With the use
of specific fluorophores a discrimination of primary and secondary amines
was achieved.
We show that two-photon microscopy is especially suited for porous
substrates with high sampling depths. With help of fluorescence lifetime
measurements by ps-resolved fluorescence recording and suitable
references absolute amino group concentrations, respectively densities were
determined. Fluorescence anisotropy measurements enable insight into the
molecular rotation of fluorescent labels. Altogether, fluorescence analysis
provides valuable information about the substrate surface topography,
amino group density and uniformity as well as the binding situation with the
substrate in order to investigate fundamental interaction of plasma and
substrate. This all together helps to optimize the plasma process to receive
a homogeneously functionalized substrate.
A two-photon microscope (TPM) operating with a titanium-sapphire laser was
used for time-resolved measurements of fluorescence decay. This method
supplied more information about structured surfaces than can be gathered
by fluorescence intensity and wavelength. With the use of an objective with
40-fold magnification and a numerical aperture of 1.3 resolution of surface
features as small as 200 nm laterally and 800 nm axially were achieved.
Keywords
amino groups
fluorescence microscopy
surface topography
microplasma
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An EPR/ENDOR study of free radicals in X-ray and plasma irradiated
polymer powders.
Ignacio Caretti1, Ignacio Jiménez2, Sabine Van Doorslaer3
1

Materials Science Institue of Madrid, Madrid, Spain 2Materials Science
Institute of Madrid, Madrid, Spain 3University of Antwerp, Wilrijk, Belgium
caretti@icmm.csic.es
Free radicals, both as intermediate and stable paramagnetic species, are
readily formed in polymers by means of ionizing radiation. The chemical
changes induced in this way to the polymer result often in the modification
of its properties, mainly through cross-linking, degradation and grafting
mechanisms. Even though polymer irradiation with gamma rays, X-rays, UV
light or high energy particles is regularly applied for many technological
applications, identification of the radicals formed is still the subject of active
debate.
In this work, we investigate x-ray irradiated polypropylene (PP),
polyethylene (PE), polyamide nylon-6 (N6) and polyimide (kaptonÒ) polymer
powders prepared by cryogenic grinding at liquid N2 temperature. In case of
PP, a solution-precipitation procedure was also carried out to produce a
powder with smaller particle size. The latter was surface-modified for 30s
using N2, O2 and Ar plasmas created inside a low pressure radiofrequency
plasma reactor.
Mainly continuous wave (CW) EPR/ENDOR methods have been reported for
the study of organic radicals in irradiated polymers, while the corresponding
pulsed techniques have been scarcely used. Here, we have exploited the
combination of CW and pulsed X-band EPR, CW W-band EPR and X-band
Mims ENDOR to explore the formation of alkyl and peroxide radicals by
irradiation and probe the weak interactions with neighbouring protons, as
well as nitrogens in N6 and kapton. Our results are examined in the context
of currently available structural models for this type of radicals.
Keywords
EPR/ENDOR
polymers
free radicals
plasma treatment
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Cross-linking of PDMS thin films in hydrogen CC-RF plasma
Vladimir Danilov, Hans-Erich Wagner, Jürgen Meichsner
University of Greifswald, Greifswald, Germany
Vl.danilov@gmail.com
The cross-linking of thin composite films from the suspension of liquid
polydimethylsiloxane (PDMS) and functional nanoparticles, e.g. Ag, TiO2, in
low pressure capacitively coupled RF plasma in hydrogen was investigated.
This method exhibits high potential for developing of innovative coatings
with antibacterial, anticorrosion or photocatalytic properties. In order to
develop such plasma hybrid coating technology it is necessary to study the
underlying mechanisms and the parameters influencing the PDMS
cross-linking due to the interaction with a low-temperature plasma.The thin
PDMS films were spin-coated on glass substrates covered by aluminium and
their thickness was between 10 nm and 600 nm. The modification was
performed in CC-RF plasma in hydrogen. In this case the main factor
affecting the film modification is the VUV radiation which have penetration
depth of hundreds nanometers. The most contribution to the intensity
comes from Lyman band system (B1Σu+→ X1Σg+) in the range between 140
and 165 nm. Under its action the scission of Si-C bond leads to the release of
CH3 groups which constitute gaseous products of degradation like H2, CH4
and C2H6. Intensive radiation causes the high rate of accumulation of these
products and leads, finally, to the film damage by explosion of bubbles filled
with them. By variation of pressure and forward power the VUV emission
intensity can be optimized to avoid the damage effect.The corresponding
chemical modification of the thin PDMS films was investigated by
Fourier-Transform-Infrared-Reflection-Absorption-Spectroscopy (IRRAS)
under variation of the plasma treatment time and initial film thickness. It
was found that one of prominent effects is the removal of methyl, which for
the top layer results in the total demethylation. Another effect is the film
compression; it was investigated by spectroscopic ellipsometry. By
comparison of all results it was found that the plasma modified films consist
of strongly compressed methyl-free SiOx top layer (10 – 50 nm), followed by
partially demethylated region with moderate film shrinkage, and an
underlying weakly-modified PDMS layer.
Funded by the Volkswagen Foundation, Plasma Hybrid Coating, grant no.
I/83275.
Keywords
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Mechanism of polymeric surface modification using by an
atmospheric-pressure plasma jet
Jun-Seok Oh, Kyle Doherty, Andrew Bowfield, Rachal Wiliams, Carl Sheridan,
Paul Unsworth, Peter Weightman, James W Bradley
University of Luiverpool, Liverpool, United Kingdom
jsoh@liv.ac.uk
Non-thermal atmospheric-pressure plasma jet is one of effective plasma
processes for the polymeric surface modification. The plasma jet is
technologically simple, environmentally friendly and is very economical as
they often do not require expensive vacuum equipment. Using this plasma
source, we have successfully achieved localized modification, with a circular
boundary, that was confirmed by both 2-d scanning of the water contact
angle and observing the lens epithelial cells in culture on the modified
polymeric surface. However, modified area is typically more than ten times
larger than the radial scale of the gas nozzle. Understanding of the
mechanism for how the small plasma jet can modify the large area of
polymeric surface helps us to control the size of the effective modified area.
Plasma jet emerging into the moist ambient air is typically complex. The
interaction creates number of radicals, charged species and photons. Our
preliminary work of a (time-resolved) mass spectrometry revealed there are
numbers positive and negative ions, probably similar number of radicals,
ultraviolet photons in wide range of energy. In recent, we suggested a
blocker between the jet and polymer substrate to block the ionic species
and the photons approaching the polymeric surface. In particular, the shape
of the blocker is a round to allow gas passing behind it but terminate ionic
species and high energy photons. Also, it is stained to block the visible
photons. Further investigation of mass spectrometry and Schlieren
photograph will discuss at the meeting.
Keywords
Atmospheric-pressure
plasma jet
polymer modification
mass spectrometry
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In-situ FTIR-ATR spectroscopic investigations of
atmospheric-pressure plasma modification of polyolefin thin films
Zohreh Khosravi1, Alena Hinze2, Claus-Peter Klages2
1

Institut für Oberflächentechnik,, Braunschweig, Germany 2Institut für
Oberflächentechnik,TU BS, Braunschweig, Germany
zohreh.khosravi@ist.fraunhofer.de

This contribution reports on plasma treatment of polyolefin surfaces by
dielectric barrier discharges (DBDs) in virtually oxygen-free
nitrogen-containing gases, studied in situ by Fourier transform infrared
spectroscopy in the attenuated total reflection mode (FTIR-ATR). These
investigations are aiming at an understanding of the chemical processes
eventually leading to the appearance of primary and secondary amino
groups on the surface and they are expected to allow an improvement of
process conditions for various applications where a uniform or patterned
plasma-chemical amination of an inert polymer surface is desired. Polyolefin
thin films of thicknesses between 20 and 100 nm were prepared directly on
ZnS ATR crystals by spin-coating from hot solutions of linear low-density
polyethylene (LLDPE), low density polyethylene (LDPE), or polypropylene
(PP) in aromatic hydrocarbons like xylene or decalin. After the exposure to
the afterglows of DBDs in N2 or in mixtures of N2 with H2 or NH3, infrared
spectra were taken in situ under inert conditions and after controlled
exposure to various reagents, resp., such as water vapor or oxygen. In order
to unravel the complex spectra which are generally due to several functional
groups with overlapping vibrational bands, an exchange reaction with heavy
water vapor (D2O) was applied in order to identify groups which are known
to exhibit a rapid H/D exchange like >N=H (imine), -NH2 (prim. amine), >NH
(sec. amine), -CO-NH2 (prim. amide), using characteristic ratios of
wavenumber ratios for corresponding vibrational bands in the deuterated
and the protonated compound. Tentative assignments of vibration bands to
imino, amino, and amido groups will be made and an interpretation of the
results in terms of elements of a chemical mechanism will be presented.
Keywords
Dielectric barrier discharges
polymer surface modification
in situ
FTIR-ATR
amino groups
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Modification of PMMA surface properties by treatment with an RF
atmospheric pressure plasma jet in presence of water vapors
Tomy Acsente, Maximilian Teodorescu, Maria-Daniela Ionita, Gheorghe
Dinescu
NILPRP, Bucharest Magurele, Romania
acsentety@gmail.com
Modification of polymer surface properties (especially their wettability)
presents interest for various practical applications (printing, dental
prostheses, etc.). In the present contribution we investigated the
modification of surface properties of poly(methyl methacrylate)(PMMA) using
an non-thermal atmospheric pressure plasma jet generated by a discharge
with bare electrode (DBE), operated at 13.56 MHz, and 15 W forwarded
power. The treatments were performed remotely, by scanning the surface of
polymeric foils with the plasma jet using an X-Y translation table. The
discharge feeding gases used were either dry Ar or Ar in mixture with water
vapors (humid Ar). Water vapors were supplied in the discharge by mixing
dry Ar with Ar circulated through a bubbler containing double distilled water.
Modification of plasma jet characteristics by water vapors was investigated
by optical emission spectroscopy. In the case of treatment with dry Ar, the
samples were exposed to plasma for different durations (by increasing the
number of scans), while the treatments with humid Ar were limited to only
one scan for different contents of the water vapors in the discharge. The two
different types of PMMA samples (treated in dry Ar and in humid Ar) were
compared in respect with their surface properties using the following
techniques: contact angle measurements, atomic force microscopy,
scanning electron microscopy and Fourier transform infrared spectroscopy.
The results show that treatment of PMMA polymeric foils in humid Ar plasma
jet (injecting an optimized amount of water vapors) leads to the increase of
wettability mainly due to surface chemistry modification, while the polymer
surface is only slightly deteriorated (the roughness remains similar with that
of the untreated sample). Similar wettability is obtained in the case of
treatment with dry plasma jet for a higher number of scans, which is
accompanied by an increase of the surface roughness.
Keywords
atmospheric pressure plasma
polymer plasma treatment
water vapors in discharge
surface modification
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Atmospheric-Pressure Plasma Treatment of Polymeric Surfaces
Using Diffuse Coplanar Surface Barrier Discharge
Jana Kubincová1, Barbara Hanselmann2, Dirk Hegemann2, Dušan Kováčik1,
Mirko Černák1
1
Comenius University, Bratislava, Slovak Republic 2Empa, Swiss Federal
Laboratories for Materials Science and Technology, St. Gallen, Switzerland

jana.kubincova@fmph.uniba.sk
Nowadays there is a tendency to apply surface treatment methods based on
the use of non-isothermic plasma at atmospheric pressure, which have been
developed for the treatment of materials with high added value e.g. in the
field of microelectronics, but also for common polymeric materials e.g.
textiles, wrappage foils or automotive products [1]. The most common of
these methods is the so-called „activation“ or „hydrophylisation“, by which
polar functional groups are created on the considerably inert surface of
common synthetic polymers, e.g. polypropylene (PP) and polyester (PET).
This process leads to the increase in the free surface energy of the polymer
and its adhesion to subsequently created layers, e.g. by means of printing,
lamination, bonding, grafting of different type of polymer etc. One of the
leading workplaces in the EU in the field of the development of
high-pressure non-isothermic plasma sources is situated at Comenius
university, Bratislava, where a revolutionary type of plasma source has been
developed. The so-called Diffuse Coplanar Surface Barrier Discharge
(DCSBD) is capable of the generation of highly non-isothermic plasma with a
record high energy density of 100 W/cm3, even in strongly electronegative
working gases without the use of He or other inert gases. In our contribution
we present results on surface treament of diffent types of polymeric
materials that were treated by DCSBD. The quality and permanency of
surface modification was tested by contact angle measurement and
common strike-through time measurement to observe the wicking of liquids.
For detailed examination of morphological changes, the samples were
investigated by means of AFM analyses. The efficiency of the plasma surface
modification was also compared to low-pressure plasma treatments as
carried out at Empa, St.Gallen. [1] J. R. Roth, Industrial Plasma Engineering,
Vol. 2: Applications to Nonthermal Plasma Processing, Indt. of Phys.
Publishing, Bristol and Philadelphia, 2001
Keywords
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Functional coatings for polymer composites
Adam Babik, Lukas Hoferek, Drahomira Janova, Vladimir Cech
Brno University of Technology, Brno, Czech Republic
xcbabik@fch.vutbr.cz
A helical coupling deposition system was developed for surface modification
of fibers using plasma-enhanced chemical vapor deposition (PECVD). Plasma
polymer films of controlled chemical, physical, and surface properties can be
employed as functional coatings for fiber-reinforced polymer composites.
Plasma polymer films were deposited on a bundle of pristine glass fibers
from tetravinylsilane monomer at different powers ranging from 0.1 to 10 W
using RF (13.56 MHz) pulsed plasma. The coated fibers were observed by
scanning electron microscopy (SEM) to investigate film uniformity. The RF
power controls the mechanical properties of deposited films via the plasma
polymer cross-linking and film wettability changing the concentration of
vinyl groups at film surface. The bundle of coated fibers was embedded into
polyester resin and cured to form composite samples. The functional coating
serves as suitable interlayer to improve compatibility between the glass
fiber and the polymer matrix resulting in enhanced composite performance.
The composite samples were tested by fiber-bundle pull-out test to
determine the interfacial shear strength as a function of RF power and film
thickness that was varied form 50 nm to 10 microns. A significant increase
of the interfacial shear strength by 67% was found for the increased film
thickness and a weak descent by 10% was related to the enhanced power.
SEM micrographs of pulled-out (debonded) fiber bundle were used to
characterize adhesion at the interlayer/fiber and polymer/interlayer
interfaces.
Keywords
thin films
plasma-enhanced chemical vapor deposition (PECVD)
polymer composites
scanning electron microscopy (SEM)
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Morphology of Sputtered Gold Thin Films on Si and PET
Martin Amberg1, Axel Ritter1, Patrick Rupper1, Barbara Hanselmann1, Jörg
Patscheider2, Dirk Hegemann1
1

Empa, Materials Science and Technology, St. Gallen, Switzerland 2Empa,
Materials Science and Technology, Dübendorf, Switzerland
martin.amberg@empa.ch

Gold thin films enable a wide range of applications such as low resistance
contact materials, substrates in biological and organic molecular studies,
templates for self-assembled layers as well as reflective and decorative
surfaces. Therefore, examination of the film growth of sputtered gold is of
high importance.
The grain growth and morphology of 10 to 200 nm thin films of gold were
investigated on PET foils and Si wafers. The films were prepared by
sputtering at different pressure and power input at ambient temperature.
SEM, XRD, and AFM showed on both substrates the presence of spherical
grains with a crystallographic preference of (111). For the evolution of the
grain growth, the number of grains per unit area was extracted from
topographical AFM data. In the early stage of film growth, within 10 and 100
nm, a strong decrease of the number of grains per unit area was observed.
The change in grain density is caused by minimizing the total surface energy
yielding larger grain sizes and consumption of grains with other orientations.
It was found that low deposition rates favor grain formation and the
steady-state grain density of around 500 grains per µm2 was reached
already for 60 nm Au films. Ag coatings, on the other hand, revealed lower
grain densities due to a higher surface diffusion coefficient. This mode of
surface-energy-driven grain growth was finally observed to be dependent on
the surface diffusion coefficient, energy flux and deposition rate.
Along with the formation of the grain structure towards a closed film the
physical properties were established. Therefore, the optical properties by
optical transmission spectroscopy were performed depending on film
thickness. Anomalies in optical transmission spectra indicate the conversion
from discontinuous to continuous film growth. Optical properties and the
optimum adhesion are finally established within the coalescence of the
grains.
Keywords
sputtering
metallization
grain growth
thin film characterization
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Metallic Coating of Thermally Unstable Substrates, Especially
Wooden Surfaces, by use of a non-thermal Atmospheric Pressure
Plasma Jet
Lars ten Bosch, Leander Loewenthal, Stephan Wieneke, Wolfgang Viöl
University of Applied Sciences and Arts, Göttingen, Germany
ten-Bosch@hawk-hhg.de
We present the preparation of wooden surfaces with metallic coatings that
have been applied by a non-thermal atmospheric pressure Plasma Jet. The
example of copper as a layer material has been chosen to introduce the
possibilities of the combination of thermally unstable substrates such as
paper, wood or different synthetic materials (e.g. PE or PP) with metal.
The applied technique can be understood as representative for the
combination of different layer/substrate materials also regarding different
polymers as layer material.
The copper that was used for this presentation was available in form of
particles with a D50 of 10µm. To apply the copper-particles on the
substrates, a direct discharge Plasma Jet with a high gradient of
temperature due to high gas flows, working under atmospherical conditions,
was used. The temperature gradient offers the possibility to keep the
heating of the substrate surface at a minimum and additionally keeping a
small distance between substrate and Plasma Jet. This allows the treatment
of relatively small areas with fewer overspray. Furthermore, the velocity of
the Plasma Jet can be set, following the requirements of either high process
speeds or the creation of dense layers by a single streak.
By the variation of the thickness of the layers from sporadic distributed
particles to surface covering layers with up to several 10µm, different
properties of the substrate-layer-combination are possible.
The field of possible applications reaches from sporadic distributed particles
for disinfecting purposes to spray-on circuits or measuring devices. The
maximum layer thickness is hereby depending on parameters like average
roughness of surface and thermal expansion coefficient of the used
substrate materials. The attributes of the layers have been specified through
the measurement of conductivity and the adhesion of the layers on the
wooden surface.
Keywords
Metal Coatings on Wood
Atmospheric Pressure Plasma Jet
Plasma Coating of Thermally Unstable Materials

Powered by TCPDF (www.tcpdf.org)

Poster: Plasma treatment of polymers and other soft matter

Monday, September 10, 2012

PO1080
Copper thin films deposited on polymers by RF-IPVD. Correlations
between film properties and discharge parameters.
Ismael Guesmi1, Caroline Boisse-Laporte1, Renato Bisaro2, Jean Bretagne1
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ismael.guesmi@u-psud.fr

Ionised physical vapour deposition (IPVD) was initially developed to improve
the ionisation degree of vapour sputtered from DC magnetron process [1,2].
We used this technique to deposit thin copper layers on 3D polymer
substrates. The reactor developed for this study includes a 5 cm diameter
circular balanced DC magnetron as neutral copper vapour source. A
secondary plasma (ICP), is generated with a one loop internal coil powered
by a 350 W RF generator. For this process, the pressure range (2 to 13 Pa) is
higher than for typical magnetron sputtering devices. Increasing the
pressure leads to improve the thickness uniformity all over the 3D
substrates, but a deterioration of films resistivity is observed. Nevertheless,
the copper layers resistivity can directly be controlled by the RF-power. We
made several investigations to understand what links experimental
discharge parameters to film resistivity. First of all, substrate surface
temperature was measured using thermal indicating labels. Then, XRD
analysis was performed on copper layers to determine their crystalline
structures and the grain sizes. Results show a linear dependence between
surface temperature and RF Power. Furthermore, the grain size also seems
to increase linearly with the surface temperature. Finally, film resistivity
shows a logarithmic decay when mean grain size increases, according to
Matthiesen’s rule. In addition to surface analysis, Langmuir probe
measurements (ne, ni, Te, Vp, Vf and eedf) and optical emission spectroscopy
diagnostics (Ar, Cu) have been performed on the plasma phase. Results are
still not well understood concerning plasma particles which mainly
contribute to the film quality. The development of a collisional radiative
model of this IPVD discharge could emphasize the main species contributing
to matter and energy transfer to the substrate surface (ions, electrons,
radiations, metastables …) [3].
[1] S.M. Rossnagel, et al; Appl. Phys. Lett, 63, 3285 (1993)
[2] J C. Imbert, et al ; Coatings Technology, 200, 717-720 (2005)
[3] J. Bretagne et al, This conference.
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SiOx films are deposited on polytetrafluoroethylene (PTFE) with two different
non-thermal atmospheric pressure plasma jets using argon, oxygen and
vapours of tetrakis(trimethylsilyloxy)silane as a precursor of plasma
enhanced chemical vapor deposition (PECVD). PTFE is widely used in
different industrial applications due to its inert and extremely hydrophobic
surface. Another interesting property is the relatively high gas permeation
rate. In contrast, the plasticity of the material and the low surface hardness
represent limiting factors. Hence, flexible SiOx like films could protect the
PTFE surface mechanically, and the grade of cross-linking in the deposited
film can be used to control the gas permeation. The study compares the film
properties achieved by two plasma jets: (i) microwave (MW, 2.45 GHz, 300
W max.) jet - surfatron and (ii) radiofrequency (RF, 27.12 MHz, 20 W max.)
jet. The MW jet is operated in a quartz discharge tube with an inner
diameter of 6 mm. The mixture of argon and precursor is introduced into the
flow of argon with a coaxial nozzle. A low frequency power modulation
(between 10 and 2000 Hz) has been found to modify the operating regimes
and allows to influence the shape of the jet effluent. Similarly to this, the RF
jet is operated in 4 mm discharge tube and also equipped with the coaxial
configuration of gas and precursor flow. As recently published, both jets
exhibit revolving operation modes. Moreover, in the RF jet the revolving
modes shows fully symmetric and periodic behavior interpreted as a
self-organization effect. The low frequency modulation affects revolving
modes in both jets. Moreover, the power modulation influences the film
properties, too. The morphology of the deposited films has been
investigated with SEM and the occurrence of pin-holes and morphological
features has been obtained for different modulation frequencies. The
variation of the surface morphology is explained with results from chemical
analysis of XPS, EDX and FTIR in mapping modes. In both experimental
arrangements, deposition rates from 0.1 to 10 nm/s are obtained.
Keywords
PECVD
plasma jet
self-organization

Powered by TCPDF (www.tcpdf.org)

Poster: Plasma treatment of polymers and other soft matter

Monday, September 10, 2012

PO1082
Plasma Source for UV Assisted Atomic Layer Deposition of Metal
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Tommi Kääriäinen, Marja-Leena Kääriäinen, David Cameron
Lappeenranta University of Technology, Mikkeli, Finland
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In plasma-assisted atomic layer deposition (PA-ALD) plasma energy is pulsed
on at an appropriate point during the cyclic deposition process. Plasma
assistance is used to generate active radicals for the process and to achieve
the low substrate temperature suitable for polymer substrates. Low
deposition temperature is important for industrial application areas for ALD,
such as diffusion barriers in printed electronics and packaging. The plasma
assistance may also result in unwanted effects such as polymer
photodegradation and reduced film properties due to a presence of vacuum
ultraviolet photons and ions. In this work the rf plasma source has been
converted into a photon energy source where the photon energy level can
be controlled with an appropriate source design and the wavelengths that
are detrimental can be filtered out. This is done by using optical windows
with different cut off wavelengths to separate the plasma from the substrate
chamber. The window materials were selected having the cut off
wavelengths between 170 to 400 nm. Plasma generated UV assisted ALD of
the metal oxide film growth showed similar characteristics to typical plasma
assisted ALD at low deposition temperature. The effect of plasma
characteristics, which determine the photon energy, on the molecular
oxygen gas dissociation to produce radicals, on polymer substrate changes
and on the film growth characteristics will be further discussed.
Keywords
Plasma assisted atomic layer deposition
polymers
TiO2
Al2O3
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Hydrophobic functionalized cellulosic textiles have a wide range of
applications in different sectors. Different techniques including wet chemical
processing are used to impart hydrophobic functionality to textiles.
However, surface modification using plasma is increasingly gaining
importance, as it modifies the surface at nano level without altering the bulk
properties. In literature, the hydrophobic functionality is achieved by
grafting of precursor or deposition of hydrophobic polymer film formed by
precursor using vacuum or atmospheric plasma. The functionality obtained
by this method is not durable due to the weak adherence of the polymeric
film on the textile substrate.
In this study hydrophobic functionalization of viscose fabric was carried out
using non-fluoro long chain hydrocarbon dodecyl acrylate (DA) using He/DA
glow plasma at low frequency & atmospheric pressure. After the treatment
the water absorbency time of more than 1h and water contact angle is of
143º was observed. The functionality developed after the treatment was
durable to solvent and soap washing. Effect of substrate and of various
parameters such as concentration of precursor, helium flow rate, discharge
voltage, discharge frequency and treatment time on treatment was
investigated. Analysis of the plasma quality was carried out using
oscilloscope. Fragmentation of precursor inside the plasma zone was
analyzed using optical emission spectroscopy and GC-MS. The surface of the
treated fabric was analyzed using XPS. Based on the above studies a
suitable reaction mechanism has been derived, where it is proposed that the
hydrophobicity was developed due to chemical reaction of fragments of DA
with cellulose at specific sites. An attempt has also been made to
understand the effect of various plasma parameters on the DA/He plasma
and its effect on reaction of precursor with the substrate. Effect of plasma
treatment on the tensile strength and surface morphology of the textile was
also analyzed.
Keywords
atmospheric pressure glow discharge plasma
cellulosic textile
hydrophobic functionalization
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Rubel Alam1, Kh. M. Gaffar Hossain1, Günter Grabher1, Mokbul Hossain2
1

V-Trion GmbH, Hohenems, Austria 2Sefar AG, Thal, Swaziland
nitharbd@yahoo.com

The plasma treatment of fabrics has emerged an important technique over
the past years as a textile finishing process for “high-tech” textiles including
technical and medical textiles etc. to tailor surface properties. The main
reason for the increasing interest is that industrially well-established surface
finishing processes suffer considerably from environmental and societal
demands. [1-2]
It was shown that the hydrophilicity can be improved by incorporation
hydrophilic groups on the surface using non-polymer forming gases such as
Ar, N2, CO2, O2, air etc.[3] The modification was found to be less permanent
due to reorganization of the polar surfaces. Moreover, the wash permanency
remains an unsolved problem. Therefore, it is required plasma coating in
order to obtain a permanent and long time stable modification. We have
developed wash permanent superhydrophilic plasma coatings using our
industrial reactor for synthetic textiles such as polyester, aramid,
polypropylene etc. The coatings are adhere well with the substrate surfaces
and were tested by Martindale Tester. We have also proved that the
coatings are stable against more than twenty five industrial washing cycles.
Thus, superhydrophilic plasma nanocoatings have a great potential for
high—tech textiles due to their mechanical stability, elasticity and flexibility,
while leaving the fabric comfort and touch unaffected.
Moreover, the possibility of substituting plasma processes for the traditional
waterproofing processes of fabrics was evaluated in this work. A good water
repellent finishing could be obtained using silane plasma. Furthermore, a
wash permanent superhydrophobic (contact angle >145°) and oleophobic
(oil-repellency grade 7) coating was obtained by using a plasma
pretreatment followed by a grafting with perflouracrylates. This coating has
also an excellent washing stability (>50X/ 60°C).
Literatures:[1] Hossain, M.M., Hegemann, D., Herrmann, A.S., Plasma
Process. Polym. 2006, 3, 299.; [2] Poll, H.U., Schreiter, S. Melliand
Textilberichte 1998, 6, 466.; [3] Hossain, M.M., Hegemann, D., Herrmann
A.S., Chabrecek P., J. Appl. Polym. Sci. 2006, 102, 1452. ;
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A sensitive fiber (textile-electronic-fiber or e-fiber) is the first step to design
and manufacture sensing and acting textiles. Metal/plasma polymer
nanocomposite coatings have already been identified as a suitable type of
material for sensor applications. Several plasma-based deposition
techniques have been explored in order to incorporate metal nanoparticles
into a plasma polymer matrix, e.g. simultaneous magnetron sputtering from
metal and polymer targets or metal evaporation during PECVD. Plasma
technology offers a controlled film growth at high surface diffusion and low
temperatures. However, such coatings are not yet industrialized, also due to
low deposition rates and restrictions in deposited area. Also, various
applications of the e-fiber sensors (e.g. for sensing of strain or relative
humidity) require using different appropriate combination of nanoparticle,
polymer and electrode materials and therefore an individual approach. For
sensing, a change in resistivity can be recorded near the percolation
threshold, e.g. when humidity is entering the plasma polymer matrix of the
nanocomposite or due to application of an external force.
In this contribution, we will characterize the deposition process using plasma
diagnostics and investigate basic properties of the metal/plasma polymer
nanocomposite structures suitable for their application as efficient sensors.
In particular, the change in resistivity is recorded for a thin layer of Ag
nanoparticles with a filling factor around 0.4 within a hydrophilic plasma
polymer network. Different (hydrophilic/hydrophobic) adlayers are also
investigated. These films are applied to polyester fibers.
Keywords
nanocomposites
thin films
PECVD
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sensor
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Surface modification of paper substrates is industrially carried out by ozone
or plasma pre-treatments beforedeposition of polymeric laminates (i.e.
polyethylene) or printing inks for packaging applications. These surface
pre-treatments can suffer ageing due to different aspects (interaction with
ambient air, recombination of free radicals generated onto surface,
reorientation of polymeric chains, etc.). As a consequence, a lack of
adhesionis observed and the requirementsrequested for this application are
not accomplished. Acrylic micrometric coatings on paper are an interesting
alternative to ozone or Atmospheric Pressure Plasma (APP) pre-treatments
to confer permanent wettability and adhesion properties. These coatings are
currently deposited onto paper substrates by roll-to-roll conventional coating
systems. However, the coatings obtained are relatively expensive and
generate wastewaters. Our purpose in the present work is to study the
deposition of poly(acrylic) nanocoatings by Atmospheric Pressure Plasma
Enhanced Chemical Vapour Deposition (AP-PECVD) processes onto paper
substrates for packaging applications. The objective is to achievepermanent
wetting and adhesion properties onto paper substratesby this continuous,
cheap and environmentally friendly processes.
We have carried out AP-PECVD processes onto paper substrates (50 g/m2)
by using acrylic acid (AA) as polymeric precursor. We have analyzed He/AA
ratio, speed of treatment and power of discharge. Temperature and distance
between electrodes have been maintained constant at 150ºC and 1.2 mm,
respectively.Wettability and adhesion properties have been evaluated by
dynamic contact angle and surface tension measurements. Surface
chemistry have been analyzed by XPS. The changes of the topography have
also been observed using SEM.
Keywords
AP-PECVD
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Thermoplastic rubbers are widely used in a large number of applications (
e.g. footwear, adhesives manufacturing, moulded or extruded goods). Due
to the non-polar nature of these rubbers, poor adhesion is achieved with
polar polyurethane (PU) adhesive thus, a surface treatment is required to
chemically modify the rubber surface and produce suitable joints.
Surface treatments have been demonstrated to be suitable for the
improvement of adhesion and wettability properties of non-polar synthetic
rubbers. Over the last two decades progresses in adhesion of rubber were
achieved by changing of the ingredients in rubber composition or by
modifying surfaces by the use of a chemical agent (halogenation,
cyclization, etc.) or using high energy irradiation such as bombarding the
surface by electron beam or gamma irradiation. Plasma surface treatment
has been successfully used to modify the surface of different polymers, such
as polypropylene, PET and styrene-butadiene rubbers (SBR).
In this study, the atmospheric pressure treatment of several SBR rubbers by
means of a plasma torch system is reported. The effect of experimental
variables such as distance, velocity and scan number on the adhesion of PU
adhesive was evaluated and compared with halogenated SBR rubbers. After
optimization of the experimental parameters the aging of the plasma
treated surfaces was studied for a long period in order to monitor the
effectiveness of the plasma treatment.
Acknowledgements:
Financial support from COMPETE, QREN and EU (project
QREN-ADI-1585-ADVANCEDSHOE) and FCT for the PhD grant no.
SFRH/BDE/51087/2010 (Catia A. Carreira) are acknowledged.
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Formation of plasma-generated nanostructures on polymer surfaces
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The generation of nanostructures has become an attractive alternative
method for the deposition of anti-reflection coatings. Besides applications
based only on anti-reflection properties, a nanostructure, with its
exceptionally enlarged surface area, can also enhance the adhesion of wet
chemical lacquers on a polymer surface. Many other methods for promoting
adhesion have considerable disadvantages. Several etching agents and
primers lead to a cracked and hazy appearance of the polymer substrate.
Mechanical roughening and common plasma pretreatments can affect either
the morphology or the chemistry of the surface and do not enhance the
adhesion to a satisfactory level in many cases. For the last seven years, the
generation of nanostructures on polymer surfaces by plasma etching has
been one of the major research topics of our group. Optimization of the
anti-reflection effect on PMMA and transfer of the structuring process to PET
web material have been performed with success. However, to broaden the
range of processable materials, basic research was necessary because the
mechanism of the formation of self-organized nanostructures remained
unclear.
In this study, experiments were carried out to generate nanostructures that
could be suitable for adhesion enhancement. Diverse polymer materials
such as PMMA, PET, TAC, polyamide, polycarbonate, polyimide and COP
were compared for their ability to form surface textures by self-organization
under plasma exposure. It was found that extreme differences occurred in
the resulting surface topography after a long treatment with a Leybold APS
plasma ion source. Whereas structural features with a depth of more than
500 nm appeared on PMMA, PET and TAC, other polymer types were
textured to a depth of only 80 nm. For polycarbonate, no structure formation
at all could be observed, despite absolutely identical etching conditions. The
ablation rates of the individual polymers showed no significant correlation to
the texture growth. This led to the conclusion that the polymer chemistry
plays a major role in this nanostructure formation.
Keywords
nanostructures
plasma treatment
polymers
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Currently, the topic “icing” is receiving more and more attention in many
industrial areas, such as for the design and operation of aircrafts, wind mills,
or electrical networks. For aircrafts, de-icing before take-off is time
consuming and expensive. State-of-the-art in-flight heating of the wings by
exhaust gases (“bleed air”) consumes up to 30% of the engine power.
Moreover, due to the replacement of metal by carbon-fiber reinforced
materials as construction material, bleed-air heating will be no more
applicable in future.
The aim of this project is to develop structured surface coatings which allow
influencing the formation of ice crystals and films, and to analyze and model
the interfacial interactions (water–ice–coating). Therefore, surfaces, e.g.
polymer foils, will be chemically functionalized and structured in order to
control the wetting behavior and the ice-crystal growth. The chemical
functionalization will be done by PECVD of thin films of different chemical
composition.
For the evaluation of the functionalized surfaces, lab-based test methods will
be developed. In order to achieve atmospheric icing conditions and to study
the freezing delay/icing behavior on functionalized surfaces, supercooled
water droplets are generated in a specially designed cryogenic chamber and
wind tunnel. The wind tunnel allows the investigation of icing under real
aerodynamic flow with wind speeds up to Mach 0.35.
Simulation methods are going to be applied for a detailed description of the
thermodynamic and kinetic aspects of the ice-formation process on
functionalized surfaces, taking into account the special environmental
conditions that may be encountered during the flight.
Keywords
anti-ice
ice
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Y.P. Li, M.K. Lei
Dalian University of Technology, Dalian, China
ypli@dlut.edu.cn
Plasma nanotexturing has attracted considerable attention as an effective
way by using plasma technology to fabricate the functional nanopatterns
with antireflection, superhydrophobicity, gecko-like adhesive, and nanoscale
semiconductor. However few studies on the aging of the polymer surfaces
by plasma nanotexturing were reported. In this work, the polyethylene (PE)
surfaces were modified by oxygen capacitively coupled radio frequency
plasma (CCP) nanotexturing under a radio frequency (RF) power of 200 W
for the exposure time of 10 min and 20 min. The aging of the wettability of
the PE surfaces was studied in air at the different temperature of 20º C , 60º
C and 90º C for the aging time up to 24 hr. The nanowires formed on the PE
surfaces by the oxygen CCP nanotexturing under 200 W for 10 min and 20
min. The as-modified surfaces with nanowires were superhydrophilic with
contact angle of approximately 0º. The contact angle above 150º was
obtained on the post-aged surfaces at the aging temperature of 20º C during
the aging time of 24 hr and the water droplet did not roll off the surfaces at
any tilted angles.The post-aged surfaces became superhydrophobic and
showed high water adhesion. As the stable superhydrophobicity with low
water adhesion was achieved on the post-aged surfaces during aging at 60º
C and 90º C, the water droplet can spontaneously roll off the tilted surfaces.
The sliding angles gradually decreased with the increase of the aging time
and reached 2.6º at 90º C for the aging time up to 24 hr. The evolution of
the wettability of the post-aged PE surfaces, from superhydrophilicity to
superhydrophobicity with high adhesion, and superhydrophobicity with low
adhesion, could be due to the surface restructuring, i.e. the diffusion of
numerous mobile polar oxygen-containing groups into the polymer and the
simultaneous emergence of nonpolar polymer chains to the surface, on the
surfaces with nanowires during aging.
Keywords
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Plasma-assisted vacuum evaporation of poly(ethylene oxide) (PEO) was used
to deposit PEO-like thin films with different extent of cross-linking. These
films were further used as substrates for deposition of poly(ethylene)-like
(PE) plasma polymers. Formation of a dendrite pattern was observed during
the initial stages of the PE-over-PEO plasma polymer growth. The PE
dendrites expanded laterally with the deposition time until coalescence.
However, their thickness remained constant at 7 nm until the area occupied
by the dendrites reached about 50%. The shape of the PE-like dendrites
depended on the cross-linking density of the underlying PEO-like plasma
polymer but was rather independent on its chemical composition. It was
concluded that flexibility of the PEO-like plasma polymer chains is a key
parameter that limits the surface diffusion of incoming PE oligomers.
Different amphiphilic surfaces with hydrophobic PE-like dendritic islands
distributed randomly over hydrophilic PEO-like plasma polymers were
produced by variation of the deposition time. Cell-adhesive properties of
such films were studied in vitro in terms of adhesion of BALB/3T3
immortalized mouse fibroblasts.
Acknowledgements
This work was supported by the grant SVV 265305
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Nanostructured materials have attracted growing attention due to their
unique properties and potential applications. Plasma-assisted
nanofabrication is one of the rapidly emerging methods used for the
production of various nanostructured materials and elements of
nanodevices. In this work, we present results obtained from an atmospheric
pressure Ar – O2 micro-afterglow operating at high temperature [1].
The possibility to synthesise directly metal oxide nanostructures has been
studied. This approach consists in exposing metal samples (iron, copper,
aluminium, zinc, ruthenium, vanadium ...) to the micro-afterglow. This leads
to the synthesis of various nanostructures (nanowires, nanograins,
nanowalls...) in a single treatment step by local selective oxidation. The
morphology, shape and size distribution can be controlled by varying the
experimental parameters. Although the micro-afterglow operates at high
temperature (1000 - 2000 K), the sample surface remains at
moderate-temperature during treatment (~ 500 - 700 K). This flexible
process can be used to synthesize a wide range of nanostructured
metal-oxide materials with complex morphologies, which are promising for
many advanced applications as semiconductors, electrode materials or solar
energy transformation. Moreover, silica nanowires can grow locally on metal
films deposited on silicon substrate under specific conditions.
Several techniques were performed to analyse these structures including
Scanning Electron Microscopy, X-Ray Diffraction, Transmission Electron
Microscopy and X-ray Photoelectron Spectroscopy. It turns out that the
growth mechanism of these nanostructures is strongly driven by the
development of stress between the oxide layer and the underlying metal.
[1] G. Arnoult, R.P. Cardoso, T. Belmonte, G. Henrion, 2008, Appl. Phys. Lett.,
93, 191507.
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The modern trend in nanofabrication is the use of self or directed assembly
methods to form periodic or semi-periodic patterns in the nanoscale. Block
copolymer lithography and colloidal lithography are used mostly to create
these patterns. Our group [1, 2] has shown that oxygen plasma can direct
the formation of organized nanodots on the surface of PMMA films and then
transfer the pattern to a subsequent Silicon substrate. With the use of a
cryogenic plasma etching process we create high aspect ratio silicon
nanowires or nanopillars. In this work, we first examine the generality of the
phenomenon by looking if plasma directed assembly applies in other
polymers. We study Polystyrene, a thermoplastic polymer more resistant to
Oxygen plasma etching than PMMA, and PET a thermoplastic polymer which
is widely used in food industry (it was chosen for potential future biological
applications) and compare their morphology and dot characteristics with
those of PMMA, thus generalizing our previous finding of plasma directed
nanodot formation on PMMA [2]. The glass transition temperature of the
polymer is proposed to play a role in the size and height of the created
nanodots. Processing (etching) time was also examined as to how it affects
nanodot formation, along with the size of the features created and their
order. We observed a second mechanism emerging after a few minutes of
processing time and a transition from a small size ordered nanodots to a
bigger size mounds with embedded nanodots on their surface. Finally we
measure reflectance of high aspect ratio structures created by plasma, both
in polymers and silicon with the help of white light reflectance spectroscopy
and UV-Vis spectroscopy.
References:
[1] E. Gogolides, et. al.; PCT/GR2009/000039, WO/2009/150479.
[2] N. Vourdas, et. al.; Nanotechnology 21 (2010) 08530.
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MEMS devices can nowadays be found almost everywhere. Only a few
examples are automobiles, the growing market of consumer electronics as
well as microfluidic devices for BioMEMS and medical applications. As for the
next few years the largest growth within MEMS is forecasted for microfluidic
devices several companies focus in this field where liquids need to be
handled and treated in a microsystem.
Wafer processing contributes a big portion of the overall device costs and is
a relevant cost portion of the whole manufacturing process. Therefore MEMS
manufacturers try to streamline their processes by reducing process steps
and at the same time grow the complexity of the manufactured devices.
Today typical microfluidic devices for chemical and biochemical applications
often require special surface treatment or the implementation of catalysts.
With a new equipment setup and technology for selective plasma activation
developed by SUSS MicroTec and Fraunhofer IST it is possible to replace or
even reduce commonly used process steps and therefore simplify the
standard manufacturing of MEMS devices. Recently such a Y- shaped
microseparator was built at mikroglas chemtech GmbH using selective
plasma treatment to change the surface properties in one of the channels of
the device. Even closed microchannels can be treated which can for
example avoid contamination and which further simplifies the process steps.
The selective plasma treatment is based on a dielectric barrier discharge in
atmospheric pressure. The setup is implemented into a standard mask and
bond aligner so that the exact alignment of electrode and wafer will be
ensured and an exact gap setting can be used.
The selective treatment can be either done on structured wafers where the
top or bottom surface will be treated by controlling the gap or it can be done
by a structured electrode on a plane or structured wafer.
Keywords
selectice plasma treatment
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The importance of the substrate-catalyst interface is being recognized as
one very promising research way to improve the control of the carbon
nanotubes (CNTs) growth. Following the trend, this communication focuses
on the role of nanostructure of tantalum nitride TaNx [x=0, 2] thin films
acting also as diffusion barrier for iron in the carbon nanotubes (CNT) growth
process.
TaNx thin films were deposited on Si (100) substrates by conventional DC
magnetron sputtering (MS) or by high power impulse magnetron sputtering
(HiPIMS) from tantalum target (100 mm diameter). The nanostructure and
composition were tuned adjusting the ratio N2:Ar into the plasma phase. The
films were characterized in terms of surface versus bulk stoechiometry
(XXPS vs. RBS and NRA), crystalline phases (XRD) and roughness (SEM). It is
shown that the composition of the films from pure metallic Ta to Ta3N5 can
be controlled by reactive magnetron process (DC or HiPIMS). On these TaNx
films, CNTs were grown by catalytic chemical vapour deposition at 850°C in
Ar flow (CCVD), using a continuous feeding with aerosols; composed of
toluene (carbon source) and ferrocene (catalyst source). The CNTs were
characterized in terms of morphology (SEM), cristalinity (XRD, electron
diffraction, Raman spectroscopy) and stoechiometry (XPS at the iron,
nitrogen, oxygen and carbon edges). The influence of the nano-structure of
the different ultra-fine “buffer layers” on the CNT physical properties are
presented and discussed.
Keywords
HiPIMS
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Group III nitride semiconductors have attracted considerable attention due
to their applications in short-wavelength optoelectronic systems. Aluminium
nitride (AlN) has a number of desirable characteristics for photonic
applications such as its high direct band gap of 6.2 eV which allows to reach
deep UV emission or detection. Studies have shown the possibility to grow
nitride nanodots in order to improve the efficiency of nitride based displays.
Such studies have not been reported for AlN deposited by Plasma Enhanced
Chemical Vapour Deposition (PECVD). In this work, self-assembly of
aluminium nitride nanodots on silicon substrate has been studied. We have
investigated the dependence of aluminium nitride nanodots growth on
(111)Si substrates as a function of input V/III precursor ratio and substrate
polarization using PECVD. The different growth regimes are a function of V/III
ratio controlled by the nitrogen precursor input in the reactor. Moreover, it is
possible to tune the AlN growth to obtain whether a simple thin layer or
nanodots on the substrate surface through the bias potential applied to the
substrate. This bias potential induces changing in the surface diffusion of
adsorbed species and so implies variations in the nanodots dimensions.
Atomic force microscopy, Fourier transform infrared spectroscopy and X-ray
diffraction have been carried out in order to characterize the surface
morphology, the chemical bondings and the microstructural properties of
the deposits. These studies complete the understanding of the key
processes involved in III-V growth materials.
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Below 400 °C, a low temperature nitriding treatment of austenitic stainless
steel produces high compressive residual stress induced by the introduction
of a large amount of nitrogen. As a result, an expansion of the nitrided layer
occurs from the initial surface of substrate in a direction perpendicular to
the surface. This phenomenon, which is known as swelling or uplift, can be
used for surface patterning or surface texturing. We already use this
property to perform surface patterning by a selective diffusion of nitrogen
using removable grids or fixed patterned silicon oxide layer as masks [1].
In the last configuration, interesting interactions between expanded
austenite and the attached silicon oxide masks with several different shapes
(circular and square dots) are observed. The purpose of this communication
is to focus on the results gained by atomic force microscopy (AFM)
observations on the silicon oxide masks deformed by the uplift effect.
Patterned areas are selected and marked to monitor changes in topography
over nitriding time. The variations in heights of both the stainless steel
substrate and the silicon dots are measured by AFM in between two nitriding
experiments. By doing so, we are able to quantitatively measure the local
deformation of the silicon dots and to correlate it with the deformation of the
surrounding stainless steel substrate. Strong dots distortions are obtained,
particularly at the edges of the dots with a larger size. Some explanations
will be proposed to justify such behaviour. The role of elastic strain, due to
the expanded austenite phase formed by nitrogen diffusion under the mask
will be highlighted.
Finally, some perspectives for the uplift effect induced by nitriding will be
given in surface shaping and in the determination of the mechanical
properties of thin films at micrometer scale.
[1] G. Marcos, S. Guilet, F. Cleymand, T. Thiriet, T. Czerwiec, “Stainless steel
patterning by combination of micro-patterning and driven strain produced
by plasma assisted nitriding”, Surf. Coat. Technol., 205 (2011) S275–S279.
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During the last years, the interest in silicon nanowires (Si-NWs) has
increased significantly thanks to their possible application in novel
nanoscale electronic devices [1]. Small-diameter (< 10 nm) Si-NWs are also
potentially very attractive with their quantum size effects, i.e., it is possibly
to widen the band gap of Si-NW materials by decreasing their diameter [2].
This indicates the possibility of developing such materials with a controllable
band gap. Therefore, several growth methods of small Si-NW are developed,
and their growth behaviour is studied intensively. Often, thermal oxidation is
used to reduce the Si-NW diameter. The growth and investigation of an
oxide shell around such wires are of great importance [3].
Careful studies are needed to unravel the precise oxidation mechanisms of
Si nanowires with a small diameter on the atomic scale. In this contribution,
we report on both wet and plasma-assisted oxidation of a Si(100) nanowire
with initial diameter of 2 nm at 300 K. The growth process of SiO2 during
thermal oxidation of Si nanowire at the atomic scale is studied by reactive
molecular dynamics (MD) simulations. Forces on the atoms are derived from
the ReaxFF potential [4].
Self-limiting oxidation mechanisms are discussed. Formation of SiO2 layers
are analyzed by distribution of Si-suboxide components. We found that the
Si-core radius and the SiOx (x<2.0) oxide shell can be precisely controlled in
the nanoscale regime by controlling the type of oxidant species (O, O2, O3,
OH, H2O2, NO and H2O) at 300 K. The obtained structures are analyzed in
detail.
This study is important for the fabrication of nanoscale devices in general
and nanowire field-effect transistors in particular.
[1] O. Hayden, R. Agarwal, W. Lu Nanotoday 3, 5-6 (2008).
[2] D. D. Ma et al. Science 299, 1874 (2003).
[3] B. Liu et al. J. Vac. Sci. Tech. A 26, 3 (2008).
[4] A. C. T. van Duin et al. J. Phys. Chem. A 107, 3803-3811 (2003).
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Plasma polymerized coating as a protective layer of carbon
nanotubes grafted carbon fibers
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Carbon fiber reinforced composites are particularly used in extreme
conditions, as in aerospace, rather than conventional materials. They are
characterized by higher tensile properties and electrical energy dissipation
as well as light weight structure. One of the key points of their properties is
the interface between the matrix and the fibers.
In order to improve composite properties in this area, another outstanding
reinforcement is added: carbon nanotubes (CNT). It was chosen growing CNT
directly on carbon fibers by the Chemical Vapour Deposition (CVD) method.
To prevent any unexpected CNT release during fiber handling and composite
life time, a protective coating is necessary. A coating based on an organic
compound is applied on hybrid fibers (CNT grown on fibers) by cold plasma
polymerization.
Our study deals with the nature of the coating, its morphology and its role at
the fiber/matrix interface using ESCA, SEM FEG and fragmentation
techniques. Protective role of coating on CNT grafted fiber is investigated
and furthermore its influence on both mechanical and electrical properties of
fibers. The chemical structure of layer shows monomer and fragmented
forms. Also uniform coating on fibers is observed. Unchanged electrical
conductivity and “unreleased CNT” grafted fiber will be discussed.
Keywords
Cold plasma deposition
Organic monomer
Carbon nanotubes grafted Carbon fibers
Thin layer
Mechanical and electrical properties
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Surface activation of structured organic plasma deposits: from
superhydrophobic to superhydrophilic
Johannes Berndt, Eva Kovacevic, Hamid Acid, Laifa Boufendi
GREMI, Orléans, France
johannes.berndt@univ-orleans.fr
The wetability of surfaces is a decisive factor for many applications. The
control of the wetability is for example crucial for the production of
antifouling coatings or for lab on a chip applications.
The controlled production and deposition of nanoparticles in a low
temperature plasma (capacitively coupled discharge) was used in this
contribution to deposit films with variable porosity. The precursors used in
the experiments included simple materials like acetylene or methane or
more complex ones like MMA. Depending on the deposition conditions and
the density of nanoparticles used for the deposition it is possible to produce
surfaces with static contact angles of about 160° and roll off angles smaller
than 5 degrees. A proper post-treatment of these surfaces by means of
nitrogen containing plasmas, energetic ions or photons can be used to
change the wetability again and to produce patterned surfaces with
superhydrophopic and superhydrophilic substructures. The effects of the
posttreatment on the material properties were analyzed by means of Fourier
transformed infrared spectroscopy, high resolution XPS and Near-Edge X-ray
Absorption Fine Structure spectroscopy (NEXAFS).
Keywords
nanoparticles
patterned surfaces
wetability
post-treatment
NEXAFS
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Mathilde LAURENT-BROCQ1, Nathalie Job2, Jean-Jacques Pireaux1
1

LISE - Namur University, Namur, Belgium 2Laboratoire de Génie Chimique –
Génie Catalytique, Liège University, Liège, Belgium
mathilde.brocq@fundp.ac.be

A novel low temperature plasma method using organometallic precursors
was recently developed to graft metallic nanoparticles on various powder
supports [1]. Very fast, operating at low or ambient temperature, this
original “one pot” physical method is extremely simple, not requiring any
pre- or post-treatment. Here it is applied to the synthesis of catalysts –
platinum nanoparticles supported on carbon black, for Polymer Electrolyte
Membrane fuel cells. One major challenge for the commercial spreading of
fuel cells is to reduce the cost, for example by decreasing Pt loading in the
catalyst. To do so while keeping the same catalytic properties, size and
dispersion of Pt nanoparticles onto the carbon support need to be better
controlled [2].
The objective of this study is to determine the influence of synthesis
conditions on Pt nanoparticles characteristics. So, catalysts were
synthesized under various plasma treatment conditions (gas, power and
pressure) and then characterized by X-ray diffraction, transmission electron
microscopy and X-ray photoelectron spectroscopy. It is shown that to form
Pt nanoparticles it is needed to functionalize the carbon support and to
decompose the organometallic precursor. Gas, power and pressure of the
plasma have distinct influences on those two requirements.
References:
[1] Pireaux J-J, Reniers F, Guillot J, Gulas M, Claessens N, Batan A, Mansour A.
Method for depositing nanoparticles on substrates. WO/2012/028695, 2010.
[2] H.A. Gasteiger, S.S. Kocha, B. Sompalli, F.T. Wagner, Appl. Catal. B 56
(2005) 9.
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Advances in Atmospheric pressure PECVD: the Influence of Plasma
Parameters on Film Morphology
John Hodgkinson, David Sheel, David Sawtell
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Atmospheric pressure (AP) PECVD systems have attracted considerable
interest in recent years due to the significant benefits for large area, low
cost substrates and low temperature operation. However to date, the film
properties have tended to be compromised compared to those offered by
more established technologies. In particular whilst growth may be possible
at significantly reduced substrate temperatures, the films are typically
amorphous due to reduced surface mobility. Additionally, film density can be
reduced compared to competitive vacuum based approaches due to a lack
of ion bombardment. Recent advances in AP plasma technology have shown
considerable potential, with increased stability and with some reports
proposing the possibility of ion based interactions at atmospheric pressure.
In this work we apply this next generation technology to an APCVD process,
enabling control of film growth and morphology beyond state of the art for
current AP barrier discharge based deposition processes.
Keywords
Plasma
CVD
Atmospheric Pressure
Non-thermal
Morphology

Powered by TCPDF (www.tcpdf.org)

Poster: Plasma CVD and plasma polymerization

Tuesday, September 11, 2012

PO2002
Challenges of Modern RF Plasma Processes for Industrial
Applications
Stefan Endemann, Uwe Krause, Robert Hall, Mark Lutz
Advanced Energy Industries GmbH, Filderstadt, Germany
stefan.endemann@aei.com
Modern RF Plasma processes like sputter, CVD and etch are requiring more
and more precise metrology and control function of RF generators. These
have to include accurate measurement of the RF output especially as the
plasma load does not have a fixed impedance and the RF generator will
often encounter non 50 ohm loads at its output as well as additional features
like arc handling, pulsing and synchronization.
The latest developments of state-of-the-art RF generators which use
industry leading RF metrology systems to ensure the power is delivered in
an efficient and stable manner to the process chamber are shown. The
achievable measurement accuracy is comparable to that from a network
analyzer across a wide range of impedance.
Modern Processes are also uses sweep frequency therefore state of thr art
power technology needs tuning capability to quickly respond to impedance
changes without upsetting the stability of the process.
Also pulsed RF waveforms are often desirable in plasma etch or deposition
processes. The RF generator delivers this requirement and need to be
capable of synchronizing the pulses with other generators even if the RF
frequency is different. Results for different processes are shown and
discussed.
Keywords
Sputtering
PVD
PECVD
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Liliana Kotte, Holger Althues, Gerrit Mäder, Stefan Kaskel, Eckhard Beyer
Fraunhofer Institute IWS, Dresden, Germany
liliana.kotte@iws.fraunhofer.de
The Fraunhofer Institute IWS has been developing the LARGE (long arc
generator) plasma source in order to meet the industrial demands (plasma
treatment of large surfaces, short process time, integrability in process
chain, e.g. by robot handling, variable working distance for processing 2.5 D
elements). This plasma source operates at atmospheric pressure. It consists
of a 150 to 350 mm long arc stabilised by a magnetic field. The process
gases flow around the long arc and are activated by the gas discharge
plasma. This plasma-activated gas mixture forms a wide plasma curtain and
impinges at the treated surface with variable distances between 2 to 7 cm.
By applying a flange in front of the plasma, it is possible to add a precursor
to the afterglow plasma (non-destructive). Thus, the LARGE plasma source
can be used, e.g., to modify the surface of polymers, to deposit SiOx films on
metals or to clean precision surface.
To modify the polymer surfaces, different gas mixtures (e. g. Ar and N2, O2
or CO2) are used to adjust systematically the surface chemistry. To improve
the adhesion of varnish on polymers, e.g., functional groups, such as -C=O
and -OH, are necessary. These groups can be generated even at a working
distance of up to 7 cm and at a process velocity of 20 m/min during a
plasma treatment with the LARGE plasma source.
An appropriate flange enables the deposition of SiOx films on embossed
stainless steel sheets at a working distance of up to 4 cm. The film
composition depends on the precursor: SiOx with TEOS and SiOxCy with
HMDSO. These 10 to 500 nm thick films are used, e.g., as adhesion
promoting films.
The LARGE plasma source is a technological system with enormous potential
for a variety of industrial applications. The idea to optimize the plasma
source for industrial applications could only be realized due to the
Fraunhofer IWS core competencies. The scientists, researching in the fields
fluid dynamic simulations, construction, plasma diagnostics or analysis
bundled their expertise and worked in close cooperation.
Keywords
AP-PECVD
SiOx deposition
polymer modification
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Plasma enhanced atomic layer deposition technique (PEALD) could be a new
thin film growth coating technology for producing zinc oxide thin films with
good optoelectronic properties, high conformity and low
defect density.
In this work zinc oxide (ZnO) is deposited using PEALD technique with two
different zinc organometallic precursors with similar oxidizing precursor. The
first being diethylzinc (DEZ) and oxygen (in argon
plasma) and the second precursor is methylzincisopropoxide (MZI) and
oxygen (again in argon plasma). The purge and carrier gas for all these
processes is argon. The substrates consist of a high aspect ratio anodic
aluminum oxide (AAO) membrane to demonstrate the effectiveness of
PEALD for conformal coatings
on high aspect ratio substrates.
The changes in the morphological, electrical and optical properties of these
deposited films due to the change in zinc precursors, substrate
temperatures and plasma powers at various oxygen flows is
investigated. A post deposition annealing enhancement of these films
properties is also discussed.
Further, the differences in properties is outlined between zinc oxide
deposition with PEALD, thermal ALD and other chemical vapour deposition
(CVD) and physical vapour deposition (PVD) techniques. This analysis
helps in obtaining crucial information about PEALD parameters and its
optimization for two different chemical precursors in deposition of zinc oxide
and it would also give an overview about the zinc oxide properties with
PEALD in comparison to other CVD and PVD techniques.
Keywords
PEALD
Zinc Oxide
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Naphthalene and their derivatives are promising blocks for building
high-quality conducting polymers due to the extended p-electron systems in
their molecules. 1-naphthylamine is a promising material for organic
luminescent devices, and plasma polymerization is of undoubted interest in
this regard, since it allows for the synthesis of polymers in the form of thin
films and coatings. In this work thin polymer films from 1-naphthylamine
have been obtained for the first time by polymerization at the cathode and
anode in DC discharge. These films neither dissolved nor swelled in ethanol,
acetone, heptane, at all, but the films obtained at the cathode were easy
detached from the aluminum foil substrate with ethanol. Kinetics of the
formation of polymer films obtained by the DC discharge at the cathode has
been investigated, and it is shown that the growth rate of polymer films
increases from 3 nm/s to 6 nm/s with the film thickness from 100 nm to 1
μm; then, the growth rate becomes constant. The morphology of polymer
films synthesized under various conditions was examined by SEM and AFM.
It was shown that the films have granular structure and a size of these
granules is ~ 50 nm. The presence of micron-size aggregates composed
from granules was also established. The elemental composition, chemical
structure, and thermal stability of the polymer have been studied by
pyrolysis chromatography, FTIR and UV spectroscopy, and
thermogravimetry. By means of FTIR and UV spectroscopy the
benzenoid-quinonoid moieties in polymer chain were found. Polymer
synthesized by the DC discharge was investigated by ESR method. It is
found that the spin concentration is equal to ~ 1019 spins/g, the line width at
300 K is equal to DВ = 0.13 mТ, and g factor is equal to 2.0020±0.0002. The
data obtained confirm the presence of aromatic free radicals localized near
nitrogen atoms.
Acknowledgements. This work was supported by the Russian Foundation for
Basic Research, project no. 10-03-00772-2a.
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The most conventional way for polymerization of acrylic acid on different
substrates is using RF devices and introducing of other devices is under way.
In this work we have a new study on formation of polymer Acrylic Acid using
a 4kJ Mather type plasma focus device. The formation of plasma polymer
acrylic acid is discussed using results obtained from attenuated total
reflectance infrared spectroscopy (ATR). The results show that after 15
shots, nitrogen pulses performed polymerization on the specimens and the
main peaks of ATR spectra assured poly acrylic acid formation on SBR
substrate.
Keywords
Plasma polymerization
plasma focus device
Acrylic acid
ATR-FTIR
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By being truly biodegradable and derived from renewable resources,
polylactide (PLA) has gained enormous attention as an alternative to
conventional synthetic packaging materials. Nevertheless, PLA presents
significant water and gas permittivity which lead to a high degradation rate
of the material by hydrolysis of the ester bonds.
In order to improve the barrier properties of PLA substrate, we propose to
cover it with a highly cross-linked PLA-based plasma polymer film (PPF)
synthesized by Plasma Enhanced Chemical Vapor Deposition (PECVD). The
control of both chemical composition and cross-linking degree would allow
us to tune the gas permittivity and, as a consequence, the degradation rate
of the PLA substrate.
The present work reports on the study of the influences of the experimental
parameters (RF power, working pressure and precursor flow rate) on the PPF
films properties using a design of experiments tool. The PPF are studied in
terms of chemistry and cross-linkage by XPS, FTIR spectroscopy and
Tof-SIMS measurements. In addition, in-situ IR spectroscopy is used to probe
the plasma in order to get a better understanding on the plasma-surface
interactions during the growth process. It comes out that, in our conditions,
the applied power is the key parameter controlling the PPF properties. By
increasing it, the C/O ratio in the coatings increases from 2.5 to 9.3. The
decrease of the oxygen content when applied power is increased is
correlated with the loss of O-C=O and C-O functions from 15% to 0 % and
from 21% to 5 %, respectively. The in situ FTIR data support this observation
and suggest the formation of alkynes in the plasma.
Keywords
PECVD
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Power
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A well-documented characteristic of plasma modified surfaces and
plasma-polymerized coatings is the time dependent evolution of their
surface characteristics following post-treatment exposure to ambient air, a
phenomenon commonly referred too as “ageing”. This effect, which often
translates to a decrease in the changes induced by the surface treatment
over time, is considered detrimental for many applications. While the
phenomenon has been described in details many times, an improved
understanding of the parameters influencing its kinetics and extent would
be helpful in circumventing negative effects.
In this contribution, we investigate the effects of various ambient conditions
on the ageing of nitrogen rich plasma polymers films (L-PPE:N). L-PPE:N films
prepared by low-pressure capacitively-coupled radio-frequency plasma using
a 1:1 mixture of ethylene and ammonia and aged for 62 days in four
different ambient conditions of varying atmosphere and temperature: i) at
room temperature (RT) in air; ii) at RT in N2; iii) at -20oC in air and; iv) at
-20oC in N2. The films were analysed by X-ray photoelectron spectroscopy
(XPS) “in-situ” immediately after deposition and subsequently, by XPS and
time-of-flight secondary ion mass spectrometry (ToF-SIMS) at various
intervals over the duration of the experiment. The ageing of primary amines,
NH2, was followed by chemical derivatization with 4‑trifluoromethyl
benzaldehyde accompanied by XPS quantification (CD-XPS). The results
demonstrate that both a storage in N2 atmosphere or in a cold environment
slow down the ageing of PPE:N films. Storage at -20oC, independently of
ambient atmosphere, slowed down ageing to levels undetectable by the XPS
and CD-XPS.
Keywords
plasma polymers
ageing
chemical derivatization
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Titanium based thin films such as TiC and TiN are used as wear-resistant
coatings due to their good chemical stability, high hardness, and high
melting point. The hardness in nano-composite materials are related to the
so call grain sliding phenomenon.(1) This is so because on decreasing grains
size the number of atoms at the crystallite surface starts to be comparable
with those of the bulk ones. Consequently, at the nanometer grain size scale
the interatomic forces dominate the hardness properties of the material
rather that dislocations. Therefore, local inhomogeneous materials
(“nano-composites”) are an alternative to solid solution hard coatings. In the
preparation of Ti based films, TiCl4 is commonly used as a precursor, but
besides the inconvenient to handle a strongly corrosive compound, chlorine
residues tends to degrade the properties of the films. Ti-containing alkoxides
are an interesting alternative source for deposition of Ti(C:N:O) films,
because they are easily handled and they are not toxic thought that they
are hygroscopic. In this paper we report the results obtained depositing thin
nanocomposites films by Pulsed Plasma Enhanced Chemical Vapor
Deposition (PPECVD) from Titanium(IV)ethoxide (Ti(OC2H5)4) liquid source.
The material was analyzed by Photoemission Electron Spectroscopy (XPS),
Raman Spectroscopy, X-ray Diffraction (DRX), Raman spectroscopy, and
Electron Energy Loss Spectroscopy (EELS). The morphology was studied
using Transmission Electron Microscopy (TEM). The results indicate the
formation of a nano-c omposite with different nano sized compounds such
as TiC,TiN, and TiO. The influence of the deposition conditions on the nanostructure as well as the nano- hardness are presented and discussed. (1) J.
Musil, Surf. Coat. Techn. 125, 322, (2000)
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ZrOxCyHz metal-organic thin films were deposited by low pressure microwave
DECR plasma of zirconium tetra-Tert-Butoxide (ZTB) as metal-organic
precursor mixed with oxygen as oxidant gas. X-Ray Photoelectron
Spectroscopy (XPS), Fourier Transform Infrared Spectroscopy (FTIR), and
Spectroscopic ellipsometry were used to investigate the deposited films.
Moreover the plasma phase was probed by Optical Emission Spectroscopy
(OES). The plasma was created in a Microwave Multipolar reactor excited by
Distributed Electron Cyclotron Resonance (MMP – DECR). The films were
deposited for temperatures ranging from -5°C to 110°C, the total gas
pressure was 1mTorr (0.133 Pa), the microwave power was fixed at 400W
and the oxygen ratio varied from 60% to 95%. Moreover, an RF Bias (From
0.0V to -100.0 Volts) was applied to the Sample holder to control the ion
bombardment of the substrate. The influence of sample temperature,
polarization and gas mixture ratio [O2/ZTB+O2]) on deposition rate, density,
chemical bonds, atomic composition and micro – and meso-structure of the
deposits are presented.
At high temperature (110°C) and room temperature and 80% of O2 in the
mixture, microstructure analysis shows a columnar growth, while at low
temperature (-5°C) the columns disappear. At fixed temperature an increase
of polarization enhances the columnar growth but for high values of
polarization (80V) the columns are removed.
Correlation between process parameters and structure of the deposited
films will be presented. The understanding of columnar growth allows the
control of the optical and barrier properties of the deposited films.
Keywords
Plasma polymerization
Microwave plasma
zirconium tert butoxide
structure and composition
columnar growth
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Dimitrios Mataras1, Stelios Vogiatzis1, Nikolaos Spiliopoulos2, Eleftherios
Amanatides1
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Cubic Yttria Stabilized Zirconia (YSZ) is suitable for a variety of applications
due to its interesting properties such as heat resistance and oxygen
conductivity. Several techniques as magnetron sputtering, Plasma Enhanced
Chemical Vapor Deposition (PECVD) and electrochemical vapor deposition
have been tested for the preparation of such materials. Among these
techniques, PECVD presents some important advantages as uniform
deposition of dense materials under relatively low temperatures and the
flexibility of choice from a large number of precursors and substrates. In this
work, Plasma Enhanced MOCVD technique is been used to deposit cubic YSZ
thin films through mixtures of Y and Zr metallorganic precursors. In addition,
oxygen plasma treatment of spin coated YSZ thin films at relatively low
temperatures (< 800K) were tested. Both processes took place in a
Capacitively Coupled parallel plate plasma reactor and special attention has
been given to the choice and the introduction of the precursors in the
plasma zone as most of the Y and Zr metallorganic compounds are
thermally unstable and oxidizing at rising temperatures. Liquid solutions of
the metallorganic precursors (Zr(thd)4 and Y(thd)3) in toluene were used for
the Plasma MOCVD and the fraction of Y in Zr was scaled from 8% to 16%.
The same solutions were also used for the films prepared by spin coating.
Substrates (glass, silicon wafers and stainless steel) were attached at the
grounded electrode which could be heated up to 850K. Scanning electron
microscopy and Atomic Force microscopy was applied for the determination
of films morphology, while X-ray photoelectron spectroscopy and X-ray
diffraction was used for the determination of film chemical composition and
structure. The films deposited directly by Plasma MOCVD under different
conditions (power, temperature) and the spin coated films treated by
different oxygen/argon plasmas are compared relative to their morphology
and chemical composition.
Keywords
YSZ
PE-MOCVD
Fuel Cells

Powered by TCPDF (www.tcpdf.org)

Poster: Plasma CVD and plasma polymerization

Tuesday, September 11, 2012

PO2012
Film deposition on inner surface of tubes using atmospheric
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Interpretation of film properties from plasma-chemical kinetics
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Lehrstuhl AEPT, Ruhr-Universität Bochum, Bochum, Germany
pothiraja@aept.rub.de
Hard amorphous hydrocarbon film is deposited on inner surface of glass
tubes using filamentary discharge at atmospheric pressure in Ar-C2H2-H2
mixture. Under similar condition, soft film is deposited with high film
deposition rate in Ar-C2H2 plasma. These differences in film hardness and
deposition rate are interpreted on the basis of carbon and hydrogen
elemental composition in the plasma systems. Film deposited using
Ar-C2H2-H2 mixture shows properties similar to the one deposited using
Ar-CH4 mixture. Film deposition rate is varied along the axis of tubes in
Ar-C2H2-H2 mixture. This variation profile can be controlled by controlling the
substrate (tube) temperature. Etching efficiency of loosely held carbon with
reactive hydrogen atom is studied by varying substrate temperature, and
concluded that increasing substrate temperature increases the etching rate.
Plasma-chemical kinetics of precursors dissociation and follow-up
plasma-chemical reactions are simulated for our experimental conditions
using determined plasma parameters. Simulated results are correlated with
determined film properties. Plasma parameters are determined using time
and space resolved optical emission spectroscopy and laser absorption
spectroscopy. Furthermore, the discharge is simulated using nonPDPSIM,
which is provided by Mark Kushner. This software allows simulation of
discharges at atmospheric pressure and takes the propagation through
streamers into account. Discharge parameters like reduced electric field,
charged particle densities and electron temperature are simulated and
compared to measured data.
References:
1. Pothiraja et al. J. Phys D-Appl. Phys. 2011 (44) 355206
2. Pothiraja et al. J. Phys. D-Appl. Phys. 2010 (43) 495201
3. Rajasekaran et al. J. Phys. D-Appl. Phys. 2011 (44) 485205
4. Babaeva et al. Plasma Sources Sci. Technol. 2009 (18) 035009
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Microplasma-activated chemical vapor deposition (µPA-CVD) at atmospheric
pressure can be used for tailoring the inner surfaces in dielectric microfluidic
channels. “Tailoring” refers both to the layer properties and to the
localization of deposition within a channel system. An area-selective control
of surface properties is not only possible along the fluid flow direction: In a
Y- or T-shaped channel, for example, surface free energies can even be
controlled individually for the opposing surfaces of the main channel, close
to the branching point. Such coated microchannels allow the production of
low-cost fluidic separators for multiphase mixtures. The separation
performance of the separators was determined for various flow parameters
and investigations to the layer stability were made.
Furthermore, there is the requirement for using droplet-based microfluidics
that the aqueous phase does not wet the hydrophobic surface. The
particular challenge is that the aqueous phase often contains proteins,
which accumulate preferentially at the hydrophobic channel surfaces. The
µPA-CVD of fluorocarbon-based coatings could meet these requirements, the
layers are additionally sufficiently mechanically stable, so that the coatings
provide several hours of continuous operation.
For the homogeneous or localized µPA-CVD in different microchannel
geometries the deposition kinetics for the used precursors and process
gases mixtures are of particular importance. For a better understanding of
the influence of parameters such as channel geometry, gas velocity,
precursor concentration, electric field strength in the discharge area and
duty cycle ratio of the electrode voltage layer thickness profiles in flow
direction were measured in different channels. The knowledge of the
deposition kinetics allows to limit or to extend the uniform coating area in
microchannels by controlling the process parameters.
Keywords
microfluidics
microplasma
separator
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Plasma copolymerization is becoming an attractive technique for the
deposition of thin films by pulsed discharge of organic monomers vapors
because of it's possibility to prepare tailored films with pre-defined surface
characteristics. The plasma copolymerization of carefully selected
monomers may open new options to tailor a surface by combining
properties of each of the monomers.
Our objective is to study the growth and the film chemistry of copolymer
thin films obtained by varying the operational plasma parameters. This
approach of plasma copolymerization of two antagonist monomers (e.g.
polar and apolar), aims to control the distribution and size of nodules of one
of the monomers dispersed in the other phase.
in the present work, amphiphilic coatings with nano-heterogeneity have
been obtained by plasma co-polymerization of 1H, 1H, 2H-perfluro-1-decene
(HDFD) and 2-(N,N-dimethylamino) ethyl methacrylate (DMAEMA) under low
pressure RF reactor using pulsed mode. Thin films with different plasma
parameters were prepared by varying the peak power (Ppk), the partial
pressure ratio (PHDFD = PDMAEMA, PHDFD > PDMAEMA, PHDFD <
PDMAEMA), time of deposition and pulse time. The characterizations of
surface heterogeneous films were done by contact angle goniometry,
profilometry, FTIR, XPS and AFM. The resulted structuration leads to a
surface with morphologic and topographic surface heterogeneity in the
nanoscale, giving an interesting opportunity to combine the advantages of
each of the monomers. (HDFD for antibacterial, DMAEMA for gas separation,
immobilization of human living cells...).
Keywords
plasma copolymerization
pulsed discharge
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nanostructuration
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Magnetron Sputtering of Al-Cr-O Thin Films at Various Substrate
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Dominic Diechle1, Michael Stueber2, Harald Leiste2, Sven Ulrich2, Veit Schier1
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High performance applications such as protective PVD coatings for metal
cutting require outstanding multifunctional properties including high
hardness, chemical inertness and high temperature stability to meet the
increasing demands for higher productivity. In the past few years the
synthesis of hard Al-O and related protective thin films attracted large
scientific interest and such coatings were successfully introduced in
industrial production processes.
Ternary solid-solution strengthened Al-Cr-O thin films were deposited in a
laboratory-scale Leybold Z 550 PVD coater from a segmented Al-Cr target in
a reactive Ar-O2-atmosphere by r.f. magnetron sputtering. The cathode
power was set to 500 W in r.f. mode in general. The total gas pressure was
kept constant at 0.4 Pa in all experiments with a gas flow ratio of 80 %
argon and 20 % oxygen. A combinatorial approach led to the growth of
Al-Cr-O thin films with (Al+Cr)/O-ratios of approximately 0.67 and
Cr/(Al+Cr)-ratios between 0.3 and 0.8. The substrate temperature was kept
constant during deposition while it was varied between 200 °C and 500 °C in
different experiments. The microstructure of the metastable thin films was
characterized by X-Ray diffraction (XRD) in Bragg-Brentano mode, and their
Vickers micro hardness was determined.
The paper focuses on the phase analysis, the grain size and the Vickers
micro hardness in dependence of the substrate temperatures and the
Cr/(Al+Cr)-ratios of the thin films. The evaluation of these results leads to
the derivation of a PVD phase diagram of Al-Cr-O thin films for specific
Cr/(Al+Cr)-ratios and substrate temperatures.
Keywords
magnetron sputtering
metal oxide
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Synthesis and tribological properties of WSex films prepared by
magnetron sputtering
Juan Carlos Sanchez-Lopez1, Santiago Dominguez-Meister2
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WSex films with variable Se/W ratio were deposited by non-reactive r.f.
magnetron sputtering from WSe2 target changing the applied d.c. pulsed
bias conditions and substrate temperature. The structural and chemical
properties were measured by cross-sectional scanning electron microscopy
(X-SEM), energy dispersive analysis (EDX), Raman and X-ray photoelectron
spectroscopy (XPS) .The tribological properties were measured in ambient
air(RH=30-40%)and dry nitrogen by means of a reciprocating ball-on-disk
tribometer. A clear correlation was found between the Se/W ratio and the
measured friction coefficient displaying values below 0.1 (in ambient air)
and 0.03 (in dry N2) for ratios Se/W≥1 as determined by EDX. An
improvement of the wear resistance and hardness properties was pursued
by incorporating WC nanocrystals in the WSex matrix using WC as a second
target. The results demonstrated that remarkable tribological results could
be obtained even in ambient air (friction ≤ 0.07 and wear rate »10-7
mm3/Nm) by controlling the film microstructure and chemical composition
without needs of forming the nanocomposite WSex/WC. The excellent
tribological properties were attributed to the presence of layered WSex and
its oxide, WO3, in the counterfaces as demonstrated by Raman analysis of
the counterfaces.
Keywords
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CrN thin films deposited by reactive magnetron sputtering with
pulsed substrate biasing
Peter Kelly1, John Freeman1, Glen West1, James Bradley2, Ivanka Iordanova3,
Stuart Hickman4
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The effect of nano-architecture on the through-thickness structure of CrN
thin films has been studied in an attempt to improve the tribological
performance of these coatings. The coatings were deposited onto tool steel
by DC reactive magnetron sputtering with DC or mid frequency (100-350
kHz) pulsed DC biasing at the substrate (at both the ion etch and deposition
stages). Pulsed DC biasing is known to result in enhanced ion current
densities incident at the substrate, which can be beneficial to film
properties. However, excessive ion bombardment may lead to high intrinsic
stresses and poor film adhesion. Hence, in this study, alternative layer
architectures have been investigated to optimise both film properties and
adhesion.
The coating structures have been analysed by X-ray diffraction (XRD) and
scanning electron microscopy (SEM) and their tribological properties have
been assessed by nano-indentation, scratch test adhesion and thrust washer
wear testing. From these results, an optimised layer architecture is
proposed, which demonstrates enhanced tribological performance compared
to coatings with more conventional structures. Based on these findings,
further batches of coatings with different architectures were deposited onto
6mm diameter twist drills, which were then tested to failure against EN9
steel. A wide range of results were obtained, with some coating
architectures failing after a similar number of holes to an uncoated drill,
whereas other architectures out performed commercially available tools by
a factor of four and had an average lifetime approaching 66% of a CrTiAlN
coated tool.
Keywords
Chromium nitride coatings
magnetron sputtering
tribology
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The paper reports on mechanical and tribological properties of Sn-Cu-O thin
films reactively sputtered in an Ar+O2 mixture using a round magnetron.
The magnetron is equipped with a Sn/Cu target composed of Sn plate
(Ø=100 mm) fixed to the magnetron cathode by a Cu ring of inner diameter
Øin. The content of Cu in the Sn-Cu-O film was controlled by Øin. The effect of
Cu addition in the Sn-Cu-O oxide and the substrate temperature Ts used in
the film deposition on the structure, mechanical (hardness H, effective
Young’s modulus E*, elastic recovery We) and tribological (coefficient of
friction μ, wear rate k) properties of Sn-Cu-O film were investigated in detail.
It was found that (i) the Sn-Cu-O films deposited at Ts=500°C exhibit much
higher hardness (H up to 19 GPa) compared to those deposited on unheated
substrates (H ≈ 10 GPa), (ii) all Sn-Cu-O films deposited under very different
deposition parameters exhibit a low wear rate (down to ~2x10-7 mm3/Nm),
(iii) increase in relative humidity of operation atmosphere used in
tribological test decreases the coefficient of friction from ~0.7 (10%) to ~0.4
(87%). The values of μ and k were measured at room temperature (RT). The
values of μ and k measured at temperatures T > RT up to 500°C will be also
presented.
Keywords
Sn-Cu-O films
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Tribological properties
Reactive magnetron sputtering
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The outstanding mechanical properties of nitride thin films and the
mastering of their industrial deposition process by PVD have allowed their
massive spread in the industry, for example for cutting tools applications.
Nevertheless, their poor oxidation resistance prevented any further
improvement of the lifespan of these cutting tools. As a consequence,
studying their behaviour in oxidative conditions is crucial, as it determines
their lifespan in tough conditions in a much more important way.
In this study, NbN and Nb-Si-N coatings were deposited by the magnetron
co-sputtering of two pure targets of Nb and Si. The phases and the
microstructures of the coatings were analysed by XRD and SEM. The
oxidation process of the coatings against temperature was studied in situ by
XRD under room atmosphere.
An improvement of the oxidation resistance was clearly highlighted with the
addition of Si in NbN, whatever the deposition conditions and the
microstructure. For all the samples, the crystalline phase was stable up to
T1, at which temperature the nitride peaks intensity start decreasing at each
further temperature step up to T2. At this temperature, the nitride diffraction
peaks disappear and then broad Nb2O5 peaks develop rapidly. Finally, at T3,
the largest oxide peak gets thinner showing two distinct peaks, which
translates the coalescence of the oxide grains. This last phenomenon is
especially delayed by addition of Si in NbN. Under our interpretation this
delay in the coalescence of the oxide grains would be due to the isolation
from one another by amorphous silicon oxide, consequence of a composite
structure.
Finally, Raman analyses of films oxidised at temperatures ranging between
T1 and T2 clearly evidenced a broad Raman band due to the Nb2O5 phase,
indicating the formation of an amorphous oxide phase.
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Hard coatings like TiN or TiAlN are well established in industrial use as tool
coatings. These coatings often are prepared by PVD techniques like arc
evaporation or d.c. magnetron sputtering. Typical micro hardness values of
such hard coatings are in the range of 30 GPa. As a clear advancement
compared to d.c. magnetron sputtering processes the pulsed magnetron
sputter deposition technique could be shown. TiAlN hard coatings as well as
TiAlN coatings modified by incorporation of elements like Cr and Si were
prepared using the pulsed magnetron sputter technique in a CC800/9 batch
coater. The coatings provide high hardness, high wear resistance and by
alloying Cr and Si a clear improvement of the oxidation resistance at high
temperatures. Additionally the HIPIMS-Technology was applied to gain
further benefits. Higher ionization of the metallic plasma species and
enhancement of the plasma energy density result in denser coatings at high
hardness and low internal stresses levels. Beside hardness and wear other
properties like adhesion or coating morphology were investigated. The
chemical composition of the coatings was determined by EPMA and the
crystal structure was derived from X-ray diffraction analyses. Using pulsed
magnetron sputter processes the coating properties, especially the hardness
could be significantly improved. With HUplast > 40 GPa the range of
superhard materials could be reached. Additionally, such coatings were
successfully applied as interlayer for cubic boron nitride tool coating
systems. The application potential of these modified nitride hard cutting tool
coatings will be demonstrated by turning and milling tests results. The
cemented carbide cutting tools used in the tests were recently developed
from novel nano grained cemented carbide powders. Especially for difficultly
to cut Ni and Co based super alloys as well as for Titanium these tools show
a clear superiority compared to common tool solutions.
Keywords
cutting tool coating
sputter deposition
Nitrides
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The present work deals with structural, mechanical and tribological
charaterization of nanostructure of nitrides based films (ZrN, TiN) for cutting
tool applications. Coatings are deposited by reactive magnetron sputtering
from metallic targets (Ti, Zr and B) on static substrate holders with RF or DC
bias.
Thermo chemical treatments by plasma nitrided have been held on steel
substrates for eventual duplex applications.
The influence of plasma parameters (nitrogen partial pressure and substrate
bias) on mechanical properties of ZrN an TiN is studied. In order to improve
its mechanical properties, bore is then introduced to TiN and ZrN thin films.
The fraction of bore into the coatings is then increased in order to achieve
the formation of ZrBN and TiBN nanocomposite. Chemical, mechanical,
tribological and structural properties are studied as a function of bore
content using XPS, FTIR and nano-indentation, Scratch tests, XRD, SEM and
TEM techniques. C-BN and h-BN phases are detected from 1 at.% of bore by
XPS measurements.
An increase of the hardness is observed while adding bore to nitrides with
two maximum at 5 and 10 at.% of bore. The resistance corrosion is also
studied as function of deposition conditions.
Keywords
reactive magnetron sputtering
thin films
nancomposites
tribological properties
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stability of Cr x Mo 1-x N coatings for machining tools
Issam RAHIL1, Corinne NOUVEAU1, Luc IMHOFF2, Agnès FABRE3, Laurent
BARRALLIER3, Valérie POTIN2, Olivier HEINTZ2, Benoît LAGANIERE4
1
Arts et Métiers ParisTech, Cluny, France 2University of Burgundy, Dijon,
France 3Arts et Métiers ParisTech, Aix En Provence, France 4FPInnovations,
Québec, Canada

rahil.issam@yahoo.fr
During a hard turning operation, the wear of the cutting tool produced by
mechanical, thermal and physico-chemical stress leads to deterioration of
the active portion of the tool. Today, most of the cutting tools are coated
with a thin film (< 5µm) to protect them and enhance their service life. This
research deals with the development of new protective chromium
nitride-based coatings against abrasion and shock wear. CrxMo1-xN films
have been developed on carbide cutting tools by dual R.F magnetron
sputtering using Mo and Cr targets in an Ar+N2 atmosphere. The Cr and Mo
content were varied by changing the target voltage from 0 to -900V and the
influence of the composition on the tribological properties was studied.The
composition of the layers was studied by EDS/WDS and XPS. These
techniques revealed the presence of N, Cr and Mo in CrxMo1-xN films and
less than < 5 at. % of oxygen. SEM observation showed a dense columnar
microstructure of the CrxMo1-xN film similar to the CrN sample. X-ray
diffraction analysis indicated that all deposited films were amorphous. All
CrxMo1-xN films showed compressive residual stresses ranging from -6 to
-10 GPa. Also, they showed hardness values between 7 and 10 GPa except
MoN films which presented a higher hardness of 14 GPa. The friction
coefficient of the CrxMo1-xN film was around 0,5-0,6. However, after
ball-on-disk tests, SEM and WDS-EDS microanalysis confirmed that the layer
composed of 24 at.% of Cr, 25 at.% of Mo and 51 at.% of N exhibited a
better wear resistance compared to the CrN, MoN and other Cr-Mo-N films.
Thermal stability of the deposited films has also been studied by heating the
films in vacuum at temperatures ranging from 400 to 700°C. The physical,
chemical and mechanical analysis revealed that the Cr-Mo-N films showed
higher thermal stability than MoN and CrN thin films.
Keywords
Cr x Mo1-x N
microstructure,
hardness
friction- Wear
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Chromium nitride is one of the most commonly used protective coatings by
industry because of its capacity to combine notable tribological properties
with high resistance to corrosion and oxidation. One of the main drawbacks
of CrN is its high friction coefficient at elevated temperatures. The addition
of Al to CrN to form a solid solution allows improving the friction coefficient
as well as other mechanical properties. An alternative approach is to
combine CrN with a solid lubricant, such as Ag, to produce nanocomposite
coatings that can display superior tribological properties.
In this work CrN has been combined with Bi as a solid lubricant, in order to
produce self-lubricant films. The coatings were obtained by sequential
sputtering of two individual high purity (99.99 at %) targets of Cr and Bi onto
Si and steel substrates, in a mixed Ar and N2 discharge. As a result,
nanocomposite coatings consisting of thicker CrN layers separated by Bi
nanolayers were produced. The thickness of the Bi nanolayers was varied by
varying the Bi deposition time from 10 to 60 s while the CrN layers
deposition time was kept constant at 10 min.
The chemical compositions of the resulting films were investigated by
means of Electron Probe Microanalysis, while the crystal structure was
evaluated by X-ray diffraction using glancing incidence geometry with a 2º
incident angle. The Bi content in the films varied between 1.7 and 8.1 at. %,
depending on the deposition time used for the Bi nanolayers. Broad CrN
diffraction peaks were obtained by XRD on the samples with lower Bi
content while the Bi phase was detected along with CrN on the films
deposited with higher Bi content. Hardness and Young’s modulus of each
sample were measured by nanoindentation. Tribological tests were
conducted using a pin-on-disk tribotester.
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AlTiSiN and more recently AlTiTaN coatings were shown to present excellent
oxidation and wear resistance at high temperature when presenting a
composite microstructure i.e. crystalline nitride nanograins rounded by a
very thin nitride amorphous phase [1]. Though, some machining applications
still need more oxidation resistance coatings at high temperature to get
sufficient tool lifetimes. Addition of reactive elements (such as Y) or Cr
within AlTiTaN-based coatings is expected to allow an increase of the
coating oxidation resistance through the formation of a more alumina
protective layer at high temperature [2].
In this work, Cr-alloyed or Y-doped AlTiTa-N quaternary nitride coatings
deposited through reactive magnetron sputtering have been studied in
order to understand the effect of the added element on the growth i.e.
microstructure of those coatings, and thus, on their mechanical properties.
Coatings have been prepared from Ti42Al46Ta12 and pure Y or Cr targets with
content ranging from 0 up to 2.4 at.% for Y and from 0 up to 5 at.% for Cr.
X-ray diffraction have already shown different impact of doping and alloying
elements on crystalline structure: Y-doping leads to a texture component
balance from {111} to {200} cubic AlTiN phase associated to a grain size
collapse, whereas Cr-alloying induces progressive diffraction peak shift that
suggests Cr incorporation within AlTiN matrix with progressive grain size
decrease. Wear behavior and hardness have been examined respectively
through tribology and nanoindentation tests and have been analyzed in the
prospect of microstructure (transmission electron microscopy) and oxidation
behaviors (in situ hot stage x-ray diffraction) of the coatings.
[1] M. Pfeiler, C. Scheu, H. Hutter, J. Schnöller, C. Michotte, C. Mitterer, M.
Kathrein, J. Vac. Sci. Technol. A 27 (3) (2009) 554-560.
[2] A. Reddy, D. B. Hovis, A. H. Heuer, A. P. Paulikas, B. W. Veal, Oxid. Met.
67, 153 (2007).
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coatings with different chemical composition deposited by multi arc
ion plating technology
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Chinese Mechanical Engineering Society, beijing, China
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Abstracts: As an alternative to chromium electroplating for piston rings, one
green manufacturing technologies of CrTiAlN composite coatings was
introduced in this paper. And the mechanical and tribological properties of
CrTiAlN composite coatings was compared with chromium electroplating and
CrN films. During the deposition of CrTiAlN composite coatings, the CrTiAlN
composite coatings with different chemical composition are deposited on
the surface of 65Mn steels by multi-ion plating technology in a gas mixture
of Ar+N2. The Metallic ratio of Cr, Ti, and Al was varied by adjusting the
currents of different TiAl target. The coatings were characterized by means
of energy dispersive X-ray(EDX) analysis, X-ray diffractometry(XRD),
scanning electronic microscopy(SEM), microhardness tester, and ball-on-disc
tribometer , respectively. The experimental results show that the surface
morphology of CrAlTiN films is compact and dense. And the cross-section
morphology appears as fibrous columnar structure. Compared with CrN
coatings, the preferential growth orientation of CrAlTiN films was changed
from CrN (111) to CrN (200) after the addition of Ti, Al element. When the
TiAl target arc current was 50A, the hardness reached the maximum value,
35GPa. The CrAlTiN composite films perform better than binary CrN as well
as the Cr plating in teams of hardness and wear resistance at high
temperature. Then the tribological mechanism at high temperature for the
above three kinds of coatings was discussed. It is expected that these
advantageous properties can enable the CrTiAlN coatings for a wide range of
applications the surface of piston rings.
Keywords
Ion plating
CrTiAlN composite coatings
Microstructure
Tribological properties
Piston rings
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CrN has been deposited by means of reactive DC magnetron sputtering in
an Ar+N2 gas mixture, with Cr target purity of 99,95 % onto XC100 steel
substrates. We are investigating the different characteristics, such as the
structural, mechanical, tribological and electrical properties, obtained with
constant versus pulsed gas flow. The reactive gas pulsing process was used
to adjust the chemical composition by monitoring the introduction of
chemical compositions and consequently the characteristics of the films. The
thin films were analyzed by SEM and GI-XRD to characterize the structural
properties, nanoindentation for mechanical properties, tribological
properties by pin-on-disc and scratch testing, and a Van Der Pauw
measurement system for the electrical properties.
Keywords
Thin films
CrN
Pulsed injection
DC magnetron.
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Promising CrSiN films were deposited on XC100 steel, glass and Si
substrates by reactive RF magnetron sputtering in an Ar+N2 mixture using
classical method with constant injection and a method with pulsed injection
of nitrogen in chamber deposition. The reactive gas pulsing process was
used to adjust the chemical composition by monitoring the introduction of
chemical compositions and consequently the characteristics of the films.
Both Cr and Si targets have 99,99% purity. The microstructure of the
resulting films was investigated by XRD to show the effect of different
process parameters, such as Si content and gas injection method. Chemical
composition and roughness are investigated using SEM EDS/WDS
respectively. In addition, XPS examined the bonding structure of the films.
Moreover, mechanical and tribological characteristics are illustrated by
means of nanoindentation and tribometry.
Keywords
Thin films
CrSiN
Pulsed injection
RF magnetron
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The bonded MoS2 films are widely used as solid lubricants in aerospace
mechanisms due to their excellent tribological properties. Traditionally, the
MoS2 was directly bonded on the Al substrate that was only treated by the
technique named sandblast. For improving the tribological properties of
MoS2 films, micro arc oxidation(MAO) instead of sandblast was introduced as
a new technique for treatment of Al substrate. In this article, the tribological
properties of MoS2 films bonded on different surface of Al substrate as
mentioned above were dicussed, respectively. It is concluded from the test
results that the MoS2 films bonded on substrate treated by MAO have better
tribological properties than the ones treated by sandblast, and the
endurance life against abrasion of the former is as high as four times than
the latter by the stand test method of ball on disk using the UMT
Multi-Specimen Test System. This phenomena can be illustrated by the
following reasons: One point is the porous microstructures of MAO ceramic
coatings on the Al substrate. The coatings have numerous pits to be good at
imcreasing the binding force with the MoS2 films, and the pits can also provid
a MoS2 lubricants reservoir during processes of friction. Both of them
improvedthe MoS2 films' ability of wear-protective; Additionly, naturally the
MAO coatings' hardness is higher than the Al，and this makes sure that the
coatings of wearing resistance are better,especially in practical application
to big load-supporting moving parts, such as gear, bearing, etc. .
Keywords
MoS2
micro arc oxidation
tribological
wear
endurance life
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Austenitic stainless steels with their excellent corrosion resistance are used
in industrial applications for example: nuclear and petrochemical industry,
pulp and paper chemistry, food and chemical processing. Simultaneously
stainless steels have low hardness and poor tribological properties, what
limited their applications in engineering fields. Improvement of the wear
resistance of austenitic stainless steels can be achieved using different
surface treatment, for example: re-solidification techniques or enrichment of
the surface layer with reactive elements. The aim of the presented work was
to improve the wear resistance of AISI 316L steel by incorporation Ce and La
elements to its near surface region. Two methods were used for surface
layer modification: (i) REE ion implantation: 65kV and nitrogen as the
working gas up to REE doses in the range of 1x1015 cm-2 to 5x1017 cm-2, (ii)
high intensity pulsed plasma beams in deposition by pulse erosion (DPE)
mode with pulse energy density of 3.0 J/cm2, duration in μs range and
nitrogen as the working gas. The near surface layer with thickness in μm
range was melted and simultaneously doped with REE. Heating and cooling
processes were of non-equilibrium type.Various parameters of the process
were set up to get level of doping between 0.3- 3.0 at % REE. Surface
morphology changes were observed by scanning electron microscopy (SEM).
Elemental analysis with EDS method confirm introduction of REE to the
modified surface layer. Phases presented in initial and modified materials
were identified by X-ray diffraction analysis (XRD). Tribological properties
were investigated using Amsler method. An improvement of the wear
resistance by a factor of about 2.0 was observed in both methods applied as
compared to the initial material.
Keywords
high intensity pulsed plasma beams (HIPPB)
ion implantation
rare earth elements (REE)
tribological properties
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the Ti-Al-N coating deposited by magnetron sputtering process with
single alloying targets
Duck Hyeong Jung1, Kyoung Il Moon1, Yoon Kee Kim2, Seung Yong Shin1
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To improve the properties of TiAlN coating, third elements addition such as
Co, Zr, Mo, Si, B has been popularly tried. The addition of Si to AlTiN and
structurally well manipulation led to the formation of nano-composite
coating of TiAlN and Si3N4 phases. This resulted in the super-hardness over
40 GPa and the increase of the oxidation temperature over 1000 °C.
However, it is not easy to add Si to the AlTiN by a proper PVD system. So,
Al-Ti-Si-N has been prepared by hybrid process with PVD with multiple target
sources or PVD + PECVD with Si source gas.
In this study, Al-Ti based single alloying targets were prepared by powder
metallurgy of mechanical alloying and spark plasma sintering. Also, Co, Zr,
Mo, Si, B added targets were prepared to improve wear, thermal and
oxidation properties. The investigation on the alloying targets showed that
their microstructure was nano-sized about 20-30 nm and all the elements
were homogeneously distributed.
Ternary Ti-Al-based coatings were deposited by unbalanced magnetron
sputtering method with various alloying targets. The composition of the
coating was almost same with that of the target. Their microstructures and
mechanical properties were investigated by XRD, SEM, TEM, nano-indenter,
tribometer, etc. The easiness of the nanocomposite structure was reviewed
with alloying properties between alloying elements added in the coating.
Also, the effects of the 3rd element on the wear and corrosion properties of
the Ti-Al-N based coatings were reviewed in this study.
Keywords
Ti-Al-X-N ternary coatings
Single alloying target
Magnetron sputtering process
Nanocomposite coating
Third element addition (Co, Zr, Mo, Si, B)
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Structural changes in WC-TiC-Co hard alloy and Mo coating – hard
alloy system as a result of compression plasma action
Kuleshov Andrey1, Uglov Vladimir1, Krutsilina Evgenia1, Astashynski
Valentine2, Kuzmitski Anton2
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Irradiation technology is one of the most promising techniques for surface
hardening of hard alloys which are characterized by high residual porosity
and large variation in the carbide particles dispersion. The goal of this paper
is to study the influence of compression plasma flows (CPF) in nitrogen
atmosphere on structure and mechanical properties of WC-15TiC-6Co (wt.
%) hard alloy and hard alloy with deposited Mo coating. CPF with
submillisecond duration allows not only to synthesize hard melting layer
consisting of supersaturated carbide solid solution due to melting, mixing
and a high cooling rate but also to alloy uniformly this layer with additional
metals and to saturate it with plasma-forming gas.
X-ray diffraction analysis revealed that after treatment with absorbed
energy density (JE) less than 19 J/cm^2 TiN, W2N and Mo2N nitride phases
are formed in the surface layers. That is due to partial decomposition of
carbides and diffusion of Ti and W to surface layer and enrichment of melt
with nitrogen. W2C and Мо2С carbide phases were also found. Further
increase of JE (27 J/cm^2) leads to formation of uniform melted layer (~ 6
μm) phase composition of which corresponds to a (Ti,W)C solid solution.
Nitride phases were not detected as nitrogen diffusion in material is
complicated by ablation intensity increase. In case of deposition of Mo
coating the melted layer (~ 4 μm) is alloyed by molybdenum (6,3±1,4 at.%).
It was established that microhardness of the investigated systems’ surface
layers increases by more than twice as result of formation of highly modified
layer with superfine structure alloying by molybdenum for Mo-hard alloy
system as well as precipitation of the second phases. Tribological tests
showed the decrease of friction coefficient in 3-3.5 times after CPF for both
cases, modified layer has improved wear resistance.
Keywords
hard alloy
compression plasma flows
alloying
nitride phases
mechanical properties
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Tribological coatings composed of transition metal dichalcogenides (TMD)
have been studied for their excellent self-lubricant properties. However,
they exhibit low load-bearing capacity, and their performance tends to
deteriorate significantly in the presence of humidity. In previous works,
doping disulfides and diselenides of tungsten and molybdenum has proven
to be a way of greatly improving the tribological performance of this class of
films in different environments.
In this work, thin films were deposited by r.f. magnetron sputtering on silicon
and steel samples, using two targets (carbon and chromium) and tungsten
disulfide pellets. The final composition was controlled by the number of WS2
pellets and the ratio of the power applied to the targets. The chromium
content in the coatings was varied in the range 0 – 15 at.% and the S/W ratio
was approximately 1.25 in all compositions in the series. The coatings were
characterized in regard to their hardness, adhesion, chemical composition
and bonding, microstructure and morphology, as well as their tribological
behaviour.
Tribological tests were performed in humid air using a pin-on-disk
tribometer. The applied contact load was varied and the wear tracks were
examined, particularly by Raman spectroscopy and 3D profilometry. An
adaptation in the equipment allowed the in-situ monitoring of the evolution
of the wear tracks, by optical microscopy and Raman spectroscopy.
The results of characterization and tribology evidenced improvements in
hardness and wear resistance associated with the dopants. Furthermore, the
in-situ analyses yielded interesting results regarding the tribolayer formation
during running-in and the sliding process.
Keywords
WS2
carbon
self-lubrication
friction
coating
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HfO2 thin films present many useful optical and electrical properties, such as
high refractive index, high dielectric permittivity and high transmittance to
visible light, among others. These properties make them useful in many
fields, like as microelectronics, optical cells, solar energy conversion,
mechanical applications, etc. Most of HfO2 thin films are produced by
chemical vapor deposition or reactive RF magnetron sputtering, however,
the reactive DC magnetron sputtering technique allows a fine thickness
control, homogeneity and stoichiometry of the deposited layer, this is a
reliable technique for deposition a very thin films, which could be applied as
insulator layer for dielectric gate in MOSFET devices. The deposition
technique and conditions used alter significantly the film properties, for
example, the dielectric constant value, which ranges from 18 to 25.
Transition metal oxides presents unique mechanical properties which could
vary according with the stoichiometry, crystal structure, inherent stress, etc,
in the formed thin film. This is possible because two films could be obtained
with equally stoichiometry but with different hardness due to the phase
change. In this work HfO2 thin films deposited by reactive DC magnetron
sputtering and the Ar/O2 ratio is dynamically controlled by a residual gas
analyzer (RGA) during all the deposition process. The structural,
compositional and crystallographic properties were carried out by glancing
angle x-ray diffraction (GAXRD), Rutherford backscattering spectrometry
(RBS) and wavelength x-ray fluorescence (WXRF). The hardness and elastic
moduli of the samples were evaluated by indentation hardness test (IHT).
The hardness results shown a significantly difference as the Ar/O2 ratio is
changed in the vacuum chamber, in fact, this atmosphere alteration shifts
the crystalline structures from an amorphous through a monoclinic and
finally a orthorhombic phase of the formed thin films.
Keywords
IHT
thin films
magnetron sputtering
mechanical properties
hafnium oxide
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Abstract
In this study, the microstructure and wear properties of pulse plasma
treated AISI 4140 steel was investigated. The surfaces of the samples were
modified by using plasma pulse technique. The only one battery capacities
(800mF) and two different sample plasma gun nozzle distances of 50, 60,
and different number of pulse were chosen for surface modification. Wear
test was done in CSM-linear wear test machine with 0.15 m/s constant
sliding speed under 5N, 7N, and 9N loads for 200 m. It was observed that
friction coefficient and wear value were changed in accordance with load.
Friction coefficient values of modified specimens were lower than that of
non-modified ones. Wear resistance was increased in modified samples.
Worn surfaces of specimens were studied by SEM, EDS analyses techniques.
Keywords
Surface,
wear
friction
pulse plasma
SEM
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Carbon-based coatings are due to their excellent properties such as high
wear resistance and low coefficient of friction often used for tribological
applications, especially under conditions of dry friction. In this work we
investigated double layer composed from top carbon based coating and
TiAlN underlayer. The base layer, which has bearing function, was commonly
used coating TiAlN with thickness 3–9 μm. Second layer, which has
lubrication function, was a-CN coating with thickness 0.5–1.5 μm. All
coatings were prepared by conventional DC magnetron sputtering in
CemeCon 800/9 sinOx ML at temperature around 400 °C. The coefficient of
friction and wear were analysed using a pin-on-disk instrument, a 3D
profilometer and a confocal microscope. The pin-on-disk tests were made in
air, in water and in nitrogen environment using linear and rotating mode.
Relative velocity of 0.2–50 cm/s and load of 1–20N was applied. As a
counterpart body Al2O3 and 100Cr6 balls with 6 mm in diameter were used.
Coefficient of friction and wear depend significantly on test conditions. For
measurements in air in most cases the coefficient of friction was 0.2 0.3, the
coefficient of wear of coating was 100–1000 μm3/Nm and the coefficient of
wear of ball was 50–200 μm3/Nm. In nitrogen environment much higher
values were observed. The coefficient of friction was 0.2–0.6, the coefficient
of wear of coating was 1000–25000 μm3/Nm and the coefficient of wear of
ball was 50–60000 μm3/Nm. However, in water the coefficient of friction was
~0.1 with no wear observed even after 20000 cycles (sliding distance ~700
m). This study indicates that a-C:N can be very successfully used to enhance
the tribological properties of TiAlN coating. Double layer TiAlN/a C:N offers
an excellent lubrication effect and a reliable protection against wear.
Keywords
tribo
wear
friction
DLC
TiAlN
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By applying electron beam treatment on various TiAlN hard coated steel
substrates a substantial gain in adhesion was observed. Structural and
elemental analysis show that all three components are subject to changes:
the substrate, the coating and the interface.
Hard coatings cannot exploit the full range of their excellent properties if the
used substrate materials are too soft. Therefore it can be beneficial to carry
out an additional heat treatment before or after the coating process.
Especially if the coating deposition requires high temperatures a case
hardening after coating deposition is an effective new approach. The
investigations presented here were focused on a combination of the
deposition of TiAlN coatings and a subsequent electron beam surface
hardening. The TiAlN coatings with variable compositions and mechanical
properties were deposited by reactive magnetron sputter deposition onto
two different tool steels. The TiAl targets and the substrate were excited
both by DC and pulsed DC voltage. For electron beam hardening a
rectangular energy transfer field was used. The energy distribution within
the field caused a nearly constant hardening temperature on the material
surface during the whole hardening process. Besides composition and
structure of the coatings before and after electron beam treatment their
hardness and adhesion were studied. Depending on the coating’s
composition and thickness morphological changes of the coatings could be
observed. Coatings of 1 µm thickness showed severe cracks while these
were not observed on coatings of 3 µm thickness and more. Especially for
coatings with insufficient adhesion on untreated steel the electron beam
hardening caused a significant improvement. The considered combination of
coating deposition and subsequent EBH seems to have a high potential for
locally highly loaded tools or components.
Keywords
TiAlN hard coating
electron beam
case hardening
adhesion
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Nickel hardfacing alloys have become increasingly popular in recent years in
protection of surfaces, owing to their excellent performance under
conditions of abrasion and corrosion at high temperature. The
microstructure and mechanical properties of Ni-based hardfacing alloy
deposits has been studied using various alloys compositions and dissimilar
thermal spraying and welding processes. However, in the literature there
are no references concerning the effect of zirconia additions on the
properties of this type of coatings. The aim of the present investigation is to
study the effect of nanostructured zirconia additions on microstructure,
hardness and wear performance of a nickel-based hardfacing alloy deposit
on stainless steel by Atmospheric Plasma Spraying (APS). The coatings with
nanostructured zirconia additions were produced using powders prepared by
mechanical alloying and using a dual system of powder injection available at
the APS equipment. The microstructure, the mechanical properties and the
tribological properties were characterized by scanning electron
microscopy/energy dispersive X-ray analyses (SEM-EDAX), X-ray diffraction
(XRD), scratch testing, Vickers indentation and reciprocating sliding wear
tests. All the properties of the deposits were compared with coatings
containing pure nickel based alloy and nanostructured zirconia. The results
showed that the coatings with nanostructured zirconia additions display high
levels of porosity and excellent adhesion to the substrate. The deposits
performed with the dual system of powder injection revealed some
improvements in the mechanical properties. According with sliding tests, the
additions of nanostructured zirconia increases the wear resistance of the
coatings and decreases its friction coefficient.
Keywords
Plasma Spraying
Ni-based alloy
Nanostructured zirconia additions
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PVD deposited hard nitride coatings are used in the various fields such as
tools, dies and machine elements. Erosion by high speed impinging solid
particles can produce severe damage for the coated components such as
turbine blades. Although the erosion of the coatings is known to be affected
by deposition techniques and conditions, the effect of mechanical properties
and erosion mechanism have not well explained yet.
Several types of PVD hard nitride coatings such as TiN were deposited using
cathodic arc ion plating method on stainless steel substrates as simulating a
machine component. These coatings were subjected to structural analysis
such as XRD and TEM, and mechanical property investigation using
nano-indentation measurement. Solid particle erosion resistance is
evaluated using MSE (Micro-Slurry Erosion) method [1] using relatively large
alumina hard particles (~ 50 microns) as erodent.
In case of TiN coatings which were deposited with different substrate biases,
showed decrease in erosion rate as the substrate bias was increased. From
the mechanical point of view, increase in substrate bias lead to increase in
hardness. But also coatings preferred orientation was changed from (200) to
(111) by the increase of substrate bias. EBSP (Electron Backscattering
Pattern) analysis of the sample before and after a short erosion test indicate
that crystal grains with (200) texture are preferentially removed by the
particle erosion explaining increasing in erosion resistance as the substrate
bias is increased. TEM analysis of the worn surface showed that lateral
cracks were developing at the grain boundary between the grains with
different crystallographic orientation. These change in structure and
mechanical property brought a change in erosion property and these
relationship will be discussed in more detail for TiN and other coating
system.
[1] Y. Iwai et al ., Wear 251 (2001) 861–867
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Enhancement of atmospheric plasma removal of VOCs using porous
dielectric conformally coated with titanium dioxide by atomic layer
deposition
Tatyana Ivanova1, Marja-Leena Kääriäinen2, David C. Cameron2
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Lappeenranta Univ. of Technology, ASTRaL, Mikkeli, Finland 2ASTRaL,
Lappeenranta University of Technology, Mikkeli, Finland
tatyana.ivanova@lut.fi

The use of atmospheric pressure plasmas to remove organic volatile
compound (VOC) contamination from different atmospheres is a current
area of research for pollution control. Dielectric barrier discharge (DBD)
systems are widely used to produce non-thermal atmospheric pressure
plasmas. The combination of DBD discharge together with catalytic
decomposition has been widely studied for VOC abatement. In this paper,
we report on the use of atomic layer deposition (ALD) to deposit titanium
dioxide catalytic thin film in porous glass labyrinths. ALD has been shown to
produce effective photocatalytic TiO2 layers and one of its characteristics is
to be able to deposit on the internal surfaces within a complex porous
material. The performance of a parallel plate DBD system has been tested
for the reduction of VOCs, in particular ethyl acetate, toluene and a mixture
of these. The performance has been compared under conditions of DBD
only, DBD with porous glass interelectrode material to increase the flow path
of the gases, to increase the intensity of micro discharges in the porous
cavities and to maximise the surface area of the interelectrode medium and
also with the porous glass material coated with titanium oxide layers to
enhance the decomposition. The conversion of the VOCs to CO2, CO and
water as a function of the specific input energy (SIE) was measured as a
function of the pore size of the glass. The breakdown products of the
decomposition were determined by using FTIR absorption measurements of
the exhaust gases. The figure shows the decomposition products as
measured by FTIR.
Keywords
dielectric barrier discharge
photocatalyst
titanium dioxide
atomic layer deposition
FTIR

Powered by TCPDF (www.tcpdf.org)

Poster: Atmospheric plasma processing, plasma spraying

Tuesday, September 11, 2012

PO2040
Atmospheric pressure plasma treatments inside meander-like
cavities
Antje Quade, Katja Fricke, Klaus-Dieter Weltmann
INP Greifswald, Greifswald, Germany
quade@inp-greifswald.de
Atmospheric pressure non-equilibrium plasma jets are used in a variety of
applications related to surface treatment. An important advantage of plasma
jets is its ability to penetrate into small structures, such like cavities, gaps,
crevices, and tubes. But, plasma-induced functionalization, cross-linking,
and etching processes on plasma-exposed substrates leads to physico
chemical changes in the surface properties, which in turn influence the
performance characteristics. For this purpose, a three-dimensional
polycarbonate module was used to demonstrate the capability of jet
plasmas, driven at atmospheric pressure, to penetrate into small cavities
accompanied by a detailed surface analysis applying X-ray photoelectron
spectroscopy (XPS). Therefore, a 3D module, composed of 24 perforated
polycarbonate (PC) slices was generated. The perforations of the PC slices
are interconnected in a vertical direction producing meander-like channel
configuration. Each slice was 0.5mm in height, and a stack of 24 slices
generates pore channels of an overall longitude of around 1.2cm. However,
in this study the impact of operating gas, namely Ar and Ar/O2, and the
influence of plasma treatment time on the surface properties of the
end-layer is studied. Hence, the elemental composition was analyzed to gain
insights in the extent of surface functionalization. Indeed, differences could
be observed between the operating gases and the treatment times. For
instance, no surface functionalization of the end-layer was observed after
30s Ar plasma whereas a significant increase in the O/C ratio was
determined as well as an incorporation of nitrogen into the surface with an
N/C ratio of 8% after 300s Ar plasma exposure. Moreover, an amino group
density of approximately 1% was estimated. Summarizing, the plasma
assisted creation of oxygen- and/or nitrogen-containing functionalities in
small cavities in complex 3D geometries revealed the possibility to enhance
the field of applications for plasma jets. Consequently, a careful choice of
plasma parameters allows a user-defined tailoring of the surface properties.
Keywords
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A stable filamentary RF plasma jet generated at atmospheric
pressure within a capillary dielectric tube
Gheorghe Dinescu1, Maximilian Teodorescu1, Ionita Eusebiu Rosini1, Marian
Bazavan2
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N.I.L.P.R.P., Magurele, Romania 2Physics Department, University of
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Long, and yet thin non-thermal atmospheric plasma jets are required for
applications in dentistry, medicine, electronics. Besides the dielectric barrier
discharges (DBD’s), no other type of plasma devices can achieve the goal of
being cold yet having a length of centimeters. In this contribution we
present a study of a long (30-60 mm) and thin (0.6 mm) atmospheric
pressure plasma jet generated from the inside a thin glass tube. The
discharge is operated at 13.56 MHz and the flowing gas used is Argon. No
internal electrode is used during operation, and the grounded electrode is
distributed. The study comprises imagistic, spectral and electrical
measurements, each contributing to the understanding of the operating
domains of this plasma source. The aspect and stability of the discharge was
observed in detail during expansion in argon and air, with obvious changes
due to operation in the open ambient. The temperature of the jet was
extracted by comparing the acquired OH spectra with the simulated ones. It
was found that the value is in the low temperature domain, thus the plasma
being cold. The jet reflects on surfaces, as paper or polymeric foils, without
significant spreading.
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Julius Roch1, Gerrit Mäder2, Stefan Kaskel2, Matthias Scharrnbeck3, Klaus
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For surface treatments such as etching, coating, or activation, process and
plasma source play a key role concerning the quality and feasibility of the
process. For vacuum processes a huge assortment of large area and
powerful plasma sources exists, however, the repertory for atmospheric
pressure is more limited. The interest in simple, efficient, and primarily large
area treatment technologies is still growing. The implementation of today’s
available plasma technologies is either limited or uneconomic.
At Fraunhofer IWS Dresden the feasibility of deposition and etching using a
10kW@2,45GHz 11” iplas microwave plasma source was demonstrated. The
scalability of the technology is limited to 160mm treatment width by its
microwave generator and resonator. Any further up- scaling is uneconomic
or physical not reasonable. However, experiments show that it is possible to
operate a microwave plasma source at atmospheric pressure pulsed down
to a few hundreds of kHz, even with high gas velocities through the source.
At the PSE 2010 we introduced our work for developing an up-scalable,
in-line process optimized linear microwave plasma source made of low cost
components. A complex control and pulse technology helped to keep the
plasma in the centre of the cavity. Multiple low cost and on high peak power
driven magnetrons was used. A alternate powering of the magnetrons
prevented a destructive interference of the microwave radiation.
Now we can present our first prototype plasma source. A cavity with a width
of 400mm and a length of 100mm, powered by four magnetrons with each
6kW pulse power.
Keywords
scalable
linear
microwave
atmospheric
plasma

Powered by TCPDF (www.tcpdf.org)

Poster: Atmospheric plasma processing, plasma spraying

Tuesday, September 11, 2012

PO2043
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Atmospheric plasma sources are attractive because of their advantages
such as low cost, simplicity, ease of operation, etc. At atmospheric pressure,
plasma discharge is an avalanche breakdown that, without quenching, easily
develops into electric arc. In order to produce stable plasma at high
pressure, the discharge current must be limited properly. Most of the
plasmas used in industrial applications are realized by means of dielectric
barrier discharges (DBDs) under ac voltages. In DBDs, at least one side of
the discharge gap is insulated from the electrodes by a dielectric
layer.Discharge is triggered when the electric field in the gap reaches the
threshold value. Chargesgeneratedare deposited onto the dielectrics. The
trapped charges induce an internal electric field which extinguishes the
discharge in the very half cycle and facilitates the discharge in the following
half cycle.
Charge trapping and de-trapping of dielectrics are quite complex processes
that are strongly dependent on the materials and their history.
Consequently, the behavior of DBD plasmas is often complicated due to the
charging of dielectrics.One way around the complication is an arrangement
with the dielectrics outside of the discharge gap. Here, this is achieved by
connecting a capacitor in series to the discharge gap which consists of two
parallel common plate electrodes. Charges generated during the discharge
cannot flow through the capacitor. Rather, they accumulate on it. The
voltageacross the gap is compensated, as the capacitor is charged up, and
the discharge extinguishes when the voltage drop fallsbelowthe
threshold.i.e., the capacitor quenches the discharge in asimilar wayas the
barrier dielectricsin DBDs- Thus, direct exposure of the dielectrics to the
plasma is avoided. In this contribution, the discharge mechanism of such
capacitor barrier discharges (CBDs) and the influence of circuit parameters
on their discharge behavior are studied.
Keywords
Atmospheric plasma sources
Dielectric barrier discharges
Charge trapping and de-trapping
Plasma-dielectric interaction
Capacitor barrier discharges
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Micro-plasma was generated by a capacitive coupled RF-discharge at
atmospheric pressure. The micro-plasma-source investigated uses metallic
electrodes which are arranged in a coaxial configuration forming a nozzle at
the gas-outlet. The inner electrode is connected via a capacitor to the
RF-generator. The frequency applied was 65 kcs−1. The discharge filaments
are growing mainly inside of the nozzle. The diagnostics was performed in
the downstream plasma in three directions: a) measurement of the outer
electric parameters (time-dependence of voltage and current, phase shift,
effective power), b) time-resolved measurement of the charge transfer and
the floating potential of a probe in the downstream plasma, c) observation of
the time-dependent-behaviour of the downstream plasma with a high speed
camera up to 150 fps (frames per second).
The time dependence of voltage/current shows three different ranges:
during ignition voltage amplitude of about 25 kV is applied. Beyond ignition
the voltage amplitude breaks down to about 300 V and after a transition
time of about 22 ms the voltage amplitude remains constant in the steady
state regime with amplitudes of about 3.5 kV. The phase shift measured is in
the range of 5° - inductive behaviour of the discharge and capacitive
behaviour of the arrangement capacitance-discharge. A phase shift between
the discharge- and the probe-current could not be observed. The electron
density was calculated from the probe measurements in a rough
approximation. In front of the nozzle exit we measured electron densities in
the order of 1015 to 1016 m−3. The sequences of the high speed camera
showed the development of a plasma bullet at the nozzle exit which moves
toward the probe. The speed of the bullet in relation to the outer parameter
will be discussed in detail.
Keywords
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Characterization of rf discharges in narrow gaps of non-thermal
atmospheric pressure plasma jets
Johann Laimer, Qurat-ul Ain, Herbert Störi
Vienna University of Technology, Wien, Austria
laimer@iap.tuwien.ac.at
One possible method for generating non-thermal plasmas at atmospheric
pressure is the so-called atmospheric pressure plasma jet (APPJ), which
features a radio-frequency (rf) discharge between bare metallic electrodes.
While this source is usually operated at gap spacings in the order of 1 mm, it
has been recently shown that uniform discharges can be sustained down to
gap spacings of 0.1 mm.
In the present study special attention is given to gap spacings between 0.1
and 0.5 mm, as this is the region were one would expect a sheath-only
structure of the discharge within the gap. Careful experimental
investigations revealed that uniform discharges can be sustained in helium
within the entire region of interest. Surprisingly, it turned out that in very
narrow gaps (≤ 0.2 mm) much more power can be dissipated in the jet when
the gas flow rate is reduced. In a 0.1 mm gap at low gas flow rates uniform
discharges can be sustained to at least to rf powers 5 times as high than
usual, hence, no transition to a gamma discharge was observed anymore. A
comparison of the impedances determined from electrical measurements
with an equivalent circuit model revealed that the impedance characteristics
can be modelled with a constant gap capacitance being in parallel with a
resistance, which accounts for the dissipated power in the sheath. A detailed
electrical characterization and interpretation will be presented.
Keywords
APPJ
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Characteristics of atmospheric plasma generated by
water-dielectric multi-layer electrode
Tatsuya Misawa1, Keiichi Yamamoto2, Yuusuke Akiyoshi2, Nobuya Hayashi2
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In order to generate the atmospheric plasma for sterilization and disinfection
of fruits and foods which have large volume and complex shape, discharge
method using water-dielectric multi-layer electrode were developed. The
inner glass tube (3.5mm in inner diameter) was inserted center of the outer
glass tube (16mm in inner diameter and 90mm in length). And the internal
fluid of water was enclosed in the region between inner and outer glass tube
and was sealed by silicone rubber cork. The high voltage ac power supply
(10kHz, 9kVp-p) was connected with inner electrode, which is inserted center
of inner glass tube, and outer cylindrical electrode, which has contacted the
outer side of outer glass tube. The discharge gas flows in the inside of the
inner glass tube. Ar and O2 gas were used, pressure is 1 atm and flow rate is
3 L/min. By applying discharge voltage to inner and outer electrode, the
stable atmospheric plasma was generated in the inner glass tube, and was
ejected from the edge of inner glass tube to the outside. The increase of
temperature and decrease of dielectric constant of internal fluid affects the
improvement of plasma density and stability of atmospheric discharge. In
the case of using O2 gas, ozone of 1500ppm was generated. And
water-dielectric multi-layer electrode is effective for the spatial stability of
atmospheric plasma. In addition to previous setup, glass bulb condenser
(300mm in length) and measuring flask of 250ml as the inner glass tube
were used in order to generate the large volume and complex shaped
atmospheric plasma. The uniform plasma along internal wall of the inner
glass tube were generated in spite of change of the diameter of the inner
glass tube. This result suggests that water-dielectric multi-layer electrode is
effective on large volume and complex shaped atmospheric plasma which is
necessary for the plasma sterilization and disinfection of fruits and foods.
Keywords
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During the last decades, water decontamination has become an increasingly
complex challenge, due to the occurrence of new persistent and highly toxic
chemicals in industrial effluents. Currently available physico-chemical
treatments are not adequate for many industrial processes, since they are
unable to efficiently remove recalcitrant xenobiotics in compliance with new
European legislation. In this work, a plasma generation above a water
surface is proposed as an innovative method for water. If plasma is used
there is, in contrast to existing advanced oxidation processes, no need to
externally introduce environmentally hazardous species like Ozone,
Hydrogen Peroxide or Chlorine, because strongly oxidizing species including
UV radiation can be formed directly within the plasma itself. Until now it is
not clear in which way an intimate contact of the plasma discharge should
be best realized. A unique comparison of literature data is not possible,
because widely different chemicals as contaminants have been used and the
input of electric energy to generate the plasma is not always clear defined.
In many cases the amount of electric energy input, which is necessary for
the decolorization of Methylene Blue by 50% (g/kWh) has been reported for
different types of plasma discharges. The resulting values of efficiency are
varying by much more than one order of magnitude. Assuming that the
transfer of reactive species from the plasma zone into the water volume is
one of the main parameters determining efficiency, a suitable setup
containing a layer of water flowing through a DBD plasma zone is proposed
and characterized. With this setup a comparatively high efficiency value of 2
g/kWh could be reached. On this basis the decontamination of herbicidal
mixtures is investigated and an upscaling to a technical prototype is
proposed.
Keywords
water plasma
dielectric barrier discharge
advanced oxidation process
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We report on an atmospheric pressure plasma treatment of fused silica and
its related surface and near-surface effects. Such treatment was performed
in order to improve laser micro-structuring of fused silica by a
plasma-induced modification of the glass boundary layer. In this context, an
atmospheric pressure plasma jet applying a hydrogenous process gas at
ambient temperature was used. By the plasma treatment, the transmission
of the investigated glass samples was decreased by maximum 4.28% at a
wavelength of approx. 200 nm. Further, a decrease in the superficial index
of refraction of approx. 3.66% at a wavelength of 636.7 nm was detected
ellipsometrically. By surface energy measurements, a decrease of the
surface polarity of 30.23% was identified moreover. These determined
modifications confirm a chemical reduction of silicon dioxide to
UV-absorbing silicon suboxide that was already reported in previous work.
Further, a change in reflexion by maximum 0.26% was detected which is
explained by the superposition of constructive and destructive interferences
due to a surface wrinkling by the plasma. With the aid of atomic force
microscopy, an increase of the surface root mean squared roughness by a
factor of approx. 19 was determined. In terms of chemical and mechanical
stability, it was found that both the surface energy and the strength of the
fused silica surface were reduced by the plasma treatment. Even though
such treatment led to a clustering of surface-adherent carbonaceous and
aluminium-containing contaminants, a surface-cleaning effect was
confirmed by secondary ion mass spectroscopy and energy-dispersive X-ray
spectroscopy. The initially-mentioned increase in UV-absorption allows
enhanced laser ablation results of fused silica as shown in previous work. It
was demonstrated that finally, the increase in absorption can almost be
reversed by thermal re-oxidation of the plasma-treated glass surfaces.
Keywords
plasma-induced surface modification
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Optimization of APS Process Parameters Using a Design of
Experiment for CSZ ( CeO2 Stabilized Zirconia) Coatings
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Air Plasma Sprayed (APS) Ceria Stabilized Zirconia (CSZ) coatings have been
extensively used as alternative material yo Yttria Stabilized Zirconia (YSZ) in
the gas turbine industries due to the good mechanical properties and hot
corrosion resistance at an elavated temperatures. Due to the high velocity
and temperature gradients in the plasma jet, any changes in the process
parameters can result in significant changes in the particle properties and
consequently in the microstructure of the coating. For increasing coating
quality,operational primer process parameters as plasma gas flow rates,
plasma current, spray distance must be optimized. The statistically designed
taguchi experiments and regression analysis are used to determine the
effects of processing parameters on mechanical and microstructural
properties of coatings. The effect of changing the processing parameters on
properties such as density, thickness, deposition efficiency and the amount
of porosity in the coatings has been investigated in this study. Results
showed that the CSZ has a higher deposition efficiency and denser
microstructurethan the YSZ systems.
Keywords
Plasma Spraying
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The spray material is heated, melted, and accelerated by a high
temperature flame in the plasma spraying process. Low-pressure plasma
spraying can produce rapidly solidified thick materials because alloy
droplets accumulate successively on the substrate, and solidify at a cooling
rate in the range of 105-108 Ks-1. Depending on the cooling conditions of the
substrate and on the alloy composition, deposits can be produced as
metastable phases or extremely fine crystalline phases. Plasma spraying is
an attractive method for the production of deposits with in-situ formed fine
particles. In recent years, much attention has been paid to high Cr-Ni cast
iron with vanadium carbide, which is attractive for use in metal molds and
pump parts, due to its high wear resistance and high corrosion resistance. In
the present work, high Cr-Ni cast iron alloy powder is low-pressure plasma
sprayed to produce high Cr-Ni cast iron base alloy deposits with finely
dispersed tantalum carbide particles. The as-sprayed deposit produced on a
non-cooled substrate was composed of γFe, αFe and carbide. The fine
precipitates in the as-sprayed deposit were carbide. With increasing heat
treatment temperature up to 1273 K, the carbide particles coarsened. The
as-sprayed deposit produced on a non-cooled substrate had higher hardness
than the heat-treated deposits. The wear resistance of deposit decreased
with increasing heat treatment temperature.
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The YSZ/mullite composite coatings have been given an impression for
improved high temperature resistance over YSZ coatings under severe
service conditions and should be investigated further for its possible use in
thermal barrier coating (TBC) systems. In this study, a composite thermal
barrier coating made from a combination of YSZ and mullite (wt%25 to 50)
was investigated. Powders of each powders were mechanically mixed
together and then sprayed on superalloy substrates. Microstructure and
mechanical behaviour relationship of these composite coatings were
investigated. Crystallinity and phase ratios were determined by XRD
analysis. Results showed that mullite addition improved the mechanical
behaviour of YSZ coating under high temperature conditions.
Keywords
YSZ-Mullite Coating
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Durability
thermal barrier
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Marcinauskas
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Protective coatings of different composition are widely used in diverse fields
of industry including a modification of surface layers of constructional
materials. Mechanisms of film formation in plasma spray processes are not
investigated thoroughly. It is not determined how the parameters of process
influence the quality, specific surface area, thickness and adhesion of
coatings. Therefore the investigation of the influence of formation
technology on structure and properties of protective metallic and ceramic
coatings is the main objective of present work.
Coatings in the present study were deposited employing a specific plasma
spray technique with a linear, sectional plasma torch 50 kW of power
generating non-equilibrium plasma jet at atmospheric pressure. Plasma
stream reactor was connected to the plasma torch exhaust nozzle.
Experiments were performed at plasma flow temperature 2500 – 3500 K and
velocity 350 – 500 m/s. The structure of coatings was evaluated from the
top-view and cross-sectional scanning electron microscopy observation and
the surface phase composition was analyzed by X-ray diffractometer.
Depending on plasma process regime (arc current, voltage and plasma
forming gas flow rate), films of 30 – 90 micrometers in thickness were
formed from Ni and Cr containing powder mixture. The similar coatings were
deposited using ceramic powder mixture containing aluminum hydroxide,
dolomite and quartz sand.
It has been found that the shape and size of the coating grains also depend
on plasma source characteristics and gas flow rate. Under high plasma
forming gas flow rate and low temperature in plasma chemical reactor, the
feeding ceramic dispersed particles does not melt fully in the same time and
may be carried out as partly melted and agglomerated granules. The small
amount of hydrogen improves the deposition efficiency, the plasma jet
propagation and increases the energy transfer.
Keywords
plasma spraying
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deposition of coatings

Powered by TCPDF (www.tcpdf.org)

Poster: Atmospheric plasma processing, plasma spraying

Tuesday, September 11, 2012

PO2053
A CFD model of the APS process: from the arc to the particle spray
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Atmospheric Plasma Spray (APS) is used for a long time to elaborated
coatings on work-pieces for several applications. Despite that,
understanding of this process is still not fully achieved today. For example, it
was long believed that the plasma jet velocity at the gun exit of a
conventional plasma spray gun did not exceed 800 m/s, whereas both
experiments and models have now shown that the plasma velocity could
reach much higher values (up to 2000 m/s). Thus, our understanding of the
APS process must still be improved, requiring a fine modeling of the process
as well as fine experiments.
In the present study, a computational fluid dynamics model incorporating
both the internal flow (including modeling of electromagnetic couplings) and
the external domain (free plasma jet mixing with the surrounding air) was
implemented and alumina particles were injected externally to consider the
spray process. Whereas, the contribution of turbulence is low on the internal
plasma flow, it becomes essential for the study of the external plasma jet. In
order to overcome this difficulty, a low Reynolds turbulence model was
selected to perform the computations. It is shown in the article that the
computed results remain similar to those obtained with a laminar
assumption concerning the internal flow. However, the model allows
considering the turbulent mixing with the surrounding air which would not
be valid with a laminar model.
The behavior of alumina particles injected in the free plasma jet was also
studied with the model. A comparison of experimental and computed
in-flight particle characteristics is provided, as well as the resulting SEM
pictures of coating cross-sections.
Keywords
Direct Current Plasma Torch
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This work focuses on the micro-abrasion wear and microstructural properties
of CoNiCrAlY coatings fabricated on nickel based super alloy substrates by
using the atmospheric plasma spraying (APS), high-velocity oxygen fuel
(HVOF), cold gas dynamic spraying (CGDS) methods. Tribological tests were
performed on the samples in order to understand the wear mechanism of
thermally sprayed coatings and influence of the coating microstructure on
wear mechanism. The microstructures of as sprayed and weared coatings
were investigated by scanning electron microscopy and EDX. The
constituent phases of the TBCs were analyzed by X-ray diffractometry, and
initial surface topography was also examined by atomic force microscopy
(AFM). Coating hardness measurements were performed with a
micro-hardness tester. The micro-abrasion tests were carried out with some
different durations. The lateral fracture was observed as wear mechanism
on the specimens. The wear surface topographies have changed with
coating process and surface features of specimens depending on the coating
process.
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The solar power industry has seen growth of more than 50% from 2000 to
2010 and the compound annual growth rate (CAGR) from 2005 to 2010 has
been more than 61% [1]. The demand for such high power, and the shortage
of polycrystalline silicon and its high cost, has stimulated interest in
alternative materials and techniques to produce photovoltaic solar power
systems that are more power efficient and less costly than current devices.
This project will investigate a new design of solar power generating diode,
based on a combination of semi-conductive transparent transition metal
oxide coatings which will be deposited onto common construction materials
by the use of flame spraying and magnetron sputtering techniques. The
benefits of this device include robustness, low cost, good efficiency and
suitability for production on large surface areas.
The initial stage of this project is to investigate and characterise several
oxide coating compositions. The deposition of these compositions will be
determined by sputtering loosely packed powders in order to investigate the
optimum transparent conductive oxide. The investigation will cover the
electrical (resistivity, carrier concentration and mobility) and optical
properties (transmission, absorption and band gap) and also the long term
stability against atmospheric corrosion for weak acids, alkalis etc.
The sputtered oxide layer will be ultimately used in conjunction with flame
spray deposited semi-conductive oxide layers. The sputtered oxide layer will
be the top layer, which exhibits a high transparency in comparison to the
sprayed layers.
Investigation will also cover the junction layer between the flame sprayed
oxide and those applied by magnetron sputtering to optimise the surface
roughness to increase the actual area on which light absorption and charge
generation take place and, therefore, increase the efficiency of power
generation from such photovoltaic cells.
Keywords
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Glancing angle deposited (GLAD) oxide thin films are quite interesting
materials due to the wide variety of nanostructures that can be obtained
with this method. Most important properties of the oxide GLAD thin films
rely in the possibility to tailor their nanostructure in the form of tilted
columns and other more complex forms. This nanostructure is caused by
geometrical shadowing effects during the thin film growth. Porous GLAD
films have been used as hosts or templates to fabricate new nanocomposite
materials and other complex optical nanostructures like photonic crystals,
dye sensitized solar cells, optical sensors and microfluidic devices. [1-3]
In this work we study the fabrication of transparent and conducting Indium
tin oxide films (ITO) by a novel synthetic approach consisting in GLAD
deposition assisted by a microwave ECR plasma. The ECR microwave
discharges are fully compatible with the range of pressures required for the
electron evaporation process utilized for the deposition of the ITO thin films.
The objective of the plasma is to modify the growth mechanism of the GLAD
process in order to control the columnar microstructure, porosity and the
properties of the films. Thin films and multilayers synthesized in different
plasma conditions and also in the presence of alternating plasma discharges
will be studied. An additional advantage of the use of a plasma assisted
process is the direct synthesis of transparent and conductive thin films at
near room temperature that not require post-deposition annealing
treatments.
[1] M. J. Brett et al. Science, 319 (2008) 1192. [2] L. González-García et al.,
Energy and Environ. Sci., 4, (2011), 3426. [3] V. Rico et al. J. Phys. Chem.
113 (2009) 3775.
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Indium tin oxide (ITO) is a solid solution of indium oxide (In2O3) and tin oxide
(SnO2). It is one of the most widely used transparent conducting oxides due
to its excellent electrical and optical properties. The limited supply and high
cost of indium however motivates the search for possible alternatives. One
approach is to reduce the indium content by gradually substituting the In2O3
matrix with an isostructural oxide such as Fe2O3.
In order to fast scan a wide range of different compositions, a technique is
needed that offers both high flexibility as well as a good control over the film
composition. This can be done using pressed powder targets in a DC
magnetron setup, as the composition of the powder mixture can be easily
varied[1].
In this work, we investigate the feasibility of depositing Fe-doped ITO thin
films using this approach. The pressed powder targets contain different
ratios of In, Sn and Fe powder in order to vary the composition of the films.
These metallic targets are sputtered in reactive mode. The film composition
is measured using energy-dispersive X-ray spectroscopy and is related to
the target composition. X-ray diffraction measurements (Bragg-Brentano
setup) are used to determine optimal deposition parameters. Changes in the
crystallographic properties could be related to the change in film
composition. The optical properties of the deposited films were studied
using UV-VIS transmittance measurements and the electrical
characterization was done by resistivity measurements. The influence of iron
on the electrical and optical properties are investigated in respect to the
cost decrease.
[1] Boydens, F. et al., Deposition of thin films by sputtering cold isostatically
pressed powder targets: A case study, Phys. Status Solidi A, DOI
10.1002/pssa.201127490 (2011)
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Aluminium Doped Zinc Oxide (AZO) is a transparent conducting oxide which
has been extensively studied as replacement material for Indium Tin Oxide
(ITO). Browsing through the literature related to magnetron sputtering as
deposition technique, several alternative ways to deposit this material have
been proposed, ranging from combinatorial studies using dual magnetron
sputtering, over the use of ceramic targets to RF sputtering of metal targets
in full poisoning mode. In each of these studies, the electrical and optical
properties have been optimized as a function of the deposition parameters.
High quality materials have been obtained, but the generality and/or
portability to other deposition environments can be an intrinsic problem to
these individual studies.
In this study, several of these routes to AZO thin films are compared in
detail to find the rationale behind the successes and the failures of each
approach. More specific, a comparison between the DC magnetron
sputtering deposition of AZO using metal targets and compound targets has
been performed. In both cases two magnetron configurations have been
used, i.e. a two inch planar cylindrical target, and a small scaled rotating
cylindrical target. The crystallographic properties were investigated using
XRD (Bragg Brentano configuration). The electrical conductivity was
measured by in-line four point probe resistivity measurements, and the
optical properties were studied using UV-VIS transmittance measurements.
To compare the different routes to AZO, the arriving energy per particle was
measured by combining the use of a passive thermal probe to measure the
energy flux towards the substrate with the measured film thickness.
Keywords
AZO
magnetron sputtering
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Abstract:
In this work, polycrystalline transparent conductive aluminum doped zinc
oxide (ZnO:Al) films, have been successfully grown on glass and silicon
substrates by rf magnetron sputtering technique at room temperature. The
effect of oxygen content in plasma on the structural, optical and electrical
properties of the films was systematically studied. The growth rate was fond
to decrease with the increase in O2 content. The crystal structure of ZnO:Al
films deposited on glass is hexagonal with C-axis preferential orientation,
while for film deposited on silicon substrate, the preferred orientation of
crystallite shifts from (002) to (100) direction with the increase in O2
content. Intrinsic stress increases with an increase of oxygen content, and
near stress-free film was obtained at 0 % O2 content. Low resistivity (r=
1.25x10-3 Ωcm) associated to high transmittance (T>92 %) in the visible
regions, were obtained for ZnO:Al film deposited at room temperature
without oxygen content in the deposition chamber. From the optical
characterization, we deduced that the band gap shifts towards lower energy
with an increase of oxygen content.
Keywords
magnetron sputtering
Al doped ZnO
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Zinc oxide (ZnO) thin film is prepared on polymer and glass substrate by a
planar magnetron sputtering system with facing magnetic field in which
magnetic fields are confinedplasma between the targets. Magnetic field is
varied by distant control between facing magnets. The substrate is placed
outside the confined plasma region for preventing heat radiation from the
heated target surface to the substrate and energetic particles such as Zn,O
atoms bombarding in a primarily normal direction to the target surface. In
addition, the film bombardment by energetic sputtered particles can be
avoided to prevent the damage of polymer substrate. The film is
successfully synthesized without any damage of polymer at low temperature
less than 90℃. The electrical and optical properties of ZnO film are
investigated using sheet resistance meter and UV-visible spectroscopy,
respectively. In addition, XRD analysis reveals that partial pressure of O2 and
H2 affects the crystal orientation and microstructure of the ZnO thin films.
The sputtering gas composition is observed to be an important
controlfactorto determine the structural properties of the ZnO films. The film
structure change with plasma parameteris analysizedby monitoring with an
optical emission spectroscopy. The grain size increases from 17.5 nm to
20.5 nm as increasing oxygen flow rate, because the oxygen vacancy
concentration decreased. In addition, the grain size increases from 18.0 nm
to 20.5 nm with hydrogen flow rate change at same film thickness. An
oxygen vacancy is supposed todonate two free electrons for conduction, but
highly oxygen deficient films show reduced optical transmittance from 86%
to 57%, lower optical band gap from 3.37 to 3.11 eV. The transmittance of
the films is controlled with optimization of oxygen and hydrogen flow rate.
The paper discusses on behavior of ZnO film with various properties by
control of process parameters in confined magnetron sputtering discharge
at very low temperature less than70℃.
Keywords
ZnO film
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optical property
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Transparent conducting oxides (TCOs) are materials with rather high
electronic conductivity and low optical absorption of the visible light which
can be used in many applications in transparent electronics, e.g. light
emitting diodes, photovoltaics, smart windows or flat panel displays.
The p-type TCOs mainly consist in spinel and delafossite materials with
AB2O4 and ABO2 stoichiometry, respectively. Very few papers deal with the
deposition of delafossite structure coatings which however are of strong
importance for the development of new transparent devices which are not
feasible with n-type materials alone, e.g. transparent diodes, transistors or
heterojunctions.
In this paper, we investigate the feasibility of p-type delafossite structure
AgCrO2 and CuCrO2 coatings by co sputtering of metallic targets in
argon-oxygen reactive gas mixtures.
After a short description of the experimental device were the substrates are
positioned on a rotating substrate holder, the coatings are performed in so
called compound sputtering mode by fixing the discharge current of the Cr
target and by modifying that of the Cu or Ag one. Hence, the chemical,
structural, microstructural and morphological features of the coatings are
investigated via scanning electronic energy dispersive X-ray spectroscopy,
X-ray diffraction and scanning electron microscopy on thick films.
Complementary structural data are assessed by Fourier transmission
infrared spectroscopy and Raman spectrometry. The optical properties of
the films are assessed by optical transmission spectrophotometry and their
electrical conductivity is determined by using four point probe method.
Finally, the influence of annealing performed in air at different temperatures
is investigated owing to the structural, optical and electrical properties of
both AgCrO2 and CuCrO2 coatings.
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Many industrial processes, for example production of food, cosmetics or
pharmaceuticals, require hygienic surfaces. Currently these are often
cleaned using toxic chemicals. An alternative approach relies on the
photocatalytic degradation of organic contaminants to obtain self-cleaning
surfaces. Titanium dioxide (TiO2) is a well-known photocatalyst that can be
used to prepare surfaces activated by ultraviolet (UV) light.
We have developed a TiO2 coating with exceptional properties obtained by
direct current magnetron sputtering of titanium targets in an
argon-oxygen-atmosphere. The surface is very hydrophilic with long-lasting
water contact angles below 10°, which can be repeatedly switched to
virtually zero by UV irradiation. UV-light-induced photo-degradation of
methylene blue with a quantum yield above 2 ⋅ 10-4 and light-induced
antimicrobial activity against Kocuria rhizophila are shown. Furthermore the
coating is visually transparent, hard (Vickers-hardness about 1100HV) and
scratch-resistant making it suitable to prepare self-cleaning surfaces. The
only drawback of the TiO2 coating in case of indoor applications is the need
for UV light to activate it.
Other researchers have reported that doping of TiO2 with carbon leads to
visible light photoactivity. Therefore we introduced acetylene in the
deposition chamber during the preparation of TiO2 coatings to dope them
with carbon. Energy-dispersive X-ray spectroscopy confirms carbon atomic
fractions of up to 15 % in the coatings. The robust mechanical properties of
the coatings are retained. Currently tests on the wettability, photocatalysis
and antimicrobial activity of the coatings under UV and visible irradiation are
performed, and their results will be included in this presentation.
Part of this work was funded by the German “Bundesministerium für Bildung
und Forschung” (projects “Photokat”, FKZ 01RI0637M and “Titosan”, FKZ
03X0095A).
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The attractiveness of TiO2 – as a photocatalyst for the degradation of
organic contaminants from waste water and reduction in air pollutants is
due to its high physical and chemical stability, high catalytic activity, high
oxidative power and ease of production. More recently, rare-earth metals
such as Nd have shown tremendous potential as dopants not only in
red-shifting the light absorption, but also in improving the photocatalysis of
TiO2. In this work, pure and Nd3+ doped titanium dioxide thin films (~1 - 2
microns) were deposited on quartz, silicon and stainless steel substrates by
radio frequency (RF) co-sputtering of TiO2 and Nd metallic targets in an
argon atmosphere. Films were prepared by varying process parameters in
order to have different Nd concentration in the matrix and the post
deposition annealing of the films were made in ambient air conditions. Film
properties were studied by X- ray diffraction, Auger electron spectroscopy
and X-ray fluorescence. Optical characterizations of the films were carried
out using UV- visible near IR spectrophotometry. The photocatalytic activity
has been observed by measuring the change in absorption of an aqueous
solution methylene blue (MB) dye while the samples were irradiated by UV
(254 nm and 352 nm) and visible light. The photocatalytic activity has been
expressed as the number of MB molecules oxidized for a given photon flux
for each excitation wavelength. A correlation between both the phase
structure of the matrix and the Nd3+ concentrations and the photocatalytic
properties was searched.
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Nanostructured titanium dioxide thin films have been widely investigated
over the past decades owing to their outstanding physical and chemical
properties and their relevance in many technological domains. On the other
hand, intrinsic TiO2-films show a relatively wide band gap (~3.2 eV) and high
resistivity that significantly limit their application, especially as potential
photocatalytic materials. Continuous efforts are therefore being undertaken
to modify TiO2 electronic and optical properties through the introduction of
dopant ions into its lattice.
In this work, we have studied the chemical composition and the oxidation
state of Ti, Nb and Nd in doped and undoped titania thin films using Auger
electron spectroscopy (AES).
A comprehensive investigation of the surface, in fact, is important to
understand the kinetic and thermodynamic characteristic of the films growth
and to obtain information on its chemical and physical properties. This
considering, in particular, that a large number of electronic properties of a
material are closely related to its surface chemical composition, its atomic
arrangement and its morphology.
Pure titanium dioxide, Nb-doped and Nd-doped TiO2 thin films were
deposited by RF co-sputtering at room temperature from pure TiO2,
metallic niobium and neodymium targets in Ar and Ar-O2 atmosphere onto
n-doped silicon substrates.
The Auger line shape, the intensity and the energy shift of the Auger
fingerprints of the different elements have been investigated. Appropriate
analytical conditions and diverse titanium oxides reference materials have
been also used to evaluate and avoid the chemical changes of titanium
oxide induced by electron irradiation.
Keywords
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Hitherto, the photoinduced benefits of titania have been attracting
increasing attention during the past years and a widespread range of
commercial products is available nowadays. An attractive topic has been the
production of photocatalysts that are active at exposure to visible light since
this characteristic will affect positively the growth of the market.
The deposition of photocatalytically active titania layers at ambient
temperature has been developed using the plasma enhanced methods such
as reactive dc sputtering and metal organic chemical vapour
deposition(MOCVD) at low temperature. [1] The working pressure of the
MOCVD plasma process can be increased up to atmospheric pressure. As a
result, high deposition rates of up to 1000 nm/min have been achieved and
temperature sensitive substrates have been coated using this technique.
However, the crystallinity and the wettability of the titania layers seem to be
influenced by the plasma parameters. The doping of the pure titania layers
using non-metallic elements increases the photocatalytic activity by a factor
of more than three in the UV/visible and the blue light region without
strongly affecting the optical energy band gap.
The surface energy of pure and doped titania layers and their catalytic
properties at exposure to 365 nm and 425 nm irradiation will be analysed in
detail. Several methods will be applied in order to characterize
the titania layers. The resulting anti-microbial and anti-fingerprint features
will be interpreted and preliminary results regarding the structural and
functional impact of doping the titania layers will be presented.
References:
[1]Sidney Chappuis, Anna Campiche, Damien Gilliéron, Eva Maria Moser,
Jukka Lausmaa, Armin Reller,
Plasma Process Polym, 6, 440-445 (2008)
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Titania thin films have a variety of applications, including photovoltaics and
antibacterial surface finish. Rutile and anatase – the two main phases – with
different properties can be formed in non-equilibrium processes with
increasing particle energy favoring the high-temperature, high-pressure
rutile phase. However, it is possible to obtain photoactive thin films at room
temperature using plasma based ion implantation and deposition (PBIID).
Thick films of about 400 – 1000 nm demonstrated UV-induced
superhydrophilicity in terms of water contact angle much less than 5°.
Nevertheless, a strong influence of the interface region was noticed. By
inserting a metallic Ti layer on top of the Si substrate, a much weaker
response of the deposited thin film was observed, taking more than 20
hours of illumination to show the same contact angle as after 3-5 hours
without an interlayer. Correlated measurements of the phase composition
by Raman spectroscopy and the depth distribution of elements by elastic
recoil detection analysis do not show any significant differences. Secondary
effects as grain boundaries or electronic defects may be able to explain
these results.
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It is possible to enhance the photocatalytic efficiency of the TiO2 films by
formation of an electron trap on the TiO2 surface. Such trap can be created
by depositing metal nanoparticles on the TiO2 surface. This reduces the
electron-hole recombination rate due to the Schottky barrier at the
metal/TiO2 interface.
This work is focused on the long term stability of the photocatalytic
properties of TiO2 films modified by silver and platinum nanoparticles
separately. The deposition of TiO2 films was carried out in the radio
frequency (RF) low-pressure PECVD reactor. Surface of TiO2 films was
subsequently covered by various amount of platinum or silver nanoparticles
that were deposited by means of PVD (magnetron sputtering). The amount
of metal particles was evaluated by SEM and changes in chemical
composition of the surface by XPS. The photocatalytic decomposition ability
of the films was determined by measuring the decomposition rate of the
organic dye Acid orange 7 (AO7) C16H11N2NaO4S. The photocatalytic activity
was significantly enhanced by the nanoparticles deposition. Although the
enhancement (up to 8 times higher activity immediately after nanoparticles
deposition) did not sustained for extended time period, after 1 year it was
still reasonably higher (approx. 3 times higher) compared to untreated TiO2
films. The aged films with nanoparticle modification showed photocatalytic
activity comparable to sedimented powder Degussa P25.
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Nowadays, photocatalysis has been applied as a promising technique for
alternative clean energies and purification technologies such as
self-cleaning surfaces and water treatment. Anatase structure titania (TiO2)
has been considered to be the most suitable catalyst for these
environmental applications owing to its chemical and photochemical
stability, non-toxicity, low-cost and high photocatalytic activity under UV
irradiation [1].
The aim of this study is to investigate the influence of in-situ crystallization
on the microstructural and the photocatalytic properties of undoped and
silver doped TiO2 coatings deposited on glass slides at different
temperatures. Then, a first step of this study consisted in depositing a
SiN barrier layer on the glass slide to prohibit further diffusion of alkali
elements during the deposition stage which otherwise should poison the
active coating [2-3].
The second step was to synthesize pure TiO2 and silver-doped TiO2 films at
high pressure by magnetron sputtering at temperatures between 250 and
550°C. Silver was introduced in the coatings at different contents by co
sputtering simultaneously to titanium a silver target.
The samples were characterized by X-ray diffraction, scanning electron
microscopy and by measurement of water angle contact variations. The
photocatalytic activity was finally assessed by using the Orange G
decomposition upon UV or visible illumination.
References:
[1] K. Hashimoto, H. Irie, A. Fujishima, Jap. J. Appl. Phys., 44, (2005) 8269.
[2] E. Aubry, M.N. Ghazzal, V. Demange, N. Chaoui, D. Robert, A. Billard,
Surf. Coat. Technol. 201 (2007)7706.
[3] A. Berthold, L. Nicola, P.M. Sarro and M.J. Vellekoop, Sens. Actuators 82
(2000) 224.
x
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Among transparent conductive oxides, ZnO has gained increasing attention
in the last years because of its several attractive properties and - above all its higher abundance compared to other TCO materials. The wide
prospective use of ZnO in technological domains like photovoltaics, flat
panel displays, smart windows, etc. has been stimulating research aimed
especially at understanding the factors controlling the conductive and
optical properties of this material and at identifying their dependence on the
film structure and growth process conditions.
In this respect, the present work aims to look into the optical and conductive
properties of ZnO thin films deposited on n-type Si (100) and glass
substrates by RF sputtering using Ar-H2 gas mixtures at various
concentrations (0 – 50%). The optical properties (absorption, optical gap and
refractive index) were obtained by UV-Vis transmittance and reflectance
spectroscopy. Electrical conductivity and carrier density were determined by
means of van der Pauw and Hall effect measurements.
The addition of hydrogen in the sputtering gas appears to strongly affect the
chemical structure of ZnO films. Besides, hydrogen was found to greatly
improve conductivity while maintaining a good transparency level which was
reflected in an optical gap slightly varying with hydrogen concentration in
the gas.
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Transparent p-type conductive oxides (p-TCO) are still challenging materials
in thin film deposition area. Nowadays two main families are investigated:
delafossites and zinc oxides. Nevertheless some good electrical and optical
results on zinc oxides doped with element from V column (N, P, As…), these
materials are said to be not reproducible and not stable in time. This
highlights a lack of knowledge on parameters which influence the material
formation and properties. For this reason, we investigate the deposition of
zinc oxide p-TCO by sputtering and its post-treatment in order to give more
insight on its formation.
We first studied the N-doped ZnO deposition by reactive radiofrequency
magnetron sputtering from a zinc oxide target in Ar/O2/N2 gas mixture with
in-situ heated substrate holder. Analysis of film elemental composition by
Rutherford Backscattering Spectrometry confirms the success of the
controlled incorporation of nitrogen (1-6 at.%) and allows us to determine
the best conditions for ZnO matrix stoechiometry. X-Ray diffraction shows
the influence of temperature and N-incorporation on film structure, which
varies from low crystallized and randomly oriented matrix to highly (002)
oriented wurtzite ZnO. The phase deformation due to N-incorporation is also
followed by this technique. Raman spectroscopy confirms with wurtzite ZnO
structure and allows characterizing the disorder induced by N-incorporation.
Finally, optical properties, especially transparency in visible range, are
determined by UV-visible spectroscopy and spectroscopic ellipsometry;
while electrical properties are investigated by Hall Effect measurements.
Keywords
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TCO
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Development of efficient optical blue and UV optoelectronic devices based
on ZnO has been hindered by dificulties in obtaining films with controlled
and stable p-type conductivity. In attempting to obtain reliable p-type
doping of ZnO, the main effort has been directed on group VA elements,
mainly nitrogen (N), which generate acceptor states when incorporated
substitutionally at O sites. In this contribution we have investigated the
characteristics of N doped ZnO thin films deposited on c-sapphire and glass
by RF-magnetron sputtering at different temperatures,using a ZnO target in
an (Ar+O2+N2) atmospherekept constant (0.5 Pa); N doping was varied by
modifying N2 flow. The films exhibited a wurtzite structure -preferred
orientation (002). The films were analysed by AES and XPS. Hall,optical
transmission/absorption and Raman measurements were also done. We
have also carried out a DFT study of the localization,structure and
occupation of the states induced by N doping in bulk wurtzite-type ZnO and
thin films. Supercell calculations have been performed assuming a random
and isolated N impurity substitutional distribution at O sites in the
concentration range up to 11.12 at. %.We have used the FPLO9 code with
L(S)DA and GGA functionals for the treatment of exchange and correlation
potential. The density of states (DOS) of the bulk doped systems show a LDA
band gap of 1.45 eV and that the nitrogen 2p states are located just above
the top of the valence band crossing the Fermi level. The characteristics of
the defect states observed in the DOS of bulk and thin films is discussed
with reference to the experimental optical results.
Keywords
ZnO films
N doping
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TiO2 is known to be the best photocatalyst compound through its chemical
stability, low toxicity, corrosion resistance and low production cost, thus TiO2
coatings have provided an attractive solution toward water and air
purification technologies [1,2]. However, its deposition by CVD has implied,
so far, high temperatures and/or low pressure. Therefore, there is a need for
a novel process for the deposition of this compound on thermosensitive 3D
surfaces. The low-temperature atmospheric pressure plasma deposition has
become lately the most promising CVD technique in terms of in-line process
capabilities, cost effectiveness and ability to coat large areas, complex
shapes and wide range of substrates. Using a chopped atmospheric pressure
plasma torch, ULS® from AcXys Technologies, we developed a promising
technique to deposit TiO2 photocatalytic thin films at atmospheric pressure
and ambient temperature. The ULS® technology involves a blown arc
discharge feed by a mixture of nitrogen and oxygen. The organotitanium
precursor investigated, titanium bis(acetylacetonate) diisopropoxide (TIPO)
which have been already deposited at low temperature by AA-MOCVD
process [3], were introduced in the remote discharge.
FT-IR characterization of the degradation of stearic acid deposited by spin
coating points out a photocatalytic activity comparable to a benchmark PVD
coating, meanwhile elemental composition of the coatings, determined by
EDX/WDX, shows an important amount of carbon, due to the long organic
chains of the precursor. SEM studies reveal nano-aggregates of TiO2, formed
in the gas phase, on top of a thin film with a growth rate of 30 nm / min and
formed by surface reactions. Raman and TEM studies are under
investigation.
Keywords
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The preparation of thin α-Fe2O3 films both by wet chemical sol-gel
process and by plasma jet RF sputtering of hollow cathode
Petra Ksirova1, Martin Cada1, Stepan Kment1, Michaela Brunclikova1, Zdenek
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Iron(III) oxide is an attractive material as a photoelectrode for
photoelectrochemical and photovoltaic application due to the abundance of
iron in the earth’s crust, its low cost, chemical stability, and environmental
harmlessness. Hematite (α-Fe2O3), the thermodynamically stable form of
iron oxide, has a band gap of 2.0-2.2 eV which allows absorbing a
substantial fraction of visible light [4-6]. Up to know the research has dealt
with application of hematite for hydrogen production based on the
photoelectrocemical splitting of water.
The presented work deals with the comparison of photoelectrochemical and
photocatalytic properties of porous and non-porous Fe2O3 films prepared by
the sol-gel method. The chemically prepared layer with the optimal
properties was afterwards correlated with the properties of thin films
prepared by sputtering of Fe2O3 hollow cathode by means of RF plasma jet.
The photoelectrochemistry was measured in Pyrex three compartment cell
with arc polychromatic high pressure mercury lamp (LOT LSH201 / 2 Hg, Xe)
and monochromatic filters. The photocatalytic activity was determined by
degradation of model ink DCIP.
Keywords
hematit
plasma jet
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Transition metal doping and formation of mixed oxides are widely used
mechanisms to improve the intrinsic properties of binary oxides. Both
procedures have been decisive to explain the spectacular increase of
applications based on ZnO and TiO2 films (optoelectronics, photovoltaic and
dye sensitized solar cells, gas sensors, high frequency dielectric materials,
etc.). The vast majority of previous work on doped ZnO films is related to
doping with group III elements (Al, Ga, In) but fewer studies have been
performed on quadrivalent dopants as titanium, which have one more
valence than the trivalent cations and can provide two free electrons per
atom to improve the conductivity of the ZnO host. In turn, the mechanisms
driving the formation of the different zinc titanate compounds in the
ZnO–TiO2 system are still under debate. Ultrathin films (thickness < 40nm)
with Ti(1-x)Zn2xO2 (0+ ions to make use of the cross section resonance 16O (α,
α) 16O at that particular energy. X-ray Absorption Near Edge Structure
(XANES) analysis of the (Ti, Zn) L-edges and O K-edge revealed clear
changes in the bonding structure of ZnO films for increasing Ti load. In this
way, the coordination chemistry of Ti4+ and Zn2+ cations was examined for a
wide range of oxide compositions. We observed a transition from
octahedrally coordinated Zn2+ in a mixed oxide h-ZnTiO3 like structure to the
expected tetrahedral symmetry of this cation in Ti-doped ZnO (TZO) films
with a wurtzite (w) phase. Regarding Ti4+, a similar change from octahedral
to tetrahedral sites is detected in the transition from h-ZnTiO3 to TZO
coatings. Therefore, Ti is incorporated as dopant by substituting Zn atoms in
the w-ZnO structure. The optimum Ti doping was found to be 0.5 at.%, for
which the TZO sample showed a much lower resistivity than the more
insulating ZnO films.
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Transparent conductive oxides (Zn1-xMgxO:Al (x ≈ 0.12) and ZnO:Al thin
films) were deposited by DC (pulsed) and RF (13.56 MHz and 27.12 MHz)
magnetron sputtering for substrate temperatures of 25°C up to 500°C. We
studied the relation between the electronic transport and structural
properties for different plasma excitation frequencies and deposition
temperatures. X-ray diffraction measurements revealed the crystalline
quality, while conductivity and Hall measurements were used to determine
the carrier concentration and Hall mobilities, respectively.
For the films deposited at 13.56 MHz, recent measurements1 showed a
resistivity minimum for a deposition temperature of Tsub ≈ 300°C. This
minimum is accompanied by the highest concentration and Hall mobility of
the carriers. The crystalline quality and carrier concentration was mainly
influenced by the bombardment of the growing film with high energetic
negative oxygen ions for lower deposition temperatures and by phase
segregation for higher deposition temperatures. The dependence of the
effective mobility of the carriers on the temperature and the material used
was explained with the help of a combined transport model taking into
account ionized impurity scattering and grain barrier limited transport. For
the films deposited with DC or 27.12 MHz plasma excitation frequency, a
minimum for the resistivity is observed as well. The minimum obtainable
resistivity is decreasing with increasing plasma excitation frequency. This
can be explained as a result of the reduced maximum energy of the high
energetic negative oxygen ions, which is due to a decreasing target voltage
with increasing plasma excitation frequency.
References:
1. A. Bikowski and K. Ellmer. J Mater Res, in press (2012).
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Plasma nitriding is one of the case-hardening technologies to elongate the
lifetimes of mechanical components, dies, etc. The conventional plasma
nitriding requires a low pressure plasma produced in a vacuum chamber. We
believe that atmospheric-pressure plasma technologies have a potential to
create novel nitriding without a vacuum system, leading to easy-to-operate,
economical case hardening. Our basic idea is to spray the pulsed-arc plasma
jet generated with nitrogen (N2) gas onto the surface of steels.
The experiments are carried out in a closed container to purge residual
oxygen (O2) by N2 introduction for preventing undesirable oxidization of
specimens. The specimens are disk-shaped hot work steel of JIS SKD 61. The
plasma jet nozzle is composed of coaxial cylinder electrodes made of
stainless steel. Pulsed-arc discharge is generated between the inner and
outer electrodes using a high voltage power supply (plasmatreat FG3001).
The afterglow is spewed out through a jet orifice of 4 mm in diameter,
producing the jet plume.
We found that only spraying the nitrogen plasma jet resulted in oxidization
of the specimen surface owing to residual O2. However, the continuous
addition of H2 gas to the N2 atmosphere during the treatment, intended to
the reduction of residual O2, realized the formation of the nitrided layer [1].
The hardness profile and the thickness of the formed diffusion layer is very
comparable to those for conventional nitriding. The thickness, however, is
not uniform even in the radial range of 10 mm. We have discovered also
that the addition of H2 gas to the operating N2 gas outperforms the
above-mentioned H2 addition to the N2 atmosphere. In the former case the
H2 addition rate necessary for nitriding is one-tenth of that for the latter.
Moreover, the thickness of the diffusion layer becomes more uniform.
Spectroscopic study uncovered that the nitriding mechanism involves the
production of NH radicals.
[1] R. Ichiki et al., Mater. Lett. 71, 134 (2012).
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The use of two-component atmosphere of dissociated or diluted with N2/H2
gas ammonia was first proposed by Floe as a two-stage process. The
method allowed producing of nitriding case with required hardness in the
first stage and acceptable case depth in the second stage. The structure and
the thickness of the compound layer can be effectively controlled in the Floe
process. The active screen plasma nitriding (ASPN) is a novel plasma
assisted nitriding technique with a high application potential. The main
advantages of the ASPN over a conventional plasma process are caused by
the replacement of the glow discharge from the components to a separate
metal screen (active screen, AS) surrounding the entire workload. During the
nitriding process the active screen plays a twofold role - it generates a
mixture of active species required for the nitriding process and it radiates
the heat, produced by the plasma discharge, resulting in a uniform
temperature distribution over the workload parts. A weak cathodic potential
(bias) applied to the treated parts plays a decisive role in the nitriding. In the
present work a two-stage technique was applied in the ASPN to obtain a
better control on the nitriding process and to meet the treatment
requirements for a wide range of the steel types, different load size and
workpiece geometry. A nitriding temperature range of 400-450 °C for 2 h
and 550-570 °C for 4 h was chosen for the first and the second stage,
respectively. The nitriding potential of the N2-H2 plasma was varied specific
to each stage by a combination of properly chosen N2 to H2 gas ratio and
sufficient level of the bias power applied to the workload. Besides the
process temperature control the AS power showed an additional influence
on the kinetics of the chemical reactions in plasma, resulting in further
change of the nitriding potential.A response of the nitriding results of the
alloyed steels on the variation of the process conditions in each stage was
presented and discussed together with the plasma diagnostic results.
Keywords
active screen plasma nitriding
two-stage process
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The nitriding process is widely used to improve the tribological properties
and wear resistance of steels and titanium alloys. The components to be
treated are subjected to a high cathodic potential to produce plasma directly
on their surfaces in the plasma nitriding. An “edging effect” occurs due to
distortions of the electric field around the corners and edges of the
components although the components are well heated. This results in
nonuniformity in properties such as the hardness and thickness of the
surface layer. Recently, there has been considerable interest in
active-screen plasma nitriding (ASPN). In this process, the edging effect is
completely eliminated because the plasma is produced on the cage and not
directly on the samples. In this study, an austenitic stainless steel SUS 316L
was nitrided by ASPN using various screens with different open areas to
investigate the effect of the open area ratio of screen on the nitriding
responses.
ASPN experiments were carried out using a DC plasma-nitriding unit. The
sample was placed on the sample stage in a floating potential and isolated
from the cathodic screen and the anode. The screen, which was SUS 316L
expanded metal with 38%, 48% or 63% open area ratio, was mounted on
the cathodic stage around the sample stage. Nitriding treatment was
performed in a nitrogen-hydrogen atmosphere with 25% N2 + 75% H2 for
18 ks at 693 K under 600 Pa by the ASPN process. After nitriding, the
nitrided microstructure was examined with a scanning electron microscope
(SEM). The phase structures on the nitrided surface were determined by
X-ray diffraction (XRD) studies. In addition, the hardness of the surface and
the cross sections of the nitrided sample were measured using a Vickers
microhardness tester. The thickness of the nitrided layer of S phase
decreased with increasing open area ratio of the screen.
Keywords
active screen plasma nitriding
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Microstructures and hardness profile of low temperature carburized
austenitic stainless steels by active screen plasma diffusion process are
investigated in comparison of conventional plasma carburizing without
screen, using continuous direct current plasma diffusion apparatus. Sample
specimens of 304 steel were polished and set at the same electrical
potential as the screen in the chamber. Specimens were heated in argon
atmosphere by glow discharging to the specific temperature of processing,
and then methane gas was flowed to the chamber at 100 ml/s for 4 hours.
During plasma carburizing process, plasma sheath covered cathode screen
and cathode specimen in this configuration and wiring. Specimens were
heated only by the glow discharging. Temperature of specimens was
monitored by thermo-couples attached directly on the specimens, and
controlled at 450 degree centigrade. The carburized depth profiles were
measured by GDOES (Glow discharge optical emission spectrometry) and
cross section microstructure. It was found that the specimens processed
using active screen showed deeper S phase than conventional plasma
carburizing without screen. The efficiency improvement by active screen
was discussed.
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austenitic stainless steel
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Plasma nitriding of austenitic stainless steel (ASS) at moderate temperature
(~400°C) produces a modified near surface layer, often called S phase,
which shows significantly improved tribological properties, conserved or
improved (electro)chemical properties and induced ferromagnetism. Here,
the study of the nature of the S phase in nitrided ASS 304L is presented. A
combination of global probes (X-ray diffraction (XRD), nuclear reaction
analysis, glow discharge optical emission spectroscopy) and local probes
(field ion microscopy, extended x-ray absorption fine structure
spectroscopy) is employed to reveal the phase structure, morphology,
atomic ordering and chemical environment. While XRD shows only the
presence of the presence of the S phase, the local analysis techniques
consistently demonstrate the heterogeneous nature of the nitrided layer. It
consists of nanometric CrN precipitates embedded in a Fe4N-like matrix. The
size of the CrN precipitates is found to be larger at the surface than at the
nitrided layer-steel interface. Moreover, X-ray spectroscopic investigations
disclose three different intermetallic distances and different chemical
environments for Fe, Cr and Ni, accompanied with a large static disorder.
These findings suggest that the presence of the interstitial nitrogen can
destabilize the homogeneous matrix element distribution in ASS 304L even
at the rather low temperature of 400°C. Based on the heterogeneous nature
of the S phase revealed in plasma nitrided ASS 304L, an alternative insight
into its remarkable combination of properties is presented.
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Austenitic stainless steels are used in medical and food industries due to
their good corrosion resistance. Unfortunately their applications are limited
by their weak wear properties. Therefore, plasma nitriding processes have
been successfully applied to improve the mechanical and tribological
behavior of these steels in respect to the formation of a very hard diffusion
layer, the so-called S-phase. To avoid decay in corrosion resistance,
phenomenological guidelines for plasma nitriding treatments exist.
Nevertheless, industry still suffers from severe corrosion damage of plasma
nitrided austenitic steels, although the existing guidelines were fulfilled. For
a sustainable application, which guarantees both, wear and corrosion
resistance, a refinement of the guidelines is necessary, which consider the
complex interactions of steel properties (e.g. chemical composition,
microstructure, surface properties) and plasma nitriding process
parameters. Therefore, the austenitic stainless steels AISI 304 (1.4301) and
AISI 316 (1.4401) were used in different microstructures (solution annealed,
strain-hardened and deformation induced martensite) and surface
properties (mirror polished, grinded/milled and shot peened) to examine
their influence and interaction on the corrosion and wear properties of the
plasma nitrided steels. Also the influences of the plasma nitriding
parameters (T, t, pulse ratio, gas mixture) were examined.
The samples were analyzed concerning their microstructure, chemical
composition and micro-hardness, in special respect to the formation of the
S-phase. For tribological properties, pin-on-disc measurements were
conducted. Corrosion properties were examined by sophisticated
electrochemical methods. Taking all these parameters and effects into
account, a new model of plasma nitriding in respect to ensure tribological
and corrosion properties will be provided.
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Plasma diffusion treatment is a competitive method to improve mechanical
and tribological properties of austenitic stainless steel. According to the
treatment gas, the following procedures are distinguished: Plasma nitriding,
nitrocarburizing and oxinitriding. Thus, material properties of austenitic
stainless steel such as hardness, wear resistance as well as corrosion
resistance can be modified and customized according to requirements. One
limiting factor for using plasma nitriding is the loss of corrosion resistance
and the simultaneous increase in hardness. Previous studies have shown
that lowered pulse duration and a higher pulse pause can counteract this
process as well as plasma nitriding at lower treatment temperature.
Obtaining a further improvement in nitriding results of austenitic stainless
steel by activating of the surface the effect of oxygen in a plasma diffusion
treatment was observed. Furthermore the influence of oxidizing before and
after the nitriding process was compared to the results of the oxinitriding
treatment. After an evaluation of these three methods the optimization of
the plasma nitriding treatment was made by varying treatment parameters
such as treatment duration, temperature and pulse ratio as well as gas
mixture. For characterizing nitriding/oxinitriding results, hardness profiles
were recorded as well as nitrogen/oxygen depth profiles by glow discharge
optical spectroscopy (GDOS). The tribological properties of
nitrided/oxinitrided samples were determined by pin on disc test.
Potentiodynamic polarization tests were applied to evaluate the corrosion
behavior of treated samples. The microstructure and phase composition of
the layers were investigated by using light microscopy and X-ray diffraction.
The aim of this study is to adapt the preliminary findings of the nitriding to
the oxinitriding process to produce a nitrided layer which is characterized by
a high hardness associated with an enhanced wear resistance with at least a
similar corrosion resistance.
Keywords
plasma nitriding/oxinitriding
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Grade 2205 duplex stainless steel is a type of stainless steel possessing a
nearly equal amount of the ferrite (α-Fe) and austenite (γ-Fe) phases as a
matrix. Since these steels have a relatively low hardness of 256 HV0.1, an
attempt has been made to improve their hardness and wear properties
without compromising the corrosion resistance by plasma nitriding and
nitrocarburising process. Plasma nitriding and plasma nitrocarburising
process was performed with 80% nitrogen and 20% hydrogen gas and 78%
nitrogen, 20% hydrogen and 2% acetylene gas respectively at 350, 400, 450
and 500 o C for 4 hours. The temperature played an important role in the
distribution of nitrogen and carbon in the original austenite and ferrite
phases present in the bulk material. As a result there was an improvement
in microhardness and corrosion properties after these treatments. It was
observed that plasma nitrocarburising process performed better than
plasma nitriding process in improving the corrosion properties due to the
presence of carbon.
Keywords
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Plasma assisted nitriding of Fe, Ni or Co-based fcc alloys: influence
of the alloying elements on nitrogen profile in the expanded phase
Luc PICHON, Sébastien Chollet, Jean-Baptiste Dubois, Jonathan Cormier,
Patrick Villechaise, Claude Templier, Michel Drouet
Institut P' - CNRS - U. Poitiers - ENSMA, Chasseneuil-Futuroscope, France
luc.pichon@univ-poitiers.fr
Moderate temperature (400°C) and low pressure N2-H2 plasma assisted
nitriding was performed on various fcc metallic alloys: Fe austenitic stainless
steels, Ni-Cr alloys, Ni-based superalloys and a Co-based alloy. All these
materials present a common fcc γ-phase made from substitution solid
solution by the alloying elements (Cr, Mn, …) and with a lattice parameter
about 0.360 nm. Some of them have additional precipitates (e.g. γ' Ni3(Al,Ti)
; γ" Ni3Nb, δ Ni3Nb) and carbides.
The nitrided samples were characterized by Glow Discharge Optical
Emission Spectroscopy (GDOES), X-Rays Diffraction (XRD), Scanning
Electron Microscopy (SEM) and White Light Interferometry (WLI). They all
exhibit a nitrided fcc γN phase over a few microns, resulting from the
insertion and diffusion of the nitrogen atoms in the γ phase, thus inducing a
very high expansion of the γ phase cell (more than 10%). CrN precipitates
have been also detected in few alloys. The SEM and WLI surface
examination shows that the grains have been submitted to an important
swelling due to the expansion of the lattice and to a partial plastic relaxation
of the in-plane stresses. The maximum nitrogen content in the γN phase can
be obtained at the surface and can reach 20-30 at%, depending on the
alloys. Deeper, the nitrogen profile is roughly flat (plateau-like) over few
microns and followed by a rapid decrease at the γN / γ interface.
As expected with the trapping-detrapping mechanism proposed in the
literature, the nitrogen content in the γN phase at the end of the plateau is
equivalent to the "trapping" elements contents (mainly Cr). On the contrary,
the maximum nitrogen content achievable in the γN phase at the surface is
not correlated to its "trapping" elements content such as Cr. It is proposed
that the nitrogen content in the γN phase is likely limited by a steric effect
once about half of the octahedral sites are occupied. Post-annealing of the
nitrided samples under neutral atmosphere seems to confirm this
hypothesis.
Keywords
nitriding
Ni superalloys
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Behaviour of steels in plasma nitriding at low pressure using a
plasma beam source
Martin Fenker, Kerstin Petrikowski
fem, Schwäbisch Gmünd, Germany
fenker@fem-online.de
Different steels have been thermochemically nitrided by using a plasma
beam source. A very low total pressure in the range of 0.07 - 5 Pa was
applied during plasma nitriding. The heat-treatment duration, nitriding
temperature, total pressure, gas composition, energy of the species and the
bias voltage have been varied. Four different steels have been selected for
the plasma nitriding: a) low carbon steel, b) medium carbon steel, c) high
carbon steel and d) austenitic stainless steel. Characterisation has been
conducted by light optical microscopy of metallographic polished samples,
scanning electron microscopy, X-ray diffraction, glow discharge optical
emission spectroscopy, hardness measurements, corrosion testing and
pin-on-disk wear tests.
For the low carbon steel a nitriding depth up to 365 µm (8 h, 550 °C) has
been observed. This is comparable with data reported by Spies et al. for
different nitriding processes [1]. The thermochemical heat treatment with
the plasma beam source resulted in plasma nitrided samples with and
without compound layer. When a compound layer occurred on the low
carbon steel, it mainly consisted of γ-Fe4N. The sample with the highest
amount of γ-Fe4N showed the best corrosion behaviour in salt spray testing.
For the same parameter set, the nitriding depth was similar for low and
medium carbon steels. However, a much lower nitriding depth was
measured for high carbon steel. The nitriding temperature of stainless steel
was kept below 450 °C to avoid the degradation of the corrosion behaviour,
due to formation of chromium nitride. The corrosion tests revealed that this
goal has been achieved by temperature control of the samples on the
heating stage in the range of 300-450°C. Only a shallow nitriding of the
stainless steel was possible due to the high alloy content of the steel. In XRD
patterns the occurrence of the nitrogen expanded austenite phase has been
observed. [1] H.-J. Spies et al., Z. Werkst. Wärmebeh. Fertigung 60 (2005) 4.
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Swelling of plasma nitrided Ni-based superalloys
Luc PICHON, Sébastien Chollet, Jonathan Cormier, Jean-Baptiste Dubois,
Patrick Villechaise, Claude Templier
Institut P' - CNRS - U. Poitiers - ENSMA, Chasseneuil-Futuroscope, France
luc.pichon@univ-poitiers.fr
Various Ni-based superalloys were plasma nitrided at a moderate
temperature of 400°C. All investigated superalloys are polycristalline and
exhibit a γ phase matrix which coexists with primary carbides of W6C type
for the Haynes®230, plus a γ’ phase (~ Ni3Al) phase for the Udimet®720Li,
or γ’ + γ” phase (~Ni3Nb) for the Inconel®718. The surface morphology and
the microstructure of the nitrided layer in the various superalloys was
characterized using white light interferometry, scanning electron microscopy
and X-ray diffraction analysis while the N diffusion profiles were obtained
from glow discharge optical emission spectroscopy. Nitriding results in the
formation of expanded austenite as in stainless steels. The effect of the
incorporation of nitrogen was investigated in terms of swelling of the surface
and it is shown that swelling depends on the thickness of the nitrided case
as well as on the ratio of the present phases. Comparison with recent
investigations in austenitic stainless steel 316L and in MC2 second
generation Ni–based single crystal superalloy, which is a mixture of γ and γ’
phases, suggested that it is related to the nitriding efficiency of the various
phases. Nitrided superalloys were also vacuum-annealed at 650°C for 24
hours to test the evolution of the modified layer. After annealing,
precipitations of nitrides as well as nitrogen diffusion lead to the shrinkage
of the γ phase at grain boundaries or at the interfaces with carbides.
Keywords
nitriding
Ni superalloys
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diffusion
annealing

Powered by TCPDF (www.tcpdf.org)

Poster: Plasma diffusion treatment

Tuesday, September 11, 2012

PO2090
WEAR PROPERTIES OF PLASMA NITRIDED INCONEL 718 SUPERALLOY
Halim Kovacı1, Hojjat Ghahramanzadeh ASL1, Çiğdem Albayrak2, Akgün
Alsaran1
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Ataturk University, Erzurum, Turkey 2Erzincan University, Erzincan, Turkey
halim.kovaci@atauni.edu.tr

Inconel 718 is a nickel-based superalloy that is extensively used in a broad
range of applications such as turbine blades, power generation, petroleum
and nuclear reactor technology due to its good mechanical properties at
intermediate and high temperatures. Contrast to its wide range of usage,
high plasticity and good corrosion resistance, poor wear resistance of
Inconel 718 limits its usage in some applications. In order to improve the
wear resistance of Inconel 718 several surface treatment methods are used.
One of the most important methods, that is used to prevent the metal from
wear is to modify the surface with a nitride layer by plasma nitriding.
In this study Inconel 718 super-alloy was plasma nitrided in different
parameters and the wear mechanism of plasma nitrided Inconel 718 was
investigated using a pin-on-disk wear tribotester. Microstructure and phase
components of Inconel 718 were investigated using SEM and XRD before
and after plasma nitriding process.
Keywords
Wear
Superalloy
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Effects of ion-beam bombardment and nitridation on
physical/mechanical properties of 100Cr6 TiN coated steels
Roosevelt Droppa Jr1, Haroldo Pinto2, José Garcia3, Erika Ochoa4, Fernando
Alvarez4
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Universidade Federal do ABC, Santo André, Brazil 2Escola de Engenharia de
São Carlos - Universidade de São Paulo, São Carlos, Brazil 3Sandvik
Machining Solutions, Stockholm, Sweden 4Instituto de Física ‘‘Gleb
Wataghin" - Universidade Estadual de Campinas, Campinas, Brazil
roosevelt.droppa@ufabc.edu.br

The development of new processes to improve the adhesion and growth of
wear resistant coatings on wear parts and cutting tools is a challenging task.
Such processes aim to modify the surface of the substrate at atomic level by
forming new phases, by inducing internal stresses or by tailoring the surface
topography. In the ion beam bombardment process it is known that
relatively low bombardment energies (~100-1000 eV) of steel substrates by
heavy inert ions (Ar+, Xe+, Kr+) improves the diffusion of nitrogen due to
surface cleaning, generating local stresses and grain size refining of the
material's surface. Furthermore, the pre-treatment of steel substrates
surfaces by using heavy ions bombardment and posterior N+ ion beam
nitriding process could thus be used to get surfaces suitable prepared for
hard coatings deposition, i.e. a controlled pre-ion bombardment preparation
of the surface is added to the well known “duplex” process.
In this work TiN hard coatings were deposited on 100Cr6 steel substrates
with surface modified by combining Xe+ ion pre-bombardment and posterior
nitriding treatment by N+ implantation. All processes (pre-ion
bombardment/nitrogen implantation/coating) were sequentially performed
in-situ in an ion beam assisted deposition (IBAD) system. The physical
effects of the pre-treatment on the substrate were analyzed according to
their crystalline structures, grain sizes, Xe atoms remaining in the sample
and the residual stress state induced in the material surface. Correlations
between surface pre-treatment and TiN coating adhesion and wear
resistance are presented and discussed.
Keywords
Surface modification
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Mechanism of Ti99.2 titanium unconventional ion nitriding
Tadeusz Fraczek1, Jerzy Michalski2, Michal Olejnik1, Jaroslaw Jasinski1
1

Czestochowa University of Technology, Czestochowa, Poland 2Institute of
Precision Mechanics, Warsaw, Poland
jasinski@wip.pcz.pl

The influence of Ti99.2 titanium ion nitriding on its surface layer properties
is presented in this article. Results with regard to iron ion nitriding
mechanism allow to elaborate new ion nitriding mechanism of Ti99.2.
titanium for different glow discharge areas. Previous conventional ion
nitriding models (e.g. the earliest Kölbel’s model) refer to iron nitriding and
may not be correct in case of other metallic materials especially by active
screen method. It is found that an active screen cathode nitriding leads to
nitrogen concentration and nitrides relative volume increase in the titanium
surface layer. The factors which mainly determine qualitative and
quantitative characteristics of phenomena during active screen nitriding is
high concentration and energy of nitrogen ions which interact with
substrate.
Keywords
Ti 99.2 titanium
ion nitriding
active screen
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Duplex Surface Treatment Combining Plasma Nitriding and TiN-PVD
Coating for Austenitic Stainless Steel AISI 316L
Carlos Eduardo Pinedo1, Gabriela Bruno Tieppo2, Mario Boccalini Jr3
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In this paper a combined plasma nitriding and TiN-PVD coating is presented
as a surface treatment suitable to increase tribological properties of 316L
SS. For coating 316L ASS it is very important to consider the strong
difference on mechanical properties of this substrate and the hard coating,
decreasing coating adhesion and promoting delamination. Increase on
substrate mechanical properties by nitriding can be a solution to increase
coating adhesion. Plasma nitriding were carried out at high (550oC) and low
(380oC) temperatures in order to obtain different microstructures on surface
to be used as support for the post TiN hard coating. Surfaces structures
were characterized by microscopy and X-ray diffraction. Mechanical
properties were evaluated by microhardness and deep-sensing indentation.
Nitriding is able to increase surface hardness to values higher than 12 GPa
independently of the nitriding temperature and maintain Elastic Modulus
close to 250 GPa. For the TiN it was measured a hardness of 22 GPa and
Elastic Modulus of 440 GPa. Considering the need to have close mechanical
properties on nitrided case/TiN interface in order to increase adhesion
properties, nitriding is effective to increase the relation H/E of the 316L
substrate close to that of the TiN coating, up to 0,05. Adhesion, measured
by Rockwell indentation and micro-scratch showed best performance for the
condition of low temperature plasma nitrided compared to the high
temperature plasma nitrided and the un-nitrided state. It is pointed out that
not only H/E is an important parameter for adhesion, but nitrided surface
toughness, a microstructure sensitive property, must be considered.
Keywords
plasma nitriding
pvd
duplex process
TiN
adhesion
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PLASMA NITRIDED AISI 420 WITH DIFFERENT SURFACE FINISHING
Sonia Brühl1, Raúl Charadia1, Eugenia Dalibón1, Vladimir Trava Airoldi2,
Amado Cabo3
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Diamond-like-carbon films (DLC) are hard coatings with a very low friction
coefficient and chemically inert, and plasma nitriding is a well established
method to harden stainless steels and act as a pre-treatment to increase
adhesion and improve tribological behavior of the DLC coating. In this work,
the mechanical behavior or a DLC film deposited over martensitic stainless
steel is studied.
The AISI 420 steel was heat treated, but two different surface finishing were
accomplished previous to the nitriding process: paper grounding until grit
1000 and polishing with 0.5 μm diamond powder. Another group of samples
was coated without nitriding. The nitriding process was carried out in a DC
pulsed discharge, at low temperature and the DLC film was deposited by
CVD, with a bipolar DC pulsed discharge. Hardness was measured on the
surface and the nitrided layer and film were observed with optical
microscope and SEM. The mechanical behavior was analyzed in both linear
and rotational reciprocating sliding wear tests. Adhesion was tested with the
methods of Rockwell C Indentation and Scratch Test.
The coating was 3 μm thick and the nitrided layers were different,
depending on the previous surface finishing. In the polished samples the
layer thickness was about 11 μm and only 8 μm in the grounded ones;
surface hardness was similar, 1150 HV. With the DLC coating, hardness
reached 1400 HV. Regarding the mechanical behavior, the nitrided layers in
both samples yielded a better wear resistance of the duplex system, and the
volume loss was much smaller than in the only nitrided samples. In the case
of film adhesion, the results tend to point that the rougher surface was the
best, for the resistance of the duplex coating.
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DLC
duplex coating
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Evolution meets plasma surface engineering - a biomimetic thin film
concept for self-sharpening cutting tools
Hanno Paschke1, Marcus Rechberger2
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Nature is showing how optimized cutting systems should be constructed.
Rodents for instance exhibit highly sophisticated teeth in order to use the
wear of high abrasive food as a tool to form optimized cutting edges. These
are basing upon a special material concept of the teeth paired with specific
microstructures of the enamel. For an effective accomplishment of cutting
tasks technical cutting tools also need sharp edges. In the presence of high
amounts of abrasive particles within the processed material, the cutting
edge radiuses will increase immediately. This is resulting in high cutting
forces, bad production qualities and a very short operating life of the tools.
An adaptation of a biomimetic principle deduced from rodent teeth leads to
a promising concept for the wear reduction of industrial cutting tools. The
underlying material concept uses differences in the wear resistance of the
blade material and the cutting zone. Therefore the blade material is
constructed of tool steels with low carbon content. As a result they provide a
tough but due to low hard phase contents not sufficient wear resistance.
Using a combination of a plasma diffusion treatment and plasma deposition
technique a wear resistant thin coating covering the edge is possible. Thus
an assembly is achieved consisting of a tough blade body forming the
cutting edge using the occurring abrasive wear. The function of the diffusion
treatment is the formation of a gradient in hardness for a bearing capacity in
the subsurface near zone. A following composition of a ternary composition
of Ti-B-N in a special multilayer design is assumed to operate analogue to
enamel structures. The alternating nanostructured composition plays an
important role while forming the active cutting radius.
Inspired from natural archetypes a technically usable material concept
paired with plasma surface treatment technologies enables industrial cutting
tools to self-optimize their wear behavior.
Keywords
Biomimetic principle
Cutting tools
Nanostructured multilayers
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Daniela Boeira4, Francisco Lanferdini Serafini4, Carlos Alejandro Figueroa4,
Fernando Silvio de Souza5, Almir Spinelli5
1

UNILA, Foz do Iguaçu, Brazil 2Universidade Federal do ABC, Santo André,
Brazil 3Universidade Federal de Santa Maria, Santa Maria, Brazil 4
Universidade de Caxias do Sul, Caxias do Sul, Brazil 5Universidade Federal
de Santa Catarina, Florianópolis, Brazil
bassanico@gmail.com
Zirconium nitride (ZrN) thin films were deposited onto plasma nitrided NiTi
shape memory alloy. The plasma nitriding process was made in the 100-500
ºC temperature range, during 5 hours and after that, the samples were all
coated with a ZrN thin film deposited at 500 ºC during 90 minutes,
maintaining fixed, all other deposition parameters. The deposition processes
were carried out by direct current reactive magnetron sputtering using
N2/Ar gas mixture. The film hardness, corrosion behavior, roughness, phase
composition, and texture were studied, using nanoindentation techniques,
electrochemical analysis, X-ray diffraction, scanning electron microscopy,
Rutherford backscattering spectrometry, X-ray photo-electron spectroscopy
and atomic force microscopy. The results showed that nitriding process
leads to the formation of Ni3Ti and TiN on NiTi surface. Also, the nitriding
process influenced indirectly the deposition process, once the
nanomechanical and electrochemical properties of ZrN thin films were
influenced by the nitriding temperature. Furthermore, the color of the ZrN
films deposited onto plasma nitrided NiTi alloy also changed with nitriding
temperature. These results are discussed in terms of the diffusion of
nitrogen and oxygen from NiTi nitrided layer to the ZrN thin film. The
roughness of the nitride NiTi surface also seems to play an important hole
on the microstructure of the ZrN deposited films.
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Nanocomposite Nitrid Thin films for hard coatings : Applications in
wear and corrosion resistance
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New simple and duplex coatings were elaborated by triode sputtering and
ionic nitriding, imposed to low alloy steel and characterized by the mean of
various experimental techniques (EDS, XPS, XRD, SEM, TEM, FTIR, …). Their
ability to protect substrate against corrosion and wear has been evaluated.
These deposits are either CrN or ZrN monolayer, or nanocomposite deposits
formed by the dispersion of BN into ZrN matrix.
The experiments show the good physical, chemical and mechanical
properties of the films. The tribological analysis permitted us to define the
optimal conditions of triode sputtering and the ionic nitriding ones used in
the duplex treatments. A great amelioration in the tribological properties
was observed and was explained by the good stress repartition into the
layers.
Simples and duplex treatments was imposed to low alloy steel cutting tools.
Their application in peeling of wood and corrosion shows their efficiency.
Keywords
nanocomposite
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Adhesion and hardness of duplex treated MoN-Cu coatings
deposited by ICP assisted reactive sputtering
Han Joo Choe, Taeyoon Kim, Jung-Joong Lee
Seoul National University, Seoul, South Korea
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The effects of plasma nitriding on the adhesion and hardness of MoN-Cu
coatings deposited on AISI M2 steel substrates were studied. Plasma
nitriding was conducted at > 650 K, and the subsequent deposition of
MoN-Cu coatings was performed by inductively coupled plasma sputtering.
The structure and mechanical properties of the nitrided substrates and
MoN-Cu coatings were studied by X-ray diffraction (XRD), atomic force
microscopy (AFM), micro hardness test, and scratch test. X-ray diffraction of
the nitride substrate showed no particular diffraction peaks for nitrided
compunds, while AFM revealed an overall increase in surface roughness.
Inconsistent hardness values of the coatings were obtained due to the
increased surface roughness. In order to obtain more reliable hardness
values, two approaches were conducted: direct removal of the surface
roughness and modification of the Oliver-Pharr method. The hardness of the
substrate surface had an overall increase. From the natural hardness of 10
GPa of the substrate, surface hardness increased to 16 GPa at 750 K and
dropped to 11 GPa at 850 K. Advanced adhesion strengths were monitored
in the MoN-Cu coatings deposited on the nitrided substrates. MoN-Cu
coating deposited on the substrate nitride at 750 K displayed a critical load
of 65 N from the scratch test. Compared to samples of other nitriding
temperatures, spallation and buckling were less observed even at 80 N of
induced load.
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One of the most perspective directions of the development of surface
engineering is related to hybrid technologies, which best fulfil the
expectation of the industry concerning obtaining expected properties of the
surface of tools and machine components. The mostly known and widely
used surface treatment hybrid technology is a combination of gas or
glow-discharge nitriding process with the process of deposition of hard
antiwear coatings by means of PVD methods. The effect of the hybrid
technology with such a configuration is a layer composite, consisting of a
nitrided layer and a PVD coating deposited directly on it, which can be use
for increase of durability of tools working in high mechanical and
temperature loads, e.g. forging dies or moulds for pressure casting of
aluminium. One of the main important parameters of the PN+PVD layer
composite is the wear resistant in higher temperature.
This paper presents the results of materials investigations and ball-on-disk
wear test of three different layer composites PN+CrN, PN+CrAlN and
PN+TiCrAlN. The designed layer composites were obtained with the use of
the hybrid technology, which consist of plasma nitriding (PN) followed by
arc-evaporation coating deposition. For all created layer composites the
material properties like microstructure, phase structure, chemical
composition, adhesion and mechanical properties were investigated. The
paper also demonstrates the results of ball-on-disk tribological tests carried
out for ENX32CrMoV3.3 hot working steel covered by investigated layer
composites, in two different temperatures i.e. 25oC and 500oC.
Basing on the obtained results authors proved that the proper chemical
composition and phase structure of thin PVD coatings, is the effective way
for increase of stability of wear resistant of layer composites type
“PN+PVDcoating” in high temperature.
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The increasing demand of new functional films for technological
applications, such as surface protection, low-friction coatings, data storage,
optics and microelectronics..., is a strong motivation for research towards
both understanding the fundamentals and technical aspects of thin film
growth and also developing advanced deposition techniques.
A very promising sputtering/deposition technique, known as High Power
Impulse Magnetron Sputtering (HiPIMS), had a rapid development in the last
decade due to its high potential for applications. It consists of using the
well-known magnetron discharge in high-power pulse operating mode.
Despite the advance of HiPIMS, due to its complexity, the experiment is not
always straightforward and the research is ongoing for a complete
description of the physical processes inside. In the same time, very few
scientific papers report on the numerical modelling of HiPIMS and the
models are either global or focused on a small region of the discharge. The
pulsed discharges require different approaches than the continuous ones,
since the time evolution both during the pulse and in the afterglow is of
major interest for the understanding of the HiPIMS process.
The present work focuses on the simulation of a HiPIMS device by 2D
Particle-In-Cell Monte Carlo Collisions (PIC-MCC) technique. The system is
characterized by very short discharge pulses (1-10 μs) attaining cathode
currents of tens A for a maximum applied voltage of 1 kV with a pulse
repetition frequency in the range of 0.5-5 kHz. The discharge is operated in
argon with planar metallic target. The numerical code deals both with
charged particles (electrons and ions) and neutrals (gas and sputtered
material atoms/molecules) in order to obtain the space-time distribution of
plasma parameters (plasma potential, charged and neutral particles density,
particles energy) during the pulse. The sputtered material is described as
well, in terms of particle density and flux, energy, ionization fraction.
Keywords
pulsed magnetron
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Our goal is to assess whether the time-dependent behaviours observed in
gas discharges can be reproduced with a very simple mathematical model.
In particular, we want to understand the current response to applied voltage
using the fewest assumptions possible. We are interested in gas discharges
generally, with HIPIMS as a special case.
We would like to reproduce the range of V-I characteristics observed in the
literature such as a stable discharge displaying a current plateau resulting
from a constant applied voltage, a current peak resulting from a decreasing
applied voltage or pulse, a current peak followed by a plateau, consistent
with argon depletion, and finally a current that increases unbounded with
time.
Here we present a simple mathematical model of a time-dependent plasma
glow discharge, based on an electric circuit. The script, written in MATLAB,
inputs a given voltage-time trace that is applied to the plasma, and
calculates the resultant current, comprising both the ion current from glow
to cathode and the secondary electron current from cathode to the glow.
The model takes into account the resistance from the plasma itself, as well
as an additional resistance inherent in the electronics of an experimental
system.
The script is able to reproduce HIPIMS behaviours from the literature, and
we predict the classic I=V^n relationship for the stable plateau. We also
predict the existence of stable discharges at very low current densities. We
present an analysis of the effects of various parameters, noting which
parameters are essential to cause a discharge to be stable, and identifying
possible explanations for experimental results seen in the literature.
The model is deliberately kept simple and flexible, with a number of
approximations. Users can adjust key parameters to tailor the model to suit
a specific scenario, including the secondary electron emission, ionisation
probability, loss factors, and ion mass. It is hoped the model will prove
useful to the HIPIMS community, being robust and flexible enough to
accurately model the physics of a variety of glow discharges, and providing
insight into observed behaviours.
Keywords
model
HIPIMS
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catalin.vitelaru@inoe.ro
The conventional sputtering techniques, such as DC magnetron, have been
modified over the years in order to obtain higher ionization degrees of
sputtered metal. One of the improvements consists in the use of high power
pulses [1], generating higher plasma densities and higher ionization
degrees. The use of pre-ionization stages has been proved to reduce the
ignition time, giving the possibility to use shorter pulses [2]. In this work we
have used a home made pulsed power supply comprising the following
modules: resonant capacitor charger, high power pulser, driving generator,
pre-ionizer bias supply and arc handling module. The frequency and pulse
width are linearly adjustable in the ranges 1 Hz–100 Hz and 50 µs–150 µs
respectively. The pre-ionizer bias module is a 5 mA–100 mA constant current
power supply and 1000 V in open circuit. The magnetron discharge, with a 2
inch copper target, was operated with and without DC pre-ionization, in
order to study the effect of the pre-ionization on the functioning of the
discharge. The electrical parameters were monitored to show the transition
from low current DC like regime to the high current regime, and its
dependence on applied voltage, gas pressure and pre-ionization current.
The high current regime is characterized by the presence of strong metal ion
emission lines, which overcome the metal and argon gas time averaged
emission lines. The time resolved emission intensity of both metal and gas
lines (ions and neutrals) is shown and discussed in relation with the current
voltage characteristic and the stages of the pulsed discharge.
Comparison of thin films structure and properties is shown, for thin films
deposited in similar power conditions with and without DC pre-ionization.
References
[1] V. Kouznetsov, K. Macak, J.M. Schneider, U. Helmersson et I. Petrov, Surf.
Coat. Technol. 122 (1999) 290
[2] M. Ganciu, S. Konstantinidis , Y. Paint, J-P Dauchot, M. Hecq, L. de
Poucques, P. Vasina, M. Mesko, J-C. Imbert , J. Bretagne , M. Touzeau, JOAM.
7 (2005) 2481
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Origin and mechanism of plasma instabilities in HIPIMS
Ante Hecimovic, Teresa de los Arcos, Volker Schulz-von der Gathen, Marc
Böke, Jörg Winter
Ruhr-Universität Bochum, Bochum, Germany
Ante.Hecimovic@rub.de
Observed with a low time resolution, the optical emission from HIPIMS
discharge may appear to be homogeneous during the pulse. However, we
have shown recently that the HIPIMS plasma may develop drift wave type
instabilities [1]. They are characterized by well defined regions of high and
low plasma emissivity along the racetrack of the magnetron and cause
periodic shifts in floating potential. The structures rotate in ExB direction at
velocities of ~10 kms-1 and frequencies up to 200 kHz. It has already been
shown in literature that the magnetron configuration may exhibit
two-stream instabilities [2]. However the characteristic frequency of these
instabilities is of the order of a few MHz, well above the frequencies
associated to the drift wave type instabilities we have observed.
In this paper a detailed analysis of the temporal evolution of the saturated
instabilities using four consequently triggered fast ICCD cameras is
presented. In order to better understand the mechanisms involved, different
optical interference band pass filters were used to observe the spatial
distribution of different species within the instability. It was found that the
optical emission from the instabilities comprises ion emission (both target
material and gas ion lines) with strong depletion of the emission lines of the
target material atom lines, concluding that instabilities are driven by ions.
The form of the instability with final avalanche phase where high portion of
hot electrons is created can be described by violation of β limit, where
plasma pressure is increased up to the point to overcome the magnetic
confinement resulting in the stream of electron emitted perpendicular to the
static magnetic field lines. Furthermore double flat probe confirm the finding
of streaming electrons followed by ions.
[1] A. Ehiasarian, A. Hecimovic, T. de los Arcos, J. Winter, R. New, V.
Schulz-von der Gathen, M. Böke, Appl. Phys. Lett. 100, 114101 (2012);
[2] D. Lundin, et al., Plasma Sources Sci. and Tech., 2008, (17), 035021
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Advances in HIPIMS Coatings for Cutting Tools
Christoph Schiffers, Toni Leyendecker, Werner Kölker, Stephan Bolz
CemeCon AG, Würselen, Germany
christoph.schiffers@cemecon.de
The cutting tool industry is using HIPIMS coatings for about two years when
the 2012 PSE will take place. This paper gives a review of the state of the art
and the current trends for further advancing the HIPIMS technology for hard
coatings for cutting tools.
There is a general trend from CVD coatings to PVD coatings for cutting
inserts. The PVD technology allows a much wider choice of the coating
composition and sputtered films have low compressive stress whereas CVD
films tend to have tensional stress. SEM images and other surface
characterisation techniques show how the highly ionised species contributed
by HIPIMS accelerate this trend by enhanced film properties. Various field
tests have been carried out to correlate the film properties with cutting data.
The data show that HIPIMS gives a very uniform thickness distribution on
rake and flank face of inserts combined with a super smooth surface free of
any droplets.
The first commercial HIPIMS films were standard TixAl1-xN systems. It is well
known that the addition of doping elements to a more complex system
influences the performance of a film greatly. Hybrid DCMS/HIPIMS machines
are most commonly used for industrial coating production. Depositing a
multinary coating in a hybrid system raises the question about the
difference of depositing a certain element on either a DCMS or a HIPIMS
source. A detailed analysis of the resulting plasma characteristics will be
presented.
Keywords
HIPIMS
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Effect of the degree of HIPIMS utilisation on the properties of TiN
films
Papken Hovsepian, Arunachalam Sugumaran, Yashodhan Purandare, Arutiun
Ehiasarian
Sheffield Hallam University, Sheffield, United Kingdom
p.hovsepian@shu.ac.uk
TiN films were deposited using HIPIMS enabled four cathode HTC 1000-4
Hauzer coating system equipped with Huettinger Electronic Sp.z.o.o.HIPIMS
power supplies. The standard version of this system allows control over the
ion bombardment during coating growth by varying the strength of the
electromagnetic field of the unbalancing coils as well as the bias voltage
applied to the substrate. The coatings were produced in different coating
growth conditions achieved in a mixed High Power Impulse Magnetron
Sputtering-Unbalanced Magnetron Sputtering (HIPIMS-UBM) process where
HIPIMS was used as an additional new tool to manipulate the ionisation
degree in the plasma. The degree of HIPIMS utilisation in this study was
varied from 0%-100% with increments of 25%.TiN coatings phase
composition, microstructure as well as properties such as residual stress,
microhardness and trtribological properties were studied by number of
surface analyses techniques such as XRD, XSEM, XTEM as well as
nanoindentation and pin-on-disk tests. It was revealed that in mixed HIPIMS
-UBM processes performed in a specialised multiple cathode coating system,
the residual stress can be controlled in vide range form -0.21GPa to -11.35
GPa by intelligent selection of the degree of HIPIMS utilisation, strength of
the electromagnetic field of the unbalancing coils as well as the bias voltage
applied to the substrate while maintaining coatings stoichiometry. The effect
of the above mentioned way of plasma manipulation on the structure,
mechanical and tribological parameters is discussed. Mixing HIPIMS with
UBM is also seen as an effective tool for improving the productivity of the
deposition process.
Keywords
HIPIMS
TiN
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structure
stress

Powered by TCPDF (www.tcpdf.org)

Poster: HIPIMS

Wednesday, September 12, 2012

PO3007
The role of metal ions during growth of TiAlN using a hybrid
HIPIMS/DCMS target configuration
Grzegorz Greczynski1, Jun Lu1, Jens Jensen1, Ivan Petrov2, Joe Greene2,
Werner Kölker3, Oliver Lemmer3, Lars Hultman1
1

Linköping University, Linköping, Sweden 2Frederick Seitz Materials Research
Laboratory, University of Illinois, Urbana, United States 3CemeCon AG,
Wűrselen, Germany
grzgr@ifm.liu.se

Metastable NaCl-structure alloys such as TiAlN are known to be sensitive to
ion damage giving rise to second-phase precipitates. This makes them ideal
systems for studying the effects of the metal-ion charge state during film
growth. Recently, we have shown1 that single-phase metastable Ti1-xAlxN
alloys with x up to 64 mol% can be grown by a combination of high-power
pulsed magnetron sputtering (HIPIMS) and DCMS if the Al target is operated
by HIPIMS. The alloys exhibit high hardness and low residual stress due to
near-surface mixing induced by low-energy Al+ and Ar+ ion irradiation. In
contrast, with the Ti target powered by HIPIMS, the layers are two-phase
with low hardness and high compressive stress due primarily to the
presence of an intense flux of doubly-ionized Ti2+ ions, with kinetic energies
>100 eV. In the present study, we use the same hybrid configuration to
grow two series of Ti1-xAlxN thin film alloys: (a) Ti-HIPIMS/Al-DCMS with x =
0.58, and (b) Al-HIPIMS/Ti-DCMS with x = 0.62, both as a function of
substrate bias Vs. We find that despite lower AlN concentration, the
Ti0.42Al0.58N layers deposited under periodic Ti+/Ti2+ metal ion irradiation are
two-phase, cubic and wurtzite AlN, even at the lowest substrate bias Vs = 20
V. The film microstructure exhibits typical signs of renucleation indicating
that Ti metal ion bombardment disturbs local epitaxial growth. The
nanoindentation hardness is low, 18 – 20 GPa. In sharp distinction,
Ti0.38Al0.62N films grown under Al+ ion bombardment in the Al-HIPIMS/Ti-DCMS
configuration are single phase NaCl-structure up to Vs = 160 V, after which
wurtzite AlN precipitates are formed. Films in this series exhibit a dense
columnar microstructure which is preserved even at Vs > 160 V. Hardness
reaches 30-31 GPa with Vs between 120 and 160 V.
[1] G. Greczynski, J. Lu, M. P. Johansson, J. Jensen, I. Petrov, J.E. Greene, and
L. Hultman, Vacuum (2011), doi:10.1016/j.vacuum.2011.10.027.
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Chromium and Chromium nitride thin films deposited by HiPIMS
using short pulses
FERREC Axel1, Arnaud Tricoteaux2, Christelle Nivot2, Frédéric Schuster3,
Mihai Ganciu4, Pierre-Yves JOUAN5, Mohamed Abdou Djouadi5
1
Institut des Matériaux de Nantes, NANTES, France 2Laboratoire des
Matériaux Céramiques et Procédés Associés, Maubeuge, France 3Laboratoire
Commun MATPERF CEA-Mecachrome, Vibraye, France 4National Institute for
Laser, Plasma and Radiation Physics, Bucharest, Romania 5Université de
Nantes, UMR CNRS 6502, Institut des Matériaux Jean Rouxel, Nantes, France

axel.ferrec@cnrs-imn.fr
CrN is an excellent wear and corrosion resistant material. There is much
interest in the research community to develop CrN thin films for coating
tools for metal and wood machining operations. Chromium nitride was
widely studied and developed by classical magnetron sputtering and more
recently for further improvements by HiPIMS.
In this work, we varied different process parameters but we choose to focus
on the short durations, typically between 10 and 50µs. We have studied the
influence of peak current on the crystallinity and the morphology of
coatings. Deposited films were characterized by classical techniques such
as: XRD, AFM, SEM and XPS. Nanoindentation and oxidation tests were also
performed. Concerning hardness measurements, the Jönsson and Hogmark
model was applied to separate the contributions of the substrate and the
film. Annealing tests were carried out up to 1000K in order to study the
thermal stability of Cr and CrN films under different atmospheres.
Keywords
HiPIMS
DC sputtering
Cr-CrN thin films
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Synthesis and Properties of CrAlSiN Coatings Using a Hybrid
HIPIMS+/CMS Technology
Kwang Ho Kim
Pusan National University, Busan, South Korea
qmwangster@gmail.com
As a variation of high power impulse magnetron sputtering (HIPIMS)
technique, HIPIMS+ technology is utilizing Modulated Pulse power Supplies
(MPP) as cathode power supplies. By increasing the peak cathode current
density within the pulse, one can obtain a high degree of ionization of the
sputtered material with low ion energies, while at the same time achieving
reasonable deposition rate. The HIPIMS+ technique can be utilized to obtain
dense coatings with high hardness and low-level residual stress. These
characteristics make the HIPIMS+ technology desirable in synthesizing hard
coatings. By combining the conventional magnetron sputtering (CMS), the
hybrid HIPMS+/CMS technique is easily to be used for synthesizing
multicomponent hard coatings.
Chromium based hard coatings, such as CrN, Cr-Al-N and Cr-Si-N coatings
have been widely used as a protective coating owing to their high hardness,
low friction coefficient, good corrosion and oxidation resistance under severe
environmental conditions. Recently, the quaternary Cr-Al-Si-N coatings were
attracting more and more attentions due to their various hybrid functions,
such as super hardness (≥50 GPa) and excellent oxidation and wear
resistance.
In this presentation, we synthesize the CrAlSiN coatings by reactive
sputtering Cr and AlSi targets in an Ar/N2 atmosphere. A HIPIMS+ power and
a conventional pulsed DC power were used as the power supply for Cr and
AlSi target, respectively. The influence of chemical composition on the
microstructure, mechanical and oxidation properties of the coatings was
investigated.
Keywords
CrAlSiN coating
HIPIMS+
microstructure
mechanical properties
oxidation

Powered by TCPDF (www.tcpdf.org)

Poster: HIPIMS

Wednesday, September 12, 2012

PO3010
Control of oxygen content with pulse width: a powerful way to
deposit transparent nickel oxide thin films by reactive HiPIMS
Pierre-Yves JOUAN1, Duc Tuong NGuyen2, Arek Karpinski2, Axel Ferrec2,
Mireille Richard2, Linda Cattin2, Luc Brohan2
1

IMN Jean Rouxel, NANTES, France 2IMN Jean Rouxel, Nantes, France
pierre-yves.jouan@cnrs-imn.fr

The organic photovoltaic cells (OPV) up to now convert 8.3% of the solar
spectrum and Heliatek has lastly reported efficiency as high as 9.8% for
tandem bulk heterojunction solar cells. For the classical OPV, charge carrier
transport from the photosensitive polymer is performed by incorporation of
organic semiconductors which are in contact with metallic electrodes. The
interfaces between metal and organic components as well as the natures of
organic semiconductors play an important role for the effective charge
transport and degradation processes. Limiting the sensitivity of polymer
materials becomes the path for development of hybrid OPV. One possible
way is to use inorganic semiconductors. We propose the NiO as p-type
semi-conductor to ensure charge carriers and electron/hole blocking layers.
The characteristic wide gap energy permits thin films of NiO to achieve high
transparency. We have deposited transparent p-type semiconductive NiO
thin films on the conductive glass by reactive HiPIMS using a commercial
power supply Solvix HiP3. The characterization of the films deposited by DC
reactive magnetron sputtering, show that depending on the oxygen content,
NiO grows along preferential orientations: either the most dense [111]
direction for low oxygen percent or [200] for higher oxygen content. In the
case of HiPIMS discharge, we have fixed the amount of oxygen content in
the discharge and investigated the influence of the pulse duration on
electrical parameters. It appears that decreasing the pulse duration leads to
an increase in the maximum discharge current and in the maximum floating
potential. Furthermore, between 10 and 20 µs, we have observed the same
behaviour than in the DC case for NiO thin films obtained with varying
oxygen content. On the basis of SEM and HRTEM observations we discuss
about the advantages and disadvantages of HiPIMS in terms of density and
crystallinity but also in terms of photovoltaic efficiency.
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Material flux optimization in HiPIMS through the control of the
magnetic field
Jiri Capek, Matej Hala, Oleg Zabeida, Jolanta Klemberg-Sapieha, Ludvik
Martinu
Ecole Polytechnique Montreal, Montreal (QC), Canada
jiri.capek@polymtl.ca
Various phenomena affecting deposition rate (rd) in high power impulse
magnetron sputtering (HiPIMS) were investigated as a function of the
magnetic field (B) above a metal target. In this work, the value of B of a 50
mm magnetron was controlled by applying paramagnetic spacers with
different thicknesses in between the magnetron surface and the Nb target,
while using a constant discharge power of 500 W. A weaker B (a thicker
spacer) led to an increase in rd by a factor of ~4.5 (from 10.6 to 45.2 nm
min-1) compared to the configuration without any spacer. However, this
maximum rd value was still about 30% lower in comparison to the DC
magnetron sputtering mode at an identical average power. We demonstrate
that the rd is governed by two processes depending on B: (i) attraction of
target ions back to the target is the dominant effect leading to reduced rd for
strong fields B (i.e., high discharge current and low cathode voltage), while
(ii) nonlinear dependence of the sputtering yield on the ion energy is the
principal cause of the rd loss for weak B values (i.e., low discharge current
and high cathode voltage). In addition, we observed that a variation in the
spatial distribution of the sputtered material needs to be considered for a
correct interpretation of the experimental data. Maps of the material flux
distribution for different B will be presented and discussed.
Keywords
high power impulse magnetron sputtering (HiPIMS)
deposition rate
niobium coating
return effect
yield effect
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Metallic film modification through the use of non-standard HiPIMS
waveforms.
Paul Barker, Erik Lewin, Jörg Patscheider
EMPA, Dübendorf, Switzerland
paul.barker@empa.ch
High power impulse magnetron sputtering, HiPIMS, technology has been the
source of significant scientific interest in recent years. HiPIMS consists of a
high voltage / high current pulse, often in the region of 50 – 400 µs, followed
by a long off-period resulting in low duty cycles, generally below 10 %.
Tailoring of film properties has been shown in numerous literature sources
due to a significant increase in the ion-to-atom ratio generated in
comparison to standard direct current magnetron sputtering, dcMS. In the
present study additional control parameters are explored by using
non-standard HiPIMS waveforms, consisting of pulse sequences. These pulse
sequences consist of a number of micro-pulses, which can be varied in
length. In this manner, the approach may be seen as a hybrid of classic
HiPIMS and the emerging MPP technique. Films have been grown using
these pulse sequences and compared to materials grown both by traditional,
single pulse, HiPIMS and also dcMS.
The deposition of Ti metal was chosen as a model system, and the attained
coatings were analysed using X-ray diffraction, XRD, scanning electron
microscopy, SEM, and X-ray photoelectron spectroscopy, XPS. An increased
deposition rate, relative to a comparable standard HiPIMS pulse, was
observed. The coating microstructures show signs of modification, with an
increased smoothening of the coating surface and shallower surface
oxidation for samples deposited using micro-pulsed HiPIMS.
Keywords
HiPIMS
Process
Coatings
Titanium

Powered by TCPDF (www.tcpdf.org)

Poster: HIPIMS

Wednesday, September 12, 2012

PO3013
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In this study we seek to elucidate the process-microstructure relations in
films grown off-normally by high power impulse magnetron sputtering
(HiPIMS). Various peak target power densities (up to ~1.3 kW/cm2) and
deposition rates (~5-25 nm/min) are utilized to grow Cu and Cr films from a
cathode placed at an angle of 90 degrees with respect to the substrate
normal. Si (100) wafers covered either by a ~2 nm native SiO2 or by a ~120
nm sputtered Ti layer are used as substrates. For reference, films are also
deposited by direct current magnetron sputtering (DCMS). Scanning electron
microscopy is employed to determine column tilting and film deposition
rates while X-ray diffraction techniques monitor crystal structure and grain
tilting. It is demonstrated that the columnar microstructure of Cu tilts less
away from the substrate normal as the peak target power density increases.
We attribute this behaviour to an increase of the ionization degree of the
sputtered material [1], which may lead to a larger fraction of deposited
species deflected towards the substrate normal [2]. In addition, it is shown
that the change in tilting is not caused by the lower deposition rate when
increasing the peak power density. For the Cr films, the tilting angle is
constant and independent of the peak power density. Comparison between
Cr and Cu reveals that the Cr columns are positioned much closer to the
normal. The difference in the column tilting is found to decrease and later
vanish when the homologous temperature during growth of Cr is increased
from 0.13 to 0.28. The reason for this behaviour is discussed in light of
nucleation and growth characteristics at the various deposition conditions.
X-ray diffraction analysis reveals that Cu films exhibit an (111) fiber texture,
where the grains are better aligned with each other and oriented closer to
the normal as the peak power density is increased. All Cr films are found to
be biaxally textured with an out-of-plane orientation influenced by the peak
power density and the presence or not of a Ti layer on the Si substrate.
[1] K. Sarakinos, et al. Surf. Coat. Technol. 204, 1661 (2010)
[2] see e.g. J. Alami, et al. J. Vac. Sci. Technol. A 23 278 (2005)
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HiPIMS deposition of TiOx in an industrial-scale apparatus: effects
of target size and deposition geometry on hysteresis
Alessandro Patelli1, Marino Colasuonno1, Martino Tosello1, Diego Giordani1,
Giovanni Mattei2, Montri Aiempanakit3, Tomas Kubart3, Alessandro Surpi1
1

Veneto Nanotech, Marghera Venezia, Italy 2Università di Padova, Padova,
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alessandro.patelli@venetonanotech.it

High power impulse magnetron sputtering (HiPIMS) has attracted a
widespread interest in the scientific community because of substantial
improvements over conventional magnetron sputtering in the quality of
deposited coatings and in the coating-substrate adhesion. More recently, a
number of reports appeared showing that the hysteresis effect may be also
significantly reduced in the HiPIMS mode resulting in an increase of the
deposition rate of stochiometric compounds. Yet, presently is not clear how
much of these results can be translated into large industrial-scale apparatus.
Also, the peak power or pulsing frequency of HiPIMS was reported to have a
significant impact on the deposition rate.
In this work an industrial coating system has been used to study HiPIMS
deposition of TiO2. The experiments have been performed using 1 cubic
meter deposition chamber (produced by ThinFilms) with 12” × 4.9” large
titanium target powered by Hüttinger Truplasma HiPulse 4002® power
supply. Oxygen is introduced as reactive gas by a flow-meter.
A set of hysteresis curves, taken at various pulse repetition frequencies (200
Hz, 500 Hz), is presented and compared with conventional DC MS from the
same apparatus. The hysteresis is recorded using the emission lines of Ti
(509.29 nm) and O (777.19 nm), target voltage and current and by the total
pressure measured by a capacitance manometer. The results are also
compared to previous experiments carried out using a laboratory scale
system. Based on these comparisons the role of the geometry and size of
the deposition chamber and the size of the target are assessed. Finally, the
deposited films have been characterized by a number of different analytical
techniques like scanning electron microscope (SEM), ellipsometry, XRD and
Raman spectroscopy. The results show that depending on the frequency of
HiPIMS operation, the deposition rate of rutile TiO2 can be substantially
increased.
Keywords
Titanium oxide
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XPS investigation of Ar implantation in magnetron targets during
high power pulsed magnetron sputtering processes.
Teresa de los Arcos, Andreas Will, Marina Prenzel, Achim von Keudell, Jörg
Winter
Ruhr-Universität Bochum, Bochum, Germany
teresa.delosarcos@rub.de
Magnetron sputtering is a widely used plasma-based deposition technique in
which material is sputtered from a target by impact from noble gas ions
produced in a glow plasma. One consequence often overlooked is that a
fraction of the incoming noble gas ions is implanted within the target.
Although noble gases will not form chemical bonds with the host matrix
atoms, their electronic shells can nevertheless react to their environment
according to different effects (compression of electronic orbitals, shielding
by conduction band electrons in the host, etc.). We have already
demonstrated [1] that the investigation of such implanted atoms by X-ray
photoelectron spectroscopy (XPS) can provide information about their local
environment; information which is related to the presence of defects in the
matrix, crystallinity, or bubble formation, among other things. The nature of
the defects induced in a magnetron sputter target due to the bombarding
ions is directly related to the energy and amount of ions impacting the
target, which in turn is directly determined by the plasma characteristics.
High power pulsed magnetron sputtering (HiPIMS) is a relatively recent
variation of magnetron sputtering, where the power is applied to the
magnetron in short pulses, which results in the formation of very dense
plasmas with a high fraction of ionized species. In this work, we investigate
the Ar implanted in target electrodes during HiPIMS plasmas, with the goal
to determine whether it is possible to extract information about the plasma
conditions from the study of the sputtered target surface.
This work is funded by the DFG within the framework of the SFB-TR 87.
[1] A. Rastgoo Lahrood, T. de los Arcos, M. Prenzel, A. von Keudell, and J.
Winter, Thin Solid Films 520, 1625 (2011)
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Influence of He:Ar ratio on the size distribution of nano-size cluster
ions produced by high pressure magnetron sputtering.
Marina Ganeva1, Tilo Peter2, Sven Bornholdt3, Maik Fröhlich3, Holger
Kersten3, Thomas Strunskus2, Vladimir Zaporojtchenko2, Franz Faupel2,
Rainer Hippler1
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Polymer / metal cluster nanocomposites with tailorable properties are
interesting materials for technological applications [1]. Therefore, the
control of basic parameters like metal filling factor, particle size distribution,
and composition of particles is required [2]. Gas aggregation sources based
on magnetron sputtering offer a precise process control. It is known that
determination of cluster sizes only by electron microscopy can be
misleading. Atoms as well as small clusters can move on the substrate and
aggregate to larger clusters. Therefore, other methods for the determination
of cluster parameters are required.
In this work an Ag cluster beam produced by a home-built magnetron cluster
source [3] was analyzed using a commercial quadrupole mass filter
(QMF200, Oxford Applied Research) to obtain the dependency of the cluster
size distribution on the He fraction. Measured dependencies of the cluster
size distribution on the He:Ar ratio show that cluster size distribution
becomes narrower and shifts towards smaller sizes with increasing He flow.
More He not only enhances the growth of large clusters from the cluster
seeds; it also creates more nucleation of these seeds. When the latter
process becomes dominant, the cluster size will be smaller, assuming that
the amount of sputtered material does not change with the He pressure [4].
[1]
[2]
[3]
[4]

U. Schürmann et al., Nanotechnology 16(8), 1078 (2005).
F. Faupel et al., Contrib. Plasm. Phys. 47(7), 537–544 (2007).
B. Gojdka et al., Nanotechnology 22 (2011) 465704
S. Pratontep et al., Rev. Sci. Instrum. 76(4), 045103 (2005).
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Preparation and basic properties of plasma polymer fluorocarbon
nano-particles
Anton Serov, Martin Drabik, Anna Artemenko, Oleksandr Polonskyi, Andrey
Choukourov, Danka Slavinska, Hynek Biederman
Charles University, Prague, Czech Republic
anton.al.serov@gmail.com
Nano-particles of fluorocarbon plasma polymer were obtained by a gas
aggregation cluster source based on radiofrequency magnetron sputtering
of poly(tetrafluoroethylene). Spherical nano-particles with an average
diameter of 30 nm were fabricated. Chemical composition close to original
PTFE with the high retention (>80%) of the -CF2 groups was reached. Thin
films composed of the fluorocarbon nano-particles exhibited an increased
roughness which resulted in super hydrophobic properties. Water contact
angle on such films approached the value of about 1800. Changes of the
basic physical properties and chemical composition with experimental
parameters were also studied. The method used is advantageous for
allowing one step, dry deposition of nano-structured films with high
roughness and required chemical composition.
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It was found in this study that air plasma treatment of particular kaolinite
has led to the change of its wettability. This was reflected in the decreased
values of water contact angles of wetting. There were determined yield
locus and flow function dependencies at different stress levels for virgin and
different time plasma treated samples (flow index - ffc, effective angle of
internal friction - phie, unconfined yield strength - sigmac). It was found that
by plasma treatment the character of the flow was shifting from region of
very cohesive (ffc = 2.39) to the cohesive (ffc = 3.19). For untreated samples
effective angle of internal friction was decreased with increasing applied
consolidation stress, while for plasma treated kaolinite it was increased.
Acknowledgements
This article was created with support of Operational Program Research and
Development for Innovations co-funded by the European Regional
Development Fund (ERDF) and national budget of Czech Republic within the
framework of the Centre of Polymer Systems project (reg. number
CZ.1.05/2.1.00/03.0111).
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Tailoring the surface properties of micro- and nanoparticles without
changing the bulk material can increase not only the number of possible
applications; it can also improve the properties of the product in which the
particles are incorporated. Surface modifications such as functionalization or
coating can affect several properties such as wettability, corrosion
resistance, surface passivation, surface roughness, dispersion, flowability,
physical and chemical stability. In this way high added value particles can
be created.
Dielectric barrier discharges (DBD) at atmospheric pressure can be used for
surface modification. This technique limits the use of chemical solvents and
is therefore environment-friendly. Moreover, it is relatively cheap compared
with vacuum plasma technology and it can be integrated in a continuous
production process. Finally, because it is a cold plasma surface engineering
technique, it enables the treatment of temperature sensitive materials.
In this work, a DBD plasma is used for functionalization and coating of
powder particles. Therefore, the PlasmaSpot® reactor is redesigned to treat
micro-and nanoparticles. The PlasmaSpot® is a cold atmospheric pressure
plasma jet in which a dielectric barrier discharge is created. Powder is added
to the N2-plasma gas flow and a liquid precursor can be added in the
afterglow for coating possibilities.
Functionalization in the PlasmaSpot® is demonstrated on polyethylene
powder. After a treatment time of only 30 ms, the dispersion behavior of the
PE powder in water increases drastically. The effect of the plasma treatment
is further evaluated through XPS and contact angle measurements.
The coating capabilities of the reactor are validated on ZrO2 beads. These
beads are perfectly spherical and therefore good candidates to visualize a
coating. A liquid precursor APEO is added in the plasma afterglow of the
PlasmaSpot® reactor. XPS, SEM and TEM analyses show a non-uniform
coating in terms of thickness and distribution across the particle surface.
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atmospheric pressure plasma
powder
functionalization
coating

Powered by TCPDF (www.tcpdf.org)

Poster: Particles in plasmas

Wednesday, September 12, 2012

PO3021
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We have developed a new type of polypropylene-based polar compatibilizer
by plasma treatment of microparticles of this polymer, which can be used as
an additive in inmiscible polymer blends and composites. The case of
polypropylene/clay nanocomposites require the addition of compatibilizer
agents to increase the affinity of the matrix with the inorganic nanoparticles,
but the common compatibilizers have lower molecular weights and
crystallinity than the matrix affecting the properties of the nanocomposites.
With our method we have prepared a polar compatibilizer perfectly
compatible with the matrix, without reduction of the molecular weight, and
with the necessary polar functionalization to promote the interfacial
interactions polypropylene-nanoclay. In addition, the plasma prepared
compatibilizer exhibits higher thermal stability and higher modulus than the
original polypropylene material.
The plasma modified microparticles have been characterized by x-ray
absorption near-edge spectroscopy (XANES) and electron paramagnetic
resonance (EPR) to study in detail the chemical modification taking place at
the surface region. In addition, more conventional techniques were used to
study the overall composition of the modified microparticles, the particle
shape, and the thermal stability of the modified polymer.
The modified polypropylene microparticles were melt-processed to produce
polymer films and polymer nanocomposite films with embedded clay
nanoparticles. The influence of the particle modification on the final
morphology of the nanocomposites was studied by scanning transmission
x-ray microscopy (STXM), a XANES spectromicroscopy [1]. The thermal and
mechanical properties of these nanocomposite films were also studied.
[1] Z. Martin, I. Jiménez, M. A. Gómez-Fatou, M. West, A. P. Hitchcock,
Macromolecules 44, 2179-2189 (2011).
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Herein, copper and silver nanoparticles were plasma treated in a RF plasma
reactor. The modifications were carried out with air and with acrylic
monomers in order modify the surface of the nanoparticles. The variables
used during the treatment, were plasma power and treatment time.
Potassium bromide in powder was also modified in order to obtain the
chemical structure of the polymer deposited during the treatment. The
plasma treatment was carried out in order to increase the compatibility of
nanoparticles towards polymeric materials.
The nanoparticles were analyzed by infrared analysis, thermogravimetrical
analysis, electronic microscopy and dispersion in solvents. Nanoparticles
treated with acrylic monomers were coated with a thin polymer. The
antibacterial properties of the nanoparticles were tested with Pseudomona
aeruginosa. The results showed that plasma treatment did not affect the
antibacterial properties of nanoparticles.
Treated nanoparticles were mixed through melting with polymers such as
Nylon, polypropylene and PET, the obtained nanocomposites prepared in
films,were exposed to air plasma in order to remove the last layers of
polymer and to leave the metallic nanoparticles more free to interact with
the environment. The nanocomposites were also tested for antibacterial
properties.
Keywords
silver
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Carbon nanowalls (CNWs), which are often described as
quasi-two-dimensional lamellar nanostructures based on stacked graphene
domains were intensively studied last decade. Lately, the interest for the
CNWs moved from their synthesis to their applications. Post-synthesis
treatments for improving/modifying some of physico-chemical properties of
these nanostructures are usually required for the CNWs integration in
applications, like superhydrophobic coatings, fuel cells, batteries, catalytic
devices, biosensors.
In our previously works [1] we have already shown that some characteristics
of CNWs can be easily controlled and influenced by changing certain
parameters during the synthesis process. Another way of tuning their
properties is achievable by post-synthesis plasma treatments [2]. In this
contribution we present results concerning the tailoring of CNWs properties
by plasma functionalization. Two kinds of RF plasmas were used for
treatments: a parallel plate discharge and a low pressure plasma jet (the
same that was used for CNWs synthesis). We present the changes of
morphology, structure, and surface chemistry of CNWs due to treatments.
As consequence of treatments the wettability, adhesion and distribution of
metal nanoparticles, attachment of biological cells, on the CNWs changed,
depending on the type of treatment and the gas mixtures Ar/(O2, N2, H2,
NH3, SF6, C2H2F4) that were used.
References:
1. S. Vizireanu, S.D. Stoica, C. Luculescu , L.C. Nistor, B. Mitu, G. Dinescu,
Plasma Sources Science and Technology, 19, 034016, 2010
2. S. Vizireanu, M. D. Ionita, G. Dinescu, I. Enculescu, M. Baibarac, I. Baltog
Plasma Processes and Polymers, DOI: 10.1002/ppap.201100153, 2012
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biomedical applications.
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Within materials for biomedical applications, specifically for prosthesis, there
is increasing attention for the development of prevention mechanisms
detecting early stages of problems associated with implantation, preventing
future complication like rejection and avoiding physical and psychological
discomfort of patients. As one of the most important information to be
obtained are the dynamic mechanical loads, it seem interesting to rely on
piezoelectric and piezoresistive materials in order to achieve smart implants.
In particular, piezoelectric materials are interesting as they not only react to
mechanical and electrical solicitations, but also can be also used as sensors
and actuators. For acquiring the electrical signal of the sensor, suitable
electrodes can be produced from Ti based coatings with multifunctional
properties: conductivity and antibacterial characteristics through Ag
inclusions. In order to promote the release of the Ag+, it is proposed to
incorporate Au clusters. In order to achieve a sensor with antimicrobial
activity Ti, TiAg and TiAgAu electrodes were deposited by DC Magnetron
Sputtering at room temperature on PVDF polymer based material. X-ray
diffraction (XRD) as well as Wide angle x-ray scattering (WAXS) experiments
were performed to monitor the crystalline structure of the polymer
substrates upon thin film deposition and also to assess the crystalline
structure of the coatings. Four point probe electrical measurements were
performed in order to obtain the sheet resistivity of the samples. In order to
examine the evidence of antibacterial activity, bacteria adhesion and biofilm
formation on coatings were assessed by crystal violet staining, which
quantifies total amount of biomass. The results show that the incorporation
of Ag NP’s does not compromise the Ti conductivity and Au inclusions
enhance the antibacterial effect of the coatings. Further, this electrode can
be deposited in the electroactive polymer without degradation of the
performance of the base material.
Keywords
antibacterial and bioactive coatings
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The heparin is interesting to be an appropriate biomolecule to suppress the
thrombus formation in the initial stages of blood contact with an artificial
material. Discharges in low pressure by plasma process in
hydrocarbon-heparin mixtures are responsible for the production of plasma
thin films containing important groups that present biocompatible
characteristics. In this work was used a cylindrical shaped glass reactor with
circular plane and parallel electrodes made of stainless steel to deposit
heparin/CH4 plasma films. The plasma state was established by a
radio-frequency source operating in 13,56 MHz from 50 to 10W. The heparin
was diluted in ethanol and its mixtures with methane 50; 50%, was
responsible by the operation pressure of 100 Pa. The molecular structure of
the films was characterized by FTIR analysis presenting C-H, O-H and C-O
stretching and bending groups. It was used a goniometer technique to
evaluate the wettability of the stamples showing contact angles values from
65 to 20°. The distribution islands of heparin in the films were observed by
optical microscopy. The coagulation time of blood placed in contact with
glass substrates covered by plasma heparin/methane films was measured
by thrombosis times and activated thromboplastin.
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Magnesium (Mg) is light, biocompatible and has similar mechanical
properties to natural bone, so it has the potential to be used as a
biodegradable material for orthopedic applications. Unfortunately, Mg has
extremely poor corrosion resistance, particularly in the presence of choline
ion; this limited its used as metallic biomaterials for permanent implants.
Hexamethyldisiloxane (HMDSO) plasma-polymerized thin films can be
assayed for a large number of applications in rather different fields such as
protective anti-scratch coatings on plastic substrates, barrier films for food
and pharmaceutical packing and corrosion protection layers. And hydrophilic
coatings with a tunable surface density of COOH groups, such as plasma
deposited poly-acrylic acid (PAA), have been investigated as cell adhesives
and functional layers for the immobilization of biomolecule. In order to
improve the osseointegration of the implants, the Mg surface has been
modified by means of bioactive coatings plasma polymerization. The aim of
this study was to investigate the metal ion release properties and cell
response of HMDSO/PAA multilayer coated Mg surface using plasma
polymerization. The chemical and physical properties of the HMDSO/PAA
multilayers were characterized by contact angle measurements, Fourier
transform infrared spectroscopy and atomic force microscopy. The
biodegradation test was performed immersion in simulated body fluid.
MC3T3- E1 cell were cultured on each sample and the cell attachment and
proliferation were examined using MTT and ALP assay. It was found that
weight loss of multilayer coated samples was lower than that of untreated
samples. The cell viability tests revealed significantly enhanced viability on
the multilayer coated Mg surfaces than on another surfaces. These results
that the polymeric multilayers coated on Mg may be potentially applied for
clinical use. (*Corresponding Author: kim5055@chosun.ac.kr, Ministry of
Education, Science and Technology (No. R13-2008-010- 00000-0))
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Plasma polymer deposition is the method of choice for the finishing of
metallic implant materials like titanium with nitrogen-containing bioactive
coatings. The deposited cell-adhesive plasma polymer films have to possess
especial properties such as homogeneity, film stability on air and in different
media, sufficient density of functional groups and the appropriate surface
charge. But also the knowledge of long-term stability is essential for the
application as implant surface. Therefore, aging studies of plasma polymer
coatings on titanium surfaces are important to detect the changes of surface
chemistry over a longer time period. For this purpose, results of
physicochemical surface diagnostics have also to be correlated with
adequate tissue culture experiments.
The objective of this paper was to measure surface chemical characteristics
of thin plasma polymerized allylamine (PPAAm) coatings on titanium alloys
over a time period of one year and to correlate these data with the adhesion
of MG-63 osteoblastic cells. XPS and FT-IR (ATR and IRRAS) measurements
demonstrate the oxidation of the PPAAm film by post plasma processes,
initiated by surface free radicals during sample storage on air. The aging
process cannot only be characterized by a loss of about 70 % of primary
amino groups within the first 30 days of storage, while the nitrogen content
remains nearly stable but also by means of characteristic changes in the
IRRAS-spectra by deeper examinations-a key aspect of this paper. Tissue
culture experiments with MG-63 human osteoblastic cells demonstrate a
considerable enhanced, highly significant adhesion and spreading on a
PPAAm coated polished Ti-6Al-4V substrate compared to an untreated one,
independent of storage duration.
Keywords
Pulsed plasma polymerization
amino functionalization
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thin layer
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Polymerization of methacrylic acid precursor was carried on in argon
atmosphere by RF-PECVD technique using capacitive coupled pulsed
plasma. The carboxylic functionalization was performed on different
substrates: silicon nitride, silicon wafers and Petri dishes. The chemical
structures and water stability of films obtained were investigated with
regard to the RF power and pulsing (30 Hz) duty cycle (10 – 100 %) effects,
gas and precursor fluxes. The surface composition of the coatings as well as
their stability in water was investigated by X-ray Photoelectron Spectroscopy
(XPS) measurements, FT-IR spectroscopy and Toluidine Blue-O assay (TBO).
Coating wettability was measured by water contact angle (WCA) and our
films showed a moderate hydrophilicity (WCA 30° - 50°). For lower RF-power
and duty cycle a higher density of carboxylic groups could be obtained
competing with a lower stability due to the lower degree of polymerization.
In order to evaluate the coating stability, TBO test was performed on an
as-deposited sample and a soaked one in water for 120 hours at room
temperature to obtain the density of the carboxylic groups. Stable coatings
in water solution were obtained with an unchanged density of carboxylic
groups 120 hours in water of about 10-8 moles/cm2. The plasma
functionalization was performed also on microscope glass slides that were
used for DNA microarray experiments; this approach was also used for cell
microarray assay. For the DNA microarray experiments the plasma treated
surface was activated to be able to bind biomolecules, such as DNA
oligonucleotides: fluorescent DNA probes were linked to the surface and the
behavior of the fluorescent signal was monitored. Substrates were incubated
in water and in salt buffer solution up to 120 hours and the collected data
showed that fluorescence intensity is stable and its value decreases by only
30% after 120 hours.
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Mesenchymal stem cells have shown to be an appealing source for cell
therapy and tissue engineering. Previous studies have confirmed that the
application of low-level laser irradiation could affect the cellular process. In
this research, the simultaneous effect of nitrogen-rich organic thin films and
a low power diode laser on differentiation of mesenchymal stem cells were
investigated. In addition, the results were compared to synovial fluid which
was used for differentiation of mesenchymal stem cell in our previous works.
Nitrogen-rich plasma films were deposited on biaxially oriented
polypropylene (BOPP) via low-pressure radio-frequency glow discharges with
flow of nitrogen in two separate systems, one mixed with acetylene and the
other in combination with methane. The effect of mixtures of varying ratios
was also investigated on the differentiation of stem cells. The films were
characterized by X-ray photoelectron spectroscopy, fourier transform
infrared spectroscopy and contact angle goniometry measurements. The
results showed that the cells were well adhered to nitrogen-rich films, and
chondrocytes differentiation of mesenchymal stem cells was more
remarkable in nitrogen-rich plasma films and diode laser in comparison to
synovial fluid.
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Titanium alloys (TA6V) are widely used for implant applications in dentistry.
This presentation aims to study the improvement of the osteointegration
behaviour of such implants after deposition of a thin zirconia layer.
Zr100Y0 and Zr92Y8, Zr84Y16 targets were pulsed-DC sputtered in Ar-O2 reactive
atmospheres leading to the deposition of monoclinic, quadratic and cubic
zirconia films, respectively. These structural features were confirmed by
X-ray diffraction and µ-Raman spectrometry analyses. These three kinds of
films and uncoated TA6V samples were then used as substrates for the
growth of fibroblasts. After rinsing and drying, the samples were observed
by scanning electron microscopy and transmission. SEM observations have
verified the colonization or no colonization of substrates and those carried
out by TEM allowed to control the internal structure of cells (nuclei,
mitochondria, Golgi apparatus, rough endoplasmic reticulum ...). The results
obtained by SEM clearly show a difference in cell growth depending on the
crystallographic structure of the zirconia film. Cells grown on a film of
monoclinic zirconia have an appearance similar to those grown on a
substrate TA6V. However, the use of a cubic zirconia coating leads to
premature cell death. The result is very similar to a film of tetragonal
zirconia. These last two crystallographic forms cannot be used for the
intended applications.
Keywords
osteointegration
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structure
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Protein adhesion to implant surfaces is one of the key parameters
influencing medical device performance. Acrylic Acid coatings, in particular,
are of interest, as their polar component has been demonstrated to facilitate
the adhesion of a range of biomolecules. Coating stability in aqueous
solution is however an important consideration. This study is focused on
developing water stable acrylic acid coatings deposited using an
atmospheric plasma technique as this should facilitate a continuous coating
process. The performance of these plasma polymerised coatings was
evaluated based on dynamic protein adhesion tests. Preliminary deposition
trials were carried out using a helium atmospheric plasma jet system called
PlasmaStream™. This involved nebulising the monomer directly into the
plasma to form a plasma polymerized acrylic acid coating. The resulting
coatings however were unstable in aqueous solution and so unsuitable for
protein adhesion testing. Further deposition trials were carried out using an
air based atmospheric plasma jet system known as PlasmaTreat™. Coatings
deposited using this technique was found to give good water stability,
possibly due to enhanced levels of cross-linking. Coating properties were
examined using ellipsometry, optical profilometry, contact angle, SEM and
XPS. These techniques were used to evaluate thickness, surface energy,
surface morphology and chemical functionality respectively. Protein
adhesion rate and thickness was evaluated under dynamic flow conditions
from aqueous mixtures of the proteins using the spectroscopic ellipsometry
technique. These adhesion tests were carried out using bovine serum
albumin (BSA), bovine fibrinogen (Fg) and bovine immunoglobulin (IgG).The
rate of adhesion and thickness of the individual protein layers was
determined for both the coated and uncoated silicon wafer substrates. The
thickness of the protein layer was verified using quartz crystal microbalance
measurements. From this study it was concluded that the level of protein
adhesion on the uncoated and acrylic acid coated wafer substrates was
found to be dependent on protein type. In the case of BSA for example a 2
nm thick protein layer was obtained on uncoated wafers, while the coated
surfaces exhibited an enhanced protein thickness of 8 nm.
Keywords
Biomedical, Coating, Acrylic Acid, Atmospheric Plasma
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Staphylococcus epidermidis have emerged as one of the major nosocomial
pathogens associated with infections of implanted medical devices. The
initial adhesion of these organisms to biomaterials' surface is thought to be
an important stage in their colonization. The main objective of this work is to
develop surfaces that are able to prevent microbial colonization. Thus, the
present work explores the potentialities of silver-containing
carbonitride-based (Ag-TiCN) thin films. The Ag-TiCN coatings were
deposited onto stainless steel 316L, by DC reactive magnetron sputtering
using two targets, Ti and Ti+Ag, in an Ar + C2H2 + N2 atmosphere. Silver
pellets were placed in the area of erosion of Ti target in order to obtain a
silver content up to 20 at. %.
Compositional analysis was achieved by Electron Probe Microanalysis
(EPMA). The structural results obtained by X-ray diffraction (XRD) show that
the coatings crystallize in a B1-NaCl crystal structure typical of TiC0.3N0.7. The
increase of Ag atomic content promoted the formation of Ag crystalline
phases. According to the results obtained with Atomic Force Microscopy
(AFM) the increase of Ag content promotes a decrease on the roughness of
the films from 47 nm for the sample without Ag to 7 nm with 20 at. % as Ag
content.
Bacterial adhesion and biofilm formation on coatings were assessed by
Crystal Violet staining, which quantifies total amount of biomass and by
enumeration of colony forming units (CFUs) in order to assess the number of
viable cells. The results showed that the surface with the lower roughness
leads to greater bacterial adhesion and biofilm formation, highlighting that
surface morphology rules materials colonization. Additionally, Scanning
Electron Microscopy (SEM) was also used to observe the bacteria adhesion
and biofilm formation confirming the above results.
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TiO2 in the anatase modification is a well-known photocatalytic material, that
shows photoinduced hydrophilicity and photocatalytic induced oxidation and
reduction reactions during UV-A irradiation. One possibility for the
fabrication of photocatalytic coatings is the use of nanoscale TiO2 particles.
A combined wet-chemical and plasma based coating method was
developed, that applies hybrid polymer precursors with immersed TiO2
nanoparticles on atmosphere and uses a low pressure plasma for curing of
the layers. During the plasma treatment curing is achieved simultaneously
with the crosslinking of the layer. Additionally, the plasma etching effect
partially exposes buried TiO2 nanoparticles to the surface.
In this paper, the plasma curing process and corresponding investigations
regarding different hybrid polymer precursors, plasma parameters and layer
properties will be presented. Investigations regarding photocatalytic
properties include photoinduced hydrophilicity, decomposition of methylene
blue and of pharmacological substances as well as antibacterial effect and
reduction of microbial colonization. For comparison also results of pure TiO2
layers deposited by magnetron sputtering will be presented. Possible
applications include medical devices, environmental engineering and
coating of surfaces for antibacterial activity or easy to clean applications.
Keywords
plasma curing
TiO2 nanoparticles
antibacterial
photocatalytic
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Comparison of surface properties of DLC and ultrananocrystalline
diamond films with respect to their bio-applications
Miroslav Jelinek1, Alexander Voss2, Tomas Kocourek3, Masha Mozafari2,
Veronika Vymetalova4, Cyril Popov5, Jan Miksovsky6
1

Institute of Physics ASCR, Prague, Czech Republic 2INTA, Univ. of Kassel,
Kassel, Germany 3IP ASCR Prague, Prague, Czech Republic 4CTU FBMI,
Kladno, Czech Republic 5INTA, Univ Kassel, Kassel, Germany 6CTU FBME,
Kladno, Czech Republic
jelinek@fzu.cz

Surface and antibacterial properties of diamond-like carbon (DLC) and
ultrananocrystalline diamond (UNCD) films were studied and discussed. The
DLC layers were prepared by pulsed laser deposition (PLD) with laser energy
densities from 4 J∙cm-2 to 14 J∙cm-2 and PLD combined with ion
bombardment. The percentage of sp2 and sp3 bonds was calculated using
X-ray photoelectron spectroscopy (XPS). Depending on the laser energy
density and the bombardment energy the amorphous films contained from
40 % to more than 80 % of sp3 bonds. Microwave plasma chemical vapor
deposition (MWCVD) from 17% CH4 in N2 mixture was used for the
preparation of UNCD films. They are composed of diamond nanocrystallites
(3-5 nm in diameter) embedded in an amorphous carbon matrix, containing
up to 30% sp2 bonds. The ratio of the crystalline and amorphous fractions is
closed to 1.
The morphology and topology of the films were studied by scanning electron
microscopy (SEM) and atomic force microscopy (AFM), which revealed
closed, uniform, homogeneous and smooth coatings. The wettability and the
surface free energy were determined from the contact angle measurements,
and were related to the surface topology and content of sp3 bonds. The
antibacterial properties investigated with Gram-positive and Gram-negative
bacteria were discussed with respect to the surface properties of the DLC
and UNCD films.
Keywords
diamond- like carbon
ultrananocrystalline diamond films
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DEVELOPMENT OF SILVER-DOPED HYDROGENATED AMORPHOUS
CARBON FILMS (a-C:H) WITH RESPECT TO THE ANTIBACTERIAL AND
MECHANICAL PROPERTIES
Helge Decho1, Heinz-Rolf Stock1, Andreas Rabenstein2, Jan Küver2
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In this study the antibacterial properties of silver-doped hydrogenated
amorphous carbon (a-C:H) films are investigated with respect to the
mechanical properties so as the wear resistance.
The films are deposited on steel substrates by pulsed DC magnetron
sputtering in a Cemecon CC800 unit. For the mechanical characterization
hardened 100Cr6 samples and for the antibacterial characterization
hardened and tempered X42Cr13 samples were used. The silver-doping was
realized by sputtering graphite targets with inserts of pure silver (99,95%).
The silver content was varied by changing the size and the number of
inserts in the targets. The sputtering was done under a mixture of argon,
krypton and acetylene. For better adhesion all a-C:H films were deposited on
a chromium nitride interlayer. The influence of bias voltage, target power
and the silver content on the mechanical and antibacterial properties was
investigated. Ultra-microhardness, atomic force microscope, ball-on-disk,
electron microscopy, XPS and SIMS measurements were conducted to obtain
the mechanical and chemical properties of the films. The antibacterial
properties were investigated by immersion test in tap water and tests based
on JIS 2801:2006/ISO 22196.
It was found that the mechanical properties decrease with increasing silver
content in the film. For low silver contents the lost in hardness could be
compensated by increasing the bias voltage. For the films with higher silver
contents a lost in hardness could not be avoided. With increasing silver
content and decreasing bias-voltage the antibacterial properties of the films
were enhanced.
Keywords
a-C:H
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Plasma Immersion Ion Implantation-induced polymer densification
for the production of silver-containing antimicrobial coatings on
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Rainer Burgkart3, Stefan Schneider2, Achim Wixforth1, Bernd Stritzker1
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Infections, especially by multi-resistant bacteria, are one of the main
problems in modern-day implant surgery. Coatings containing silver
nanoparticles are a very promising approach to this matter.
Ag-nanoparticles can be introduced into hydrogenated, diamond like carbon
(a-C:H), which is a very suitable material for implant coatings due to its high
biocompatibility and wear resistance.
In contrast to standard PVD/CVD methods, we follow an alternative hybrid
synthesis route based on the ion induced transformation of silver–polymer
nanocomposites into Ag-nanoparticles-containing a-C:H. Starting with the
deposition of a nanocomposite of colloidal metal and a polymer by wet
chemistry this polymer layer is subsequently transferred into DLC by ion
irradiation. For the irradiation both conventional ion implantation and
plasma immersion ion implantation have been used, while the latter is
preferred due to its possibility to irradiate the three-dimensional
replacement parts. With this approach, we were able to coat both smooth
and rough medical titanium substrates, as used in joint replacing implants,
with a wide range of different silver concentrations in the coatings.
Presence of high concentrations of Ag-nanoparticles within the DLC matrix
have prevented the growth of the human pathogenic bacteria
Staphylococcus aureus and Staphylococcus epidermidis, proving the
antimicrobial activity of the generated implants. Cultivation of various
mammalian cells revealed a high biocompatibility of the DLC matrix without
Ag-nanoparticles. However, DLC layers containing Ag-nanoparticles exhibit a
dose dependent cytotoxicity that increases with increasing silver
concentrations while antimicrobial Ag-concentrations were also toxic for all
tested mammalian cell types.
Further on, we developed a new method based on surface acoustic waves
that enables the investigation of cell adhesion strengths on implant surfaces
under shear flow.
Keywords
Antibacterial Coating
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Blood cell targeting with silver nanoparticles grown by plasma
sputtered PVD
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Abstract
Resonant interaction of coherent electron oscillations with incident light field
is known as localised surface plasmon resonance (LSPR). Due to LSPR, field
enhancement in the surrounding of nanoparticle has given birth to several
useful phenomenon like surface enhance Raman scattering (SERS) , surface
enhanced IR absorption (SEIRA) etc. Both these phenomenon are widely
been investigated for molecular and biological tissue detection, since field
enhancement leads to an enhanced light absorption by the molecular
oscillations. In the present work investigation of different blood groups using
SEIRA phenomenon will be reported in presence of silver nanoparticles
grown by magnetron sputtering deposition. Usually blood cell show
detectable absorption spectra in the IR region but what is observed in our
experiment that in presence of nanoparticles vibrational modes are clearly
resolved in the IR spectra specific to the different blood groups. We aim to
investigate highly diluted blood cells that would normally be giving a noisy
signal in absence of nanoparticles. Furthermore, effect of alcohol on the
blood spectra will be investigated for the forensic science application. Since
size and interparticle gap have strong influence on the field enhancement
and hence on SEIRA, therefore several size combinations of nanoparticles
will be investigated.
Keywords
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Characteristics of the microwave plasma sterilization has been studied in
order to realize a rapid sterilization for medical devices. The glass pipe with
inner diameter 11 mm wrapped by a stainless wire spirally is inserted into
the stainless chamber with the dimension of 72 cm in length and 18cm in
inner diameter. The chamber and the inside of the glass pipe are evacuated,
and then the air flows into the inside of the glass pipe. When the microwave
of 2.45GHz is absorbed to the stainless wire, air plasma is produced in the
glass pipe. The sample microorganism used in this experiment is spore of
Geobacillus stearothermophilus with various populations, and is put on the
silicone point that is the small dental file having micro structures on its
surface. After the treatment, the silicone point is soaked in culture medium
for 24 hours, and then successful of the sterilization is confirmed by the
color of pigment in the medium. The broad peak in the typical emission
spectra of the plasma torch downstream would be attributed to nitrogen
oxide radicals with long lifetime .The nitrogen oxide radical is the
sterilization factor. Sterilization periods of bacilli on silicone points with
various populations of 101, 102, 103, 104 are determined to be treatment
period of 25, 35, 45, 50 minutes, respectively. On the other hand,
sterilization of a vial-type biological indicator with the population of 105
requires period of 30 minutes. Therefore, the sterilization of tiny dental
equipments is found to be difficult due to micro structures on the surface of
equipments.
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Effect of sterilization procedures on properties of thin films of
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Hynek Biederman1
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Plasma polymers are used in various biomedical applications, where they
act as interfacial layers modifying biological response of coated objects (e.g.
promote or suppress protein adsorption or cell attachment on surfaces).
Naturally, the main objective of investigations related to biomedical use of
plasma polymers was identification of the conditions leading to the
production of coatings having desired bioresponsive properties.
Nevertheless, due to the nature of biomedical applications, the coatings
should also withstand a sterilization process, which is, however, somehow
overlooked in the literature. This study is therefore focused on this
phenomenon, which may be in some cases determinant for the successful
use of plasma polymers.
In this study we have selected three kinds of plasma polymers having
different bioahesive nature: plasma polymerized PEO, PTFE and
nitrogen-rich films. These plasma polymers were subjected to three
sterilization procedures commonly employed in biomedical praxis (dry heat,
autoclave and UV radiation treatment) and their physical, chemical and
bioresponsive properties were determined by means of different techniques
(ellipsometry, AFM, wettability measurements, XPS and biological tests with
osteoblast-like cells MG63). The results clearly show that properties of thin
films of plasma polymers may be significantly altered by a sterilization
process. However, changes induced by selected sterilization methods were
found to depend strongly on the sterilized plasma polymer. In other words,
there exists no universal sterilization method that assures preservation of
properties of all kinds of plasma polymers. This is rather important finding
with respect to the design of films of plasma polymers intended to be used
in biomedical filed: for the successful application of a plasma polymer, there
must be also identified suitable sterilization method.
Keywords
plasma polymers
sterilization
biomedical applications
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The application of conventional thermal or chemical sterilization methods is
often limited since many products are sensitive to heat, moisture and a
variety of chemicals. Radiation sterilization is a rather novel method to
sterilize products, however it is not accepted without reserve among
consumers, especially in the case of gamma irradiation. A promising
alternative to these methods is plasma sterilization. The sterilizing effect of
a plasma treatment was successfully demonstrated in numerous research
activities (mostly on flat substrates, inoculated vials or medical devices). It is
agreed that the synergetic combination of UV inactivation, photodesorption
resulting from UV photons and the etching by reactive species is responsible
for the effective destruction of microorganisms.
In our research project we focus on the plasma sterilization of powders and
granular materials for food and pharmaceutical applications (e.g. wheat
grains). Therefore, we use a low-pressure and low temperature plasma to
meet the thermal limits of food processing. In order to obtain a sufficiently
high treatment time and high plasma - particle interaction we follow a
multipass approach by using a circulating fluidized bed reactor. Particles are
lifted by a binary gas mixture in the riser tube of the low pressure plasma
circulating fluidized bed reactor and sterilized by an inductively coupled
plasma. In a cyclone these particles are then separated from the gas flow
and collected in a storage tube from where they are repeatedly conveyed to
the treatment zone. With the multiple circulations we can realize an
adequate treatment time and at the same time limit the thermal load of the
plasma to short periods. We successfully managed to combine the high gas
flow which is required to lift the granular materials in the riser tube with the
low pressure which is essential to ignite and sustain a stable and
homogeneous discharge. In a first experimental investigation we could also
show the general feasibility of our approach to effectively reduce
microorganisms on a granular substrate and we were able to show the
effects of variations in the process parameters plasma power, processing
time and gas composition on the sterilization efficacy.
Keywords
sterilization
circulating fluidized bed reactor
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Nanostructured coating of endoscopes against MRSA contamination
using atmospheric plasma sources
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Weltmann2, Ulrike Lindequist1, Jörg Ehlbeck2
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Worldwide increasing nosocomial infections due to multidrug resistant
pathogens are a challenge for modern medicine. Although basic hygienic
measures proved substantial effectiveness by reducing the risk of
nosocomial infections, additional efforts are necessary to limit the
nevertheless emerging incidence of e.g. methicillin-resistant Staphylococcus
aureus (MRSA) throughout the world. A novel approach in the containment
of nosocomial infections would be the protecting of medical devices from
contamination by nanostructured surface which inhibits the bacterial
adherence. In this study the prevention of MRSA-colonization relevant for
medical devices, especially of endoscopes was pursued: Plasma based
nanostructured coating technique was demonstrated in biopsy channel
(lumen) of endoscopes. The coating with nanoparticles reduces the
colonisation of multiresistant MRSA and other pathogen bacteria. The
developed coating procedure of inner lumina consists of three steps, namely
pre-treatment of channel by means of plasma to get a hydrophilic surface;
immersion the tube with nanoparticles containing suspension with
subsequent drying and finally post-treatment of the channel with plasma to
fix the nanoparticles. The nanoparticles and thus all still adhering
microorganisms and other contaminants in the channel can be removed
using standard cleaning procedures between 60-80 oC. The coated
endoscopes are in the original state with sterile surface and completely free
of possible contaminations at the end of the cleaning procedure and
treatment. To increase the integration potential of the foreseen process the
work is focussed on non-thermal atmospheric plasma source:
“Plasmoscope”-a special plastic tubes, which include a helical electrode
structure developed at INP. The work is supported by the BMBF under the
contract acronyms: Endoplas 13N9324 and Nanogiene 13N11357.
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The rapid progress in the development of new devices for minimal invasive
surgery leads to more complex and fragile instruments including a mixture
of different materials most of them thermo labile. In consequence these
instruments become more and more expensive which increases the demand
for reuse. By now the manufacturer are obligated to specify the
reprocessing procedure which may be a restriction in the development of
new products. Therefore, there is a real need for new reprocessing
procedures. Especially plasma processes are commonly discussed as a
promising alternative although only few plasma based techniques are up to
now commercial available.
Three examples for plasma based reprocessing are discussed in detail:
1. Classical gas sterilization device: Based on a commercial steam sterilizers
of low temperature and formaldehyde (LTSF). The formaldehyde unit is
replaced by plasma gas generator based on the PLexc® technology
developed at INP. This plasma based decontamination technique was tested
on long tubes similar to biopsy channels of endoscopes.
2. Atmospheric pressure plasma coating with nanoparticles in order to
generate antimicrobial acting surfaces. With a special treatment unit based
on the principle of a dielectric barrier discharge the inner surfaces of tubes
are coated with nanoparticles.
3. “Plasmoscope”: using special plastic tubes, which include a helical
electrode structure it is possible to manufacture endoscopes which allow
plasma operation in their biopsy channel. This plasma can either used for
decontamination, a reprocessing or under modified operation condition also
for therapeutically applications. To simulate the complete reprocessing
procedure the “plasmoscope” can be integrated in a reprocessing
demonstrator allowing the combination of cleaning and decontamination
steps.
The work is partly supported by the BMBF under the contract acronyms and
numbers: Endoplas 13N9320 and Nanogiene 13N11358.
Keywords
plasma decontamination
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Materials that serve as analogues for the native extra-cellular matrix can be
used in medicine to aid in either the reconstruction or regeneration of
damaged tissue and organs. The main goal of this research was to develop
novel physical processing techniques to fabricate and modify highly porous
implantable biodegradable scaffolds. More specifically, this involves
fabricating scaffolds using electrospinning, ink-jet bioprinting, gel
sublimation techniques and finally modification of matrixes by plasma
treatment in order to control chemical structure and morphology of
scaffolds.
Poly(oxybutirate-co-valerate), (Aldrich, USA) and collagen type VII
(“MakMedi”, Russia) were used for preparation of polymer scaffolds by
electrospinning, bioprinting and gel sublimation methods. ATR FTIR
spectroscopy was used to analyze surface chemical composition before and
after plasma treatment. The 3D morphology of polymer scaffolds was
investigated by Nano Platform NTegra Tomo where Atom Force Microscope
(AFM) was integrated with ultra microtome for studying the 3D structure of
polymer scaffolds with space resolution 20 nm. Biocompatibility of polymer
scaffolds was estimated by different biological tests: hemolysis, cell toxicity
and cell proliferation experiments. Fibroblast cells NIH 3T3 were used for cell
toxicity and cell proliferation testing experiments.
Porous scaffolds were treated by DBD discharge at different dosages
(voltage 22kV, 5μs pulse duration). According to ATR FTIR and contact angle
measurements plasma treatment leads to the formation of carboxylic
groups and provides the increase of polymer surface energy and
hydrophilicity. According to various biological testing procedures polymer
scaffolds obtained by new fabrication technologies and treated by DBD
plasma have shown no toxic reactions and improve cell proliferation
behavior.
Keywords
biocompatibility
scaffold
DBD discharge
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Diamond like carbon (DLC) coatings have been proven to be an excellent
choice for wear reduction in many technical applications. However, for
successful adaption to the field of medical devices (e. g. artificial joints or
joint prostheses), layer performance, stability and adhesion in realistic
physiological setups are very important and not consistently investigated.
Wear tests in simplified (spine) simulators as well as corrosion tests are of
great importance to verify the long term stability of such a DLC coated
articulating implants in the human body. Commonly one million cycles of
simulator testing correspond to 1 year of articulation in the human body.
Diamond like carbon coatings were deposited on CoCrMo biomedical implant
alloy using a plasma-activated chemical vapor deposition (PACVD) process.
As an adhesion promoting interlayer tantalum films were deposited using
magnetron sputtering.
It is shown that metal-on-metal (MoM) pairs perform well up to 5 million
loading cycles, after which they start to generate wear volumes in excess of
20 times those of DLC-coated implants. This is attributed to the slight
roughening observed on unprotected metal surfaces during the exposure as
usually also observed in-vivo. The DLC on DLC inlay pairs show comparable
low volume losses throughout the full testing cycle (up to 101 million cycles
over a period of three years and two month). To our knowledge this is the
first time a simulator test of a DLC-coated articulating implant running for
more than 100 million (corresponding to over 100 years of articulation
in-vivo) cycles is presented. Within this time these implants were
characterized by high wear resistance, low friction coefficients, high
corrosion resistance and low defect growth. These results were obtained by
means of optical microscopy, SEM/EDX, FIB cross section and profilometry.
The coatings were further analyzed using XRD and XPS.
Keywords
Diamond-like Carbon
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This study presents the influence of the addition of Zr into DLC coatings
(with and without hydrogen) on the structural, mechanical and, mainly,
tribological properties. Zr was selected as doped metal due to an envisaged
improvement on the mechanical properties, on the corrosive resistance
giving to the coatings an excellent hemocompatibility. The coatings were
deposited using a dc unbalanced magnetron sputtering device with two
targets (graphite with Zr pellets and Ti target) in reactive (Ar+CH4) and
non-reactive (Ar) atmospheres. In order to improve the adhesion two
interfaces were applied: (i) a Ti/TiN interlayer and (ii) a TiCN gradient layer.
The Zr content was varied by controlling the number of Zr pellets in the
C+Zr target. All coatings were deposited onto polished Ti grade 2 and Ti
grade 5 substrates. Coatings were characterised with respect to structure,
adhesion, and mechanical properties. Based on the results of
characterization the optimum Zr content was selected for further studies.
Tribological tests were performed using unidirectional and multidirectional
testing devices in physiological solution and fetal bovine serum. Different
materials were used as counterparts: i) steel balls coated by identical DLC or
metal-doped DLC coating, ii) Polyether-ether ketone (PEEK), and iii) Co-Cr
alloys. The shape of the pin was adjusted to reach contact pressures similar
to that in real knee (~50MPa). Moreover, the main aim was to analyze the
interaction of the coating surface with bovine serum in order to understand
their behavior in biological environment. The surfaces in the contact were
thoroughly examined by SEM/EDX, 3D profilometry, Raman spectroscopy
and XPS. The friction and wear resistance was then related with contact
conditions and coatings fundamental properties.
Keywords
Zr doped
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The antimicrobial effectiveness of non-thermal plasma is scientifically
accepted. Hydrocolloids are largely used as additives in food and
pharmaceutical products. Sterilization of native hydrocolloids remains
difficult by conventional thermal treatment and justifies research on
emerging technologies. However, the effects of plasma treatments on
functional properties of hydrocolloids and relation to plasma properties are
not yet sufficiently investigated.
We present a newly build capacitively coupled plasma apparatus for the
treatment of various food and pharmaceutical materials. The parameter
range covers low pressures (0.5 mbar to 20 mbar), using variable
temperature (20°C to 300°C) and various common gases, at power densities
between 0.1 W/cm2 and 1.5 W/cm2. A particular feature is the possibility to
vary the frequency between 13 MHz and 100 MHz, since this allows even at
higher plasma densities to reduce the ion bombardment thus eliminating the
damage induced by ions impinging on the material. The plasma is
characterized online by optical emission spectroscopy from 200 nm to
1100nm. First results of the plasma properties and its influence on starch
will be shown.
Functional properties of hydrocolloids were characterized by dynamic
scanning calorimetry, rheology and dynamic vapour sorption analysis.
Keywords
plasma
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Good mechanical properties, coupled with excellent biocompatibility and
corrosion properties have made titanium and alloys the most popular
materials for biomedical applications. But more demanding expectations for
orthopedic and trauma defects reconstruction are driving the development
of alternative bearing materials. Zirconium and alloys are presented as
alternative to other load-bearing materials in order to increase the
biocompatibility for needs of metal sensitive (Ti, V, Al) patients. The
comparative analysis of corrosion properties of zirconium and titanium
materials with novel oxide coatings deposited by reactive magnetron
sputtering (RMS) method is of great interest for next biomedical
applications.
At present study the protective properties of ZrO2 and Al2O3 oxide coatings
deposited by reactive magnetron sputtering (MS) method on zirconium and
titanium-based material (Ti4Al6V) and also the coatings adhesion, hardness
and elastic modulus were evaluated. The corrosion examinations of anodic
polarization by potentiodynamic method, Tafel and Stern curves and also
impedance method at SBF solution were made by potentiostat PARSTAT
2263. The surface topography and roughness parameters was investigated
by interferometry mycroscopy Talysurf CCI, SEM and AFM methods.
The results show that the best corrosion resistance characteristics at SBF
solutions have the oxide coated ZrO2, Al2O3 samples both on zirconium and
titanium-based substrates. Zirconium with oxide coatings demonstrates the
excellent protective properties and presents as alternative load-bearing
material for various biomedical applications.
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In the last years, the increased number of younger patients requiring
implant replacements has emphasized the need for dental prosthetic and
joint restorations with improved performance and longevity. For this
reason, a marked trend in biomedical field is to increase the performance
and service life of metallic implants. For this purpose, the materials’
biocompatibility must be properly combined with high strength, ductility and
good mechanical properties, wear and corrosion resistance. Therefore, a
large variety of
coating types have been proposed as possible candidates to fulfil at least
some of these requirements.
This work was aimed at developing a new type of coating (HAP-SiC-TiO2)
intended to be used as corrosion resistant in time, antibacterial and
bioactivite coating for orthopeadic implants. The coatings were prepared on
Ti6Al4V substrates by the magnetron sputtering method. The elemental and
phase composition,
texture, hardness, roughness, corrosion and tribo-corrosion performance of
the coatings and also the antibacterial and biocompatible properties , in
comparison with the uncoated substrates, were investigated. The results
indicated that the corrosion resistance and the antibacterial properties of
the films depended on the TiO2 content. The corrosion and tribo-corrosion
tests in SBF solution revealed a high corrosion resistance
and low friction coeficient of the coated samples. Improved mechanical
properties, corrosion, tribo-corrosion and antibacterial behaviour were found
by adding SiC and TiO2 to the basic HAP structure.
Keywords
biocompatible coatings
magnetron sputtering
corrosion resistance
antibacterial properties
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Influence of albumin on the tribological behavior of Ag-Ti (C, N) thin
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The materials used in medical devices are subjected to high stresses and
high regular endeavour. This very demanding situation associated whit
aggressive body fluids induces premature failure of the implants whichever
material they are made, metallic, polymeric or ceramic. The fatigue wear
process causes the generation of wear debris which, by acute host-tissue
reactions tend to aggravate and speed up the failure of the biomaterial.
However, these problems could be resolved with the development of new
multifunctional-coatings.
For this purpose Ag-TiCN, films were deposited by reactive magnetron
sputtering, with contents of Ag ranging from 0 to 9 at.% and Ti from 34 to 22
at.% while keeping C, N and O content almost constant.
Extended physical, chemical and structural characterization such as the
study of composition, phase composition, film surface topography and
morphology, were achieved resorting to surface analysis techniques, such
as, Electron Probe Microanalysis, X-ray diffraction, Atomic Force Microscopy,
scanning electron microscopy. The tribological tests were performed in
unidirectional and alternative conditions, being the antagonist polymer
beads, PTFE and Al2O3 as ceramic. For this purpose Hanks' balanced
solution (HBSS) and albumin solution in HBSS were used as lubrication
fluids, in order to mimic the body conditions. Albumin was used because it is
known to have a key role in the tribological properties of the synovial fluids
TiCN coatings with Ag content above 5at. % presented a wear rate of PTFE
lower than those for the clinically pair PTFE/Stainless Steel. In this case there
was no wear of coated surfaces. When the pair Ag-TiCN/Al203 was tested,
the wear rate was 5x10-8 mm3/Nm for 4 and 8 at. %Ag. All the wear
mechanisms were analysed by SEM.
The wear rate results emphasize the albumin protector character, being
more evident in the more hydrophobic surfaces. In contrast, albumin leads
to a higher friction coefficient.
Keywords
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Accelerated Germination and Altered Surface Characteristics of
Pisum Sativum Seeds after Plasma Treatment at Atmospheric
Pressure
Martin Bellmann, Georg Avramidis, Richard Wascher, Wolfgang Viöl
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In this study, the influence of an air plasma treatment using dielectric
barrier discharge at atmospheric pressure on the germination of pea (pisum
sativum) seeds was investigated. Germination of plasma treated and
untreated seeds was tested on filter paper and in pot-soil. For both testing
methods accelerated germination of plasma treated pea seeds could be
demonstrated. In order to investigate alterations of the pea seed surfaces
due to plasma treatment, water uptake, pH-value and nitrate content of
both exterior and interior testa surface were determined; scanning electron
microscopy revealed changes in surface morphology. The plasma treated
seeds showed a higher water uptake compared to the untreated seeds and
scanning electron microscopy depicted degradation of the testa surface.
PH-value decreases and nitrate content increases with progressing plasma
treatment duration at constant electrical power, indicating an acidification of
seed surfaces by plasma treatment. In addition, the comparison of a
conventional method to accelerate germination by KNO3-treatment of pisum
sativum seeds with plasma treatment provided evidence of an optimum of
germination at a certain nitrate content of testa surface. Since the nitrate
content is directly related to the plasma treatment duration, such an
optimum of germination further features a certain dependency on the
plasma treatment.
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Germ reduction on spices by means of low pressure microwave
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Walker1, Nora Bolkenius2, Walter Vösgen2, Dimitrios Argyropoulos3, Klaus
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The primary causes for the spoilage of food are microorganisms, which are
inserted by raw materials or by contamination during processing into the
product. At present, different methods exist to reduce the microbial load of
spices effectively. However, these procedures are connected with
substantial disadvantages such as colour deterioration, textural alternation
and reduction in the essential oil content. Against this background, the
sterilization potential of microwave-sustained low pressure plasmas was
fundamentally examined and a new procedure for the germ reduction on
spices was implemented for the first time. The challenge of the most
complex surface structure of spices and herbs necessitate a basic research
on the sterilisation mechanisms as well as on the morphology aspects. By
means of VUV-spectroscopy the most effective operation gas for the plasma
process was indentified, and due to the difficult substrate structure, a direct
plasma contact was necessary to reduce the test germ Bacillus subtilis (B.
atrophaeus) effectively. The obtained results from the basic studies were
completed through a laboratory test stand and led to the development and
the setup of an operating model for the sterilization of black peppercorns.
Keywords
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Deposition of thick a-C:H:Si-films in an industrial DC-PACVD-system
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DLC films are meanwhile used in a wide range of applications. Constrains for
many further applications are the limited mechanical carrying capacity of
thin DLC-films and adhesion problems, especially on “softer” substrates e.g.
steels used in mechanical engineering. In most applications DLC-films are
deposited on polished or smooth surfaces and not on “rough” surfaces as
they are often found in technical praxis.
a-C:H:Si films were deposited in a pulsed DC-PACVD-system at temperature
and pressure ranges normally used for plasma nitriding with film thicknesses
up to 50μm. HMDSO was used as Si-precursor in mixtures with Ar, H2 and
C2H2 as process gases. Samples with different initial surface roughness
(polished to grinded) were coated with films of different thicknesses. To test
the homogeneity of the resulting films within the system, samples were put
at different positions in the chamber at high loading of the system.
The evolution of the resulting DLC-surfaces with increasing film thickness
was investigated by confocal microscopy and SEM. The chemical
compositions of the films were analyzed by GDOES and EDX. Adhesion of the
resulting films were tested by scratch tests and Rockwell indentation tests
and hardness by nano indentation. The tribological behaviour of the
resulting surfaces was investigated by a pin-on-disc tribometer.
Although the resulting films are highly electrically insulating the plasma
process is very stable up to these high film thicknesses. The resulting
DLC-films show hardnesses up to 2000HV and friction coefficients down to
0.05. The scratch tests demonstrate that the adhesion of the films can be
remarkable increased with the film thickness with critical loads up to 85N.
The pin-on-disk tests on the thick coated rough surfaces show very
promising results for technical use.
Keywords
DLC
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pulsed dc
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High rate PECVD of a-C:H coatings in a hollow cathode arc plasma
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Fraunhofer FEP, Dresden, Germany
burkhard.zimmermann@fep.fraunhofer.de
Hard amorphous carbon films deposited by plasma-based processes have
increasing importance for tribological applications, e.g. as protective
coatings on components or in order to reduce their friction. However, most
plasma-activated CVD and PVD techniques suffer from their poor deposition
rate and low economic efficiency. At FEP, a hollow cathode-based plasma
source has been established as a versatile, reliable, and highly efficient tool
for plasma pretreatment, plasma-enhanced PVD processes, and reactive gas
activation in large volumes. As a further application field, this plasma source
is being used for PECVD of amorphous hydrogenated carbon films (a-C:H).
Acetylene has been introduced into the hollow cathode plasma as a
precursor. The plasma composition has been characterized by an
energy-resolved ion mass spectrometer. Intense ionization, dissociation, and
polymerization effects have been measured, which were strongly increased
by the reduction of argon gas flow rate through the hollow cathode tube.
Moreover, the ion energy distributions showed high energy tails up to 100
eV in dependence of the spatial distribution of ion generation.
A-C:H films have been deposited on stainless steel and silicon substrates
with growth rates up to 1000 nm/min. Nanoindentation measurement of the
a-C:H coatings revealed hardness up to 18.5 GPa. In this paper, film
properties and compositions will be discussed and related to the
corresponding plasma conditions obtained by energy-resolved ion mass
spectrometry.
Keywords
hollow cathode arc
DLC
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DLC Layers prepared by PLD with Ion Bombardment
Tomas Kocourek, Miroslav Jelinek, Jan Miksovsky, Petr Pisarik
Institute of Physics ASCR, v. v. i., Praha, Czech Republic
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Physical and mechanical properties of diamond-like carbon (DLC) thin layers
prepared by pulsed laser deposition with ion bombardment were studied.
DLC films were fabricated by pulsed laser deposition technique (PLD). The
film growth was modified during the deposition by ion bombardment with
argon and krypton ions. The films with high and low diamond/graphite ratio
were prepared by changing the laser energy density on the graphite target
from 4 Jcm-2 to 14 Jcm-2. Energy of ions was changed by gun voltage and
ionic current and was up to 210 eV. The content of sp2 “graphite” and sp3
“diamond” bonds was measured using X-ray photoelectron and X-ray
induced Auger electron spectroscopies. We found the highest sp3 contend
for ions bombardment of 40 eV. We studied mechanical properties of layers.
Hardness and reduced Young's modulus were determined using the method
Quasistatic nanoindentation and a special diamond Fluid Berkovich tip.
Young´s modulus was studied through the use of resonant ultrasound
spectroscopy, too. Film adhesion was studied using scratch test and was up
to 14 N for titanium substrates. Films were smooth as confirmed by
profilometric and AFM measurements. Maximum Ra and RMS was not higher
that 1.4 nm. The influence of ion bombardment and DLC films properties is
discussed.
Keywords
Ion bombardment
Pulsed laser deposition
Diamond-like carbon
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Thin layer
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Carbon is a versatile building element of many interesting materials that
have already find practical applications in the form of thin films (diamond,
DLC) or potential applications in the form of nanostructures (fullerenes,
carbon nanotubes, graphene). For electronics or sensors, it is important to
provide a very good contact to the functional structures. Gold is the best
choice taking into account its inertness, i.e. oxidation resistance. From this
point of view the investigation of the growth of carbon materials on gold is
important. However, the interaction of hydrogen and hydrocarbon plasmas
and growing carbon material with an inert gold surface is of high interest in
basic research too.
Amorphous hydrocarbon films and carbon nanotubes (CNTs) were prepared
on gold substrate by means of plasma enhanced chemical vapor deposition
(PECVD) and thermal CVD for comparison. Thin iron film (5 nm) was used as
catalyst in case of CNTs synthesis. Three types of discharges were employed
for this study, namely (i) a low pressure (8 kPa) dual frequency discharge
(2.45 GHz and 13.56 MHz) in the mixture of H2 and CH4; (ii) a capillary
plasma jet operating at 27.12 MHz in Ar/H2/CH4 gas mixture; (iii) a
microwave torch (2.45 GHz) at atmospheric pressure in Ar/H2/CH4. The low
and atmospheric pressure thermal CVD proceeded in the same gas mixtures
as above. The surface morphology of the deposits was investigated by a
high resolution scanning electron microscopy (HRSEM) and structure profiles
were observed with a help of focused ion beam ablation. Laser desorption
ionization (LDI) combined with time-of-flight mass spectrometry and infrared
reflection absorption spectroscopy (IRRAS) were applied to study chemical
composition. A creation of rarely observed gold-related clusters was
observed by LDI and related to infrared absorption peaks.
Keywords
gold
carbon
carbon nanotubes
PECVD
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The effects of Sp3 gradient structure on the adhesive strength of
carbon coatings synthesized by ion-beam deposition method
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In this work, for the application of carbon coatings to diesel injector needle,
the gradient carbon coatings consisting of graphite/nanocrystalline
graphite/diamond-like carbon multilayered structure were synthesized onto
Cr interlayer deposited on HSS (high speed steel) substrate using ion-beam
deposition method. The structure of conventional carbon coatings and
gradient carbon coatings was investigated by FE-SEM, AFM, Raman
spectroscopy and XPS. Evaluation of mechanical property was made using
residual stress test, nano-indentation and scratch test. The results show that
the hardness of gradient carbon coating was approximately 24 GPa, which is
lower than the hardness of the conventional DLC coatings but higher than
that of the conventional graphite. However, the gradient carbon coating with
excellent hardness was superior adhesion strength to conventional carbon
coatings due to the relaxation of residual stress in initial graphite layer. The
detailed experimental results will be presented.
Keywords
Carbon coating
sp3
ion beam deposition
adhesive strength
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A common technique to produce silicon doped diamond-like carbon coatings
(Si-DLC also referred as a-C:H:Si) is plasma-assisted chemical vapour
deposition (PACVD) by utilizing radio-frequency (RF) discharges. Recently, it
was demonstrated that high quality Si-DLC can be also deposited in pulsed
direct-current (dc) discharges in spite of the insulating nature of such a
coating. In order to reduce the probability of arcing often bipolar pulsed dc
discharges are used instead of unipolar discharges. Usually, the deposition
takes place at temperatures well above 400 °C.
In the present study a systematic investigation of Si-DLC deposition using
bipolar pulsed dc PACVD was performed in the temperature region between
280 and 340 °C. The process gas consisted of argon, hydrogen, methane
and HMDSO. Growth rates were determined at different discharge
parameters, e.g. process gas composition, pressure, plasma power, duty
cycle, ratio of positive to negative pulses and substrate temperature. The
coatings were analysed by GDOS for chemical composition. The
microhardness of the Si-DLC coatings measured with a Fischerscope tester
reached under certain conditions values above HV 2000. Scratch tests
revealed critical loads in the order of 15 N on hard chromium coated steel
substrates. Detailed results will be presented.
Keywords
PACVD
pulsed dc discharge
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DLC films have been applied to diverse industrial fields because of good
tribological properties like high hardness, low friction coefficient and
chemical stability etc. They have found applications in tribology, mechanics,
electronics, biomedicine and even the arts. However, DLC has the weakness
of high temperature instability and could have bad friction coefficient in
moisture, some oil, and even react with solder materials. So in this study,
DLC film was post-treated with CF4 gas to increase the hydrophobic property
and the lubrication ability. In this study, DLC films were deposited by PECVD
process with C2H2 and Ar gases after the deposition of Si interlayer. And
then, to improve hydrophobic properties of DLC films, they were treated by
CF4 + Ar+C2H2 gases. The structure of DLC films was confirmed by Raman
and the hydrogen contents in the DLC films were measured by RBS and ERD
analysis. In additions, the mechanical properties of DLC films were analyzed
by scratch tester for adhesion, nano-indenter for hardness and Tribo-meter
for wear properties including friction coefficient. From Raman analysis, DLC
films had traditional structure properties regardless of CF4 treatment. It
showed higher intensity of G-peak as the amount of CF4 increased in the
process. This results in the brittle surface layer by week adhesion of F
element. According to nano-indentation test, it was shown that the hardness
varied from 21.4 Gpa to 18.2 Gpa with decreasing amount of CF4. In
additions, the adhesion force increased by forming an optimal Si interlayer,
and it increased from 25N without Si interlayer to 30N. This is a much
superior adhesion force for PECVD DLC films compared with conventional
results and it could be applied for automobile parts. However, the addition of
fluorine caused the decrease of adhesion force to 20N. After the DLC films
were treated by CF4 + Ar plasma treatment, the enhancement of tribological
properties of DLC films was found out in this study. Also, with increase of
CF4, a contact angle rose from 69˚ to 126˚ and It is found out the superior
corrosion resistance in high contact angle film.
Keywords
Diamond like carbon coating
CF4 gas
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The carbon films were deposited on steel substrates by plasma jet chemical
vapor deposition (PJCVD. The torch power was 840 W, Ar/C2H2 gas ratio - 55,
the distance between the anode nozzle exit and the substrate - 5mm,
deposition time - 150s. The magnetron sputtering method was used for
surface modification of the carbon coatings. The etching of the films was
done in C2H2 plasma at ~1 Pa pressure by changing the modification time
from 1 min to 5 min. The surface morphology was characterized by scanning
electron microscopy (SEM) model JEOL JSM–5600. The energy-dispersive
spectrometry (EDS, Bruker AXS Microanalysis GmbH) analysis was used to
determine the elemental composition of carbon electrodes. The bonding
structure was characterized using X-ray diffraction (XRD) measurements and
Raman scattering (RS) spectroscopy. Aqueous solution (dilute KOH
electrolyte 40 %) was used as the electrolyte. A separator was used to keep
the electrodes from contacting each other.The electric characteristics of
fabricated supercapacitors were measured using standard electrical circuit
at 150 µA. The SEM study shows that the surface porosity of carbon films
decreases with the increase of the modification time. The XRD analysis
indicated the amorphous structure of the carbon films. RS investigations
demonstrated that increase of etching time increases the fraction of the sp2
C=C sites in the films. The EDS investigations revealed that the relative
quantity of oxygen decreases from ~17.0 at.% down to 4.0 at.% with the
increase of interaction time from 1 min to 5 min. The supercapacitors
prepared from the modified carbon electrodes demonstrated higher capacity
values. The capacity values increases from 3 mF up to 60 mF after 5 min
treatment in C2H2 plasma.
Keywords
Carbon films
supercapacitors
plasma
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Werner Grimm
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kontakt@inovap.de
Super-hard Carbon Coatings (SHC) have a typical ta-C-structure without
hydrogen. Coatings on steel with a thickness of several micrometers are
characterized by a hardness of more than 3.500 HV0.002 and a good
adhesion (HF1) on steel substrates and hard materials.
The pulsed DC-Arc-Process (PulsArc) is an effective method for super-hard
carbon coatings (SHC) on tools and machinery components. This deposition
method is working similarly to the well-known vacuum arc process.
High-current pulses are superposed to the DC-current sustaining the
vacuum-arc discharge. To allow homogeneous deposition in a chamber
three PulsArc evaporators are implemented in a PVD-coating system.
Deposition rates up to 100 nm/min can be obtained on the rotating
substrates (three rotating axes of the substrate holders).
New results to the physical properties of SHC-coatings on steel substrates
and hard materials are shown in the contribution. The pulsed DC-Arc-Process
gives new opportunities to the creation of coating conditions and process
schedules.
The SHC-coating results are characterized by hardness measurement using
nanoindentation, friction and wear testing using oscillating sliding testing, as
well as structural analyses. The mechanical, tribological and structural
results and their dependence on deposition conditions are discussed. In the
conclusion it is shown, how the properties of the coatings can be improved
by the modification of deposition parameters.
Keywords
ta-C
DLC
vacuum arc
pulsed DC-arc
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In this study we reported the physical properties of the a-C:F:H film
deposited by rf-PECVD on stainless steel substrate (ISO306L). The a-C:F:H
films are well-known by both the low surface energy and low friction
coefficient. However, the main problem facing this
coating is the internal stress and the low film adhesion. The presence of
fluorine in the carbon network reduces the internal stress, but it is not
enough to prevent the film delamination. To overcome these problems and
improve the film adhesion we have used an intermediate titanium coating
deposited on a previously nitrided substrate. The nitriding processing was
performed in a pulsed industrial hot wall commercial furnace (Plasma LIITS,
Campinas, Brazil). Key properties such as the morphology, microstructure,
as well as tribological and mechanical properties of the carbon films are
reported. A multitechnique approach was employed. In this way, atomic
force microscopy, Raman spectroscopy, SEM, XPS, nanoindentation, and
tribometer tests were used for a comprehensive picture of the physical
properties of the coating. It was shown that it has a low friction coefficient
compared with the steel substrate. Hardness of the order of 11 GPa was
obtained for the coated surfaces. The experimental results show a
considerable improvement of the film adhesion by the presence of the
titanium layer.
Keywords
316 stainless steel
Nitriding
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Tribology
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The amorphous carbon films were deposited on silicon substrates by plasma
jet chemical vapor deposition (PJCVD). Carbon coatings have been prepared
at atmospheric pressure in argon/acetylene and argon/hydrogen/acetylene
mixtures. Argon (ﬂow rate of 6.6 l/min) and hydrogen (flow rates of
0.06÷0.24 l/min) were used as feed gases, and an acetylene (C2H2) (0.066
l/min or 0.044 l/min) as a precursor. The distance between plasma torch
nozzle exit and the samples was 0.005 m. The deposition time was 120 s for
Ar/C2H2 plasma, and 300-600 s for Ar/H2/C2H2 plasma. Surface morphology
was characterized by scanning electron microscopy. The energy-dispersive
spectrometry (EDS)analysis was used to determinate elemental composition
of films. Bonding structure and optical properties of carbon films were
characterized using Fourier transform infrared spectrometer and Raman
scattering spectroscopy. The microhardness measurements were performed
using MTS Nanoindenter G200.It was demonstrated that the addition of the
hydrogen decreases growth rate of the films, the surface roughness of the
coatings decreases. The EDS measurement indicated that coatings prepared
without the hydrogen have low fraction of oxygen (~5 at.%), meanwhile the
addition of hydrogen increase oxygen fraction up to ~10 at.%. The FTIR
spectra showed a clear evidence of C=С and C=O sp2 bonds and presence of
sp3 CH2 symmetric (2850 cm-1) and asymmetric (2920 cm-1), and sp3 CH3
asymmetric (2960 cm-1) modes in coatings. The addition of the hydrogen
increases the intensity of C=O sp2 and sp3 CH2-3 bonds. The films prepared in
Ar/C2H2plasma are attributed to graphite-like carbon films with significant
fraction of sp3 C-C sites. The formation of the nanocrystalline graphite was
obtained in Ar/H2/C2H2 plasma. The hardness of the films deposited without
the hydrogen was in range of 7÷9 GPa. The addition of the hydrogen
reduces the hardness value down to 0.3 GPa.
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There is a myriad of carbon-based coatings allowing presenting almost any
value of the wide ranges of properties that a material can present. This is
the reason why they are being selected for many different types of
applications from electronic devices up to power train engines to reduce
friction and wear. Hydrogen is one of elements that can influence
significantly the mechanical properties and the tribological behaviour of DLC
coatings. The determination of the hydrogen content requires certain types
of techniques which are very often not available in many research centres.
Thus it is important to find alternatives to make an estimation of the H
content using indirect techniques or procedures accessible to most of
laboratories can have access, as Raman spectroscopy or, simply, measuring
the hardness of the coatings. Carbon base coatings doped with W were
deposited by PVD magnetron sputtering in a reactive Ar+CH4 atmosphere
with different CH4 flows in order to achieve different H contents. The
adhesion of the coatings deposited on steel substrates was evaluated by
conventional scratch test and no significant differences were observed for
the different H content. The hardness evaluated by nanoindentation
decreased from 16 to 6 GPa with increasing CH4 flow. Rutherford
Backscattering Spectrometry, Elastic Recoil Detection Analysis and Proton
Induced X-ray Emission were used for determining the chemical composition
across the coating thickness as well as the H content. The results show that
the coatings have a Cr interlayer and a transition region to the DLC layer. A
linear relation was found between the hardness values and the H content.
Similarly, Raman results were analyzed and the slope of the baseline was
possible to be correlated either with hardness and the H content, indicating
that these indirect methods can give a rough estimation of the H content.
Keywords
C base coatings
H content
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Applicability of hydrogen containing amorphous DLC for forging
applications
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Diamond-like carbon coatings (a-C:H) offer very interesting tribological
properties especially in reducing the friction coefficient in addition to wear
and adhesion reduction. Although at temperatures higher than 300 °C the
usability is reduced because of degradation of the coatings due to
graphitization and oxidation effects.Doping with several elements like
tungsten, vanadium or chromium stabilizes a-C:H above this temperature
range.
Typical a-C:H: Me-films (Me: Cr, Ti, W, V) were prepared by d.c. magnetron
sputtering and investigated on their application at temperatures higher than
300 °C. To identify the film characteristics at higher temperatures, samples
were tempered in argon at atmospheric pressure at 450 and 550 °C for 1,5
to 6,0 hours. 1,2343 steel was used as the substrate. The results were
compared with the hard coating CrN and with the metal free a-C:H-film. In
addition the a-C:H: Me-films metal content was varied.
For the practice investigations were made with a screw press (press
capacity 11,000kN). For this purpose forging tool inlays were coated with
carbon films (metal containing and metal free) and with every coated
forging tool 100 forming tests were made. Before forging the forging
samples were preheated to 750 °C. After the first forging tests different
analyses (roughness, adhesion) shows the best tribology behavior at
a-C:H:Cr (high metal content) and metal free a-C:H. For this reason these
films were chosen for a small series forging process with 1,000 forming
tests. To compare the films, an uncoated forging tool was also used. The
temperature of forging samples was also 750°C. After forging, the tools with
a carbon film showed a very good surface structure in comparison to the
uncoated forging tool.
This study confirms that a-C:H:Me, because of their better temperature
stability, definitely present a good option for typical hard films such as CrN
and should be suitable for forging applications.
Keywords
Diamond like carbon; DLC; Me-DLC
forging applications
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Combination of DLC and organosilicon films in protective double
layer structure on metallic substrates
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Franta1, Vratislav Perina2, Anna Charvátová-Campbell3, Tomas Polcar4
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Hard amorphous hydrogenated carbon film, also called diamond like carbon
(DLC), have proved their applicability in tribology and as protective coatings
when combined with a suitable interlayer ensuring a good adhesion to the
metallic substrate. Such interlayers are usually prepared by magnetron
sputtering of W, Ti or Cr. If DLC is prepared by plasma enhanced chemical
vapor deposition (PECVD) it is better to find a PECVD process for the
interlayer deposition. The selection is, however, limited by availability of
suitable volatile precursors and complexity of PECVD. Among the most
studied are the mixtures producing nitrides and silicon-containing films.
Although the adhesion can be also improved by doping the DLC matrix with
N or Si these dopants have undesired effects like reduction of hardness,
chemical resistance, friction coefficient. Some recent papers suggested
silicon-based interlayers prepared from silane by PECVD. In this work we
have tested an organosilicon (SiOCH) film prepared in capacitively coupled
discharge at 13.56 MHz from mixtures of hexamethyldisiloxane (HMDSO)
with oxygen. The optimized SiOCH films were prepared from 8% HMDSO/O2.
They have the hardness, low internal stress, high fracture toughness and
good adhesion to metals. DLC films were prepared on the top of SiOCH in
the same type of discharge from the mixture CH4 with either Ar or H2. The
mechanical and tribological properties of the single and double layer
coatings were investigated by depth sensing indentation, scratch and
pin-on-disk tests. Hardness measurements ranged between 7 to 9 GPa for
interlayers and 14 to 20 GPa for DLC layer. The friction coefficient for the
double layered structure was as low as 0.05. Concerning the e pin-on-disc
test, for 1N load and 1000 laps the wear rate was negligible Films structure
was studied by optical methods in spectral range from UV to IR and
determined by Rutherford Backscattering Spectroscopy (RBS) combined with
Elastic Recoil Detection Analysis (ERDA).
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Mechanical and bio-properties of Cr-DLC films deposited by dual
pulsed laser ablation
Petr Písařík1, Miroslav Jelínek1, Tomáš Kocourek2, Jan Mikšovký1, Karel Jurek2,
Jaroslav Lukeš3, Zdeněk Tolde4
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Diamond-like carbon (DLC) and Cr-containing diamond-like carbon (Cr-DLC)
layers were studied for potential medical applications. DLC, Cr-DLC and Cr
layers were deposited on silicon, titanium and chromium substrate by dual
pulsed laser ablation using two KrF excimer lasers and two targets (graphite
and chromium). The topology of layers was studied using scanning electron
microscopy (SEM). The composition was analyzed using
wavelength-dependent X-ray analysis (WDX analysis) and X-ray diffraction
(XRD). Mechanical properties of the films were investigated by indentation
and scratch test as a function of Cr content. The values of hardness and
reduced Young's modulus in Cr-DLC layers containing DLC films were found
to be comparatively less than that of DLC films. On the other hand Cr doped
improved adhesion of DLC layers. Ethylene glycol, diodomethane and
deionized water were used to measure their contact angles, which were
used to evaluate the surface energy.
Keywords
Chromium doped diamond-like carbon
Sp3/sp2 ratio
Surface morphology
Mechanical properties
Dual Pulsed laser deposition
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Superlubricity of ta-C: A Systematic Study of Friction and Wear in
the Ultra-low-friction Regime of Hydrogen-Free Tetrahedral
Amorphous Carbon Coatings
Stefan Makowski, Frank Schaller, Volker Weihnacht, Andreas Leson
Fraunhofer IWS, Dresden, Germany
stefan.makowski@iws.fraunhofer.de
Due to high hardness and chemical inertness amorphous carbon, or DLC,
shows favourable tribological properties as a coating material by reducing
friction and wear. Two different types of improving mechanisms can be
observed.
The first one applies to most kind of DLC and is attributed mainly to high
chemical inertness of the carbon surfaces opposing a steel counterpart. The
properties of the lubricant have little influence only.
Furthermore, another much stronger friction-reducing effect, sometimes
referred to as superlubricity, is described in literature for tetrahedral
amorphous carbon (ta-C), specifically. Friction coefficients have been
reported in the ultra-low-friction regime and are significantly lower than in a
comparable conventional friction system. It is assumed that superlubricity
occurs on a chemicially reacted tribofilm which forms on ta-C with specific
lubricants exclusively.
In this study the low friction phenomenom was studied systematically by
varying sp3‑content of the amorphous carbon, temperature, sliding motion,
and chemical functions of the lubricants. A clear dependency of low friction
with respect to sp3‑content and temperature was found: The higher the
temperature and thesp3-content, the lower the friction. Besides lubricants
known from literature new substances were identified that cause
superlubricity. Systematic variations of fatty acid derived lubricants indicate
a chemical reaction of the lubricant in the tribological contact. Whereas the
friction reducing effect has been investigated and described in literature,
little attention has been paid on wear so far. In this work wear performance
was studied in comparison with friction. While some tribo-systems in the
low-friction state showed no wear, others showed extremely high wear. Both
chemical functions of the lubricant and sp3-content of the amorphous carbon
have been identified as influential factors.
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C-based coatings with low friction coefficients have been successfully used
in a broad range of applications involving dry sliding mechanical contacts.
The extension of their application to different components of combustion
engines, in order to achieve an optimized low friction behavior in all
lubrication regimes, should depend on their interactions with lubrication
fluids. However, the inertness and low reactivity of C-based coatings can be
an obstacle for the development of an optimized interface, drawback that
can be solved by their modification by addition of different metals. The
formation of a nanocomposite structure consisting of an amorphous C-rich
matrix with dispersed metal or metal carbides nanoparticles can improve
the interaction with the lubricant giving rise to the required low friction in all
regimes.
In this research, hydrogenated carbon coatings alloyed with low and high W
contents were deposited by sputtering in reactive (CH4) atmosphere. The W
contents were close to 6 and 11 at.% and the hardness, in both cases, close
to 16 GPa. The adhesion of the coatings evaluated by scratch testing critical
load was better than 50 N.
The tribological performance was evaluated by sliding and rolling/sliding
tests in laboratory tribometers using oils with different additive packages as
lubricants. The coatings showed good durability (i.e. no delamination) and
very low wear. There was evidence of tribochemical activity in both
rolling/sliding and sliding contacts. In this paper the chemical nature of the
surfaces and its link to the friction performance is discussed.
Keywords
W-DLC
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High Performance PVD coatings for highly loaded engine
components
Dave Doerwald, Ruud Jacobs, Roel Tietema, Thomas Krug
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For many years carbon based coatings such as WC-C:H and a-C:H as well as
CrN coatings are used on automotive engine components. Initially these
coatings were applied as a final solution for solving a wear problem of a
certain component. For turbo diesel injection technology soon coatings
started to become a design element inevitable for the function of the high
pressure turbo diesel injection systems.
In February 2007 new regulations were introduced for the reduction of CO2
emission based on the Kyoto protocol. This gave again a boost to the market
of DLC coatings because of their low friction properties. Initial applications
were DLC’s on valve train components. Nowadays DLC coatings are applied
on many components in the engine.
Modern trends in automotive industry like engine down sizing, start stop
engines, hybrid engines and partial cylinder shut off are putting an even
higher demand on the components and hence, the coating. The increasing
power densities on components as well as more frequent operation in mixed
and boundary lubrication (start-stop, cylinder shut off) and the higher
temperatures inside the engine combined with low viscosity engine oils are
causing conventional DLC coatings to reach the limits of their potential.
ta-C coatings are recognized for their ability to reduce wear (due to their
high hardness) and to reduce friction as well. Besides they posses a higher
temperature stability than most hydrogenated DLC coatings. In this talk the
performance of newly developed ta-C coatings and the relation to
temperature stability will be discussed. Mechanical properties as well as
tribological performance of these coatings will be addressed. Finally the
aspects of high volume production of such coatings will here be presented
as well.
Keywords
ta-C
DLC
low friction
wear reduction
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Impact of superfinishing and coating on the degree of efficiency of
a rear axle drive.
Andrea Procopio, Florian Gangauf, Johann Schnagl, Holger Ziegele
BMW Group, München, Germany
andrea.procopio@bmw.de
Nowadays the automotive industry has to deal with a dramatically
increasing demand on fuel efficiency and thus lower CO2 emissions. In this
context the reduction of friction of rear axles drives has been examined. In
this article the results of superfinished and coated gears will be presented.
The rear axle drive is an important part of the BMW powertrain. As the
complete driving power passes this component, an efficiency improvement
results directly in a better CO2 value. Splashing and gearing losses are the
dominant influence factors. Hence a major impact can be obtained by
improving the oil flow inside the system and the gearing characteristics. The
first can be achieved by reducing the viscosity of the axle oil, the latter by
producing smooth contact surfaces prior to coating them with an amorphous
carbon functional layer (DLC). Thus a number of superfinishing technologies
are tested. A Goal is an Rz lower than 2µm. Further requirements are very
low shape deviations due to the sensitive gearing system. To ensure that all
requirements are met, the components are analyzed prior and after
superfinishing with a 3D coordinate measuring machine and a surface
roughness tester. The coating is deposited by a combined PVD and PECVD
process. It has a maximum thickness of 2-3µm and a hardness of 2000HV.
These additional production technologies can have an influence on the life
time of the rear axle. Thus the components have to stand a severe test on a
FZG-torque change device. The benefits on the degree of efficiency are
analyzed on an efficiency test bench.
Keywords
Diamond-Like Carbon
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Comparison of the wear particle size distribution of different a-C
coatings deposited by vacuum arc
Ying Ren1, Ingo Erdmann1, Victoria Khlopyanova2, Friederike Deuerler1,
Volker Buck2
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For biomedical application in the field of artificial hip joints diamond-like
carbon (DLC) coatings have been widely studied due to their excellent
mechanical, tribological and biological properties. The wear particles as the
main factor limiting the life expectancy of hip joints have attracted more and
more interest, not only the number of them, but also the distribution of their
size. In this study we have deposited DLC coatings on stainless steel (P2000)
by a vacuum arc adjustable from anodic to cathodic operation mode, with
different anode-cathode diameter ratios of da/dc=1/3 and 3/1 at a DC bias of
-250 V to -1000 V. To improve the adhesion of the DLC coating on P2000,
titanium as a metallic interlayer was deposited by cathodic vacuum arc
evaporation. The internal structure of the coating was investigated by the
visible Raman spectra with the four-Gaussian curve fitting method. The
frequency distribution of wear particles generated using a disc-on-disc test
was measured by a particle size analyzer. Comparing the results with the
previous work (coatings deposited with da/dc=1/1), it was found that the
anode-cathode diameter ratio has an effect on the structure (e.g. ID/IG) as
well as the wear particle size distribution. It was shown that the maximum of
the frequency distribution e.g. at – 1000 V bias can be shifted to below 1 µm
with increasing da/dc.
Keywords
Artificial hip joints
Diamond-like carbon coatings
Wear particle size distribution
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Structural properties of xenon incorporated amorphous carbon thin films are
investigated by thermal effusion mass spectroscopy. The amorphous carbon
films were prepared by sputtering a graphite target using xenon atmosphere
of 5 Pa and DC bias voltage of -4.8 kV. The xenon concentration was
determined by Rutherford backscattering spectroscopy. Thermal mass
spectroscopy was performed in the room to 1000 0C temperature range. It
was observed that the xenon atoms are released at two different
temperatures. The effusion at low temperature is associated with xenon
diffusion through connected voids while the effusion at high temperature is
originated from xenon trapped in isolated sites. From the later process it
was possible to calculate the xenon diffusion free energy (activation energy)
of 1.2 eV (116 kJ/mol). Raman measurements indicate that the samples are
composed of graphite agglomerates (clusters) of different diameters
randomly distributed. A decrease in the clusters size was observed after the
xenon effusion.
Keywords
Amorphous carbon
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Ultra-high-speed coating of DLC at over 100 μm/h by using
microwave-excited high-density near plasma
Hiroyuki Kousaka, Yasuyuki Takaoka, Takashi Okamoto, Noritsugu Umehara
Dept. Mech. Sci. Eng., Nagoya University, Nagoya, Japan
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Recently, with increasing demands for energy saving by friction reduction
and lifetime extension by wear reduction, the application of DLC
(Diamond-Like Carbon) to sliding surface of mechanical component is
spreading steadily. In this field, higher-speed coating method with an
applicability to 3-dimensional shapes is strongly desired, in order to expand
the application rage of DLC. Plasma CVD (Chemical Vapor Deposition) is a
promising candidate for such demands due to its excellent capability to coat
3-dimensional shapes; however, the typical coating speed with conventional
plasma CVDs is not high, ~1 μm/h; in addition, significant increase of the
coating speed is not expected as long as low-density (ne~108−1010 cm−3) DC
or RF plasma is employed. In order to break through the limit, the use of
higher-density plasma is considered to be essential. Thus, in order to
achieve an ultra-high-speed DLC coating with plasma CVD, we have
proposed the use of a much higher-density plasma (ne~1011−1013 cm−3),
which is sustained by microwave propagation along plasma-sheath interface
on metal surface. In this work, it was demonstrated that DLC film with a
hardness of 12 GPa was deposited at 188 μm/h by using a newly proposed
method. In order to make the hardness of DLC larger than 10 GPa,
increasing the substrate current during deposition was effective.
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DLC
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Large area barrier coating of flexible substrates
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Plasma polymer SiOx coatings are widely used in order to enhance oxygen
and water vapour barrier properties of polymers used in various industrial
applications. In order to achieve a high quality barrier coating on large area
flexible substrates e.g. plastic foils, homogeneous pretreatment and coating
of the film has to be ensured. The homogeneity of the barrier is not only
influenced by the film thickness, but also by the adhesion properties of the
deposited layer on the plastic substrate as well as the morphology and
chemical composition of the coating. The correlation between film
morphology, the strain behaviour of the permeation barriers and the
underlying plasma properties during the deposition process is not yet
described sufficiently for large area chemical vapour deposition processes.
To correlate the properties of the deposited thin films with the process
parameters a deeper understanding of the interaction between plasma and
polymer is necessary. In the presented project a new coating plant for low
pressure CVD processes has been designed. Using pulsed microwave
excited plasma, it allows the coating of foils up to a size of 300 * 300 mm².
The material used is a polyethylene terephthalate (PET) foil (23 µm thick)
Hostaphan RD by Mitsubishi Polyester Film, Wiesbaden, Germany. The
pulsed plasma is characterised spatially and time resolved using various
techniques, e.g. Langmuir probe and plasma absorption probe. Especially
the effects of different process parameters on the permeation properties
and strain behaviour of the deposited coatings are investigated. Next to XPS
and contact angle measurements, suitable physical analysis methods like
AFM and tensile testing in a LSM are used to characterise the surface in
correlation to the plasma properties. Support by the German Research
Foundation in the frame of SFB-TR87 is gratefully acknowledged.
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Erbium oxide thin films deposited by filtered cathodic arc and
high-power impulse magnetron sputtering
Freimut Koch, Anne Houben, Stefan Lindig, Christian Linsmeier
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Numerous investigations on erbium oxide (Er2O3) have been reported for
different applications due to its properties such as the high dielectric
constant or the photoluminescence at room temperature. The high
performance as a hydrogen diffusion barrier could be used to reduce the
accumulation of tritium in the structural materials of a nuclear fusion power
plant.
Tritium permeation barrier films have been deposited by filtered cathodic
vacuum arc deposition (FCVA) in reactive mode using an Er target and
oxygen gas. The high degree of ionization of the evaporated species offered
by this technique enables tayloring the properties of the deposited Er2O3
coatings. Adjusting the ion energy by applying a substrate bias allows to
select the crystalline phase. Depending on the deposition parameters, either
the cubic C- or the monoclinic B-phase can be obtained.
For the droplet-free deposition on large areas high-power impulse
magnetron sputtering (HiPIMS) is appropriate. It offers the advantages of
magnetron sputtering combined with a high fraction of ionized species.
This work compares the properties of Er2O3 films deposited with both
methods, FCVA and HiPIMS. The produced layers are characterized with
respect to their structure and morphology by X-ray diffraction and scanning
electron microscopy with STEM detector.
Keywords
Filtered vacuum arc
HiPIMS
Erbium oxide
Hydrogen permeation barrier
Thin films
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Plastics such as PET offer limited barrier properties against gas permeation.
For applications of PET in many branches (from food packaging to micro
electronics) permeation barriers are essential to get shelf lives comparable
to glass or metal packages. A permeation barrier coating of the inner
surface of PET bottles and PET foils is developed by means of a microwave
driven low pressure plasma reactor based on a modified Plasmaline
antenna. While microwave power allows for a control of the ion flux during
the plasma pulse a substrate bias with arbitrary waveforms is applied to
control the energy of ions impinge on the substrate. Therefor, the substrate
electrode voltage is feedback controlled using fast Fourier transformation to
design the ion energy distribution. The influence of a substrate bias leading
to variable ion energy distributions is investigated with respect to the
characteristics of plasma and coating.
To get defined plasma conditions the plasma process is characterized using
diagnostics such as optical emission spectroscopy, Langmuir probe and
energy mass spectrometry. The composition of the coatings is analyzed
using x-ray photoelectron spectroscopy (XPS). Another technique applying
atomic oxygen etching of the coated substrate visualizes coating defects
responsible for a residual permeation flux. Crack formation mechanisms are
studied in-situ by means of atomic force microscopy (AFM) using an
AFM-stage to apply a desired strain. In addition, the evaluation of water
up-take in barrier films was performed. The results show how process
parameters such as gas composition and substrate bias have an impact on
properties of permeation barrier coatings.
The authors gratefully acknowledge the support provided by the Deutsche
Forschungsgemeinschaft (DFG) within the framework of SFB-TR 87, the
Ruhr-University Research School, Aurion Anlagentechnik Seligenstadt and
the Research Department Plasmas with Complex Interactions (RUB).
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Permeation barrier layers are not only used for food packaging but also
needed to encapsulate flexible electronic devices. Commonly two
approaches are followed to achieve very low water and oxygen permeation
through a coated polymer film: low defect single layers and multi layer
stacks consisting of several barrier layers with polymer interlayers.
In this paper both single and multi layer barriers on a commercial-grade
polyethylene terephthalate substrate are characterized and compared
regarding their permeation barrier properties and defect density as well as
cracking behavior in a linear strain test. Therefore reactively sputtered zinc
tin oxide (ZTO) barrier layers have been combined with SiOxCyHz interlayers
deposited using a Dual-Magnetron-PECVD process. The defect types, sizes
and densities in single layers and different multi layer stacks are
characterized using optical microscopy and scanning electron microscopy
(SEM). Mechanical durability has been observed using a linear strain test in
combination with both an optical microscope and a SEM. Both the crack
onset strain and the crack density and size evaluation with increasing strain
load have been determined. The influence of defects in the layers on the
cracking behavior has been investigated. Also the water vapor transmission
rate (WVTR) under linear strain and after relaxation has been measured for
both the single and multi layers.
Multi layer stacks, consisting of at least two barrier layers with an elastic
interlayer, have several advantages compared to thick single layers. The
crack onset strain of multi layers is higher compared to thicker single layers
with the same water vapor transmission rate. While the WVTR of single
layers is as high as the WVTR of the uncoated substrate after strain and
relaxation, multi layers surprisingly show a considerably low WVTR after the
strain test and relaxation of the sample. Thus, multi layers are more tolerant
against temporary application of strain e.g. during roll-to-roll processing.
Keywords
permeation barrier
linear strain test
zinc tin oxide
polymer substrate
defects
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SiOx barrier films were coated on 133 μm-polyethylene terephthalate (PET)
films by using a linear deposition source (LDS) equipped roll-to-roll coater.
The LDS generated closed drifting electrons in a large width up to 1.5 meter
and dissociated deposition precursors, hexamethyldisiloxane (HMDSO)
monomer and oxygen molecule for a plasma polymerization. Dynamic
deposition rates as high as 90 nm*m/min were archived at the
source-substrate distance of 120 mm. The SiOx films have different bonding
structures as a function of HMDSO/(HMDSO+O2) ratio from 3.7 to 14.2 %. As
the HMDSO ratio was decreases X-ray photoelectron spectroscopy showed
the peak shift of Si 2p from 102.1 to 103.4 eV corresponding to the
increases of oxygen contents in Si(-O)x bonding. And Fourier transform
infrared spectroscopy showed that the infrared absorption at 1254 cm-1
corresponding to CH3 symmetric bending in Si(CH3)x were decreased at the
lower HMDSO content due to the active oxidation of HMDSO fragments such
as C and H. CH emission (434.1 nm) in optical emission spectroscopy was
also decreased at the lower HMDSO content. The roughness (Ra) of SiOx
films on PET was in range of 0.3~0.5 nm, which was increased at the higher
HMDSO ratio.
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PET foils
Hendrik Bahre, Sandra Schröter, Marc Böke, Jörg Winter
Institut für Experimentalphysik II, Bochum, Germany
hendrik.bahre@rub.de
Since the beginning of the 20th century, polymers progressively substitute
glass due to their combination of good properties in weight, transparency
and toughness. Plasma processes are widely used to deposit barrier layers
on polymers. The most important barrier coatings consist of silicon oxides
(SiOx), hydrogenated amorphous silicon (a-Si:H) or hydrogenated amorphous
carbon (a-C:H). They show promising results in the reduction of oxygen- and
water vapour transmission rate. However, these barrier layers are usually
not tolerant to strain and in some cases fail at even low deformation of less
than 1%. The functionality of the barrier is often dramatically decreased
already at the onset of film failure.A possible solution is the employment of
ultrathin layers, which may possess superelasticity. Another approach is the
decoupling of functionalities with a multilayer system: Alternating sliding
and barrier layers. Polymer-like, soft, amorphous hydrogenated carbon
layers shall act as sliding and buffer layers and therefore avoid the
propagation of cracks and retain the barrier performance of the coating.
Based on a-Si:H/a-C:H multilayers, the deposition of elongation resistant
barrier coatings on polymer substrates is investigated using capacitively and
inductively coupled plasmas and SiH4 and C2H2 as precursor gases. While the
bias for the capacitively driven plasma is the self-bias due to the asymmetry
of the surfaces of driven and grounded electrodes, the ICP has a substrate
holder which can be driven with an arbitrary substrate bias to control the ion
energy. The barrier improvement factor of the deposited coatings is
measured for different strains. The crack formation is investigated during
elongation with a laser scanning microscope.Supported by the German
Research Foundation within the SFB-TR87.
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Comparative study of metal-oxide/diacrylate polymer multilayer
stack barrier films for organic electronics encapsulation in a
continuous roll-to-roll process
João Gomes, André Pinto, Maria Machado, José Silva, Joana Branquinho
CENTI, VN Famalicão, Portugal
jgomes@centi.pt
The lifetime stability of emerging organic optoelectronic devices is of major
importance, due to the sensitivity of organic molecules and cathode metals
to moisture and oxygen. For flexible OLED devices the target characteristics
of barrier film coatings are flexibility, low weight, high transparency, low
levels of water vapor transmission rate (WVTR) and oxygen transmission
rate (OTR) and low cost production, with requirements for OLED lifetimes of
9000 hours demanding WVTR of <1E-6 gm-2day-1 and OTR of <1E-3
cm3m-2day-1. Several barrier structures approaches have been proposed in
order to reduce the permeation rate of vapour through the polymeric
substrate, with the hybrid metal-oxide/polymer layer films being the more
successful to date, stacking alternated polymer and inorganic layers in a
multilayered structure of polymer/metal oxide,
In this work we present a comparative analysis of three different
metal-oxide/diacrylate polymer multilayer barriers coated onto a transparent
PEN substrate. Indium Tin Oxide, Titanium Dioxide and Aluminium Oxide thin
films were deposited, interlayered with glycol-based diacrylate polymer thin
and thick films. The resultant multilayers were studied, having the
mechanical (flexibility) and adhesion properties between inorganic and
organic layers, permeation rate to oxygen and water vapour, and optical
transmission characterized comparatively, with the overall permeation and
transmittance values compared with pre-defined target values. The
di-acrylate polymer thin and thick films are coated using Polymer Multilayer
deposition technologies setup in-line with pulsed DC reactive and AC dual
magnetron sputtering for the metal-oxide sputter deposition. Both
deposition processes are in-line, enabling a continuous roll-to-roll deposition
process, and the comparative characterization addresses the thickness of
each film, number of organic/inorganic layers, morphology, optical
transmission and mechanical properties of the structure.
Keywords
Multilayer transparent barrier coatings
metal-oxide/diacrylate multilayer thin films
PML
AC and Pulsed DC reactive Sputtering
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Deposition, characterisation and evaluation of plasma polymerized
Allyl Methacrylate coatings as primer on aluminium
Alexandros Kakaroglou1, Gill Scheltjens1, Bernard Nisol2, Mohan Wadekar1,
Iris De Graeve1, Guy Van Assche1, Rudolph Willem1, Bruno Van Mele1,
François Reniers2, Terryn Herman1
1

Vrije Universiteit Brussel, Brussels, Belgium 2Université Libre de Bruxelles,
Brussels, Belgium
akakarog@vub.ac.be

Allyl Methacrylate (AMA) was deposited on aluminium using an atmospheric
barrier discharge plasma setup. AMA possesses two C=C bonds which have
very different reactivities and the efficiency of the atmospheric plasma on
polymerising the two double bonds is evaluated.
Fourier-transform Infrared Spectroscopy (FT-IR) and X-Ray Photoelectron
Spectroscopy (XPS) provide information about the chemical composition and
the physical properties of the coatings. 13C HR-NMR spectrum was used
complimentarily to verify the FTIR findings. It appears that the most reactive
vinyl bond is fully converted during the plasma polymerisation and the less
reactive allyl bond polymerises in a high degree although there is still some
pendant allyl group, indicating a likely more cross-linked network than in
conventionally polymerised AMA.
Further investigation with Differential Scanning Calorimetry (DSC) reveals
exothermic reactions that start near 90 °C. Thermogravimetric Analysis
(TGA) was used to study the degradation of the film.The barrier properties of
the coatings were determined by Electrochemical Impedance Spectroscopy
(EIS). This plasma deposition procedure is found to be promising deposition
technique as it combines a good coating quality, low cost, high deposition
rates and good adherence performance.
1. A. Kakaroglou, G. Scheltjens, B. Nisol, I. De Graeve, G. Van Assche, B Van
Mele, R Willem, M Biesemans, F. Reniers, H. Terryn. Plasma Processes and
Polymers, in press
2. A. Matsumoto, S. Asai, H. Aota, Macromolecular Chemistry and Physics,
2000, 201, 2735–2741
3. C. Tendero, C. Tixier, P. Tristant, J. Desmaison, P. Leprince Spectrochimica
Acta Part B, 2006, 61, 2 – 30
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Correlation of applied substrate-bias and barrier properties of
ultra-thin SiOx films by means of combined electrochemical and
FTIR-spectroscopic investigations
Chen-Ni Liu1, Berkem Ozkaya1, Simon Steves2, Peter Awakowicz2, Guido
Grundmeier1
1

Universität Paderborn, Paderborn, Germany 2Ruhr-Universität Bochum,
Bochum, Germany
cnliu@live.uni-paderborn.de

Thin SiOx plasma polymer films have been intensively researched due to the
diversity of their application possibilities. They can be utilized as thin
corrosion protection films on engineering metals as well as be applied on
flexible packaging materials to improve their barrier properties. The barrier
properties of SiOx-like plasma films strongly depend on the film chemistry
and morphology. Deposition parameters, such as applied substrate bias is
reported to enhance the barrier properties, even at low oxygen partial
pressure during deposition. This paper is about the relationship between the
plasma parameters (plasma gas composition and substrate bias) and barrier
properties assessed by means of electrochemical investigations. Ultra-thin
SiOx films were deposited on Pt and Au electrodes from
Hexamethyldisiloxane (HMDSO) precursor and oxygen containing gas
phases. Deposition was performed via a low pressure microwave plasma to
study the effect of process parameters on film properties. The presence of
nanodefects and surface coverage was investigated by means of
Electrochemical Impedance Spectroscopy (EIS) and Cyclic Voltammetry (CV).
At constant O2:HMDSO ratio, increasing substrate-bias led to less nanoscopic
defects. This was attributed solely to the changes in the film network
density, since the overall chemical composition was proven to be not
affected by the applied substrate-bias. In order to confirm the existence of
free silanol dangling bonds, FTIR characterization was performed via proton
exchange measurements. The amount of interglobular and surface hydroxyl
groups were monitored by means of discrete polarisation modulation Fourier
transform infrared reflection-absorption spectroscopy (FT-IRRAS) in
atmospheres with controlled humidity. Presented results will demonstrate
the correlation between the deposition parameters of thin SiOx films, the
density of dangling bonds and their influence on barrier properties. The
authors gratefully acknowledge the support provided by the Deutsche
Forschungsgemeinschaft (DFG) within the framework of the SFB-TR 87.
Keywords
Electrochemical impedance, SiOx plasma polymer, FT-IRRAS
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CORROSION BEHAVIOUR OF PLASMA SURFACE OXIDIZED INCONEL
718 SUPER ALLOY
Yenal Vangölü, Özgü Bayrak, Ali Fatih YETİM, Ayhan ÇELİK
Ataturk University, Erzurum, Turkey
yvangolu@atauni.edu.tr
Inconel 718 is a sample of nickel-iron based austenitic FCC structured super
alloys. This alloy is commonly used at high temperature working conditions
such as gas turbine engines, discs, turbine blades, nuclear reactors etc.
Even though Inconel alloy exhibits high oxidation and corrosion resistance,
these properties can be enhanced by using plasma oxidation, which is one
of the most practiced surface treatments. In this study, Inconel 718 alloy
was plasma oxidized at 600 and 700°C for 1 and 4 hours. Structural
properties were analyzed by means of XRD, SEM and micro hardness tester
and it was observed that several oxide phases were formed on the surface.
Corrosion properties were determined with OCP, Polarization and impedance
spectroscopy techniques in acidic environment.
Keywords
Inconel 718
Super alloy
Plasma oxidation
Corrosion
Oxide layer
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Improvement of the corrosion behaviour of molybdenum films by
alloying with tantalum
Anna M. Hofer1, Nikolaus Reinfried2, Gregor Mori1, Jörg Winkler2, Christian
Mitterer1
1

Montanuniversität Leoben, Leoben, Austria 2PLANSEE SE, Reutte, Austria
anna.hofer@unileoben.ac.at

Mo films are most commonly used as back-contact layers in thin film
transistor (TFT) displays. In production and use of TFT-displays, corrosion
plays an important role because it can cause malfunctioning pixels. Since
the electrical properties are of major interest for back-contact layers, only a
few alloying elements can be considered to improve their corrosion
behaviour. In this study, the effect of Ta on structure, electrical and
corrosion properties of Mo films was investigated. Several Mo films with
different Ta contents ranging from 0 to 100 at.% have been deposited in a
laboratory-scale unbalanced d.c. magnetron sputter system on glass
substrates. Beside the investigation of microstructure and electrical
properties, the electrochemical behaviour is of particular interest. Thus,
current density vs. potential measurements and impedance spectroscopy
were done in a ventilated 0.9 % NaCl solution at room temperature. Results
show that for 20 at.% Ta in the films, the corrosion current decreases from
0.2 µA/cm2 for pure Mo by a factor of 10 to 0.02 µA/cm2. The resistivity is
just slightly affected and rises from 14.5 µΩcm for a pure Mo film to 19
µΩcm for films alloyed with 20 at.% Ta. The results of the impedance
spectroscopy provide further qualitative information corroborating the
positive influence of Ta.
Keywords
Mo-Ta films
sputtering
structure
electrical resistivity
corrosion resistance
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Oxidation behaviour of RuAl thin films: influence of diffusion
barrier
Maria Agustina Guitar, Frank Mücklich
Saarland University, Saarbruecken, Germany
a.guitar@mx.uni-saarland.de
RuAl is a B2-structured intermetallic material with high melting point
(2050ºC) which possesses outstanding thermodynamical stability in
high-temperature aqueous environments. Moreover, RuAl presents good
oxidation-resistance up to at least 1200ºCand strength at high
temperatures. The good oxidation and corrosion resistance is due to the
formation of a slow-growing protective Al2O3 layer, which has been found to
be dense and compact. The protective Al2O3 layer scale possesses a thermal
expansion coefficient (CTE) nearly equal to that of RuAl in a large
temperature range, which makes this intermetallic favourable as protective
coating material in applications that demand oxidation resistance (e.g.
working layers for moulding dies). For that purpose, RuAl thin films were
successfully synthesized using a PVD magnetron sputtering and deposited
onto AISI 316L stainless steels. The present work targets on the study of the
oxidation behaviour of nanocrystalline RuAl thin films. The presence at the
grain borders of diffused Fe and Cr from the substrate in the RuAl films was
observed in samples oxidised at 900°C for short periods (up to 1 hour). To
avoid this effect, a diffusion barrier was deposited between the substrate
and the RuAl film. The oxidation kinetics and oxide layer growth morphology
was studied with and without diffusion barrier so as to determine how the Fe
affects the intermetallic performance. The importance of analyzing the
oxidation behaviour of these thin films lays on the fact that usually, bulk
intermetallics show different oxidation rates compared to those of thin films
and therefore, new studies in the aforementioned intermetallic system are
needed.
Keywords
RuAl
thin films
oxidation
diffusion barrier
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PVD and PACVD-SiCN-based Coatings for Ultra High Thermal Loads:
Comparison of Structural, Mechanical and Thermal Properties
Casper Pusch1, Holger Hoche1, Ralf Riedel2, Emanuel Ionescu2, Cladia Fasel2,
Matthias Oechsner1
1

MPA-IfW, TU Darmstadt, Darmstadt, Germany 2Disperse Solids Department,
TU Darmstadt, Darmstadt, Germany
pusch@mpa-ifw.tu-darmstadt.de

SiCN materials exhibit excellent resistance to oxidation, chemical
decomposition and structural changes even at temperatures above 1300°C.
However, the properties of the SiCN films depend very much on a variety of
parameters like synthesis process and composition as well as on the
nano/microstructure of the amorphous network. So far, the available data in
the literature allows neither a reliable comparison between the different
synthesis methods for SiCN materials and their resulting properties nor an
identification of the possibilities to tailor the film properties by synthesis
method and synthesis parameters.
Thus, SiCN-based film materials were synthesized by DC- and HiPIMS-PVD
sputtering and by PA-CVD process using the single-source precursor HMDS.
The coatings as well as the coating-substrate compounds were subjected to
a comprehensive examination of their property profiles. A special focus was
set on the examination of the high-temperature behavior of the SiCN
materials.
The presented results allow the description of the relationship between the
synthesis method and the chemical, structural and mechanical properties as
well as the high-temperature behavior of SiCN materials.
Keywords
SiCN
HiPIMS
PVD-Sputtering
PA-CVD
High Temperature
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PRODUCTION AND CHARACTERIZATION OF SELF-HEALING
PROPERTIES OF B4C+SIC ADDED TBC
Fatih Üstel1, Ahmet TÜRK2, Garip Erdoğan3
1

Sakarya University Eng. Fac. Materials, Sakarya/Serdivan, Turkey 2Sakarya
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Thermal barrier coatings have significant interest for protecting of the effect
of high temperature the materials used under high temperature. To coat the
materials used under high temperature such as gas turbine liners, is
considerably important. Yttrium stabilized zirconia (YSZ) is the most
common material used for that purposes in commercial applications.
Thermal barrier coatings damage due to the thermal expansion and internal
stress, formed by the temperature variation. The micro and macro cracks,
which are formed under service life of the coating, causes the coating
failures such as spallation by developing crack network.
In this research SiC and B4C powders added into commercial YSZ powder to
improve thermal shock resistance. Two different powder ratio were prepared
as %25(%12,5 SiC +B4C) %75 YSZ and %50(%25 SiC +B4C) %50 YSZ. After
preparing powders coatings were manufactured using F4 plasma gun.
Coated samples were subjected to thermal shock test in burner rig testing
equipment and also oxidation tests were carried out as well for 10h, 20h and
50h at 1000°C. TG and XRD analysis were used to investigate self-healing
products. Scaning Electron Microscope and Optical Microscope were used to
examine microstructural properties of SiC and B4C added YSZ.
Keywords
Self Healing
plasma spray
Thermal Barrier Coatings
B4C+SiC
Oxidation
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Effects of Production Method and Heat Treatment on the Adhesion
Strength and Microstructural Behavior of MCrAlY Coatings
Hasan Dikici1, Abdullah Cahit Karaoğlanlı2, Thomas Grund3, Thomas Lampke3
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Thermal barrier coatings (TBCs) are widely-used as protective and insulative
coatings on hot section components of gas turbines and their applications,
like blades and combustion chambers, power generation. TBCs are used to
allow higher service temperatures hot section of turbines and thus higher
turbine efficiencies. TBCs generally consist of a metallic bond coating (BC)
usually MCrAlY, a ceramic top coating (TC) usually ZrO2+Y2O3 and a thin
oxide ceramic inter-layer (TGO) that forms under service condition within
the bond coat / top coat interface. In this study, CoNiCrAlY powders were
deposited on stainless steel substrate. High velocity oxy-fuel (HVOF) and
Atmospheric plasma spraying (APS) techniques were used to produce two
different types of bond coats. The ceramic top layers on both BC types were
produced by APS. TBC specimens were subjected to heat treatment tests.
Heat treatment tests was carried out in standard atmosphere at 550 °C, 650
°C and 750 °C for 1 and 2 hours. The microstructure and adhesion strength
for top coat / bond coat interface of as sprayed and heat treated samples
were investigated. Besides, the mechanical and microstructure behaviors of
the produced layers in TBCs with heat treated and without heat treated
samples were characterized and evaluated by XRD, SEM and optical
microscope (OM). The results show the heat treatment of the coatings in
different temperatures caused changes in microstructure and increase in
adhesion strength properties of the coatings.
Keywords
Thermal barrier coatings
heat treatment
adhesion strength
high velocity oxygen fuel (HVOF)
atmospheric plasma spraying (APS)
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Effect of plasma spray parameters on hot corrosion resistance of YSZ (Yittria
Stabilized Zirconia) thermal barrier coatings using design of experiments
(DOE) response surface method was investigated. Three parameters in three
levels have been chosen to be studied. First parameter was total number of
layers. Three types of coatings were synthesized: a) two layered samples,
consisting of a 100% MCrAlY layer and 100% YSZ; b) three layered samples,
in which chemical composition was gradually changed from MCrAlY to YSZ; a
100% MCrAlY, 50%MCrAlY-50% YSZ, and 100% YSZ. c) five layered samples
consisting of a 100% MCrAlY layer, 75% MCrAlY-25% YSZ, 50%MCrAlY-50%
YSZ, 25% MCrAlY-75% YSZ and 100% YSZ. Second parameter was spray
distance which was varied from 80 to 120 mm, and last parameter was
powder feed rate that was changed between 10 and 30 g/min. All samples
were coated on IN 738-LC as a substrate. ANOVA analysis and experimental
results showed that all parameters had significant effect, without any
interaction with each other. Within the scope of the response surface
method, the most important parameter was number of layers; with 99.7%
significance (P value=0.3%). It was also observed that hot corrosion
resistance is a non-linear function of layers number: the more the number of
layers, the better hot corrosion resistance. Moreover increasing spray
distance improved the corrosion resistance. Whilst it was decreased by
increasing powder feed rate. Maximum hot corrosion resistance was
obtained in five layered samples, with spray distance of 120 mm and 10
g/min feed rate, which could endure 120 hours in corrosive atmosphere at
800°C.
Keywords
Thermal barrier coating
Hot corrosion resistance
Plasma spray parameters
Design of experiments
Response surface method
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Dynamic Sprayed CoNiCrAlY Bond Coats
Abdullah Cahit Karaoglanli1, Ahmet Türk2, Ismail Özdemir3, Fatih Ustel2
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The paper presents the results of investigation into the oxidation resistance
and thermally grown oxide (TGO) of thermal barrier coatings (TBC). TGO
occurred during in service affect the lifetime of the component by
introducing several kinds of degradation mechanisms such as decreasing
bonding strength, initiation of stress concentration and thermal stresses
which lead to crack initiation and propagation associated with delamination
or spallation failure. Therefore, TGO plays important role on TBC durability.
In this study, TBCs that consist of a typical bond layer / top layer system
(CoNiCrAlY bond layers and YSZ top layers) are deposited on Inconel 718
superalloy substrates. The metallic bond coatings are applied via Cold Gas
Dynamic Spraying (CGDS); the ceramic top coatings via Atmospheric Plasma
Spraying (APS). Investigations are done concerning the oxidation behavior of
this TBC system at 1200 °C in normal atmosphere for 8h, 24h, 50 h and 100
hours. The oxidation behaviour and microstructural properties during the
oxidation test were evaluated and compared, and TGO growth behavior was
also investigated under high temperature oxidation. The microstructural
features and oxidation behaviours were characterized by scanning electron
microscopy and energy dispersive X-ray spectroscopy. Phase stability of
TBCs were evaluated by means of X-ray diffraction method.
Keywords
Thermal barrier coatings
Oxidation
Thermally grown oxide
Cold Gas Dynamic Spraying
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In this study, oxidation behavior of CoNiCrAlY coatings; produced by
atmospheric plasma spray (APS) process and APS process followed by shot
peening and cold gas dynamic spray (CGDS) process; is investigated.
Oxidation tests are conducted isothermally at 1100 oC for 8, 24, 50 and 100
hours periods. Coatings produced by APS process have high porosity and
oxide content. In last years, it has been possible to produce coatings with
high density, low porosity and oxide content with CGDS process. In CGDS
process, unlike thermal spray coatings produced by APS technique, low
temperature and plastic deformation is dominant. For this reason, this
process makes high quality coating production possible. By applying shot
peening process on MCrAlY coatings produced by APS technique, a plastic
deformation starting from the surface and compressive stresses have been
introduced on this samples. In this study; coatings produced by APS process
and APS process followed by shot peening and CGDS process, are
compared. This way, effects of plastic deformation on high temperature
oxidation behavior on coatings are investigated and evaluated.
Characterization studies consist of XRD, SEM, EDX and image analysis and
micro hardness tests.
Keywords
Plastic deformation
Shot peening
Oxidation
APS
CGDS
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Corrosion resistance of PVD protective coatings at high
temperatures
Sandra Bau, Frank Burmeister, Matthias Gurr, Marco Wirth, Elsa Piedra
Fraunhofer IWM, Freiburg, Germany
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In concentrated solar power plants (CSP) the use of nitrate salt melts as
media for energy storage greatly enhances energy storage capacity due to
their potential to operate at temperatures as high as 570°C. The chemically
aggressive ambient combined with the high temperatures implies severe
requirements on the physical and chemical inertness of materials in contact.
Similar conditions hold during precision molding of micro-optical
components where hot glass melts are in contact with the surface of
molding tools. In both cases, dense and mechanically stable coatings with
high resistance against oxidation and diffusion of ionic species even at high
temperatures are required to protect substrate materials of lower
mechanical, thermal and chemical stability.
We developed binary and ternary nitride coating materials, in part alloyed
with noble metals, and investigated their behavior under exposure to molten
nitrate salts and molten glasses in temperature regimes above 500°C. The
coatings were prepared by RF- and MF-magnetron-sputtering and deposited
on stainless steel and silicon substrates. Corrosion experiments were
performed under static and dynamic conditions. In static mode the samples
were exposed to the corrosive media under constant high temperature
conditions. The dynamic testing included a thermal cycling where the
coating materials under investigation underwent fast changes in
temperature and surrounding ambient.
The impact of corrosion on the properties of the coatings and underlying
substrate was analyzed by optical microscopy, scanning electron microscopy
(SEM) and energy dispersive X-ray spectroscopy (EDX) on sample surfaces
and cross-sections. In addition hardness and reduced modulus were
measured by nanoindentation. In this way, we identified promising coating
materials with good oxidation resistance and thermomechanical stability
even in aggressive ambient conditions such as those found in CSPs or glass
molding processes.
Keywords
PVD coating
corrosion
molten nitrate salt
glass melt
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The aim of the present work is to study the thermal stability, under vacuum
and air annealing, of quaternary transition metal nitride films, namely
TiZrAlN, with emphasis on the role of Al content on the structure and phase
formation. (Ti,Zr)1-xAlxN films with thickness of 300 nm have been deposited
onto Si (001) wafers by a reactive unbalanced magnetron sputtering
method. Ti, Zr and Al targets were co-sputtered under mixed Ar+N2 plasma
discharges. Varying the RF power of the Al target from 20 to 200 W resulted
in a concentration of Al (xAl) in the films to increase from 2.6 to 36.4 at.%,
while the Ti:Zr concentration ratio was kept constant to ~1.0. Results of the
XRD analysis on as-deposited films indicate the formation of (Ti,Zr,Al)N solid
solution. However, the structure changes with rising Al concentration from
crystalline to nanocrystalline and then it turns into the amorphous state.
Annealing in vacuum (~10-4 Pa) at the temperature of 600°С doesn't cause
any essential change of (Ti,Zr,Al)N solid solution structure. After annealing in
vacuum at 950°С, the structure of the films depends essentially on the
aluminum content. At the smaller Al concentrations, the (Ti,Zr,Al)N solid
solution remains stable. When xAl > 9 ат.% the volume content of ZrN
mononitride phase increases and when xAl > 13 ат.% the TiN and ZrN
phases become dominating. At the same time, Al is apparently included
substitutionally into these phases by forming the solid solutions of TiAlN and
ZrAlN type. Annealing under air atmosphere of the investigated TiZrAlN
samples was carried out for temperature intervals ranging from 400 to
950°С using in situ temperature XRD. Decomposition of the (Ti,Zr,Al)N solid
solution already starts at the temperature of 500°С and the diffraction lines
corresponding to a solid solution disappear at Т = 600°С. The intensive
formation of ZrO2, TiO2 and Al2O3 oxide phases occurs at a temperature of
780°С. Increase in xAl up to 25 at.% leads to oxide formation reduction that
can be explained by the passivating role of the Al2O3 surface layer. Thus,
higher oxidation resistance of TiZrAlN films is reached in a case of high Al
concentration at which amorphization of their structure takes place.
Keywords
nanocomposite TiZrAlN
thermal stability
solid solution
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Zr-Cr-N coatings have been considered promising to be used on cutting tools
if combined properties of CrN and ZrN coatings could be achieved. Now, low
onset oxidation temperature is the main restriction. An improvement in
oxidation-resistance can be acquired in most coatings by the introduction of
Al being expected the formation of protective Al2O3 scales which can
separate the coatings from the oxidant atmosphere. Thus, in the present
paper different Al contents were added into Zr-Cr-N coatings deposited by
reactive magnetron sputtering method, and oxidation-resistance of the
coatings was evaluated by high temperature oxidation tests at 700, 800 and
900 oC. The tribological tests were conducted at room temperature, 500 and
700 oC, respectively. The results showed that the introduction of Al element
did not improve short-term oxidation-resistance of the coatings due to a
premature formation of ZrO2 on the coating surface. However, long-term
oxidation tests demonstrated that a better oxidation protection of the
coatings could be achieved with the highest Al content. During 20 h thermal
exposure at 800oC in air, the mass gain kept a low value and a dense Al2O3
scale was found on the surface of the highest Al content coating. On the
Al-free or low Al coating, mixed oxides including Zr, Cr and metal elements
from substrate were detected. After 5000 lap pin-on-disc sliding test, the
highest Al content coating was almost worn out. As compared, the low Al
coating exhibited better performance during tribological test. The friction
coefficient and wear rate were 0.66 and 11.1 x 10-6 mm3/Nm, and 0.86 and
12.9 x 10-6 mm3/Nm for room temperature and 500oC tests, respectively.
The high temperature tribology behavior was correlated with either the E/H
ratio or the early-stage oxidation products.
Keywords
Zr-Cr-Al-N coating
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Thermal Barrier Coatings (TBCs) are multi-layer protective coatings used in
the hot section components such as combustor and turbine of advanced gas
turbine engines to protect them from degrading affects of hot gases. Due to
lack of a reliable life time assessment, the potential of these coatings cannot
be fully used. Understanding the damage mechanisms of thermal barrier
coatings is the key factor to increase durability and reliability.
In this study, thermal shock behavior of the thermal barrier coating system
of gas turbine engine’s turbine blade of the space and aircrafts is evaluated.
Thermal shock behavior of the thermal barrier coating system was
investigated. Computer aided thermal and crack growth analyses were
carried out with the help of the taken information. Thermal barrier coating
system consists of stainless steel substrate, ytria stabilized zirconia (%8
YSZ) ceramic top coat and NiCrAlY bond coat and Plasma Spray Method was
used for the coatings. Damages occurred in specimens were figured out by
the cycle numbers, thermal stresses and heating time. With the help of
experiments, stress analyzes of modeled TBC were performed. The crack
profiles and crack growth rates determined. Finally the coating life was
appointed. In the experiments, the number of cycles depending on the
amount of crack growth and crack profile is determined. At the end of 1500
cycles, the crack moving 1mm from the edge toward the center of the
specimen, at 1750 cycles the crack length of 1.5 mm, at 2000 cycles, the
crack length reached 2.5 mm was determined. Analysis of estimated life
cycle, at the end of 1500 cycles, the crack moving 1mm from the edge
toward the center of the specimen, at 1750 cycles the crack length of 1.45
mm, at 2000 cycles, the crack length reached 2.6 mm was calculated.
Comparison of the results of Finite Element Method (FEM) with the
corresponding experimental results has been showed in good agreement.
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The ongoing gradual replacement of heavy nickel-based superalloys with
lightweight titanium aluminide (TiAl) intermetallic alloys is a long-term
development objective in demanding applications such as the manufacture
of aerospace and automotive engine components. TiAl alloys, however, are
prone to destructive oxidation and oxygen embrittlement when exposed to
oxidizing gases at temperatures above 700°C. Therefore, the successful use
of this class of advanced structural materials in components operating under
conditions of environmental oxidation at elevated temperatures will
ultimately depend on their oxidation resistance. We have developed a
method of oxidation protection of TiAl alloys, which solves satisfactorily the
above-mentioned problems. The method involves two steps, namely
formation of an aluminum-rich coating by chemical vapor deposition (CVD)
followed by plasma immersion ion implantation (PIII) of fluorine to provide
conditions necessary for activating the so-called halogen effect. The aim of
combining a CVD coating and a fluorine PIII treatment is to prevent oxygen
diffusion and dissolution into the Ti-rich α2-phase substrate material, which
is an integral part of most of the technical alloys being used at present.
Preliminary mechanical testing performed on an unprotected reference alloy
of a composition of Ti-48Al-2Cr-2Nb has shown drastic degradation in its
mechanical properties after exposure in hot air at 900°C for 100 h, namely
23% loss in strength and 38% reduction in ductility. In contrast, the
application of a CVD coating in conjunction with surface fluorination by PIII
has been shown to enhance the environmental durability of the TiAl alloy
after long-term oxidation at 900°C in that the alloy is capable of maintaining
up to 90% of its initial mechanical properties (strength and ductility). We
present here experimental results detailing both the CVD and the PIII
processing steps.
Keywords
titanium aluminides
oxidation protection
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Novel Nanometer Thin Films On Magnesium Alloy Prepared By
Ultra-Shallow Nitrogen Implantation Using PECVD Method
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The low density of magnesium alloys makes them especially attractive
especially for the automotive, electronic and aeronautical industries.
Unfortunately, magnesium alloys have a strong susceptibility to
atmospheric, galvanic and pitting corrosion and need to be protected with
anticorrosive coatings. Traditionally magnesium and magnesium alloys have
been protected with chromium-based coatings with the consequent problem
of pollution by Cr(IV) ions. The development of new corrosion resistant
coatings, by using clean and environmentally friendly processes is very
important and strategic for the European industry due to environmental,
health and economic considerations.
In this context plasma technology, including: Plasma Enhanced Chemical
Vapor Deposition (PECVD) are becoming increasingly popular.
In this paper, magnesium alloys AZ91 were treated using nitrogen plasma
(N2 and NH3) generated in PECVD reactor. Then, some of magnesium alloys
samples were oxidized in oxygen plasma, and for some magnesium alloys
samples SiO2 layer was deposited (in PECVD reactor).
The obtained coatings were investigated using various characterization
methods. Mechanical properties have been tested by means of
nanoindentation, the electrochemical properties were based on analysis of
the voltammetric curves and electrochemical impedance spectroscopy, the
microscopic examination was performed by using the techniques of SEM /
EDS.
Keywords
magnesium alloy
electrochemical properties
PECVD method
nitrogen implantation
corrosion
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Magnesium alloys can be widely used in automobile, aerospace, and mobile
electronics components because of its high strength/weight ratio, high
thermal conductivity, high dimensional stability, and good electromagnetic
shielding characteristics. However, magnesium alloys have poor corrosion
resistance and wear resistance, which restrict its application. One of the
most effective methods to protect metals from corrosion environment is to
coat them with organic thin films. There were several reports that the
organosilicon films polymerized from hexamethyldisiloxane (HMDSO) using
low pressure plasma improved the corrosion behavior of steels and
aluminum alloys. However, the low pressure plasma process was not cost
effective because of expensive vacuum pumping systems and the limitation
of mass production.
In this study, we try to directly deposit SiOxCy(-Hz) films on magnesium alloy
using atmospheric pressure dielectric barrier discharge (APDBD). The APDBD
apparatus is relatively simple and cheap but suitable for mass production to
coat large sheet metal with organosilicon. The SiOxCy(-Hz) films were
deposited from a mixture of hexamethylcyclotrisiloxane (HMCTSO), oxygen,
and helium. The compositions of SiOxCy(-Hz) films were controlled from SiOC
to SiO2-like by changing flow rates of HMCTSO and oxygen. We investigated
the SiOxCy(-Hz) film properties by Fourier transform infrared spectroscopy,
scanning electron microscopy, atomic force microscopy, and X-ray
photoelectron spectroscopy. The anti-corrosion behaviors of the coated
magnesium are evaluated by electrochemical impedance spectroscopy and
potentiodynamic polarization curves. The results indicate that the corrosion
resistance of magnesium alloys is greatly improved by SiOxCy(-Hz) films. We
will discuss the influences of elemental composition and chemical structure
of SiOxCy(-Hz) films on corrosion behavior of the magnesium alloys.
Keywords
corrosion
magnesium
plasma polymerization
atmospheric pressure dielectric barrier discharge
organosiloxane
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Effect of nitrogen incorporated into oxide layer, formed on the
magnesium alloys by using r.f. PECVD process, on their corrosion
resistance.
Małgorzata Kalisz, Marcin Grobelny
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The low density of magnesium alloys makes them especially attractive in
order to reach the lowest weigh targets, without losing strength, required by
the automotive, electronic and aeronautical industries. Unfortunately,
magnesium alloys have a strong susceptibility to atmospheric and galvanic
corrosion and need to be protected with anticorrosive coatings. Traditionally
magnesium and magnesium alloys have been protected with anodizing
treatments or with chromium-based coatings with the consequent problem
of pollution by Cr(IV) ions. The development of new corrosion resistant
coatings for protection of magnesium parts, by using clean and
environmentally friendly processes is very important and strategic for the
European industry due to environmental, health and economic
considerations: nowadays there is a strong need to replace the presently
used hazardous coating technologies and to improve the usage of light
weight materials.
In this context plasma technology, including: plasma enhanced chemical
vapor deposition (PECVD) are becoming increasingly popular.
The paper presents influence of nitrogen introduced into the SiO2 layer
(prepared by PECVD) on the corrosion resistance of the magnesium alloys
AZ32 and AZ91. On both magnesium alloys a two types of coatings: SiO2
with a thickness of 1.1 µm and SiOxNy with a thickness of 64 nm and 0.56
µm was performed. Then, the corrosion resistance of these coatings with
comparison to clean, nothing coated alloys was made. Corrosion properties
of investigated coatings was based on analysis of the voltammetric curves.
The obtained results show that the introduction of nitrogen to a volume of a
thin layer of SiO2 produced plasma, which is creating a layer SiOxNy,
improves the corrosion resistance of magnesium alloys AZ32 and AZ91 type.
Keywords
corosion resitant coatings
plasma enhanced chemical vapour deposition
magnesium alloys
silicon dioxide layer
silicon oxynitride layer
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High pressure and high temperature sintering of a diamond powder is a
method to obtain a polycrystalline diamond material that is analogous to the
natural carbonado. Cobalt additive is a catalyst for transforming graphite to
diamond and stimulates recrystallization of carbon through the liquid phase
to form diamond-diamond contacts. The problem is in homogeneous
injection of a small amount of Co to the diamond powder. The plasma dusty
technology makes it possible to deposit nanolayers of an activating additive
upon each particle of the diamond powder and to create favorable
conditions for achieving a qualitatively new level for physical and
mechanical properties of polycrystalline diamond materials.
The magnetron sputtering method was used to deposit a Co coating of ~10
nm in thickness upon 3-7 mcm synthetic diamond particles. During the
deposition the diamond particles were injected into an RF discharge dusty
plasma trap and levitated inside it. The disperse composite material (DCM)
consisting of diamond particles with the uniform Co coating and Co content
1 – 3 mass percentage was obtained.
The diamond compacts (5-6 mm in size) were produced by DCM sintering
under the pressure of 8-9 GPa and the temperature of 2000-2100 K in
high-pressure chambers of the “toroid” type. All the procedures on the
production of compacts were fulfilled in argon owing to the high chemical
activity of Co, particularly in nanoscale. To remove gaseous components out
of the DCM and to reduce Co oxides, the material was previously annealed
in a quartz reactor under the argon flow before the sintering process.
The produced compacts showed extremely high values of Young’s modulus
of about 920 GPa and bulk modulus of about 500 GPa, which indicated the
formation of rigid bonds between the diamond particles.
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Effects of nitrogen partial pressures during r.f. magnetron
sputtering on the crystal structure and growth rate of c-BN films
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The type of atmospheric gases used in sputtering deposition is an important
factor in the formation of cubic boron nitride (c-BN) films. All of the c-BN
films were deposited on an Si wafer using radio frequency (r.f.) magnetron
sputtering with a B4C target at N2/Ar+N2 ratios of 0.2, 0.4, 0.6, 0.8 and 1.0. It
was found that the cubic phase BN is more thermodynamically stable than
the hexagonal phase, with the equilibrium constant for the cubic phase BN
synthesis reaction being lower than that for the hexagonal phase reaction.
The characteristics of the c-BN layer were significantly enhanced at a
nitrogen partial pressure of 0.6. The highest growth rate of the c-BN layer
was measured at 11.6 (nm/min) at a nitrogen partial pressure of 0.6.The
lowest surface roughnesswas obtained at a nitrogen partial pressure of 0.6
when the BCN gradient layer was clearly deposited. According to the XPS
results, the c-BN phase structure improved while the BCN gradient layer was
clearly observed. Overall, the growth rate, surface roughness and crystal
structure of the c-BN films are significantly affected under certain
atmospheric gas conditions such as at a nitrogen partial pressure of 0.6.
Keywords
c-BN Film
Magnetron Sputtering
Partial Pressure
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Thermodynamics
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MECHANICAL AND OPTICAL PROPERTIES OF TiOx THIN FILMS
DEPOSITED BY DC REACTIVE MAGNETRON SPUTTERING
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Titanium dioxide (TiOx) thin films are widely used as protective and
anti-reflexive coatings, mostly due to its high refractive index, visible light
transparency and good thermal and chemical stabilities. These properties
also make them useful in many fields as gratings, solar cells,
microelectronics, optics, photolysis, among others. TiOx films can be
produced presenting different crystalline structures: rutile (tetragonal),
anatase (tetragonal) and brookite (orthorhombic), besides amorphous
phase. Diverse TiOx properties could be achieved when one or another
phase is produced. These phases are commonly related to the film
stoichiometry, being dependent of O/Ti reason. The aim of this work is to
study the influence of deposition parameters, mainly the Ar/O2 ratio, with
the possibly alteration of TiOx phase and its properties. The techniques of
Rutherford Backscattering Spectrometry (RBS), ellipsometry and
Abelès-Hackscaylo were applied in order to characterize the stoichiometry
and the refractive index of TiOx coatings deposited by the reactive
magnetron sputtering technique. The deposition was realized with different
Ar/O2 rates (range between 0.7 to 7 dinamically controlled during the
deposition), in order to investigate the change in structure, stoichiometry
and refractive index of the deposited coatings. The RBS technique were
used to analyze the films composition and structure, the instrument
hardness test (IHT) to measure the mechanical properties, Ellipsometry and
Abelès-Hacskaylo techniques to measure the refractive index, and
Ellipsometry and Profilometry to measure the film thickness. With the XRD
technique it was possible to identify the phases in TiOx thin films. As result, it
was observed a change in the film density and a significant variation in the
refractive index, in function of the Ar/O2 rate used during the coating
deposition.
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Fe2O3 thin films were deposited by several sputtering systems utilizing
pulsed magnetron, pulsed hollow cathode plasma jets and pulsed modulated
RF magnetron system. Thepulsed hollow cathode plasma jet used hollow
cathodes made of pure iron reactively sputtered in Ar gas with presence of
O2 at the substrate. Thepulsed magnetron system useda pure iron target
reactively sputtered in Ar+O2. The pulsed modulated RF magnetron system
used the ceramic Fe2O3 target reactively sputtered in Ar+O2. The low
frequency and MFvoltage with different duty cycle was applied to the
cathode for thepulseddischarge plasma excitation. The system with hollow
cathodes was equipped for the Fe2O3 deposition with two equivalent plasma
jets in order to do depositions on larger area. Both nozzles working
simultaneously as hollow cathodes were made of pure iron. Only argon gas
was supplied into the iron nozzles and oxygen gas was supplied directly in
the reactor chamber. In this way,the iron cathodes were not oxidized during
the sputtering process.Fe2O3 thin films deposited with these techniques were
analyzed by XRD, AFM, XPS in order to study presence of hematite phase,
surface roughness and chemical composition. Optical properties of these
films were measured by UV-VIS absorption spectroscopy. Photochemical
properties of Fe2O3 films were measured bythe photoelectrochemical
cell.Plasma was characterized during the deposition process by a Langmuir
probe system. A retarding field analyzer Semion was used for ion
diagnostics at the position of the substrate. This devise was capable to
measure time resolved ion velocity distribution function at different
deposition conditions.
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Solid state electrolytes are materials which are electrically conductive due to
the presence of mobile ions acting as charge carrier. The charge carrier can
be a cation (such as H+, Li+, Ag+) or an anion (such as F- and O2-). This work
focuses on doped cerium oxide (Ce(M)O2) which is an oxygen ion conducting
fluorite-structured electrolyte and is used in several applications such as
Solid Oxide Fuel Cells (SOFC). As its growth process is not understood yet,
this complex oxide material is chosen as a model material to investigate the
compositional and structural effects when Ce is replaced by another element
(Ce(M)O2 with M = Y). Since most of the literature data concerning this kind
of material is related to bulk material and thick films, thin films of yttria
doped CeO2 are deposited via dual magnetron reactive sputtering. By use of
this technique, the elemental composition of the doped thin films can be
varied in a flexible way. Modifying the thin film morphology and texture is
attained by varying the deposition conditions. X-Ray Photoelectron
Spectroscopy (XPS) and Energy Dispersive Spectroscopy (EDS) are
employed to determine the elemental composition of the deposited films.
The thin film crystallinity is characterized using θ-2θ measurements and
pole figures.
Keywords
SOFC
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Oxide ceramics are well known to be hard materials with high chemical
stability and long durability. A drawback of these materials is, however, their
brittleness after passing threshold energy during deformation. A general
way, how to improve toughness of oxides, is an addition of ductile metal. In
such a case, it is, however, necessary to determine thermal stability of such
material system. Recently, Al-Cu-O films prepared in our laboratories by
co-sputtering of aluminium and copper in argon-oxygen gas mixture have
showed an enhanced hardness and resistance to cracking [1]. In present
work we report on the transformation processes occurring in these films
during the annealing up to 1300°C in inert and air atmosphere. The films
were deposited with various copper contents (up to 10 at. %) by dual pulsed
dc magnetron sputtering on silicon wafers and aluminium foils. The phase
transformations in Al-Cu-O films were investigated by means of differential
scanning calorimetry and the phase composition of the as-deposited and
annealed films was characterized by X-ray diffraction. It was found that all
the as-deposited films are nanocrystalline one-phase materials with a cubic
lattice structure independently of the Cu content. With increasing Cu
content the lattice parameter varies from the γ-Al2O3 to CuAl2O4. At lower Cu
contents (1.5 and 5 at. %) the as-deposited cubic structure decomposes to
α-Al2O3 and CuAl2O4 at temperature about 950°C during exothermic
reaction. The highest thermal stability up to 1100°C of the as-deposited
cubic structure is achieved for the Al-Cu-O film with the Cu content about 10
at. %. An endothermic reaction detected above 1100°C will be discussed as
well.
[1] J. Blazek, J. Musil, P. Stupka, R. Cerstvy, J. Houska: Properties of
nanocrystalline Al-Cu-O films reactively sputtered by dc pulse dual
magnetron, Appl. Surf. Sci. 258 (2011), p. 1762–1767.
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Face centered cubic (fcc) and corundum (Al1-xCrx)2O3 solid solution films have
been industrially deposited by cathodic arc deposition technique from
alloyed targets with different Al and Cr contents. The film growth took place
at substrate temperature of 550±10 °C and substrate bias of -60 to -120 V
in a pure oxygen atmosphere. The depositions are made on WC and Si
substrates. The mechanical properties of the films like hardness and elastic
modulus are correlated to their structure and compositions. The subsequent
annealing studies on both fcc and corundum solid solutions are performed
for temperature range of 550 to 1100 °C and annealing time of 2-10 h. A
gradual phase transformation to corundum is observed for the fcc films
starting at 900 °C. For the same range of annealing temperatures and times,
there is no indication of any phase separation into a-Cr2O3 and Al2O3 for the
corundum (Al1-xCrx)2O3 solid solution films. The mechanical and structural
properties of the annealed films are investigated.
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Tantalum is a widely used material in the semiconductor industry to prevent
diffusion of copper into silicon and as an adhesion promoter. The
thermodynamically stable α-phase is body-centered cubic (BCC), whereas
the metastable β-phase is tetragonal. The latter one is significantly harder
and more brittle compared to α-tantalum. Tantalum nitride (TaNX) is a
well-known material for use as resistors in optical and electronic devices.
The biocompatibility and corrosion resistivity of tantalum and TaNX makes
these two materials interesting for use in biomedical implants. In this study,
tantalum and TaNX thin films were deposited by DC magnetron sputtering
on single crystal silicon wafers, polycrystalline titanium and amorphous
Diamond-Like-Carbon (DLC), which is a network composed of strongly
cross-linked carbon atoms and deposited as thin film. The condition for the
formation of α- and β-tantalum on these three different substrates has been
elaborated and studied by nanoindentation and X-ray diffraction (XRD). The
TaNX thin films have been produced reactively with nitrogen as reactant
gas. The nitrogen composition in these films could be controlled by different
parameters such as the working pressure, the power and a varying partial
flow ratio of nitrogen and the working gas argon. The nitrogen concentration
in the films has been analyzed by X-ray photoelectron spectroscopy (XPS).
The result of this analysis was a limited reactivity of the nitrogen gas. The
TaNX thin films are reaching a plateau with a maximum nitrogen
concentration of about 30 at.%, even though the gas flow ratio
nitrogen/argon was further increased. The XRD measurements revealed
crystalline FCC-TaN phase present in the thin films and grain sizes from a
few nanometers up to a few tens of nanometers. The mechanical hardness
has been tested by nanoindentation. It could be shown that the hardness is
reaching a maximum. The reason for this effect will be explained during the
presentation.
Keywords
Tantalum / Tantalum nitride
Hardness
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Structure of zirconia-based layer formed after oxidation of (Zr,Y)N
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David PILLOUD1, Jean-François PIERSON2
1

Université de Lorraine, NANCY, France 2Université de Lorraine, Institut Jean
Lamour, CP2S, NANCY, France
david.pilloud@ijl.nancy-universite.fr

Zirconium nitride films have potential application as protective coatings due
to their high hardness, excellent thermal stability as well as their good wear
and corrosion resistance. Despite many works have been performed on the
functional properties of ZrN films, the effects of a third element on the
oxidation process are more scarcely investigated.
In this study, thin films of Zr-Y-N were elaborated by pulsed-DC sputtering
from metallic zirconium targets containing different yttrium contents (0, 8
and 16 at. %) in a reactive mixture of Ar/N2. XRD analyses of the deposited
films showed that zirconium atoms are substituted by yttrium ones in the
ZrN lattice. The Y/Zr ratio assessed by EDS. Hardness was measured by
nanoindentation tester. The morphological features of the films were
characterized by SEM. Whatever the yttrium content, the films showed
columnar growth. Zirconium nitride based-films with different yttrium
contents were oxidized in air up to 700°C and analysed in order to emphasis
the role of yttrium in the stabilization of the subsequent zirconia layer
forming during the oxidation step. For this purpose, the oxidized films have
been analysed ex-situ both by XRD and Raman spectrometry and thanks to
a Linkam® cell, in-situ FTIR measurements were performed to investigate
the first stages occurring before the crystallization.
Keywords
hard coatings
ZrN
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oxidation resistance
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Jaroslav Vlcek2
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We summarize characteristics of various metal oxynitride thin films in a wide
compositional range. The materials were prepared by conventional pulsed
magnetron sputtering or high power impulse magnetron sputtering. The
sputtering was performed in O2 + N2 (+ Ar) gas mixtures, at a fixed flow of
one gas (Ar, or N2 when Ar was not used) and a pulsed flow of the other
gases. The metal elements used include Al, Ti, Ta or Zr. The O/(O+N) ratio in
the materials was controlled in the whole range from 1 to 0. We focus on the
optical properties and bonding structure, and examine their correlations
with other material characteristics. The refractive index, n, the extinction
coefficient, k, and the optical band gap, Eg, were measured by spectroscopic
ellipsometry in the range 250-2500 nm (0.5-5 eV). We describe the n and k
by the Cody-Lorentz dispersion in the case of narrow band gap transparent
compositions, by the Cauchy dispersion in the case of wide (> 5eV) band
gap transparent compositions and by the Lorentz oscillators in the case of
metallic compositions. We discuss the presence of defect states in the band
gap, and consequently the difference between (1) Eg and (2) the
demarcation energy between the Urbach tail transitions and the interband
transitions. We identify compositions which, e.g. due to a visible-range band
gap (1.5-3 eV), exhibit the highest application potential. In parallel, the
bonding structure of the same materials was measured by Fourier transform
infrared spectroscopy, FTIR. We discuss in detail the evolution of individual
absorption peaks (and, consequently, the evolution of material structure)
with material composition. Previously unobserved vibrational modes
corresponding to oxynitride solid solutions were identified, and the
corresponding solubility range is compared with results of ab-initio
calculations.
Keywords
oxynitrides
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Effect of the rapid thermal annealing on the structure and optical
properties of TaOxNy thin films deposited by reactive magnetron
sputtering
Fadi Zoubian1, Eric Tomasella1, Angelique Bousquet1, Joel Cellier1, Thierry
Sauvage2
1
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Tantalum oxynitride thin films have won a great importance in the late years
due to the wide variation of their properties by tuning the deposition
parameters. They are considered as multifunctional material and are
presented as promising candidate for several applications, such as
electroluminescent devices, dielectric layers, diffusion barriers for copper
metallization, decoration coatings and as graded antireflective coating due
to the variation of their refractive index between 2.1 and 3.8.
The properties of TaOxNy films depend strongly on their elaboration method
which affects not only the oxygen/nitrogen ratio in the films but also their
structure and density.
TaOxNy thin films were deposited by radiofrequency reactive magnetron
sputtering from a pure tantalum target with different argon-oxygen-nitrogen
mixtures at a constant power of 250 W, and then a rapid thermal annealing
(RTA) at 900°C under nitrogen atmosphere was performed. The composition
of the TaOxNy films was investigated by Rutherford backscattering
spectroscopy. X-ray diffraction was used to investigate the microstructure of
the films. The optical band gap was determined by an indirect calculation
using the transmittance measured by UV-visible spectroscopy.
Spectroscopic ellipsometry was used to determine the refractive index and
the extinction coefficient of the films.
A deep study of the effects of the RTA on the structure and properties of
TaOxNy thin films is presented in this work. We detected the transition from
amorphous to crystalline structure with the formation of Ta3N5, TaON and
Ta2O5 phases, accompanied with a little increase of the oxygen content in
the films which leads to a decrease in the refractive index due to the
decrease of film’s density.
Keywords
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Effect of oxygen incorporation on structure, phase stability and
mechanical properties of VAlON coatings
Kalpak Prakash Shaha1, Soojin Baek2, Denis Music2, Jochen Schneider2
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Conventional forming routes for polyolefins include extrusion andinjection
molding,where the melt thereof may interact and cause wear of the tool. In
metal cutting, transition metal aluminum nitride (TMAlN) coatings exhibit
superior mechanical, chemical properties as well as high thermal stability
and wear resistance. Sufficient phase stability of the coating is prerequisite
to reduce interactions with the polymer melt and thus reduce the tendency
towards adhesion.In the present work, the effects of the transition metal
valence electron concentration and oxygen concentration on the phase
stability and elastic properties of various TMAlON were investigated by ab
inito calculations. VAlON was demonstrated to have the lowest enthalpy of
mixing (highest phase stability) and larger bulk moduli compared to the
other TMAlON. This may be understood based on the electronic structure.
Incorporation of O into VAlN gives rise to the shortest bonds among the TM
oxynitrides probed and hence largest phase stability and stiffness. VAlON
coatings exhibiting varied composition were synthesized by combinatorial
reactive HIPIMS of split V and Al targets in Ar/N2/O2 plasma. The O2flow was
varied from 5 to 10 sccm. The films were characterized by SEM, XRD,
nanoindentation and DSC. All the coatings exhibit dense column-free
microstructure. XRD results indicated a change in structure from crystalline
NaCl structure at low O2 to completely amorphous structure at 10 sccm of
O2. The hardness and Young’s modulus of VAlON films decreased with
increasing O2 flow, which is consistent with our ab initio data. The NaCl
structure of these oxynitrides was stable for more than 1000 ºC.

Keywords
Transition metal oxynitrides
Ab inito calculations
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Optical and electrical properties of DLC thin films deposited by
PECVD plasma reactor
Mohammed Ouchabane1, Houria Salah2, Nouar Amor Tabet3, Mohamed
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In the present work, optical and electrical properties of DLC films deposited
on corning glass under different substrate bias voltage have been explored.
In a presence of CH4 plasma and due to a negative substrate bias voltage
(120-270V) variation under a constant pressure of 20mTorr, different
structures form the deposited films namely the sp2 and sp3 fraction of
carbon and hydrogen content. XPS technique was performed to estimate the
sp2 and sp3 fractions of carbon and hydrogen content was evaluated by
ERDA technique. The optical and electrical properties of the deposited films
were deduced respectively from the performed transmission data and the
electrical measurements in dark and under illumination depending on the
temperature. The results of optical band gap (Eg), electrical conductivity (s)
and activation energy (Ea) were then discussed and correlated with the
estimated sp2 and sp3 fractions and hydrogen content.
Keywords
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sp2 fraction
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Structural properties of Fe-C thin films grown by magnetron
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Amélie Fillon1, Xavier Sauvage2, Ben Lawrence3, Chad Sinclair3, Arnaud
Weck4, Michel Perez5, Colin Scott6
1

GPM, University of Rouen, Saint Etienne du Rouvray Cedex, France 2Groupe
de Physique des Matériaux, University of Rouen, Saint Etienne du Rouvray
Cedex, France 3Dpt of Materials Engineering, University of British Columbia,
Vancouver BC, Canada 4Mechanical Engineering Department, University of
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While the Fe-C phase diagram predicts a negligible solubility of carbon in
α-iron at room temperature, large solid solution carbon concentrations are
attained during film growth by magnetron sputtering in a reactive methane
atmosphere. Formation of such highly supersaturated α-iron films remains
poorly understood and their forming conditions are still in controversy. In
this study, as-deposited Fe1-xCx thin films in the composition range 0 < x <
0.4 are investigated. Films stability and structure are strongly dependent on
carbon content and processing conditions. At low carbon content, films
exhibit a nanoscaled structure (supersaturated ferrite, iron carbides),
whereas a fully amorphous state is observed in films containing higher
carbon concentrations. During isothermal annealing, the supersaturated
solid solution decomposes giving rise to the nucleation and growth of
carbides and carbon free ferrite nanosized grains. This work is focused on
the interdependence between processing conditions, composition,
microstructure and phase stability of sputtered carbon rich thin films. And
especially, the issue of the carbon content on the structural properties of
Fe-C thin films is addressed. A detailed characterization of the films
structure has been performed, using X-ray diffraction, Mössbauer
spectroscopy, transmission electron microscopy and atom probe
tomography in order to contribute to a better understanding on the origin
and stability of the highly supersaturated state.
Keywords
sputtered films
iron
carbon
annealing
structural properties

Powered by TCPDF (www.tcpdf.org)

Poster: Film structure and composition

Thursday, September 13, 2012

PO4015
Structure and properties of magnetron sputtered Cr-C thin films
Kristian Nygren, Matilda Andersson, Jonas Högström, Wendy Fredriksson,
Leif Nyholm, Ulf Jansson
Uppsala University, Uppsala, Sweden
kristian.nygren@kemi.uu.se
Cr-C thin films in a wide composition range of 25-85 at.% C have been
deposited at a substrate temperature of 300 °C by non-reactive direct
current magnetron sputtering using elemental targets. In addition, films with
35-60 at.% C have been deposited at 25-700 °C to evaluate the formation of
nanocrystalline phases and to compare their respective properties.
The films deposited at 300 °C are amorphous, as determined by
transmission electron microscopy (TEM) and X-ray diffraction (XRD) analysis.
Furthermore, the results from X-ray photoelectron spectroscopy (XPS)
together with TEM microscopy show that the material consists of two
separate amorphous phases; one carbidic and one amorphous carbon (a-C)
phase. Peak fittings of the XPS spectra show that the amount of a-C phase
increases with total carbon content and Raman spectroscopy results indicate
that the a-C phase contains more than 80 % sp²-hybridized bonds. However,
the carbon content in the carbidic phase remains close to constant at 23-30
%, which corresponds to that of the crystalline Cr23C6 (20% C) and Cr7C3
(30% C) phases. At elevated deposition temperatures, XRD and XPS results
show that the growth structure transforms form amorphous to
nanocrystalline or nanocomposite with carbide grains surrounded by an a-C
matrix, depending on composition and deposition temperature.
The hardness, Young's modulus, electrical conductivity, and corrosion
resistance have been determined for all films, to study how the material
properties are affected by an increase in crystallinity and/or compositional
changes. For example, films with lower carbon content are both harder and
better conductors than films with higher carbon content. Furthermore,
stainless steel samples deposited with Cr-C films at 300 °C are unanimously
more resistant to corrosion than uncoated stainless steel references.
Keywords
chromium carbide
amorphous
magnetron sputtering
structure
material properties
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Columnar gold thin films deposited by the magnetron sputtering technique
at oblique angles and at low temperatures have been studied from
theoretical and experimental points of view. Based on previously published
results [1], we have experimentally demonstrated that by having control on
the deposition pressure and/or tilt angle of the substrate, thin films with
diverse microstructures are grown. We obtain four distinct microstructures,
which we have labeled as i) Compact Homogeneous, characterized by a
compact structure with a very low density of pores, ii) Tilted Columnar,
where short-range coalescent tilted columnar structures grow, iii) Tilted
Mesoporous, with long-range coalescent tilted columnar structures that
resembles a compact film with tilted mesopores that percolate the film from
the surface to the substrate, and iv) Vertical Coalescent, where vertical
coalescent column-like patterns are formed with a high density of occluded
mesopores in the material. The existence of these microstructures is
supported by a theoretical model of the film growth that indicates that the
main structuring mechanisms are: i) the elastic scattering of the gold atoms
on plasma heavy particles, and ii) the surface shadowing mechanism. A
complete analysis of the film porosity, connectivity and pore percolation is
carried out, as well as an experimental analysis of their anisotropic
properties through optical characterization (Optical Reflectance) and
Grazing-Incidence Small-Angle X-ray Scattering (GISAXS). Finally, a complete
map of the four growth regimes as a function of the experimental conditions
is depicted and discussed. Our results point out that these microstructured
thin films could be used for multiple applications in science, technology and
industry, and could be extrapolated to the growth of other materials.
[1] J.M. Garcia-Martin, R. Alvarez, P. Romero-Gomez, A. Cebollada and A.
Palmero, Appl. Phys. Lett. 97, 173103 (2010)
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The Structure-Phase Compositions of Ni - Cr and Co–Cr Based
Powder Alloys Coatings Deposited by Plasma-Detonation on Steel
Substrates
Darya Alontseva1, Alexander Pogrebnjak2, Galina Klassen3
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The plasma detonation method is modern; it allows obtaining coatings from
high-melting metal powder in air medium. One of the main problems of
plasma detonated thick coatings (100-500 µm thick) is their porosity and
high roughness of surface. These result in insufficient corrosion and wear
resistance of such coatings.
Practical experience of the use of combined technologies of coating
deposition by plasma detonation with the subsequent modification by
e-beam or plasma jet allows to claim that mechanical properties of such
coatings (microhardness, nanohardness, wear resistance, corrosion
resistance) are very high.
However, we should clearly constitute the structure-phase coating
composition for coatings with expected properties by added irradiation.
There are not enough published TEM-data about structure-phase
composition of coatings deposited by plasma detonation.
This paper presents new results of transmission electron microscopy (TEM),
X-ray diffraction (XRD) and atomic force microscopy (AFM) investigation of
the structure-phase composition of thick (150 μm) powder composite
coatings on the base of Ni–Cr and Co–Cr deposited by plasma-detonation on
steel substrates. The phase structures and morphology of precipitation from
solid solution are defined. The microstructure model of a thick plasma
detonation coating on steel substrate is developed. The main aim of carrying
out these investigations is developing science based recommendations for
modification of plasma-detonation coatings by plasma-jet or e-beam.
Keywords
plasma detonation coatings
structure-phase composition
transmission electron microscopy
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Study of the oxidization process of Ti thin films using modulated
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The aim of this work is to test the capacity of photothermal IR radiometry as
an in situ technique, to analyze the different oxidization levels imposed on Ti
thin films by annealing at different temperatures and during different time
intervals. The Ti thin films were prepared by dc magnetron sputtering and
then oxidized by thermal annealing in air at temperatures ranging from 300
to 500°C, with annealing times varying from 15 minutes to 4 hours.
The main chemical, morphological, structural and physical properties of the
as-deposited and oxidized samples were determined using standard
experimental techniques. Scanning Electron Microscopy (SEM) and
Rutherford Backscattering Spectrometry (RBS) were used to check the oxide
layer thickness and composition, which were then correlated with the
variations observed by photothermal IR radiometry for the measured
signals, in order to check the possibility of controlling the oxidization levels
and oxide layer thickness by non-contact photothermal measurements.
Preliminary results seem to indicate that the photothermal response at high
heating modulation frequencies varies with the increasing oxide layer
thickness, which is a good indication for a possible layer thickness control,
but also for the more ambitious objective of providing a non-destructive
measurement technique to analyze compositional changes across the layer
thickness.
In the limit of large penetration depths, the measured and inverse calibrated
amplitude signals only depend on the effusivity of the substrate material
(glass) and on the optical properties of the samples surfaces, which are the
absorptivity in the visible spectrum and emissivity in the IR spectrum of the
oxidized Ti films.
As the substrate`s effusivity is the same for all the samples used, the
different values of the inverse calibrated amplitude signals in the high
frequency limit can be used to determine the changes of the optical surfaces
properties with the evolution of oxidation, and then correlate them with the
changes in thickness of the surface layer.
Keywords
oxidization; photothermal: IR radiometry; annealing
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Thin Films
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"Gum Metal", which is a registered trademark of Toyota Central R&D Labs,
corresponds to complex bulk titanium-based alloys containing initially Nb,
Ta, V, Zr, Hf ,and presenting the β-bcc structure. In the cold-worked
conditions, these alloys are characterized by a high elasticity, ductility, and
yield strength. Following the same idea, we investigated the opportunity to
deposit similar β-stabilized titanium-based alloys by dc magnetron
sputtering. Binary and ternary Ti-V(-Zr) alloys with various compositions
were elaborated by co-sputtering of three pure metal targets. Ability to form
such Gum Metal-like Thin Films (GMTFs) is discussed, and correlated with
the adopted deposition parameters. Hardness and Young modulus of ternary
alloys are measured by nano-indentation test.
Addition of vanadium in titanium obviously stabilizes the β-bcc phase
associated with the expected significant decrease of Young's modulus. A
further zirconium addition influences crystallographic structure of coatings:
for the Ti-rich Ti-V alloys, zirconium favours the α-hcp phase, whereas for
V-rich Ti-V alloys films show a single-phased amorphous solid solution for a
wide composition range. To determine the thermal stability of films some in
situ XRD esperiments were also performed every 33°C from room
temperature to 600°C.
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Multicomponent Al–Si casting alloys are widely used in engineering, e.g.
automotive industry. The improvement of these alloys microstructure is still
a topical task. In this work the samples of the eutectic silumin alloy (12,9 Si;
3 Mg; 0,7 Cu; 0,4 Ni; 0,1 Fe; at.%, Al - balance) with a Ti coating (2.5 and 5
micrometers) were treated by compression plasma flows generated by a
gas-discharge magneto-plasma compressor of compact geometry. The
velocity of particles in the plasma flow amounts to 107 cm/s, their
concentration – up to 1018 cm-3, discharge time – 100 μs. Such an approach
allows to form a deep (a few tens of micrometers) composite layer alloyed
with titanium and containing submicron Al-Ti intermetallides providing
silumin alloy surface properties enhancement. Ti concentration in the
alloyed layer as well as phase composition of the layer can be controlled by
the change of Ti coating thickness and plasma parameters. The
investigation of the Al-Ti and Al-Ti-Si phases composition and morphology as
well as of the surface layer microstructure was the main aim of this work.
The findings showed that plasma impact led to melting of the Ti/silumin
system, liquid phase mixing of components, subsequent fast cooling and as
a result – the formation of a composite layer (containing synthesized
intermetallides) with the thickness up to 60 μm. The formation of the
dispersed AlTi3 phase was found at the energy absorbed by the surface layer
(Q) of 16 J/сm2. The increase of Q up to 21 J/сm2 resulted in additional
formation of a (Al,Si)3Ti compound. At Q=27 J/сm2 the surface layer contains
only the (Al,Si)3Ti compound. The size of intermetallide precipitates (mainly
dendritic-like) varied in the range of 0.2 – 1 μm depending on plasma
parameters. Plasma treatment also resulted in aluminium grain size
refinement, dissolution of silicon primary crystals and formation of a Al(Si)
supersaturated substitutional solid solution.
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compression plasma flows
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The action of compression plasma flows (CPF) on “metal layer-silicon
substrate” system (CPF power density W=0,5-1,5 GW/m2, pulse duration
~100 µs) was applied for the formation of metal silicides used as
interconnections in microelectronics, catalysts for nanostructures growth
and candidate materials for refractory neutron reflectors in the next
generation of nuclear reactors. EDX, SEM and AES data obtained for Fe/Si,
Ni/Si, Ti/Si and Zr/Si systems showed that CPF treatment with W=0,5-0,8
GW/m2 results in the formation of silicide layer at the “metal-silicon”
interface (0,25-1,5 µm thickness). Increase of CPF power density from 0,8 to
1,5 GW/m2 results in deep metal penetration for 9-20 µm and uniform
redistribution of the elements in this layer; metal concentration estimates
5-25 аt.% subject to CPF power density and thermal properties of the
pre-deposited metal. Redistribution of metal and silicon under the action of
CPF was simulated by solving the equations of heat and mass transfer
taking into account: 1) contact melting at the interface; 2) absorption and
release of latent heat; 3) diffusion of metal and silicon in solid and liquid
phase; 4) convection in the liquid layer caused by CPF pressure gradient
along the surface. Simulation results showed that elements redistribution is
mainly caused by CPF thermal action: rapid heating (~107 K/s), melting and
following cooling and solidification of the surface layer (typical velocity of
liquid-solid interface is 0,2-10-2-3,9·10-1 m/s, temperature gradient is ~107
K/m). For W=0,5-0,8 GW/m2 thickness of the interface diffusive layer
depends mainly on the duration of heating and slightly changes at the
following cooling stage. Uniform redistribution of elements for W=1,0-1,5
GW/m2 is caused by the increase of the lifetime of liquid layer (70-200 µs)
and convective motion of the melt metal in liquid silicon.
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Characterisation of oxidation resistance and crystallisation of
sputtered films using in situ FTIR method
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Université de Lorraine, NANCY, France
david.pilloud@ijl.nancy-universite.fr
Fourier transform infrared (FTIR) spectrometry is a powerful method to
characterise the nature of bonds involved in inorganic thin films. This
method is usually used at room temperature to study the evolution of
materials after annealing treatments. In this presentation, the first results
dedicated to the use of in situ FTIR during the crystallisation of titanium
oxide films and the oxidation of chromium boride films will be presented.
Firstly, thin titanium dioxide films were elaborated on fused silica, silicon
and steel substrates by High Power Impulse Magnetron Sputtering (HiPIMS)
by using negative unipolar pulses (U = 385 V; f = 50 Hz; t = 1.5%). As
deposited titania films were X-ray amorphous. The crystallisation of anatase
and rutile phases was monitored by in-situ spectroscopy as well as X-ray
diffraction. In addition, optical band-gap assessments were performed by
in-situ UV-visible spectrometry. This method allowed us to make correlation
between optical measurements and films microstructure.
Secondly, chromium borides and boronitrides films were deposited by
pulsed-DC magnetron on silicon and steel substrates from a CrB2 target (f =
50 kHz, t = 25%; I = 0.4 A). In-situ FTIR clearly evidenced the formation of
boron oxide while this compound was not evidenced by X-ray diffraction.
Addition of nitrogen into CrB2-based films strongly increases their oxidation
resistance.
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Evaluation of the PVD and CVD coatings’ structure using the
modified method of spherical metallographic microsection
(Baltest-M).
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The paper synthetically describes traditional methods of evaluation of PVD
and CVD coatings using the following methods: the Rockwell indentation
method (Daimler Benz VDI), spherical metallographic microsection (Calotest,
Kalomax, Kulotester IMP) and using the combined technique of scratch tests
and spherical metallographic microsection (Reacatest). The new method of
layers’ coating quality evaluation using the Baltest-M examination technique
is presented in detail. This technique developed at the Institute of Precision
Mechanics allows making very precise analysis of coating material and
substrate exposed to strong local plastic strain. As compared with the
Racatest method, this technique is more available and significantly simpler.
The concept of the Baltest-M method is to observe the behaviour of coating
materials’ structure in the condition of strong plastic strain. The structure of
locally deformed coatings is revealed using spherical metallographic
microsections. The essence of this new method is that spherical
microsections are made within the area of indentations made by the
hardness tester indenter (e.g. HV, HK, HRC, and HB). The paper also
presents suggestions concerning classification of the coating material
quality based on structures revealed using Baltest-M method.
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Both GD-OES and Plasma Profiling-TOFMS (also named as rf-GD-TOFMS)
provide direct measurement of the chemical composition of thin and thick
layers with nanometre depth resolution. These techniques rely on the fast
sputtering of a large area of the material of interest by a high density (1014)
and low energy plasma.
The unique characteristics of this plasma allow very fast erosion (2-10 nm/s,
several microns per minute) with minimum surface damage (as the incident
particles have an average energy of about 50 eV) making it an important
companion tool for the characterisation of plasma coatings and for sample
preparation before SEM analysis.
Both instruments feature an advanced pulsed RF source permitting
operation with minimum induced thermal effects thus allowing the
measurements of non conductive and fragile materials.
In addition, Plasma Profiling TOFMS makes use of the transient signals
generated by the pulsed RF potential are monitored. Three dimensional data
are thereby available: mass spectra, source profile, and depth profile. The
time-resolved source profile features intense signals in the plasma
extinction phase (once the RF is turned off—the so-called afterglow region),
which are extracted for high sensitivity. In addition to this analytical benefit,
source profiles may contain a lot of information about the plasma/sample
interactions.
Sample preparation will be shown and comparative results between OES and
TOFMS will be discussed
Keywords
depth profiling
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TOFMS
Afterglow
OES
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Accurate rf Discharge Characterization and Influence of Reactor
System Design on the Microscopic Plasma Parameters
Dimitrios Mataras1, Ioannis Tsigaras1, Spiros Sfikas1, Nikolaos Spiliopoulos2,
Eleftherios Amanatides1
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Plasma Tech. Lab./University of Patras, Patras, Greece 2Department of
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dim@plasmatech.gr

Plasma processing is widely used in various applications covering the
deposition of thin films, surface modification, dry etching e.t.c. Although
good progress has been done in the last decades in all these processes
there are still open issues concerning especially the design of plasma
apparatus and the effective control of plasma parameters. A good part of
these issues is related to the electrical characterisation of the chamber and
the subsequent measurement of the real power consumption during the
process. This leads to discrepancies in the experimental results between
different labs around the world which hinders the transfer of knowledge and
in many cases in poor repeatability. Moreover, in most of the cases plasma
reactors and associated equipment are not optimally designed for the
specific process and this may result in significant economic and
environmental problems. The aim of this work is to point out significant
externally measured plasma parameters that could ease design, control and
transferability of plasma conditions. The results presented are based on the
application of several electric and optical plasma diagnostics that
complement the application of Fourier Transform Plasma Power and
Impedance Analysis that is applied in completely characterized plasma
reactors for the determination of the rf power actually consumed in the
discharge. The discussion includes the influence of different parts like the rf
electrode design, the external rf circuitry and the specific process conditions
on the microscopic characteristics of the plasma, including potential and
field distribution, electron density and energy and power dissipation paths,
as well as on the accuracy and repeatability of power determination.
It is revealed that rf power consumption, even when it is accurately
measured like in the present study, is not sufficient for the characterization
and transfer of discharge conditions. Conclusions are drawn towards
optimum plasma chamber design and external circuitry.
Keywords
rf power
plasma diagnostics
rf design
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Characterization of a large scale multiple frequency capacitively
coupled plasmas for PVD
Stefan Bienholz, Nikita Bibinov, Peter Awakowicz
Ruhr-University Bochum / AEPT, Bochum, Germany
bienholz@aept.rub.de
In thin film applications capacitively coupled plasmas have been an
irreplaceable tool for sputter deposition processes over several years. Varies
application modes such as dc, mid frequency and rf mostly magnetically
enhanced are deployed on an industrial scale, whereas dc magnetron
coaters play the biggest role up to now. A high electron density, hence a
high ion flux can be achieved in magnetron coaters, which accordingly leads
to sufficient deposition rates. However, disadvantages such as limited target
exploitation or restricted usage of non-conductive or magnetic targets are
still present. In this contribution we propose a multi frequency driven
capacitive coupled plasma (MFCCP) to overcome some of those limitations
with respect to large scale applications.
In this contribution we present a complete plasma characterization of our
large scale MFCCP at sputter process conditions. Nitrogen is used as an test
gas. Optical emission spectroscopy is performed to determine the gas
temperature, electron density and electron temperature using nitrogen
photo emission. With our absolutely calibrated optical setup the density of
sputtered metal species are investigated. In addition to the optical results
space resolved Langmuir probe measurements are performed to verify the
plasma density and the electron energy distribution function. The
experiments show, that capacitively coupled multi frequency discharges are
a good complement to other existing sputter processes.
The authors would like to acknowledge the funding provided by the "German
Research Foundation" within the frame of SFB-TR 87 and the '"Ruhr
University Bochum Research School".
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Monitoring and control of RF driven PVD, PECVD and etching
plasmas using Fourier components of discharge voltages
Petr Vasina, Pavel Dvorak, Radek Zemlicka, Peter Klein, Vilma Bursikova
Masaryk University, Brno, Czech Republic
vasina@physics.muni.cz
PVD and PECVD require monitoring and control of the deposition process in
order to reproducibly prepare coatings of desired quality. RF driven
magnetron sputtering as well as RF driven PECVD processes use capacitively
coupled plasma to deposit various types of thin films. Due to the
nonlinearity of sheaths, higher harmonics of discharge voltage and current
are produced in capacitive discharges. Since the sheaths are in contact with
bulk plasma, higher harmonics are strong in particular when their
frequencies are close to the series plasma–sheath resonance. Also, the
harmonics are strong when they are not damped by collisions between
electrons and neutrals. Both conditions are fulfilled at pressures typically
below 10 Pa used in majority of PVD and PECVD applications.
Fourier components of discharge voltages were measured in two different
reactive plasmas and their response to creation or destruction of a thin film
was studied. In reactive magnetron sputtering the effect of transition from
the metallic to the compound mode accompanied by the creation of a
compound film on the sputtered target was observed. The amplitudes of
certain harmonics change almost one order of magnitude during the
transitions from the metallic to the compound mode and vice versa, thus
react with the similar sensitivity as OES on the changes in the deposition
process. Further, deposition and etching of a diamond-like carbon film and
their effects on amplitudes of Fourier components of the discharge voltage
were studied. It was shown that the Fourier components, including higher
harmonic frequencies, sensitively react to the presence of a film. Therefore,
they can be used as a powerful tool for the monitoring of deposition and
etching processes. The behavior of the Fourier components can be
explained by the difference between the coefficients of secondary electron
emission of the film and its underlying material in both experiments.
Acknowledgments This research has been supported by GACR contracts
104/09/H080, 205/12/047 and also by CZ.1.05/2.1.00/03.0086.
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Measurements of SiH4/H2 VHF Plasma Parameters with Heated
Langmuir Probe
Yoshinobu Kawai1, Tsukasa Yamane2, Sachiko Nakao2, Yoshiaki Takeuchi2,
Hiroshi Muta1, Kiichiro Uchino1
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Kyushu University, Kasuga, Japan 2Mitsubishi Heavy Industries Ltd., Isahaya,
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kawai@aees.kyushu-u.ac.jp

Microcrystalline silicon has been widely investigated using VHF plasmas in
order to reduce production costs of silicon thin film solar cells.
Microcrystalline silicon is deposited by introducing a small amount of SiH4
gas into H2 plasmas. As well known, negative ions are produced in SiH4
plasma. The cross section of electron attachment is much lower than that of
ionization. However, negative ions are confined in plasma without diffusing
to electrodes, leading to high negative ion density. Thus, it is an important
subject in solar cell development to investigate SiH4/H2 plasma parameters
including negative ions. The simplest method to estimate the negative ion
density is to use Langmuir probe characteristics. When there are negative
ions, the electron saturation current of I-V curve decreases, that is, the
negative ion density can be estimated from the reduction of the electron
saturation current. The sheath potential that corresponds to ion
bombardment energy is estimated from the electron temperature if there
are not negative ions. That is, the comparison of measured sheath potentials
with theoretical ones provides information about existence of negative ions.
Here a VHF SiH4/H2 plasma was produced using a multi-rod electrode of
1200 mm x 115 mm, where the frequency of VHF power source was 60 MHz.
A tungsten wire of 0.3 mm in diameter was used as a heated Langmuir
probe. We measured the characteristics of the SiH4/H2 VHF plasma as a
function of concentration of SiH4/H2 for different pressures. Measured sheath
potentials at 150 mTorr agreed with those calculated from the electron
temperature. However, the anomalous reduction of the sheath potential was
observed at 500 mTorr and at the same time the electron saturation current
decreased. This suggests the existence of negative ions.
Keywords
VHF plasma
negative ion
silicon thin film
sheath potential
multi-rod electrode
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Time resolved plasma production by surface waves in Argon –
modelling and high speed measurements at the plasmaline ®
Matthias Graf, Eberhard Räuchle, Klaus-Dieter Nauenburg, Rudolf Emmerich
Fraunhofer Institut ChemischeTechnologie, Pfinztal, Germany
mag@ict.fraunhofer.de
In this work, surface waves propagating in low pressure argon microwave
discharges outside along a dielectric tube are investigated numerically and
compared with measurements by a high- speed camera system. The time
resolved electromagnetic fields together with the electron density, electron
temperature and the density of metastable species are calculated self
consistently using the Comsol® code specialized to the plasmaline®
geometry. The discharge can be calculated with 2 parameters only, as in
experiment, gas pressure and microwave power. Characteristic physical
parameters for low pressure microwave argon discharges are used. The
electron temperature develops faster than the electron density. The
influence of metastables on ionization and wave damping is examined.
Depending on the applied microwave power and gas pressure the
propagation velocity of the ionization front is calculated and compared with
measurements by a high-speed camera system. During the increase and
decrease of the microwave intensity the discharge parameters change
drastically. Depending on the pulse-pause duration different production
mechanisms e.g. electron diffusion can be observed separately. For two
colliding waves, each excited at an opposite end, a propagation velocity
jump of the ionization front due to their interaction is observed. Axial
homogeneity can be obtained by these two opposite propagating waves.
Keywords
plasmaline
argon
microwave
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Spatial distribution of negative ion density in a reactive dc
magnetron determined using laser photodetachment
Steven Scribbins, J.W. Bradley
University of Liverpool, Liverpool, United Kingdom
scs500@liv.ac.uk
The density of negative oxygen ions in the bulk plasma of a reactive dc
magnetron has been determined in previous experiments using a
combination of laser photodetachment and Langmuir probing [R Dodd, S-D
You, et al, Plasma Sources Sci. Technol 19 (2010) 015021].
This diagnostic method has now been used to collect negative ion density
data within the bulk plasma, in particular the region in the vicinity of the
magnetic null, along with spatially resolved electron temperature, density,
ion current and plasma potential in order to plot 2-D distributions of these
quantities. The O- density profiles have been compared with computational
models [Evi Bultinck, PhD Thesis, Universiteit Antwerpen 2009] of similar
magnetron devices operating in reactive mode. The influence of the spatial
distributions of negative ions on thin film growth is briefly discussed.
This work was part-funded by the RCUK Energy Programme under grant
EP/I501045 and the European Communities under the contract of
Association between EURATOM and CCFE. The views and opinions expressed
herein do not necessarily reflect those of the European Commission.
Steven Scribbins
Dept. Of Electrical Engineering & Electronics
University of Liverpool
Brownlow Hill
Liverpool
Merseyside
L69 3GJ
U.K.
44 151 794 4572
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Optical emission spectroscopy study of a DC magnetron discharge
in Ar/(O2-N2)
Joel Borges1, Nicolas Martin2, Filipe Vaz1, Luis Marques1
1

Centre/Department of Physics, U. Minho, Braga, Portugal 2FEMTO-ST,
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joelborges@fisica.uminho.pt

Metallic (Me) oxynitrides (MeNxOy) are attracting the attention of many
researchers for the last two decades due to a unique set of versatile
properties, resulting from the combination of those from the pure metals
and those of the correspondent binary nitrides and oxides. Among the group
of already studied oxynitrides, and due to the combination of aluminium and
aluminium nitride and oxide, aluminium oxynitride (AlNxOy) has some
interesting potential applications in different technological fields, but the
available knowledge of this system is very reduced and mostly related with
its spinel structure. Recent results showed that AlNxOy thin films deposited
by PVD present a particular changing morphology, consisting of Al
nanoparticles embedded in a AlNxOy matrix and, depending on the amount
of oxygen and nitrogen in the matrix, very different electrical and optical
responses. This work presents a study of the evolution of several discharge
parameters (target voltage, reactive gases partial pressures) and plasma
emission spectrum responses during thin film deposition, for different N2
and/or O2 gas flows, in order to understand the effect of processing
conditions on the chemical composition and bonding characteristics, and its
effect on the morphological and structural features, which, all together,
explain the wide range of property variations that can be obtained in the
AlNxOy film system. The partial pressure of each reactive gas was monitored
using a mass spectrometer and the Al, Ar, N2 and O2 emission lines were
recorded using an optical emission spectrometer at two different discharge
spots, one close to the target and the other close to the substrate. For the
Ar-N2 based reactive gas mixtures, a smooth evolution of the different
discharge parameters was observed as a function of reactive gas flow. On
the other hand, for Ar-O2 mixtures, there was an abrupt transition in the
different parameters for certain critical O2 flows. For the pure Ar discharge,
the plasma density and temperature could be obtained, using a simple
collisional radiative model, based on the Ar emission lines.
Keywords
AlNxOy
OES
magnetron discharge in Ar/(O2-N2)
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Characterisation of a Combined Plasma Sensor and its Application
to a Magnetron Sputtering Discharge
Thomas Welzel1, Karsten Harbauer1, Felix Kreis2, Klaus Ellmer1
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Plasma-based processes are prevailing in physical and chemical vapour
deposition of thin films. They offer advantages like low deposition
temperatures, high chemical reactivity, and scalability to large deposition
areas. Plasma processes provide electrons and ions which impinge on the
film surface with elevated energies. These energetic fluxes are often desired
to enhance adatom mobility but may also be detrimental depending on the
film material, e.g. for semiconductors, if the ion energy is too high. The
plasma assistance may further lead to the dissociation of reactive gases
enabling the deposition of compound films. To optimise such complex film
deposition processes, many basic physical parameters have to be known.
These are typically not provided by a measurement with a single technique
but require the application of different sensors, the results of which have to
be combined. To avoid falsification by a process drift or inhomogeneities of
the plasma, the sensors should be operated at the same place and time.
To achieve such a spatially and temporally correlated (and fast)
measurement, we have developed a new combined plasma sensor. It
includes three sensor functions that are described in the literature as single
sensors: (i) a quartz crystal microbalance to measure the film deposition
rate, (ii) a planar Langmuir probe to evaluate the plasma density, the
potential distribution, and the electron energies, and (iii) a heat flux sensor
based on the principle of a Gardon sensor. The compact construction of the
sensor is described in the article. Basically, the quartz crystal is modified to
additionally be biasable in order to serve as a planar Langmuir probe.
Furthermore, its heating up, due to the condensed film particles and the
energetic influx, is radiatively determined from its backside to evaluate the
heat flux from the plasma to its surface. The operation of the individual
sensor functions, with special emphasis to their interdependence, will be
presented. The application of the combined sensor to a typical deposition
process will be demonstrated exemplarily for a magnetron sputtering
discharge.
Keywords
Langmuir Probe, Gardon Probe, Quartz Crystal Microbalance, Magnetron
Sputtering
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A active thermal probe for the measurements of energy influx
depending on its direction in several plasma-technological
processes
Ruben Wiese1, René Bartsch2, Georg Wiese1, Marco Häckel3
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INP Greifswald, Greifswald, Germany 2Universität Darmstadt, Darmstadt,
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Almost all plasma-technological applications are based on plasma wall
interaction. For this reason, the investigation of this interaction is of
particular importance. A very good possibility for it is received by the
well-known calorimetric thermal probes for the measurement of the energy
influx from the plasma.Therefore, passive probes were used in the past,
based on the principle of recording the temporal temperature course at the
heating and the cooling process and calculating the energy influx.The
disadvantage of these probes is, that the energy influx has to be interrupted
by shutting down the energy source or by using suited apertures.Hence,
these probes are not very well suitable for a continous process control.
A continuously working active probe is therefore presented, which need not
to be calibrated. With the help of a controlled electrical heating the probe is
set to a certain working temperature and then the energy supply supporting
the working temperature is measured. The energy influx by external sources
is compensated by decreasing the heating power and is directly displayed in
J/qcms.
The probe with its dimensions of 7 x 10 x 0,7 mm is operating without drift,
because the environmental effects are compensated completely, as the heat
conduction by the probe holder.
Despite of its small dimensions the probe can measure the energy influx
depending on its direction, without apertures and thermal shields. The probe
can be used in treated plasmas and measures energy influx up to 2J/qcms ,
with an accuracy of 1 mJ/qcms at probe temperatures up to 400 °C.
The thermal probe reacts sensitively to the process parameters at the
substrate surface. It is very well qualified for control and monitoring of layer
growth or surface treatment processes.
Keywords
plasma
diagnostics
energy influx
probe
process control
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Ion mass and energy distributions in the DC magnetron sputtering
of AZO from metallic and ceramic targets
Christian Wilde, Mykola Vinnichenko
Helmholtz-Zentrum Dresden-Rossendorf, Dresden, Germany
c.wilde@hzdr.de
Magnetron sputter deposition of Al-doped ZnO (AZO) is a widely-used
technique to fabricate transparent conductive oxides. Especially in
large-scale solar cell production a combination of good electrical and optical
properties along with low production costs is of crucial importance.
AZO can be sputter-deposited reactively (i.e. with addition of O2) using a
metallic target or non-reactively using a ceramic target. On the one hand,
non reactive processes are easy to control and they provide high-quality
films with high reproducibility, but on the other hand, ceramic Al-doped ZnO
targets are much more expensive compared to the metallic ones. Therefore,
the understanding of differences between these two techniques is of vital
importance for the improvement of process control, stability and, finally,
properties of reactively sputtered AZO, especially in large-scale fabrication.
In this contribution we report results of systematic comparison of ion mass
and energy distributions in magnetron plasma using reactive and non
reactive DC process of AZO film growth. The measurements were performed
with the orifice of mass-spectrometer facing the magnetron target race
track. We present the results of comparison in a broad range of particles’
energy for different deposition conditions with a main focus on high
energetic ions and fragments. It is shown that in case of sputtering of
ceramic target the ratio of high to low energetic ions is substantially higher
than that of metallic target. The contribution from high energetic particle
fragments is also more pronounced in that case. Therefore, from point of ion
energy distributions, a well established reactive process has a potential to
provide better properties for AZO layer.
Keywords
AZO
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Time resolved ion energy distribution measurements in pulsed
plasmas
David Gahan, Paul Scullin, Boris Dolinaj, Donal O'Sullivan, Mike Hopkins
Impedans Ltd, Dublin, Ireland
david.gahan@impedans.com
Retarding field energy analyzers (RFEAs) are commonly used to measure the
ion energy distribution function (IEDF) at grounded and driven electrodes in
plasma reactors. At the grounded surface the RFEA operation is easier to
implement due to the absence of large voltages. At the powered electrode
the RFEA design is more complex. Filtering techniques are used to ensure
the entire RFEA floats at the electrode bias potential.
When the discharge and/or substrate holder are driven with a pulsed signal
the time resolved IEDFs through the pulse cycle are extremely desirable.
RFEAs and mass spectrometers have been used to make time resolved
measurements of the IEDF at grounded surfaces in discharges pulsed in the
tens/hundreds of kHz range. Time resolved measurements at a pulsed bias
surface are more complicated, mainly because of the need to incorporate
high input impedance, low-pass filters to allow the RFEA to float at the bias
potential. The use of these filters, which enable the RFEA to float at the bias
potential, often prevents time resolved measurements with adequate time
resolution.
Here, we present time averaged and time resolved IEDF measurements at a
pulse biased electrode in a plasma discharge. The RFEA is allowed to float at
the bias potential using low pass filters while a novel technique is
implemented to allow time resolution of the IEDF during the bias period.
IEDF measurements with 100ns time resolution through the period of a
350kHz pDC magnetron sputtering process are presented.
Keywords
RFEA
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Utilization of plasma key parameters for process stability
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Plasma enhanced surface treatment and coating processes are widely used
techniques for surface modification and coatings. For monitoring of such
processes, usually only few of the tool parameters (generator power, gas
flux, pressure) are used. However, these parameters give no information
about the prevailing conditions in the plasma. They are completely
unsuitable for process control. To establish a reproducible process, it is
necessary to reproduce the plasma parameters respectively the plasma
state. Hence, we have analyzed the plasma state of diamond like carbon
coating (DLC) producing Ar-TMS deposition plasmas by non-invasive
diagnostic methods, under variation of generator output power and gas flux
rates. In Addition, the resulting film properties were examined. The behavior
of the elastic collision rate and the electron density were monitored in-situ
by Self-Excited-Electron-Resonance-Spectroscopy. Furthermore, the plasma
chemistry was analyzed by Optical Emission Spectroscopy. Thereby the gas
temperature, the electron temperature and the particle densities of emitting
species were determined. Finally, the correlations between tool parameters,
plasma parameters and film properties were evaluated and the key
parameters of the deposition processes were identified. These key
parameters in particular are characterized by the fact, that they are directly
linked to the layer properties. The validation of this approach was the
essential purpose of the current work. For achieving the same mechanical
and tribological properties on different devices, the described key
parameters have to be reproduced, independent of the substrate geometry.
Under the knowledge of the plasma key parameters and their dependencies
with the tool parameters, we coated different substrates in different
PECVD-chambers and adjusted similar plasma conditions, by changing the
tool parameters. Furthermore, using this methodology, the time consuming
“trial-and-error” method, which is used for the transfer of an established
layer to another device, is no longer necessary.
Keywords
plasma diagnositcs
PECVD
Optical Emission-Spectroscopy (OES)
Self-Excited-Electron-Resonance-Spectroscopy (SEERS)
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Abstract
Surface modification by plasma treatment has been widely established in
industry in the last years. Today production processes integrate
low-pressure plasma processes as well as innovative atmospheric pressure
plasma technologies (APCVD, CCVD) where the last mentioned has the
advantage of easy integration in assembly lines and low capital investment.
In industrial application processes a real-time monitoring and control is
essential to ensure steady state and high-quality production.
In this presentation the integration of spectroscopic plasma monitor systems
into APCVD as well as CCVD setups are shown to demonstrate the benefits
of this technique for nearly industrial production processes.
1. Control of precursor flow in APCVD plasma jets
Plasma jet processes operating with dried air as process gas and
Si-containing precursor can be monitored by the emissions lines of N2, O and
Si. Since the intensity of the Si lines increases proportional with the amount
of the precursor an active control of the precursor flow is possible.
Measurements for single and multiple plasma jets are presented.
2. Spatially resolved monitoring of flame condition in CCVD processes
For large area coating processes it is essential to ensure uniform plasma or
flame conditions across the process area. In CCVD processes with
propane-air-mixtures as a process gas the emissions lines of OH, CH, C2 and
H2O can be measured where the intensity ratio of the C2 / CH lines indicates
the flame condition. A multi-channel spectroscopic plasma monitor system
was integrated into a 1.2 meter wide CCVD process measuring the intensity
ratio of different species in real-time and at several flame positions and
therefore leading to an overall monitoring of the CCVD process.
This work was supported by the German BMWi under grant no. MF090173.
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Measurements of the energies of negative ions produced in
processing plasmas.
David Seymour, J. A. Rees, C. L. Greenwood
Hiden Analytical, Warrington, United Kingdom
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The quality of the thin oxide films deposited on a variety of materials during
exposure to plasmas containing oxygen depends strongly on the identity
and energies of the negative oxygen ions arriving at the growing films.
There have, however, been few experimental studies in which these ion
energies have been measured and the available data is markedly less
abundant than for the corresponding positive ions. We discuss reasons for
the lack of data and suggest suitable techniques for obtaining energy
distributions for mass identified ions for a variety of plasmas, including both
steady-state and pulsed DC and RF plasmas. For asymmetric RF plasmas the
distributions depend on the relative dimensions of the sheath regions in
front of the discharge electrodes, whereas for DC magnetron systems a
dominant parameter is the voltage applied to the magnetron cathode,
particularly when this is pulsed. Sample data for O-, O2-,and O3- ions are
shown for mixtures of oxygen and argon for a number of systems including a
DC plasma system in which the ions were sampled through an orifice in the
anode electrode, and a small magnetron device for which the ions arriving
at a grounded substrate were observed.
Keywords
negative
ions
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Plasma Parameter Monitoring During Thin Film Silicon Solar Cell
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Onno Gabriel, Matthias Zelt, Bernd Stannowski, Rutger Schlatmann
PVcomB / Helmholtz-Zentrum Berlin, Berlin, Germany
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Amorphous and microcrystalline silicon layers are widely produced by
PECVD using capacitively coupled RF plasma discharges. The film deposition
is defined by both the deposition process parameters, such as pressure, RF
power, electrode spacing, source gas flow rates and substrate temperature,
and by the chamber history. While the process parameters are easily
monitored, they do not generally reflect changes within the plasma
chemistry and chamber history and, thus, changes in the quality of the
growing film. Therefore, at PVcomB’s AKT1600 cluster tool we use in situ
plasma diagnostics to measure plasma parameters such as molecule and
radical densities within the plasma gas phase (using OES and RGA), the gas
temperature (OES), plasma resistivity and RF resonance frequency (by a
novel technique called NEED). The collected data gives deeper insights into
the complicated plasma chemistry of PECVD deposition and etching
processes and delivers information about process stability.
Keywords
PECVD
thin-film silicon
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Simultaneous Plasma Laser Conditioning of Thin Semiconductor
Layers
Alexander Gredner1, Stephan Wieneke1, Kai Schmidt2, Wolfgang Viöl1
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The processing of poly crystalline silicon (p-Si) thin film transistors (TFT) by
the use of 308 nm excimer laser annealing (ELA) is a critical step in the
fabrication of flat-screen displays. The demand on larger display size like
Gen 8 (2200 x 2500 mm) as well as rapidly growing markets are a
motivation for display manufacturers to apply new, more efficient
technologies. In this field of action, production costs are a direct function of
throughput. The crystalline quality, variation in grain size and uniformity are
the influencing variables of high quality p-Si TFT´s. Laser power exhibits the
physical and economical limitation. It can be said that the degraded part
grows with the substrate size. We would like to present a laser plasma
hybrid process which combines a commercial ELA-method with simultaneous
plasma jet conditioning of thin amorphous silicon layers. In this case the
plasma jet is generated by an electrical barrier nitrogen discharge. In these
experiments one single pulse, performed by a 308 nm excimer laser,
generates an up to 10 % higher crystalline area at the same energy input, if
the benefit of the plasma jet is present. For technological progress,
simultaneous plasma-laser conditioning is a good approach to increase the
throughput by performing larger areas without advancing the laser power at
the same time.
Keywords
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Physikalisch-Technische Bundesanstalt, Braunschweig, Germany
frank.schmaljohann@ptb.de
Thin electrically insulating layers are commonly used in semiconductor
technology and are therefore widely investigated when applied to Si-Wafers
as substrate. Nevertheless, the use of thin insulating layers is needed in the
case of typical engineering materials also, e.g. steel, alumina, titanium and
its alloys. Especially in the field of metrology and thus for our institute’s
main task, certain materials are given by fixed standards.
Sensors made of thin conducting films, applied directly onto the component
to be measured and microstructured by distinct photolithographic steps, are
very promising for upcoming precision measurement technology. As stated
above, many components are utilising metallic substrates and therefore, a
very dense insulating layer is crucial. However, experiments have shown
that the electrical insulation to the substrate is often not sufficient or fails
completely and were seldom repeatable.
To determine the most important influencing factors at first, a systematic
evaluation based on a screening design of experiments for the variation of
ten parameters is introduced. The parameters varied were the kind of
substrate material, its surface roughness, the pre-treatment steps and
seven sputter process related factors (i.e. substrate to target distance,
sputtertime, -power, gas-pressures, oxygen flow and bias). The experiments
were done on a radiofrequency magnetron sputter system with a
non-reactive process and a SiO2 target for the insulating layer material.
For the determination of the insulation quality itself, a layer of a Cu-Ni-alloy
was deposited through a mask on top of the insulating layer. Afterwards the
resistance between the substrate material and the conducting layer could
be measured at seven defined areas per sample.
Analysis of the measurement results allowed the identification of the major
influences on the quality of the insulation layer. For a more precise
determination, further experiments with less parameter have been
conducted. Based on the results, experiments were carried out with Al2O3
respectively and compared to those with SiO2 layers afterwards. Finally
adhesion and temperature variation tests were carried out on the samples.
Keywords
electric insulation
thin-film sensors
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SILVER DOPED TINx NANOCOMPOSITIES: EFFECT OF COMPOSITION
AND STRUCTURAL CHANGES IN THE ELECTRICAL RESPONSE OF THE
FILMS
F. Vaz1, C. Lopes2, A. Ferreira2, S. Lanceros-Mendez2, N.P. Barradas3, E.
Alves3, C. Fonseca4
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Silver-based compounds have been studied in biomedical applications for
many years, acting as a solid lubricants. Associated with this
solid-lubrication, the addition of silver can also tailor the electric-mechanical
response of the prepared films, which may serve as a start point for their
use in electric-based applications such as electrical contacts and pressure
sensors. In this regard, the aim of this work is to study the influence of silver
in the electrical behavior of TiNx-based compounds (0 ≤ x ≤ 1.2) promoted
by the changes that are induced in the morphological and structural
features of the base nitride matrix. XRD analysis confirmed the
crystallization of silver for amounts above 5 at.%, and the presence of a
mixture of hcp α-Ti and fcc δ-TiN in all the samples, according to their
particular atomic ratios. High resolution transmission electron
microscopyresults, HRTEM, further confirm the existence of TiAg
intermetallic compounds also in the case of highly sub-stoichiometric films.
These structural changes, promoted by the changes in film’s composition,
were also followed by significant morphological variations, resulting in
significant change of the electrical response. The values of resistivity varied
from few μΩ∙cm (below 6 μΩ∙cm) in the case of pure silver films towards
few hundred’s in the case of silver doped TiNx ones. Furthermore, and
resulting from the Ag thin agglomeration as observed by HRTEM, the films
tended to some increase of electrical resistivity and even to some failure of
films. The present work will be focused on the main mechanisms that
uncover these changes in the electrical behavior of the films, in order to
optimize the system to be used in biomedical signal acquisition as pressure
sensors in prosthesis.
Keywords
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Electrical and optical properties of AlNxOy thin films deposited by
reactive DC magnetron sputtering
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Eyidi4, Marie France Beaufort4, Thierry Girardeau4, Fabien Paumier4, Filipe
Vaz1, Luis Marques1
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Aluminium, Al, is a metallic material used in a large variety of technological
fields, such as surface plasmon-coupled emission (SPCE) devices for
biochemical applications and it is also a good candidate to be used as
nonresonante plasmonic nanoparticle in thin-film silicon solar cells.
Aluminium nitride, AlN, is a semiconductor material and it can be used in the
fabrication of optical sensors, LEDs, surface/bulk acoustic wave devices and
in electronic packaging. Aluminium oxide, Al2O3, is an insulator material,
used as protective film, as gate dielectric in flash memory circuits, OTFTs,
MOSFET, etc. The AlOy system is also important in solar selective coatings
since it exhibits very high solar selectivity. The possibility to associate the
overall set of properties of the above mentioned base-materials might be
the starting point for a material that may combine specific advantages of
each of the three systems, Al, AlNx and AlOy, according to the particular
requirements of a given application. In fact, the addition of small amounts of
oxygen and nitrogen to a growing Al film can give rise to an oxynitride film
with a wide range of different properties, where the optical and electrical
ones may be tailored between those of the pure aluminium and those of
aluminum nitride and oxide. In this work thin films of AlNxOy were prepared
by reactive DC magnetron sputtering, using a pure Al target and an
Ar/(N2,O2) gas mixture. Preliminary Transmission Electron Microscopy and
EELS analysis suggested the growth of films with Al nanoparticles randomly
embedded in an AlNxOy matrix. The particular structure, morphology and
composition of the films induced a wide variation in the electrical properties,
which can be explained using a tunnel barrier conduction mechanism for the
electric charge transport through the films, as well as distinct optical
responses, such as an unusual large broadband absorption for some films,
with potential applications in solar cells and thermal photovoltaics.
Keywords
AlNxOy
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Electrical properties of RECoO3 perovskite thin films versus the RE
cation sizes (La, Nd, Sm)
Fabien Capon, Alexis Boileau, Silvere Barrat, Jean-François Pierson
Institut Jean Lamour, Nancy, France
fabien.capon@ijl.nancy-universite.fr
RECoO3 perovskite thin films were deposited at room temperature by DC
co-sputtering and subsequent annealing in air at 650°C during 1 day. The
effect of the geometrical tolerance factor t on the electrical properties has
been tracked decreasing the RE cation sizes (La3+, Nd3+ and Sm3+).
Varying the size of the rare earth ion RE3+ in RECoO3 generates tilting and
distortion of the corner-share CoO6/2 octahedra. As consequence it reduces
the Pm3m symmetry exhibited by the ideal perovskite cubic structure.
Therefore, these mixed oxides are suitable materials for the study of the
structure- electrical property relationship.
The evolution of electrical resistivity (ρ) of annealed film was characterized
on heating between room temperature and 600°C using the van der Pauw
correction. When temperature increases thin films exhibit a thermally
activated semiconduction depending on RE ionic radii (i.e. Co-O-Co angles).
FTIR and Raman spectra show the bending and stretching modes of the
CoO6/2 octahedra and give information on the Co–O–Co angles. They
determine the Co–O overlap integral and hence the electrical properties of
these samples.
Keywords
perovskites
metal-semiconductor transition
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Ultra-shallow fluorine implantation from r.f. plasma as a method for
improvement of electro-physical properties of MIS structures with
PECVD gate dielectric layers
Małgorzata Kalisz1, Robert Mroczyński2
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In the present work a comprehensive analysis of changes in electrical
characteristics and reliability of MOS (Al/SiO2/Si) and MIS (Al/SiOxNy/Si)
structures in which gate structure is a layer rich in fluorine, was carried out.
Silicon substrate surface prior the formation of MOS and MIS test structures
has undergone, different than usually found in the literature, the processes
of ultra-shallow ion implantation with CF4 plasma. For this purpose, the
classical PECVD (Plasma Enhanced Chemical Vapor Deposition) and RIE
(Reactive Ion Etching), plasma reactors, were used. To perform gate
dielectric layer PECVD method was used. Analysis of electrical properties
was complemented by spectroscopic measurements (SIMS), which allowed
the identification of the causes and consequences of observed changes in
electro-physical parameters.
Performed technological experiments and spectroscopic measurements
(SIMS) showed that the processes of ultra-shallow ion implantation of
fluorine in CF4 plasma, carried out in conventional plasma reactors (PECVD
and RIE), are ideal for surface modification of silicon substrates by
introducing into their area of high concentration fluorine.
Despite the different construction of the reactors (different electrode
geometry) in which the fluorine implantation processes were carried out,
very similar values of fluoride concentration in the passivate layer was
obtained. It is worth pointing out also that made by PECVD gate dielectric
layer (SiO2 and SiOxNy) are a very good barrier to protect the semiconductor
area surface before desorption of fluoride, as evidenced by the thermal
stability of the concentration of fluorine atoms.
Keywords
reactive ion etching
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The p- type transparent and conducting Zinc oxide (ZnO) thin films, in view
of their potential applications in transparent electronics, are being pursued
by many researchers. Nitrogen doping gives p-type, however, with
extremely low hole concentration and low mobilities. The two major
concerns in these p- type ZnO films are: confirmation of p- type nature by
Hall measurements (because of the high resistance of the films) and the
stability of the electrical and optical properties over a length of time. The
earlier efforts suggest that co-doping of nitrogen and gallium seem to
stabilize the p-type films. The role of gallium is mainly to pin the nitrogen.
In the present study, p-ZnO thin films have been prepared on glass
substrates at room temperature (300 K) by reactive magnetron sputtering
technique (using nitrogen as reactive gas) employing co-sputtering of two
targets: pure ZnO and Ga doped ZnO. The Gallium and nitrogen
concentrations in the films have been evaluated by XPS measurements. The
hole concentration and mobility in these films have been evaluated by Lake
Shore Hall measurement system (Lakeshore 7604) using Quantitative
Mobility Spectrum Analyser (QMSA) software. This instrument has a built in
capability to ensure the ohmic contacts to the sample. The window for both
Ga and nitrogen doping to achieve p- type conductivity is observed to be
very narrow. The films have been characterized for their structural, electrical
and optical properties; the surface work function of these films has been
measured by Kelvin probe. Electrical and optical properties on these p- ZnO
have been measured periodically for 180 days and these films are found to
be quite stable in their properties.
Keywords
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Oxidation and nitridation of silicon surface by high-density
inductively coupled plasma
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Kamaev1, Denis Marin1, Vladimir Terekhov2
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Fabrication of high quality thin and ultra-thin dielectric films using
low-temperature methods is one of the important demands of modern
technology in microelectronics. In this paper, growing silicon oxide and
silicon oxy-nitride films was performed in plasma-chemical reactor with a
wide aperture source, providing a high density of active specimens (up to
1011 ÷ 1012 cm-3) having low energy (less than 4 ÷ 6 eV), as well as good
uniformity of film thickness within large spatial area. Temperature of Si
substrates was varied in the range 300 ÷ 500 K; excitation MW-power was
300 ÷ 700 W. The treatments of the substrate surfaces were carried out in a
plasma of pure oxygen (or nitrogen) with the addition of inert gas (if
needed), without any other precursors. Control of parameters of
technological processes and properties of the films were carried out using
the methods of Atomic Emission Spectroscopy, Spectral Ellipsometry,
IR-Spectroscopy, Ultra-soft X-ray Emission Spectroscopy, CV-Characteristics
and others. A pronounced effect was observed – the rate of oxidation was
strongly dependent on the presence of helium in plasma ambience. The
effect is explained by the catalytic action of optical emission from helium
plasma on the oxidation reaction front near the silicon-silicon oxide
interface. Electro-physical properties of oxide films grown using a helium
plasma, are equal to the properties of stoichiometric SiO2 and their quality
approaches to the quality of the best thermal oxide films. Treatment of
silicon surface in a plasma of pure nitrogen (in the presence of residual
oxygen pressure) allow to yield silicon oxy-nitride film with a refractive index
1.7 ÷ 1.8 and a thickness of 60 ÷ 70 nm. These values of oxy-nitride film
thickness are much greater than known from literature data. The
mechanism of films growth and possible reasons of noted differences are
discussed.
Keywords
silicon surface
plasma treatment
ultra thin films
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Effects of annealing on the electrical and optical properties of
AlNxOy thin films
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Camelio3, Thierry Girardeau3, Fabien Paumier3, Filipe Vaz1, Luis Marques1
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Aluminium oxynitride is known to be a ceramic material with high strength
and hardness, resulting from a stabilization of alumina (Al2O3) with nitrogen,
in a cubic spinel structure, at thermodynamic conditions very different from
those found in low plasma temperature deposition processes. Beyond this
stable phase of AlNxOy, the available knowledge on this system is still very
reduced and the interest on studding this material arises from the fact that
it may combine some of the advantages of the three base systems, Al, AlN
and Al2O3, by changing the concentration of aluminium, oxygen and nitrogen
in the films. In fact, recent studies showed that AlNxOy thin films deposited
by physical vapour deposition presents unusual changes in the growing
morphology and structure that may be quite different from those of spinel,
consisting of Al nanoparticles embedded in an amorphous AlNxOy matrix.
Depending on the amount of oxygen and nitrogen in the matrix, a wide
variation in the electrical properties, as well as peculiar optical responses,
such as an unusual large broadband absorption for some films, can be found
in the samples.
In this work, the thermal stability of representative AlNxOy coatings was
tested in vacuum, using annealing temperatures ranging from 200 to 800ºC.
No significant changes in the Al-type structure were observed for annealing
temperatures of up to 600 ºC, below the aluminium melting point. On the
contrary, for higher temperatures, new crystalline phases were found, which
resulted in significant changes in the optical properties, and gradual
changes in the values of electrical resistivity.
Keywords
AlNxOy
Annealing
Electrical and optical properties
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Thin film growth of ZrB2 on 4H-SiC(0001) for potential electrical
contact applications
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Zirconium diboride, ZrB2, is a representative of the transition metal
diborides. It exhibits typical ceramic properties including high hardness and
high melting point. In addition, ZrB2 has low resistivity and a small lattice
mismatch to the semiconductor materials SiC and GaN, making it interesting
as a possible contact material. Here, ZrB2 thin films were deposited using dc
magnetron sputtering in an industrial scale high vacuum deposition system,
CemeCon CC 800®/9 ML. The depositions were made from a compound
target operated at a fixed target to substrate distance of 7 cm and the
power density applied to the target was 12 W/cm2. The process pressure
was 0.5 Pa. The deposition time was 100 s, aiming for a film thickness of
300 nm. A series of films with different substrate bias voltages (-20V, -40V,
-60V, -80V) was made at substrate temperatures of approximately 35 °C,
550 °C and 700 °C. X-ray diffraction (XRD) shows that the crystallographic
orientation of the films grown on Si(100) and 4H-SiC(0001) substrates
changes from 0001 with no external heating to 101̅1 at higher deposition
temperatures. In the films deposited at 550 °C both the 0001 and the 101̅1
peaks are present whereas at 700 °C only the 101̅1 peak is encountered.
XRD patterns show that for the 0001-oriented films there is a shift of the
0001 and 0002-peaks to lower diffraction angles with higher bias, consistent
with higher stresses in the films grown at higher bias voltages. Four point
probe measurements yield typical resistivity values of the film on Si(100)
ranging from ~95 to 176 µΩcm; the trend being towards lower resistivity
values for films deposited at higher temperatures and using higher substrate
bias. The films deposited on 4H-SiC(0001) follow the same trend, but with
slightly higher values, ~108 to 211 µΩcm.Results from transmission electron
microscopy, elastic recoil detection analysis and thickness measurements,
using scanning electron microscopy, will be presented.
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Magnetic thin layers have been extensively studied in recent years because
of their numerous applications in the field of microelectronics. In particular,
magnetic cobalt based materials present properties allowing their use in
sensors, actuators or as data storage material.
In this paper, we investigate the deposition of about 1 µm thick Co-Ni and
Co-Cr coatings, with Ni or Cr contents in the range 0-30 at.%, deposited on
rotating substrates by co sputtering of Co and Ni or Cr metallic targets.
After a short description of the experimental deposition device, we focus on
the structure and microstructure of the coatings as a function of their Ni or
Cr content. A particular attention is paid to the texture of the films as a
function of their composition. Electrical and microhardness tests using
respectively by four-point probe method and nano hardness test are then
performed for coatings deposited on glass substrates. Finally, magnetic
measurements are performed by vibrating magnetometry.
All those results are then discussed regarding to the
composition-microstructure-magnetic performance in view of potential
application in magnetography
Keywords
sputtering
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coating
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TiN thin multilayer coatings with combined wear resistant and
ferromagnetic properties
Kathrin Krüger, Michael Stüber, Klaus Seemann, Harald Leiste, Sven Ulrich,
Hans-Jürgen Seifert
Karlsruhe Institute of Technology, Eggenstein-Leopoldshafen, Germany
kathrin.krueger@kit.edu
In various engineering applications, thin wear resistant PVD coatings are
used to enhance the durability of tools or components. Nevertheless, a
direct survey of the damage state of the coated surface is desirable. To
avoid work flow interruptions, an in-situ monitoring via high frequency
sensor signals could be beneficial. With regard to the dependence of
ferromagnetic magnetization on temperature or strain, a wear resistant
coating with an embedded ferromagnetic phase is realized as a potential
functional thin film sensor and wear resistant material.
For high frequency sensor applications the cut-off-frequency of the
functional sensor material should be greater than 2 GHz. Therefore, to
improve the magnetic softness and the ferromagnetic high frequency
behavior of the multilayer films, FeCoHfN ferromagnetic layers instead of
FeCo layers are proposed. The refractory metal-nitride grain boundaries of
HfN act then as inhibitors of FeCo grain growth. Hence, in this study
ferromagnetic FeCoHfN layers were combined with TiN layers in
Fe32Co44Hf12N12/TiN multilayer coatings to simultaneously tailor both the
magnetic and mechanical properties.
In order to investigate the effect of the ferromagnetic phase fraction on the
ferromagnetic high frequency permeability and on selected mechanical
properties, the volume fraction of the ferromagnetic phase was increased
from 41% to 72% by increasing the thickness of the ferromagnetic layer
while the thickness of the hard metal nitride layer and the number of
bilayers n = 7 were kept constant. After deposition the multilayer films were
annealed in a static magnetic field in order to induce an uniaxial anisotropy
field. Detailed investigations on the microstructure, static and dynamic
ferromagnetic properties as well as on specific mechanical properties, like
residual stresses and hardness, will be presented.
Keywords
Wear resistant coating
High frequency sensor applications
Multilayer
Ferromagnetic
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Diamond-like carbon (DLC) films are well known for their hardness, friction,
and wear resistance making them an outstanding material for tribological
applications. Therefore, the mechanical properties of diamond-like carbon
films are already extensively studied. But diamond-like carbon films also
exhibit striking piezoresistive properties which makes them a promising
material for sensor applications. Due to the prevailing conduction
mechanism in DLC the film resistivity is dependent on the applied strain
which leads to quite high strain sensitivity (described by the gauge factor) of
piezoresistors made from diamond-like carbon. Compared to standard NiCr
based strain gauges the gauge factor of diamond-like carbon films can be
several hundred times higher - depending on the deposition conditions.
Compared to silicon still more than 5 times higher strain sensitivity can be
achieved - which is, in contrast to silicon, not dependent on the orientation
of the current path with respect to the substrate orientation, due to the
amorphous nature of DLC. Diamond-like carbon films for use as
piezoresistors are deposited from a hydrocarbon gas using
plasma-enhanced chemical vapor deposition. The deposition parameters are
very critical for reaching highest strain sensitivity. In this contribution, the
influence of major process parameters pressure, gas flow, substrate bias
voltage, and gas composition on the strain sensitivity are reported. The
deposition parameters were optimized for the highest strain sensitivity always bearing in mind that the films have to be produced under industrially
economic conditions. Therefore, the deposition rate plays an important role
as well as the capability of deposition on different substrate materials
ranging from polymers, requiring low substrate temperatures, to metals.
Highly strain sensitive diamond-like carbon piezoresistors can be used for a
new generation of force sensors - enabling the measurement of forces in the
nano Newton region.
Keywords
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The cost-effective fabrication and precise replication of high-quality plastic
components, e.g. microoptics, requires quick measurement and exact
control of the interfacial temperature between polymer melt and forming
tool surface: On the one hand, the interfacial temperature has to be
adjusted close to the glass transition temperature of the polymer in order to
reach good replication grades. On the other hand, higher temperatures lead
to increased sticking tendencies and increased demolding forces. State of
the art temperature sensors are positioned at some distance from the mold
surface and are too slow to detect sudden changes in interface temperature
during injection of the polymer. For this reason, there is a growing demand
for in-process methods to detect quick changes in surface temperatures.
We present our works on PVD-based thin film temperature sensors which
make use of the well-known Seebeck-effect and may be deposited directly
on the surface of molding tools. In order to investigate their performance in
hot forming processes, we built an experimental setup to simultaneously
measure adhesive strengths between tool and polymeric melt during
hot-embossing as well as the ‘real’ interfacial temperature. For the hot
embossing experiments Ni/NiCr-thin film thermocouples were deposited on
test tool surfaces by ion-beam assisted deposition and protected by an
antiadhesive, organic topcoat deposited by CVD. The steel tools were
heated and embossed into molten PMMA. The contact behaviour of
PMMA-melts with coated and uncoated steel surfaces was compared and the
influence of the tool’s coating on heat flow was investigated. The
experimental results were corroborated by numerical calculations where the
often neglected heat-transfer coefficient between tool and coating was
explicitly taken into account. Our results indicate that PVD-based
temperature sensors might be useful to measure ‘real’ interface
temperatures, thus enabling users to optimize process parameters.
Keywords
thin film thermocouple
thermomechanical stability
adhesion
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Electroactive polymer (EAP) actuators are promising candidates for soft
actuator systems for artificial muscles, haptic devices and vibration-less
actuators. Dielectric elastomer transducers benefit of important advantages
compared to other electro-mechanical actuators such as large and
noise-free deformation capability. Today's EAP devices usually work at high
voltages (> 1000 V), which preclude their use in or close to the human body,
as such high voltages cause obvious safety problems. To solve these
drawbacks, we developed a new fabrication process aiming at reducing the
dielectric layer thickness down to <20 μm and to increase the efficiency
using highly conductive electrode materials deposited by magnetron
sputtering. In this work we show that thin metallic films deposited my
magnetron sputtering can be prepared in such a way that they are able to
maintain high electrical conductivity at more than 10% stretching. These
highly compliant films are characterized by X-Ray Diffraction, electrical
conductivity measurements and Atomic Force Microscopy. The film
properties and their implications for new EAPs will be discussed.
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Thin films of titanium aluminum nitrides are known for their good oxidation
resistance. Thus, they are frequently used for high temperature applications
such as machining at high cutting speeds or for dry cutting. In order to be
able to describe the oxidation process in titanium aluminum nitrides and the
influence of oxygen on the thermal stability of (Ti,Al)N, the microstructure
changes in TiN/AlN multilayers were investigated up to annealing
temperatures of 850°C.
Nanoscaled TiN/AlN multilayer coatings with an individual layer thickness of
about 2.8nm and 1.6nm for TiN and AlN, respectively, were deposited by
using cathodic arc evaporation and successively annealed up to 850°C. The
original and the annealed samples were investigated with the aid of X-ray
reflectivity (XRR), glancing angle X-ray diffraction (GAXRD), transmission
electron microscopy (TEM) and electron spectroscopy (EDS and EELS). The
combination of these experimental methods revealed changes in the
thickness of individual layers, changes in the morphology of internal
interfaces, formation of oxygen diffusion paths and development of TiO2 and
Al2O3 as induced by the annealing.
The reaction between AlN located near the surface of the TiN/AlN multilayers
and the oxygen present in the annealing atmosphere led to a decrease of
the thickness of the uppermost AlN layers and to the formation of Al2O3.
Furthermore it was observed that the kind of the interface roughness
changed from a diffuse one in the initial state (resulting from the intermixing
of species in the deposition process) to a geometrical one in the annealed
samples. This effect was explained by a local interdiffusion of Al and Ti that
was stimulated by the reaction of Al and Ti with oxygen. The boundaries
between columnar grains were identified as the main paths for the oxygen
diffusion into the volume of the TiN/AlN multilayers.
Keywords
TiN/AlN multilayers
diffusion
oxygen
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Multilayer Coatings
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Paulitsch2, Paul H. Mayrhofer2
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TiAlN is a well-established protective coating for various industrial
applications in severe conditions. However, further development and
optimization of such industrial processes require a further development of
the protective coatings in use. Recent studies demonstrated that even small
additions of tantalum to sputtered TiAlN coatings increase their oxidation
resistance and shift the onset- temperature for the formation (precipitation)
of hexagonal AlN to higher temperatures. Based on these results,
depositions in an industrial scaled INNOVA Oerlikon Balzers plant were
performed to investigate the influence of Ta on arc-evaporated monolithic
TiAlTaN coatings as well as on TiAlN/TaAlN multilayer architectures. We used
powder metallurgically prepared targets with a composition of
(Ti0.5Al0.5)0.9Ta0.1, Ti0.5Al0.5 and Ta0.75Al0.25 to obtain monolithic and multilayered
coatings. For the latter, we varied the bilayer period of the TiAlN and TaAlN
layers, and the operation mode of the Ta0.75Al0.25 cathode from arc
evaporation to DC magnetron sputtering.
The results obtained exhibit a strong influence of the bilayer period and Ta
content on the mechanical as well as thermal properties and consequently,
on the age hardening, thermal stability and oxidation resistance of the
TiAlTaN and TiAlN/TaAlN coatings investigated.
Keywords
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Electronic and atomic structure of TiAlN-Ag multilayer coatings for
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RAUL GAGO-FERNANDEZ1, Alexander Rashkovskiy2, José Luis Endrino3,
Dmitry Wainstein2, Anatoly Kovalev2
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Controlling the thermal conductivity of coatings is a key factor for their
application as heat sink or thermal insulation. In the case of metals, heat
transfer depends primarily on the number of free electrons whereas in
non-metal materials it is mainly determined by lattice vibrations (phonons).
In the case of nanostructured coatings comprising different dielectric
phases, heat transport can be also influenced by the presence of interfaces.
In fact, it has been recently shown that TiAlN/Cu multilayer coatings with
nanometric layers present an anomalous decrease in the heat conductivity
with respect to pure monolithic nitride coatings within a wide temperature
range [A. Kovalev et al. Surf. Interf. Anal. 42 (2010) 1361]. In order to
understand and control the physical mechanisms driving to such anomalous
behavior, it is mandatory to study this size effect on other nanostructured
systems. Based on this premise, we have studied the properties of TiAlN/Ag
multilayer coatings with different layers thicknesses. The bonding structure
of the nitride coatings has been studied by X-ray absorption near-edge
structure (XANES) whereas the interface quality of multilayer stacks has
been evaluated by scanning electron microscopy (SEM). Further, in-depth
analysis has been performed by X-ray photoelectron (XPS) and
high-resolution electron energy loss (HREELS) spectroscopies. By decreasing
the Ag layer thickness to a few tens of nm, there is an accumulation of
electrons near the Fermi level and a decrease in the probability of injection
into the conduction band, which points out to a lower thermal conductivity in
metallic layers. In addition, it is found that interfaces play a special role in
heat transfer mechanisms bylimiting the propagation of longitudinal
acoustic phonons. Hence, the results confirm that interfaces in multilayer
coatings do not only diffuse and reflect phonons but also behave as thermal
barriers.
Keywords
thermal barrier coatings
multilayers
TiAlN/Ag
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Scratch behavior of AlTiN/TiN nanolayer and TiAlSiN/TiSiN/TiAlN
multilayer nanocomposite coatings deposited on different
substrates
Halil Caliskan1, Peter Panjan2, Miha Cekada2, Abdullah Cahit Karaoglanli1
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Nanostructured hard coatings play a significant role in protection of surfaces
from working conditions with their superior properties such as low thermal
conductivity, high wear resistance and high oxidation resistance. Therefore,
the adhesion of the coatings to substrate has great importance for
maintaining their functions. The present study describes some results
concerning the scratch behavior of AlTiN/TiN nanolayer and
TiAlSiN/TiSiN/TiAlN multilayer nanocomposite coatings deposited on AISI D2,
AISI H11, K600 and cemented carbide substrates by CC800/9 sinOx ML
(CemeCon) industrial magnetron sputtering system. CSM Revetest scratch
tester was utilized for the adhesion measurements. The scratch tests were
performed under progressive load. The adhesive strength of the coatings
was measured by microscopic observation, acoustic emission detection and
friction force recording. Surface failures were analyzed by using optical and
confocal microscopes.
Keywords
Nanolayer hard coating
Nanocomposite hard coating
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Magnetron sputtering of Ti/Al multilayer coatings composed of
nano-bilayers
Petr Stupka, Jindrich Musil, Sarka Proksova, Radomir Cerstvy, Petr Zeman
University of West Bohemia, Plzen, Czech Republic
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The paper reports on sputtered Ti/Al multilayer coatings composed of
nano-bilayers. The bilayer is composed of a Ti and an Al layer with a bilayer
period Λ ranging from 4 to 61 nm. The coatings were sputtered on a flipping
Si(100) substrate from two opposite magnetrons equipped with Ti and Al
targets, respectively. The effect of Λ on temperature Tr at which an
exothermic reaction between Ti and Al starts to proceed is investigated in
detail. The temperature Tr was determined using a differential scanning
calorimetry. It was found that (i) slow thermal annealing at a heating rate of
40 °C/min up to 800 °C results in the formation of the TiAl alloy for all
bilayer periods Λ investigated, (ii) for Λ≤12 nm the heat of reaction starts to
release between 500 and 550 °C and for Λ from 17 to 61 nm between 390
and 410 °C and (iii) for Λ from 17 to 61 nm a transient structure Ti+TiAl+Al
is detected. Mechanical properties are also reported. The hardness H,
effective Young’s modulus E* and elastic recovery We increase with
decreasing Λ: H from 4 to 7 GPa, E* from 110 to 130 GPa and We from 26 to
36 %; here E* = E/(1-ν2), E is the Young’s modulus and ν is the Poisson’s
ratio.
Keywords
Multilayer coating
Ti/Al
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Nanocrystalline diamond (NCD) films show high hardness and toughness
with low surface roughness. In addition, they have low coefficients of friction
against many metals and ceramics. However, NCD films are very difficult to
deposit onto many technological substrates. Typically, significant surface
modification in the form of chemical etching, and/or physical seeding with
diamond nanoparticles, is required for reasonable growth rates of uniform
and smooth NCD layers with sufficient adhesion. These additional steps may
weaken the substrate material, can be costly, and may lead to
inconsistencies in the final product. Another approach is the use of transition
thin-film layers between the substrate and the NCD film. An ideal transition
layer would provide high nucleation rate (>1010 cm-2) and support the
growth of smooth NCD films without additional treatment steps. In addition,
such layer should be hard to allow for practical application of NCD layer.
Here, we report on the preparation and test of WC-Cr-N-based coatings as a
transition layer for NCD growth. WC-Cr-N coatings (~ 500 nm thick) were
grown on Si substrates via reactive RF magnetron sputtering (Ar/N2 gas
mixture) at the substrate temperatures varied from 100 ºC to 400 ºC, and
with the Cr:W ratio varied between 0.5:1 and 3:1. After that, a 2-3 µm thick
nanocrystalline diamond layer was deposited by microwave PACVD. Both
WC-Cr-N and WC-Cr-N/NCD composite layers were characterized by HR-SEM,
EDS/WDS, XPS, XRD, AFM, Raman spectroscopy, and nanoindentation. The
results show that NCD forms in the range from random NCD grain clusters to
a continuous layer depending on the WC-Cr-N layer composition and
deposition parameters.
Keywords
tungsten carbide
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To solve the problems related to high internal stress and poor adhesion of
amorphous carbon films, preparation of multilayers comprising alternating
layers made of carbon and a transition metal carbide could be a promising
approach. In the work reported here, a comparative investigation of the
main characteristics of a-C:H/TiSiC multilayers was performed. The films
were prepared on Si and steel substrates by the cathodic arc technique in a
CH4 reactive atmosphere, using two cathodes made of C and TiSi. The
multilayer structures were analyzed in terms of composition, microstructure,
morphology, modulation periodicity, mechanical and tribological properties
by using XPS, XRD, X-ray reflectivity, AFM, profilometry, icrohardness and
adhesion measurements, and tribological tests.
The characteristics of the multilayers were found to mainly depend on CH4
flow rate and modulation periodicity. In comparison with a-C:H and TiSiC
monolayers, the multilayered structures exhibited lower stress levels and
superior adhesion to steel substrate.
The hardness of the multilayers was determined to be in the range 30 – 36
GPa. Dry tribological tests of the a-C:H/TiSiC coatings showed low friction
coefficients (0.08 – 0.12) and high wear resistance (wear rate <
10-7mm3N-1m-1), so that the multilayers are expected to have good
performance in real tribological applications.
Keywords
multilayer films
a-C:H/TiSiC
cathodic arc
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Laminated Composite on the Basis of Plasma Modified PTFE Films
and Thin Aluminum Layers
Yablokov Mikhail, Gilman Alla, Kuznetsov Alexander, Kechek'yan Alexander
ISPM RAS, Moscow, Russian Federation
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The treatment in low-temperature plasma is an effective method of the
improvement of adhesive strength of the polymer/metal interface. It is well
known that PTFE has unique chemical and physical properties: it neither
swells nor dissolves in common solvents; is resistant toward oxidants, acids,
and alkalis and exhibits good dielectric properties over wide temperature
and frequency ranges. However, some applications concerning the use of
PTFE as an engineering material demand the improvement of the contact
properties. This task is highly important in practice. Earlier we showed [1]
that the DC discharge treatment of PTFE films at the anode gives very low
value of contact angle by water of 33. These results made it possible to
solve a very important practical problem such as production of laminated
composites on the basis of PTFE films and thin metallic layers. The both
sides of the PTFE film samples were modified by DC discharge at the anode.
Thereafter an aluminum layer of  100 nm thickness was deposited by
vacuum evaporation onto the both surfaces of the sample. To appreciate the
adhesion characteristics of the laminated composite material, Materials
Standard Test Method for Measuring Adhesion by Tape Test (ASTM
D3359-02 by Scotch 810, T-test) was used. It was established that the peel
strength of the both Al/PTFE interfaces was  310±10 N/m. For the initial
PTFE film the peel strength of the Al/PTFE interface was only 30±6 N/m.
Thereby the DC discharge modification of PTFE film surface allows us to
obtain laminated composites on the basis of plasma modified PTFE films and
thin aluminum layers with high adhesion characteristics.
[1] A. Gil’man, M. Piskarev, N. Shmakova, M. Yablokov, A. Kuznetsov //
Materials Science Forum.. 2010. vol. 636-637. pp 1019-1023.
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multilayer coating of flexible substrates in a roll-to-roll process
Karim Bahroun, Christian Hopmann, Henrik Behm
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For the deposition of high barrier coatings on flexible substrates in a
roll-to-roll processit is necessary that the barrier effect is maintained even
under high strain. However, some research projects show that highly
cross-linked barrier coatings are likely to fail under such conditions, which
leads to a complete loss of the barrier effect. It is well known that the
mechanical and physical properties of the deposited films highly depend on
the films morphology. Investigations have been carried out, showing that
multilayer structures improve flexibility of high performance barrier
coatings. The correlation between film morphology and the behaviour of the
permeation barriers under strain is not yet sufficiently described.
The objective of the research work is to characterise the effects of different
multilayer structures on the properties of plasma-polymerised coatings,
particularly regarding to the behaviour under strain. Investigations will be
carried out using a pulsed microwave (2.45 GHz) downstream plasma source
in a roll-to-roll process, which allows the coating of foils up to a width of 1
meter. The material used is a PET foil (100 µm thick) Hostaphan RN by
Mitsubishi Polyester Film, Wiesbaden, Germany.
As layer forming monomers silicon compounds and hydrocarbon-containing
gases are used to deposit multilayer stacks formed by dense, hard silicon
oxide (SiOx) barrier layers and softer interlayers, mainly formed by silicon or
hydrocarbon compounds. Theeffects of different intermediate layers on the
O2-permeation properties and strain behaviour are investigated using
suitable chemical and physical analysis methods like atomic force
microscopy (AFM), in-situ tensile testing in a laser scanning microscope
(LSM) and cross-section images obtained by transmission electron
microscopy (TEM).
Keywords
SiOx-based multilayer system
PECVD
roll-to-roll process
flexible barrier coating
in-situ LSM tensile test
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Properties of nc-TiC/a-C:H films prepared by PVD-PECVD process at
low and high ion bombardment
Pavel Soucek, Tereza Schmidtova, Lukas Zabransky, Vilma Bursikova, Petr
Vasina
Masaryk University, Brno, Czech Republic
soucek@physics.muni.cz
Two sets of nc-TiC/a-C:H coatings with varying chemical composition were
prepared using a hybrid PVD-PECVD deposition process combining
sputtering of titanium target in argon/acetylene. The range of chemical
compositions was chosen appropriately to optimize the hardness of the
coatings – from 30at. % to 70 at. % Ti. The films were approx. 5 μm thick
with 700 nm titanium interlayer to promote the adhesion of the films to
cemented tungsten carbide and high speed steel substrates.
The desired ion bombardment was achieved by employing different
magnetic fields on the cathode. On one hand a well-balanced magnetic field
was used for low ion bombardment of the growing film and on the other
hand a strongly unbalanced magnetic field was used for high bombardment.
All other deposition parameters such as pressure and substrate temperature
were kept constant for both magnetic field configurations as to single out
the effect of the ion bombardment on the growing film.
The main goal of this contribution is focused on comparison of structure,
chemical composition, and mechanical properties of the coatings prepared
at different ion bombardment conditions. Time evolution of the deposition
process is also taken into account.
Acknowledgments This research has been supported by GACR contracts
104/09/H080, 205/12/047 and R&D center project for low-cost plasma and
nanotechnology surface modifications CZ.1.05/2.1.00/03.0086 funded by
European Regional Development Fund. Pavel Souček acknowledges the Brno
City Municipality as Holder of Brno PhD Talent Financial Aid.
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STRUCTURE AND TRIBOLOGICAL PROPERTIES OF TiAlSiN/TiSiN/TiAlN
NANOSTRUCTURE COATINGS DEPOSITED BY MAGNETRON
SPUTTERING
Peter Panjan1, Aleksandar Miletić2, Goran Dražič1, Matjaž Panjan1, Janez
Kovač1, Branko Škorić2
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Nanostructure coatings composed from TiAlN, TiSiN and TiAlSiN layers are
presently used as protective coating on cutting tools for high speed
machining of hardened steel. Such three layer protective coating has better
tribological properties than single TiAlN single coating due to the beneficial
combination of high hardness and oxidation resistance of the TiAlSiN and
TiSiN nanostructure top layer and more ductile TiAlN bottom layer. The
coatings were prepared by sputter deposition technique in a CC800/9 sinOx
ML unit (CemeCon) equipt with four unbalanced magnetron sources. TiAlN
layer was deposited from two Ti targets with 48 plugs of aluminium. TiSiN
layer was deposited from two titanium targets with 17 plugs of silicon
distributed on one side of target. For the deposition of the top TiAlSiN layer
one pair of segmental TiAl and TiSi targets were positioned on both sides of
the chamber. Between the targets was a turntable that had the possibility of
three-fold rotation. The substrates were cemented carbide, cold working tool
steel D2 and PM high speed steel ASP30. The samples were examined by a
field emission scanning electron microscope (SEM), transmission electron
microscope (TEM), X-ray photoelectron spectroscopy (XPS) and X-ray
diffractometer (XRD). Surface topography was analyzed by atomic force
microscopy. Hardness, adhesion and friction coefficient were measured by
Fischerscope nanoindenter, scratch tester and tribometer, respectively. TEM
analysis shown that both TiSiN and TiAlSiN have nanocomposite and
nanolayer structure, while XPS measurements confirm that TiSiN and TiAlSiN
layers consist nanocomposite TiN, a-SiNx and Ti-Si phases.
Keywords
TiAlSiN
TiSiN
nanostructure hard coating
unballanced magnetron sputtering
structure and tribological properties
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A Novel Technique of Fabricating Nitride/Oxide Nanocomposite
Coatings (Using Differential Pumping Co-sputtering System)
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In the process of fabricating nanocomposite films, multiple targets
sputtering technique often suffer from the limitation of thermodynamic
restriction on compound formation. If one tries to fabricate a
A-nitride/B-oxide (A, B: metal) nanocomposite films in a conventional
multi-target sputtering system, double oxynitride films can be deposited in
many cases. To overcome this problem, a new sputtering system, called the
differential pumping co-sputtering system (DPCS) has successfully
developed and tested. This novel technique allows the formation of
multi-functional nanocomposite films with compositions unconstrained by
thermodynamic restrictions. The new technique divides atmospheres to
reduce the cross-contamination between chambers, and each material may
co-deposited using rapid substrate rotation. A clearance of between the
substrate holder and the chamber walls was set at 1 ~ 2 mm to achieve two
contradictory operations; minimizing the distance between the substrate
holder and the walls and keeping a margin of clearance for rapid rotation of
the holder. A new nanocomposite film consisting of nitride (AlN or CrAlN)
and oxide (SiOx) were fabricated using the DPCS. While nitride deposited in a
mixture of Ar/N2 atmosphere at 0.3Pa in the left chamber, oxide was also
deposited in an Ar gas environment at 0.2Pa in the right chamber. The
targeted mixing ratio was 0 ~ 50 vol% of oxide based on the sputtering rate
of each film. XRD patterns of the newly formed films revealed the presence
of only one phase that can be assigned to the hexagonal B4 structure (AlN)
or B1 structure (CrAlN). No other peaks corresponding to other compounds
or unknown phases were observed. Typical high-resolution transmission
electron microscopy cross-sectional view images revealed the dispersion of
AlN nanograins of less than 10 nm in diameter embedded in amorphous or
amorphous-like materials in an AlN/SiOx film.
Keywords
differential pumping co-sputtering system
nanocomposite films
oxide and nitride
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The formation of superhard coatings ≥ 48 GPa in Ti-Hf-N (Fe) and
analysis of their structure and properties.
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Superhard nanostructured Ti-Hf-N (Fe) coatings were obtained. Formation of
local regionsof the(Ti, Hf) N; FeNandHf was detected by μ- PIXE (ion
microbeam). The synthesizedcoatingshave hardness of 47,78±1,2GPa
andare composed ofnanograinswithsizes ranging from 4.8 to10,6 nm,which
are enveloped by the smallerentitiesof other phases of (Ti, Fe) NandFeN.
There isgood correlation between resultsobtained byXRD, TEM,andSEMwith
microanalysis, by AFM,which is supplementedby the analysisobtained by ion
microbeam (μ- PIXE).
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Superhard
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A study on the nano-composite MoN-Cu coatings by reactive
magnetron sputtering with single alloying target
Duck Hyeong Jung1, Kyoung Il Moon1, Seung Yong Shin1, Caroline Sunyong
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In this study, we tried to deposit MoN-Cu thin coatings showing high
hardness and low friction at low and high temperatures to reduce energy
consumption and wear problems in engine parts. In general, this kind of
nano-composite coating is made by various processes using multiple
elemental targets such as Mo and Cu. However, it is difficult to control the
exact composition, homogeneous deposition of large scale specimens during
the deposition with multiple elemental targets. Because they have their own
different sputtering yield. Therefore, It has been tried to create the single
Mo-Cu alloying targets with the composition showing the best friction
coefficient and surface hardness. It has been reviewed the properties of
MoN-Cu coating with various compositions that were prepared by
unbalanced magnetron sputtering using multiple targets. Single alloying
targets with the composition showing the best properties were prepared by
powder metallurgy methods, such as mechanical alloying and spark plasma
sintering. 10at. % Cu added Mo-Cu targets were prepared subsequently. The
nano-composite MoN-Cu coating prepared using the alloying targets will be
eventually compared with the films from the multiple targets. The
microstructures of Mo-Cu coating were analyses by XRD, FE-SEM, and TEM.
And the mechanical properties of coating were measured by micro hardness
tester, nano-indenter, tribometer.
Keywords
MoN-Cu coating
Nano-composite
Single alloying target
Low friction
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Nanostructuring of Carbon:Nickel nanocomposite films using
ion-beam assisted deposition
Matthias Krause1, Arndt Mücklich2, Monika Fritzsche2, Sibylle Gemming2,
Gintautas Abrasonis2
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The effect of the assisting low energy ion beam on the structure of
nanocomposite thin films is studied for the carbon:nickel system. The
parameter range for the ion beam assisted deposition (IBAD) comprised (i)
growth temperatures from room temperature to 500°C, (ii) assisting Ar ion
energies from 50 eV to 140 eV, and (iii) nickel concentrations from 5 at.% to
40 at.%. Atomic composition of the films was determined by ion beam
analysis. The phase structure of the C:Ni thin films was analysed by Raman
spectroscopy and X-Ray diffraction. Scanning electron microscopy was
applied for surface analysis, and high resolution transmission electron
microscopy was used for microstructure determination. The growth of C:Ni
nanocomposites without ion assistance is controlled by the phase separation
under kinetic constraints of surface and volume diffusion and the film
growth rate. In contrast, ordered nanostructures are formed upon utilizing
the energy and momentum input of the assisting ion beam. They consist of
nanocolumns with varying tilt angles in relation to the film surface,
compositionally modulated surface ripples or three-dimensionally ordered
nanopatterns throughout the entire thin film thickness. The correlation
between IBAD parameters (temperature, ion energy and flux) and
nanocomposite morphological and microstructural features (phase structure,
tilting angle, and periodicity) will be presented.
Acknowledgements: Funding by the European Union, ECEMP-Project D1,
"Nanoskalige Funktionsschichten auf Kohlenstoffbasis", Projektnummer
13857 / 2379, is gratefully acknowledged. We thank Andrea Scholz (HZDR)
for X-ray diffraction measurements.
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Electrochemical and mechanical properties of low friction
nc-CrC/a-C:H and nc-WC/a-C:H coatings on construction materials
deposited by magnetron sputtering.
Marcin Grobelny1, Dariusz Rudnik1, Marcin Makówka2, Katarzyna
Włodarczyk2, Piotr Nolbrzak2, Wojciech Pawlak2
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The increased focus on the natural environment protection, the increasing
fuel prices and the will to reduce the costs of machines’ maintenance - all
that obliges us to search for innovative engineering solutions that would
both limit the use of conventional lubricants and enhance the machines’
efficiency. To fulfil this challenging goal, the parts of machines are coated
with special low friction and high wear resistant materials more and more
often. The PVD methods play a great role in this field. As the examples of
coatings deposited by a PVD method and assuring the above mentioned
goals may serve the nc-CrC/a-C:H and nc-WC/a-C:H.
This research focuses on the electrochemical and mechanical studies of low
friction nc-CrC/a-C:H and nc-WC/a-C:H coatings deposited by magnetron
sputtering on two kind of construction materials: Vanadis 23 HSS steel and
oxygen hardend Ti-6Al-4V alloy.
The obtained coatings were investigated using various electrochemical and
mechanical methods. The following parameters of coatings were
determines: electrochemical (corrosion resistance), micro-mechanical
(nanohardness, Young’s modulus) and tribological (wear resistance, friction
coefficient).
The results presented in this paper have been obtained within the project
“KomCerMet” (contract no. POIG.01.03.01-00-013/08 with the Polish Ministry
of Science and Higher Education) in the framework of the Innovative
Economy Operational Programme 2007-2013.
Keywords
nanocoatings
electrochemical properties
corrosion
mechanical properties
magnetron sputtering

Powered by TCPDF (www.tcpdf.org)

Poster: Multilayer and nanocomposite films

Thursday, September 13, 2012

PO4071
Tailoring the Properties of Nanocomposite Ti-C-N Coatings
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Nanocomposite coatings consisting of TiN, TiC and/or Ti(C,N)
nanocrystallites embedded in an amorphous carbon matrix were deposited
by reactive DC magnetron sputtering with an industrial-scale deposition
system. A mixture of argon and N2 reactive gas was used in combination
with graphite and titanium targets. A systematic variation of the substrate
bias voltage and the deposition temperature was performed to study the
interdependence of the microstructural, mechanical and tribological
properties of the various coatings. The mechanical properties – hardness
and elastic modulus – were extracted from nanoindentation data, and the
residual film stress was determined from substrate bending. XRD, TEM and
XPS were employed to study the nature of the crystalline phases, whereas
Raman spectroscopy in combination with TEM provided information on the
amorphous matrix. The friction and wear properties were investigated with a
pin-on-disc setup. An increase in the negative substrate bias voltage or in
the deposition temperature promoted the nanocrystalline phases, while the
overall composition of the coatings was only slightly affected. However,
whereas an increased substrate bias voltage caused an increased
compressive stress, the compressive stress decreased from 1.9 GPa to 1
GPa when the deposition temperature was increased from 150°C to 340°C.
The presence of nanocrystallites significantly increased the hardness of the
coatings, whereas the amorphous carbon matrix was essential for obtaining
a low friction coefficient.
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The mechanical and tribological properties of nanostructured carbon:nickel
films on silicon substrates are investigated using a multi-scale experimental
and theoretical approach. The C:Ni nanostructures comprising either tilted
columns or three-dimensionally self-organized nanopatterns are grown by
ion-beam assisted deposition (IBAD). Complex layer architectures were
obtained by sequential deposition by rotating the substrate in relation to the
assisting ion beam after each deposition step. Atomic composition of the
films was determined by ion beam analysis. The phase structure of carbon
was analyzed by Raman spectroscopy, that of nickel by X-ray diffraction.
The microstructure of the films was determined by high resolution
transmission electron microscopy. The films show good adhesion as probed
by scratch tests. The film hardness is on the order of 20 GPa, and the elastic
modulus is at about 200 GPa. Friction coefficients on the order of 0.1 are
found for oscillating wear conditions under ambient conditions. Atomistic
computer simulations were applied to assist the experimental findings. Dry
and liquid contacts are considered. The simulation shows a complex
behaviour for the carbon-carbon interaction, e.g. resulting in the formation
of a tribo-layer.
Acknowledgements: Funding by the European Union, ECEMP-Project D1,
"Nanoskalige Funktionsschichten auf Kohlenstoffbasis", Projektnummer
13857 / 2379, is gratefully acknowledged. We thank Andrea Scholz (HZDR)
for X-ray diffraction measurements and Angela Schneider (HZDR) for the
mechanical and tribological measurements.
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Nanocomposite thin films with carbide grains in a matrix of amorphous
carbon have been found interesting for various mechanical and electrical
applications. An important advantage of these materials is the possibility to
tune the properties by varying the composition and the microstructure. A
well-known example is the nc-TiC/a-C system, which is interesting for its
tribological as well as its electrical and chemically protective properties. One
way to modify the material is doping with a third element. Usually, another
metal or a p-element such as oxygen or nitrogen is considered. In this work,
however, Ti-C films have been doped with sulfur. The doping was performed
by introduction of increasing amounts of H2S to the chamber during DC
magnetron sputtering from elemental Ti and C targets.
An increased flow of H2S during deposition leads to an increase in the S
content of the films, as well as a slight decrease in the C:Ti ratio. Pure
TiC/a-C films were proved by GI-XRD and XPS to contain crystalline TiC with
the NaCl structure in a matrix of amorphous carbon. The introduction of S
leads to a significant and gradual increase of the cell parameter of the
carbide phase – from 4.3 Å up to more than 4.8 Å for coatings with
approximately 20 at-% of S. This clearly indicates that the S atoms enter the
carbide phase, forming a previously unknown Ti-C-S solid solution. The
addition of S also affects the mechanical properties, such as the hardness
which was seen to decrease from 8 GPa for pure TiC in an amorphous
carbon matrix, to 5 GPa when doped with S.
Thus, the introduction of S is shown to have effects on the chemistry as well
as the properties of nc-TiC/a-C thin films. In the current work, the effect of S
doping on the structure, chemical bonding and mechanical properties as
well as tribological performance will be presented.
Keywords
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non-reactive sputtering to reactive sputtering
Nils Nedfors1, Axel Flink2, Ulf Jansson1
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An earlier study on nc-NbC/a-C coatings synthesized in laboratory scale
equipment has shown promising results for nc-NbC/a-C coatings as a
material for electrical contacts [1]. The next step would be an up-scale from
laboratory scale equipment to industrial scale equipment. The coating
deposition is in this study transferred from non-reactive magnetron
sputtering at a laboratory scale to reactive magnetron sputtering at an
industrial scale. Nc-NbC/a-C coatings were deposited by reactive
dc-magnetron sputtering in a reactive atmosphere containing Ar and C2H2.
Samples with relative carbon content from 12 to 70 at.% were deposited by
varying the flow of C2H2. The phase composition of the films was
characterized with X-ray diffraction (XRD), scanning electron microscopy
(SEM) and x-ray photoelectron spectroscopy (XPS). The mechanical
properties of the films were determined with nano-indentation. The electrical
properties were characterized using four-point-probe measurements and a
custom-built set-up for electrical contact resistance measurements.
The coatings show a similar microstructure compared to previous laboratory
scale experiments but smaller carbide grains are formed in the reactive
sputtered coatings at a given carbon content. A comparison of SEM images
shows a denser structure for the reactive sputtered coatings. The reactive
sputtered coatings have a lower resistivity (80 μΩcm compared to 250 μΩcm
for coatings containing 40 at% C) and are slightly harder in comparison to
non-reactive sputtered coatings. Optimum electrical contact properties are
found with a small fraction of amorphous carbon phase between the carbide
grains. The lowest contact resistance was about 5 mΩ at 10 N for the
reactive sputtered coating containing 40 at.% C. Possible mechanisms for
this behaviour will be discussed.
[1] N. Nedfors, O. Tengstrand, E. Lewin, A. Furlan, P. Eklund, L. Hultman and
U. Jansson, Surface & Coatings Technology 206 (2011) 354-359
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Nanocomposite structures formed by a hard phase embedded in a soft
lubricious matrix exhibit a combination of properties that make them very
attractive for protective purposes. Among others, they show fracture
toughness, high hardness, low coefficient of friction and high wear
resistance. However, while their tribological performance can be explained
in terms of phase ratio and surface interactions, their behavior under stress
is still not well understood. For instance, coatings with similar chemical
compositions may show very different mechanical properties depending on
the preparation conditions. The reason for that is the complexity of the
deformation process itself and the high number of sample characteristics
that influence the final result (grain size, porosity, growth type, etc.).
The aim of this work is to explore the mechanical behavior of nanocomposite
structures. In order to do that, TiC/a-C(:H) has been selected as a model due
to its relative chemical simplicity, ease of preparation, deep knowledge
about the forming phases, and excellent combination of mechanical and
tribological properties. A twofold experimental and computational analysis
has been performed. The first part consists on a systematic preparation of
thin films by magnetron sputtering and their posterior structural and
mechanical characterization. The second one consists on simulation of
mechanical response using a molecular dynamics approach. The results
obtained are critically confronted to current literature.
Keywords
nanocomposite
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Ti-Al-Si-C-N, and Ti-Al-C-O-N coatings
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Kiryukhantsev-Korneev, Mikhail Petrzhik
National Univ. Science & Technol. MISIS, Moscow, Russian Federation
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Multicomponent coatings based on carbides and nitrides of transition metals
are widely used as protective layers on the surface of drilling and cutting
tools working under severe conditions. In addition to mechanical and
tribological properties, coatings for these applications must exhibit sufficient
adhesion to the substrate to provide practical benefits. The present work
describes the results of the adhesion strength of Ti-C-N, Ti-Si-C-N,
Ti-Al-Si-C-N, and Ti-Al-C-O-N coatings measured using scratch tester. The
coatings were deposited onto cemented carbide (WC – 6 % Co) substrates
by reactive DC magnetron sputtering of TiC, TiSiC, TiAlSiCN, and TiAlCO
targets under the same conditions. The targets were prepared by
self-propagating high-temperature synthesis method. Critical loads and
failure modes were obtained by scratch testing. To explain the difference
between scratch testing results, additional investigations of the structure
and properties were fulfilled. The structure, chemical and phase composition
were studied by means of X-ray diffraction, scanning electron microscopy
and glow discharge optical emission spectroscopy. The coatings were also
characterized in terms of their hardness, elastic modulus, and elastic
recovery using nanoindentation. All the coatings exhibited high values of
critical loads; however it was found that coatings fail in several different
ways when subjected to scratch testing. Note that the spallation of coatings
was not observed even under the highest load. Maximum adhesion strength
values over 70 N were measured for the Ti-Al-C-O-N coatings. The results
obtained showed that all the coatings had a dense featureless cubic B1
NaCl-type structure and hardness in range of 35 – 42 GPa except for
columnar Ti-C-N coating with hardness of 17 GPa. The correlation between
coatings failure mode and mechanical properties was discussed.
Keywords
Adhesion
Scratch testing
Magnetron sputtering
Nanocoposite coatings
SHS-targets

Powered by TCPDF (www.tcpdf.org)

Poster: Multilayer and nanocomposite films

Thursday, September 13, 2012

PO4077
Hybrid PVD/PECVD synthesis of Cu-polysiloxane nanocomposites
Bogdana Mitu1, Veronica Satulu1, Cristian Stancu1, Simona Somacescu2,
Gheorghe Dinescu1
1

Nat. Inst. Lasers, Plasma & Rad Physics, Magurele- Bucharest, Romania
Institute of Physical Chemistry “Ilie Murgulescu”, Bucharest, Romania

2

mitub@infim.ro
Nanocomposite materials based on metallic particles embedded in insulating
matrices have been extensively studied during the last decades due to their
interesting optical, electrical and biomedical properties. Among the widely
used synthesis methods are those based on plasma techniques.
In the present contribution we report on the preparation of Cu – siloxane
composites in a hybrid PVD/PECVD system, and their characterization. The
deposition is taking place in a stainless steel cylindrical reactor provided
with two plasma sources mounted perpendicular one on each other, and
oriented at 45° in respect to the grounded substrate holder. The PECVD
plasma is generated at 20 W RF power in a mixture of Ar/HMDSO injected
through the active electrode, while the magnetron sputtering plasma with
copper target is ignited in Ar at 100 W. The substrate is sequentially
exposed for 60 s to the plasma polymerization step and, respectively, for 60
s, to the metallic deposition step.
The plasma species during each synthesis step were monitored by mass
spectrometry and optical emission spectroscopy techniques, which indicate
the HMDSO fragmentation and the effective sputtering of the copper atoms.
The morphology and topography of the as-prepared samples have been
studied by AFM and SEM techniques. The chemical composition was
revealed through FTIR and XPS investigations, evidencing the Si-O-Si and
Si-CH3 bonds, as well as the non-oxidized Cu in depth. We prove that the
ratio between the metallic and the siloxane composition can be easily tuned
by modifying the substrate distance in respect to each of the PVD/PECVD
plasma sources.
Keywords
nanocomposites
hybrid deposition
plasma polymerization
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Cu particles
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DLC coatings present excellent mechanical, tribological and biological
properties, which make them a suitable option for biomedical applications.
Presently, these coatings can be found in different medical devices, since
they improve the wear and corrosion resistance, reduce the friction
coefficient and present a lower microbial colonization when compared with
metallic or polymeric devices. Recently, several studies were focused on the
addition of different metals to-DLC coatings, which are claimed to enhance
their adhesive and cohesive strengths due to the reduction in the internal
stress state. Ag is pointed as an effective antibacterial agent against a wide
range of bacteria, which allows improving the biomaterials lifetime. In this
sense, Ag-DLC coatings represent a promising choice for medical device
applications. The aim of this work is the production and microstructural and
mechanical characterization of Ag-DLC coatings. The Ag-DLC coatings were
deposited by unbalanced magnetron sputtering using a carbon target with
different number of silver pellets, in order to achieve different contents of
Ag. After deposition samples were annealed with the aim of varying the Ag
particle size and distribution in the DLC matrix. In order to evaluate the
variations in the crystalline structure and the Ag particle size / distribution,
the as deposited and annealed samples were analyzed by X-ray diffraction
and scanning electron microscopy, respectively. The effect of silver content
on the mechanical behavior of the coatings, hardness, adhesion / cohesion
and residual stress, was determined by nanoindentation, scratch testing and
deflection testing, respectively.
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Composites metal/dielectric can be obtained by embedding metal particles
into an oxide or a dielectric matrix. The properties (like morphology,
conductivity, adhesion …) of such films are strongly dependent on their
preparation method. In this work thin nanocomposite Sn/n-hexane layers
were prepared by means of RF magnetron sputtering of the tin target in
Ar:n-hexane working gas mixture. The power delivered to the magnetron
and the composition of the working gas mixture were varied and the
properties of the nanocomposites were modified. Resulting films were
characterized by various analytical techniques. Chemical composition was
examined by XPS, the composite structure was investigated by TEM and
electron tomography. 2D cuts were made of the 3D TEM reconstructions and
the numerical models were applied on them; form factor and average
effective radius were estimated. The electrical properties were investigated
by the 4 point probe technique.
Our previous observations already proved, that the tin/plasma polymer
composite films have not metal inclusions of regular shapes in the plasma
polymer matrix. Using the electron tomography and reconstructions of real
3D structure of the nanocomposites together with the computer models, it is
possible to study the relations between deposition parameters, morphology
and electrical properties of the composites. This work is focused on the
study of such relations.
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In the field of silicon based thin film synthesis, plasma assisted chemical
vapor deposition processes feed with silane (SiH4) allows to the growth of
material with various composition and/or nanostructuration depending on
experimental parameters. Nevertheless, this molecule is toxic and explosive
and its use requires a highly secured process. Organosilicon compounds,
owing to their lower hazardousness, have recently appeared as promising
silane alternative. However, because of the important molar mass of the
molecule and existing chemical bonds, the flexibility of the organosilicon
processes is lower.
In this work, we show the versatility of H2/Ar/hexamethyldisilazane
microwave plasma for SiCxNy:H thin films deposition. Indeed, the chemical
composition as well as the nanostructuration can be changed depending on
the additional gazes or the substrate deposition temperature.
Thin film nanostructure and morphology is monitored by means of X-ray
diffraction, Scanning and Transmission Electron Microcopies. Chemical
composition and binding configuration is characterized by X-ray
Photoelectron Spectroscopy, Fourier Transform Infrared spectroscopy and
Rutherford Backscattering Spectroscopy whereas optical properties are
analyzed by spectroscopic ellipsometry and photoluminescence
measurements. According to this work, H2/Ar/HMDSN plasma leads to the
deposition SiC-2H nanoparticles (NPs) embedded in a-SiCxNy:H matrix for
substrate temperature as low as 350°C. In addition, it is possible to control
the nanoparticles size from a few tenths to about 100 nm by increasing the
substrate temperature. Besides, the thin film composition can be tuned from
"SiCx:H like" to "SiNx:H like" by adding low flow of N2 during the growth.
Hence, refractive index and optical gap is sharply adjustable over a large
range of values making this “silane free” process very suitable for optical
coatings synthesis.
Keywords
silicon carbonitride, hexamethyldisilazane, microwave plasma, optical
properties
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Microarc oxidation or plasma electrolytic oxidation (PEO) is a promising
process that may advantageously replace conventional anodizing that no
longer complies with the international standards regarding environmental
aspects.
Besides, the high mechanical and chemical properties of oxide layers
achieved by PEO, this process has also advantages of requiring single-step
operation and being environmentally friendly.
However, the PEO coatings become protective in general when their
thickness overcomes 40 µm typically.
Our work aims at achieving thin (< 10 µm) PEO layers on Al 2024, what
would decrease the processing time – and consequently reduce energy
consumption – and change the dimensions of the processed parts within
acceptable range.
For this purpose, we study the influence of the current density in the range
20 – 70 A/dm2 on the coating characteristics.
In all cases, SEM analyses performed on layer cross sections show a huge
inhomogeneity in the layer thickness over the sample surface, with a strong
negative gradient from the edge to the centre of the samples. This is due to
the strong variation of the electric field in the vicinity of sample edges (edge
effect) which results in a much higher number of micro-discharges occurring
at these border locations as it was shown by high speed video recording of
the micro-discharges. At the lower current density, layers are irregular and
exhibit a lamellar structure with a high porosity. When increasing the
current density, the layer morphology and structure change. The layer
consists of two sub-layers: an internal (rather) compact sub-layer covered by
an outer porous layer whose top morphology looks like pancakes. On the
other hand, a too high current density results in damaged layers with large
porosities and high roughness.
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Plasma Electrolytic Oxidation (PEO) is a promising electrochemical method
to produce protective oxide layers on valve metals (such as Al, Mg, Ti) [1].
Contrary to conventional anodizing processes PEO oxide layers exhibit
superior surface performance.
In PEO, a high voltage is imposed between the work piece and a counter
electrode. Thus, the process is mainly governed by the numerous short-lived
micro-discharges that develop at the sample surface due to the breakdown
of the growing insulating layer.
It is well known that electrical parameters have a strong impact on the
resulting layers [2]. In previous works, we have shown that the suitable
setting of the current waveform parameters (current density and the
anodic-to-cathodic current ratio) makes it possible to run the PEO process
with lowering the detrimental effect of strong discharges.
Within these specific conditions, the present contribution reports on the
effect of the current pulse frequency on both the micro-discharge behaviour
and the grown oxide layer characteristics. Investigated current frequencies
range from 100 to 1000 Hz. From SEM observations of the PEO layers grown
on Al2214 samples, results point out the beneficial effect of increasing the
current frequency. These observations are found to be strongly dependant
on the micro-discharge parameters (density, lifetime and location on the
surface) which have been investigated during the process using fast
video-imaging.
[1] F. Jaspard-Mécuson, T. Czerwiec, G. Henrion, T. Belmonte, L. Dujardin, A.
Viola, J. Beauvir , Surf. Coat. Technol. 201 (2007) 8677.
[2] A. Melhem, G. henrion, T. Czerwiec, J.L. Briançon, T. Duchanoy, F.
Brochard, T. Belmonte, Surf. Coat.Technol. 205 (2011) S133.
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Plasma electrolytic treatment is a new emerging technology for metal
surface coating, cleaning, hardening and other applications. The process
nonlinearity and complexity raises the problem of the process control which
helps to achieve the required surface properties. This problem is tightly
connected with a challenge to estimate the surface properties, which are
unobservable during the treatment, in order to create a new diagnostics
feedback loop in the process control system.
For this field of engineering, a new frequency-based methodology operating
with spectral characteristics of voltage, current and impedance has been
proposed for the surface properties diagnostics during the treatment. The
spectral methods of diagnostics include two approaches. The first approach
is based on a passive identification of the process; this approach works well
for the plasma electrolytic processes featuring a vapor-gaseous envelope
defining the surface modification. The vapor-gaseous envelope is a
quasi-stable object which generates considerable current oscillations within
the frequency range from 0 to 10 kHz, and the spectral features of these
oscillations significantly depend on the surface properties, e.g. surface
roughness and the coating thickness. The second approach is based on an
active identification of the process; this approach works well for the plasma
electrolytic processes featuring an oxide layer formation under the impact of
microdischarges. The growing oxide layer is a stable object which
impedance spectra can be measured using an external generator introduced
into the power circuit. The results of the spectra fitting with equivalent
circuits have found to be dependent on the surface roughness and the
coating thickness.
As a result, the process control algorithms allowing estimation of the
moment when the desired surface properties are achieved have been
proposed for the majority of the plasma electrolytic treatments.
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and investigate wear behavior of coating
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The plasma electrolytic oxidation is a novel method to create ceramic
coatings on metals and improve wear resistance of metals. In this research,
nano alpha-alumina powders were added to the electrolyte to create a
ceramic coating on titanium substrate. Coating mechanism with nano
powders in electrolyte is composition of cataphoretic effect and spark
ignition. Three samples with 10, 20 and 30 min process time and constant
parameters of bipolar condition, 0.2 A/cm2 current density, 50% duty cycle
and 50Hz frequency were created. Wear properties of coatings was
investigated by pin on disk method and also friction coefficient and weight
changes were calculated. SEM and EDS tests were used to study the
microstructure and chemical composition of coating and wear route.
Results showed that nano alpha-alumina powders because of high hardness
have a significant role in improving the wear properties of coating. With
increasing time of PEO process, nano particles adhere better to coating
because of more sintering time and the other hand, due to the increase
thickness of the coating with increasing time of process, discharging
channels and roughness will be greater. Scanning electron microscope
images showed that the sample with a coating time of 30 min, due to great
surface roughness has been worn more than 10 and 20 min process time
samples.
Keywords
Plasma electrolytic oxidation
Titanium
Nano alpha alumina
Wear
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Pulsed Bipolar Plasma Electrolytic Oxidation of Replicated Open-Cell
Aluminium Foams
Aleksey Yerokhin, Taha Abdulla, Russell Doodall
University of Sheffield, Sheffield, United Kingdom
A.Yerokhin@sheffield.ac.uk
Metal foams currently attract great interest in various innovative designs for
structural and functional applications due to a combination of extremely low
density, high specific surface area and mechanical properties. For open cell
foams, these properties can further enhanced by plasma-assisted surface
treatments that are capable of non-line-of sight materials processing. In this
work, Plasma Electrolytic Oxidation (PEO) coatingprocess is considered for
the treatment of open celled aluminium foams with different structures,
aiming to improve mechanical and surface properties of the hybrid material.
The foams with an average cell size of 1.6 mm and porosity of 62 % were
made by replication. The PEO treatment was carried out in the pulsed
bipolar current mode, with pulse frequency varied between 50 and 6250 Hz.
The mechanical properties of the coated foams were assessed
experimentally in compression. Complimentary characterisation was carried
out using SEM, EDX, XRD and nanoindentation techniques. It was
demonstrated that PEO coatings can be successfully applied to the
replicated foams and the coating penetrates completely into the structure,
with thickness diminishing with depth. The presence of this coating is of
benefit for uniaxial mechanical properties as well as foam specific
properties. PEO pulse frequency influences coating thickness, porosity and
the measured mechanical properties. The major effect on coating hardness
and elastic modulus as well as on the strength and stiffness of the coated
foams is associated with the volume fraction of coating porosity. Potential
for improvement in mechanical performance of the PEO coated aluminium
foams is discussed.
Keywords
Plasma Electrolytic Oxidation
Aluminium Foams
Pulsed Bipolar Current
Mechanical Behaviour
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The synthesis of silver nanoparticles via liquid phase plasma
system
Sang-Chul Jung1, Hwan-Gi Kim2, Heon Lee2, Sung Hoon Park2, Sun-Jae Kim3,
Byung Hoon Kim4
1
Sunchon National University, Suncheon, South Korea 2Sunchon National
University, Sunchon, South Korea 3Sejong University, Seoul, South Korea 4
Chosun University, Gwangju, South Korea

jsc@sunchon.ac.kr
In this work, the liquid phase plasma reduction method was applied to
prepare the silver nanoparticles from the solution of silver nitrate. A bipolar
pulsed power supply was used to generate discharges in the aqueous
solutions. The excited states of atomic hydrogen and atomic oxygen as well
as the molecular bands of the hydroxyl radical OH were detected in the
emission spectra. The duration of plasma-treatment influenced not only on
the size and the number of produced particles but also on the particle
shape. Many spots could be seen in the ED pattern for polycrystalline
particles.
Keywords
silver
nanoparticles
liquid phase plasma
bipolar pulsed power supply
polycrystalline
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Residual stress analysis in chromium nitride as a function of coating
conditions and post-treatments
Doris M. Fopp-Spori, Arnd Müller, Matthias Sobiech
OC Oerlikon Balzers AG, Balzers, Liechtenstein
doris.fopp@oerlikon.com
Development of modern PVD hard coatings often focuses on creating new
properties by finding new material combinations and deposition conditions.
In this approach it is tried to understand more deeply how coating properties
such as Young’s modulus, coating hardness, and mechanical residual stress
depend on the coating conditions. A special focus is laid on the
characterisation and quantification of residual stresses and its applicability
as a coating design tool. As model material chromium nitride (CrN) was
chosen, a well-known hard coating that grows in a simple cubic crystal
lattice. It was deposited by PVD arc evaporation on steel substrates using a
commercially available coating system. Bulk residual stresses and
near-surface stress depth profiles were analysed with X-ray diffraction
(XRD). The stress depth profiles revealed that depending on the bias voltage
and gas pressure, the internal stresses increase, are constant or even
decrease towards the outermost surface. It is shown that the influence of
post-treatments like micro-blasting and wet blasting mainly increase the
stress in the stress depth profile, but do not change its trend.
Keywords
Hard Coatings
XRD
CrN
stress depth profile
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Friction behavior of different material systems at the nanoscale
Carlos Figueroa1, Caroline Luvison1, Vânia Sonda1, César Aguzzoli1, Marcelo
Maia da Costa2, Eduardo Tentardini3, María Farias1, Israel Baumvol4
1

UCS, Caxias do Sul, Brazil 2PUC-Rio, Rio de Janeiro, Brazil 3UFS, Aracajú,
Brazil 4UCS and UFRGS, Caxias do Sul, Brazil
carlos.cafiguer@gmail.com

Recently, several physicochemical concepts and models have been used to
explain the relationships between the nature or products of tribochemical
reactions and friction. For example, deuterium chemisorbed on diamond or
silicon surfaces lead to nanoscale friction coefficients lower than hydrogen
chemisorbed on the same surfaces. This was attributed to the lower natural
frequency of the carbon(silicon)-deuterium bond as compared to the
carbon(silicon)-hydrogen bond, which implies a reduction in the rate at
which the kinetic energy of the tip is dissipated. Other advances were
reached based on a model, to be discussed below, that connects the ionic
potential j) and the average friction coefficient (AFC) of various oxides.
The aim of this study is to investigate the friction behavior of three different
material systems at the nanoscale focusing on the transition from nitrides to
oxides as well as the influence of solid lubricant in a nanocomposite
(MoS2-TiN). Nanoindentation experiments under different low loads were
performed in order to analyze the friction behavior between a Berkovich tip
and a surface up to approximately 260 nm in-depth. In both nitride-based
material systems, the posterior oxidation of Si3N4 and Fe2-4N to SiO2 and
Fe3O4, respectively, decreases the AFCs. In fact, the ionic potential (φ) and
the AFC of various oxides have a linear relationship. However, our behavior
can be explained by the extension of the crystal chemistry approach from
oxides to nitride compounds. Higher ionic potentials yield lower AFCs. In the
case of the solid lubricant in nanocomposites there is an optimum amount of
the lubricant nanoparticles (MoS2) embedded in the matrix (TiN) in order to
decreases the AFC. Moreover, the AFC shows oscillations between minimum
and maximum values that are following the wear track behaviors as
observed by Atomic Force Microscopy.
Keywords
friction models
oxides and nitrides
nanoscale
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Tribological analyses of thin Cr2AlC films
Wolfgang Tillmann, Jan Herper
Institute of Materials Engineering, Dortmund, Germany
wolfgang.tillmann@udo.edu
To extend the tool life and thus, to save costs, the reduction of friction and
wear is a required goal in many industrial applications. The forming and
cutting industry is very interested in innovative coating systems in order to
improve the tribological behavior of tool surfaces.
Cr2AlC belongs to the Mn+1AXn phases (n=1-3), also called MAX phases,
which are nanolayered ternary metal carbides or nitrides. M is an early
transition metal, A is an A-group element of the periodic table (mostly IIIA
and IVA) and X is either carbon or nitrogen. MAX phases which crystallize in
a hexagonal structure are a class of materials which have metal and ceramic
properties. They are characterized by high Young’s moduli, a good
machinability, and good damage tolerances. Furthermore these phases
show an excellent thermal shock resistance as well as a good corrosion
resistance.
The Cr2AlC MAX phases were discovered in 1963, but only in recent years
they were produced as thin protective layers by the PVD technology. Among
the high quantity of MAX phases, Cr2AlC shows very high strengths and an
excellent oxidation resistance.
In this study, monolayer as well as multilayer Cr2AlC-coatings were
deposited by means of magnetron sputtering and analyzed afterwards. The
multilayer coating system consists of Cr2AlC layers with thin chromium
interlayers to reduce the crack extension. High speed steel S6-5-2 was used
as substrate material.
To compare the mechanical and tribological properties, the coated surfaces
were analyzed by nanoindention, scratchtests, ball‑on‑disc‑tests as well as
scanning electron microscopy.
Keywords
Cr2AlC
MAX-phases
PVD
magnetron sputtering
multilayer coating system
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Mechanical properties and structure of TiO2 films deposited on
quartz and silicon substrates
Valeriy Kulikovsky1, Radim Ctvrtlik2, Vladimir Vorlicek3, Petr Bohac3, Lubomir
Jastrabik3, Jan Filip4
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IPMS, Kiev, Ukraine/FZU AS CR, Prague, Czech Republic 2Joint Laboratory of
Optics, UP and FZU AS CR, Olomouc, Czech Republic 3Institute of Physics,
Academy of Sciences of the Czech Republic, Prague, Czech Republic 4
RCPTM, Department of Experimental Physics, Palacký University, Olomouc,
Czech Republic
kulikov@fzu.cz

TiO2 layers with rutile structure can serve as protective coatings due to high
hardness of rutile. The growth of rutile phase at low temperature occurs at
the bombardment of growing film by accelerated ions or atoms. Application
of a RF power to the substrate holder can, in contrast to DC bias, induce the
negative substrate bias on the surface of low conductive or dielectric
substrate.TiO2 films were deposited by reactive DC magnetron sputtering on
conductive and low conductive Si(111) as well as on dielectric quartz
substrates at different negative substrate biases (realized by RF power
source). The film structure was investigated by XRD and Raman
spectroscopy. The nanoindentation hardness and modulus were examined in
dependence on the film structure and the indentation load. Hard rutile
phase is formed on all the kinds of the substrates irrespective of substrate
electrical conductivity at bias ≥90 V. At middle biases (~50-75 V) the phase
composition (rutile, anatase or their mixture) and hardness values strongly
depend on the electrical conductivity of the substrate. Phase analysis and
hardness data imply that RF induced self-bias on the upper surface of quartz
substrate is smaller than that on the surface of low conductive Si
substrate.It has been observed that the rutile phase continues to growth for
enough long time even after the RF power is switched off. The grain size of
rutile increases in that case but hardness decreases.Raman spectroscopy of
the residual indents in the films with anatase structure revealed some
structural changes towards rutile-like structure, probably due to high
pressure developed under the indenter. This is also supported by the
increased hardness at higher loads for anatase films.
Keywords
TiO2 films
ion bombardment
hardness
Raman spectra
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Study of the thermal stability and mechanical properties of
co-sputtered Zr-Cu thin metal glass films
Mihai Apreutesei1, Steyer Philippe1, Joly Pottuz Lucile1, Sanchette Frederic2,
Billard Alain3
1

INSA Lyon MATEIS Laboratory, Villeurbanne, France 2LERMPS, UTBM /
LASMIS, UTT, Nogent, France 3LERMPS-UTBM, Montbéliard, France
mihai.apreutesei@insa-lyon.fr

Bulk Metallic glasses (BMGs) have been studied over the past decade for
their unique structural features, mechanical and physical properties such as
high strength, super elasticity and high corrosion/wear resistance. A new
challenge in the field of surface engineering now is to obtain such specific
materials in the form of a thin layer. Therefore, recently some attempts
have been made to deposit amorphous alloy thin films called Thin Film
Metallic Glasses (TFMGs). The glass-forming ability is linked to the
association of two immiscible transition metals which evidence dissimilar
physical and chemical characteristics. This is the case of the (Zr,Cu) system,
which is the subject of the current study.
Films were deposited on different substrates (glass, Si, steel) by magnetron
co-sputtering of Cu and Zr pure targets, the chemical composition being
controlled by the relative intensity applied to both targets. The whole Zr-Cu
system was studied, regarding their microstructural, chemical,
morphological (SEM, TEM) and mechanical characteristics
(nano-indentation). The thermal stability of films was studied, every 33°C,
from room temperature to 600°C by in situ XRD measurements performed
under helium atmosphere.
As expected, most of films (within the [25-75 at.%Cu] region) presented an
amorphous structure, resulting in outstanding hardness and Young’s
modulus values with respect to those of the pure initial metals. Evolution of
mechanical properties with the film composition was discussed on the basis
of the mean distance between the first neighbour atoms. The disordered
structure is stable up to 300°C at least, at which Zr-based oxides first
appear. At higher temperatures, various Zr-Cu intermetallic compounds
crystallize, which again influences the mechanical characteristics of the
heat-treated coatings.
Keywords
metallic amorphous films
magnetron sputtering
mechanical properties
microstructure, XRD
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FATIGUE BEHAVIOR OF COATED AND UNCOATED CEMENTED
CARBIDE INSERTS INVESTIGATED BY IMPACT TEST AT THE CUTTING
EDGE VICINITY
Konstantinos-Dionysios Bouzakis1, Michail Batsiolas2, Georgios Skordaris1
1

Aristoteles University of Thessaloniki, Thessaloniki, Greece 2Fraunhofer
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bouzakis@eng.auth.gr

Significant tool life improvements are attained by the application of harder
and more wear-resistant materials and coating systems. In this context, the
tools’ cutting edges affect directly the overall tool performance. In this
paper, by impact tests at the cutting edge vicinity, a quick assessment of
the cutting edge fatigue behavior of coated and uncoated cemented carbide
inserts is enabled. Various substrate grades were examined and the effect of
their surface treatment and coating on the fatigue endurance load was
experimentally examined. The FEM simulation of the test procedure at
various distances from the inserts’ cutting edge provides an insight in the
developed stress fields and enables the fatigue endurance stress
determination of the coating-insert system. The contribution of the substrate
surface treatment and coating to the endurance of the cutting edge region
was revealed. The developed method facilitates a rapid quality control of
both coated and uncoated cutting inserts at loading conditions, close to
those encountered during their standard operation.
Keywords
Impact test
cutting edge
fatigue
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Subsurface micromechanims of damage in indented coated systems
under cyclic loading conditions.
Giselle Ramírez1, Emilio Jimémez-Piqué2, Alvaro Mestra2, Isaac Valls3,
Montserrat Vilaseca1, Daniel Casellas1, Luis Llanes2
1

Fundació CTM Centre Tecnològic, Manresa, Barcelona, Spain 2CIEFMA, Dept.
de Ciència dels Materials i Enginyeria Metal•lúrgica, Universitat Politècnica
de Catalunya, Barcelona, Spain 3Rovalma S.A., Terrassa, Barcelona, Spain
giselle.ramirez@ctm.com.es

Recently has been shown the influence on contact fatigue behavior of three
microstructurally distinct tool steels coated with a TiN film, by means a
spherical indentation technique. This was based on determining critical
applied loads and pressures for emergence and evolution of distinct damage
modes at the coating surface: circumferential cracking, cohesive spallation
and interfacial decohesion. Substrate microstructure effects were clearly
evidenced under cyclic loading condition, by consideration of coating
detachment as the critical damage mechanism.
However, it is still necessary to analyze the subsurface damage of indented
coated systems in order to identify detachment micromechanism not visible
at surface. In this regard, residual indentation imprints of critical cyclic loads
have been evaluated by means of clamped-interface specimens and
Focused Ion Beam technique. As a result, transcolumnar cracks and
collapsed droplets inside TiN coating, buckling damage at interface, and
primary carbides fissures in substrate have been identified as a
delamination damage precursor. Buckling damage was not discerned in
steel substrates with finer, tougher, rounded shape and more
homogeneously distributed primary carbides.
Keywords
spherical indentation
coated tool steels
subsurface damage
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Evaluation of the Elasto–Plastic Materials Behavior According to
Different Models Applied in Indentation Hardness Tests
Roberto Hübler1, Eduardo Blando2, Jesum Fernandes2, Andre Vargas1
1

GEPSI-LMN Physics Faculty of PUCRS, Porto Alegre, Brazil 2Physics Institute
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hubler@pucrs.br

Instrumented Hardness Tests (IHT), also know as nanoindetation, establishes
itself throughout the years as a standard method to characterize superficial
elasto–plastic properties of materials, with a greater capability to evaluate
thin films. The main advantage of this test lies on the application of
dynamical load–unload cycles with displacements below 200 nm, granting
more information about the material. However, the difficulty to achieve an
adequate contact between sample and penetrator complicate the
interpretation of its results. Several theoretical models were developed in
order to diminish this effect achieving relative success. Each theory takes in
consideration different aspects of the phenomenon and its application
produces diverse mechanical properties values, which makes difficult the
comparison among them. The aim of this work is to measure materials
mechanical properties in accordance with ISO 14577 Martens model, the
Oliver – Pharr (OP) method and the approximation developed by Gong, Miao
and Peng (GMP) which are typically used on IHT, in order to find a possible
relation among them.
Bulk and thin film materials were measured using a Fischerscope HV100
equipment with a Berkovich indenter. Dynamical load–unload cycles were
applied to the samples with its maximum value ranging between 5 mN and
100 mN, during a total time of 120 s each cycle. The hardness calculation
was performed according to the ISO 14577 Martens hardness model with
indenter tip correction and considering the indentation size effect (ISE).
The results obtained confirm the hardness values variations among the
models, which differ mostly at low load cycles. The comparison between the
hardness calculations made by each model and the indenter response are
presented as final result.
Keywords
Instrumented Hardness Test
nanoindentation
Hardness models
Thin Films
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The effective indenter concept and its uses in measurement
analysis, especially for materials with time depending behaviour
Nick Bierwisch
SIO, Nordhausen, Germany
n.bierwisch@siomec.de
It's well known that the theoretical basis of the standard analysis method for
nanoindentation measurements, the Oliver & Pharr method, is the concept
of the effective indenter. Because this theory is published since more than
20 years, we believed that the people analysing such measurements are
used to the effective indenter concept. In many discussions with our
customers, we got the feeling that most of them are not used to. That's why
this talk will try to introduce the concept of the effective indenter with real
examples and not again by just presenting the theoretical background. The
concept of the effective indenter is the basis to extend the nanoindentation
analysis to layered systems, time depending parameters, rough surfaces
and more. Also it can be used to analyse scratch measurements. Different
examples will be presented to help the people to understand how the
effective indenter concept works. This work will concentrate on the
extension of the analysis to materials with time depending behaviour and
demonstrates the possibilities of this extention with some examples.
Keywords
nanoindentation
material properties
oliver & pharr
time depending material
viscosity

Powered by TCPDF (www.tcpdf.org)

Poster: Mechanical film properties

Thursday, September 13, 2012

PO4097
CONNECTIVITY OF ISO 14577 INSTRUMENTED INDENTATION TEST
FOR HARDNESS AND MATERIALS PARAMETERS AND PHARR´S
CONCEPT OF THE “EFFECTIVE INDENTER SHAPE”
Michael Griepentrog, Philipp Reinstädt
BAM, Berlin, Germany
michael.griepentrog@bam.de
Discussing the applicability of the standard ISO 14577 analysing examples
from the daily experimental praxis of thin films testing it will be shown that
the always used model proposed by Oliver and Pharr already in 1992 [1]
describes the complex contact mechanics only approximately. Already more
than 10 years ago Pharr suggested a straightforward method to separate
the purely elastic indenter stress field from the residual stress left from
plastic deformation [2]. Schwarzer combined his own extended solution of
the Hertz problem [3] with the so called concept of effective indenter shape
to an complex tool for evaluating experimental indentation data [e.g. 4,5].
Today this solution is available as the software packageO&PfC from SIO.
Analysing examples from the daily experimental praxis using the
O&PfCsofttware package the connection between the standard ISO 14577
and the concept of effective indenter shape indenter will be illustrated. It will
be shown that only accurate experimental data estimated following the
experimental procedure described in ISO 14577 in all details will lead to
acceptable results using the ISA software package for data evaluation.
Further it will be shown that the results of the application of the ISA software
package for data evaluation must be evaluated careful to avoid wrong data
or misinterpretation of the results.
[1] W.C. Oliver, G.M. Pharr J. Mater. Res., 6 (7) (1992) 1564
[2] G.M. Pharr, A. Bolshakov, J. Mater. Res., 17 (10) (2002) 2660
[3] N. Schwarzer, J. Phys. D Appl. Phys 37 (2004) 2761
[4] N.Schwarzer, G.M. Pharr, Thin Solid Films 469-470 (2004) 194
[5] N. Schwarzer, Thin Solid Films 494 (2006) 168
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Application of micro and macro scratch tests measurement for
testing of DLC and TiO2 thin films
Jan Mikšovský1, Jaroslav Lukeš2, Zdeněk Tolde3, Jan Remsa4, Tomáš
Kocourek4, Miroslav Jelínek4
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In this work, we focused on the usability of scratch test technique for
determination of thin films adhesion with the layer thicknesses around one
hundred nanometres. Thin films of diamond-like carbon (DLC)(values of sp3
bonds from 40% to 70 %) and titanium dioxide (TiO2) (anatase, rutile) were
prepared by Pulsed Laser Deposition (PLD). The basic substrates were silicon
wafers Si(111) and titanium alloy. Thicknesses of prepared layers were in
range of 60 nm to 100 nm for DLC and 100 nm to 140 nm for TiO2.
Mechanical properties were tested using micro and macro methods. For
micro-hardness (H) the values from 27.0 GPa to 30.5 GPa (for DLC/Si) and
values from 11.7 GPa to 15.3 GPa (for DLC on Ti alloy) were measured.
Values for TiO2/Si were in range of 1.2 to 5.4 GPa. Adhesion was measured
using AFM head (micro), Hysitron nanoindenter (micro) and CSM Revetester
(macro). Values for DLC/Si (or Ti) were in range of 3.5 to 13.0 N for CSM
Revetest. Achieved values for DLC and for AFM head were from 4.3 mN to
more than 75.0 mN and for Hysitron nanoindenter from 1.1 mN to 1.5 mN.
TiO2/Si layers exhibited better adhesion and critical force higher than 15 N
(for CSM Revetest) was reached. The adhesion of TiO2/Si for AFM head was
from 15.0 mN to 39.0 mN and for Hysitron nanoindenter from 0.5 mN to 0.8
mN. For all samples (DLC, TiO2) the Young’s moduli were determined also.
We observed and compared abilities for the each individual instrument to
evaluate adhesion of thin films with thickness of several tenths of
nanometres. In contribution the advantages and disadvantages of systems
and methods mentioned above and results obtained from micro and macromechanical measurements are compared and discussed.
Keywords
thin film
adhesion
diamond- like carbon (DLC)
titanium dioxide (TiO2)
nanoindentation
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High Temperature Scratch Testing of Hard PVD Coatings Deposited
on Tool Steel
Jaume Pujante1, Montserrat Vilaseca1, Arnd Mueller2, Daniel Casellas1
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Scratch testing is the most usual technique for thin hard coating
characterisation. Due to its availability and controlled geometry, a
diamond-tipped Rockwell C or Vickers hardness indenter is most commonly
used as a stylus for this test.
Scratch tests are usually run at room temperature, even for coatings
designed for high temperature applications, due to the degradation of the
indenter diamond tip and added complexity of a high temperature test rig.
Results obtained this way may be misleading, as it is known that the
performance of substrate-coating systems is greatly affected by
temperature.
In this work, a simple and robust high temperature scratch test methodology
is developed in which the diamond-tipped indenter is replaced by a carbide
blade, which can be used at temperatures in excess of 500ºC and can be
easily replaced when deteriorated by wear or oxidation. Critical loads are
determined by inspection of the scratch tracks and online measurement of
coefficient of friction and acoustic emission. Using this test setup,
substrate-coating systems for hot working applications can be evaluated in
conditions relevant to their final application, at a temperature similar to their
service conditions and exposed to an oxidising atmosphere.
The test is used to study the effect of temperature up to 500ºC on two
industrial coatings (AlCrN and TiN) deposited on tool steel DIN 1.2344 in
both plasma nitrided and non-nitrided state. Results show a decrease in the
failure load Lc with increasing temperature and a noticeable effect of
substrate nitriding. The test has good repeatability and failure modes
observed are similar to those in conventional scratch testing.
Keywords
High Temperature
Scratch Test
PVD Coating
Coated Tool Steels
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Waterdrop erosion of HVOF and PVD coatings
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Erosion phenomena are often observed on aircraft caps when flying in rain
or sand environments. Surface treatments can limit erosion effects. In this
context, a wide range of coatings have been achieved and tested to identify
the main erosion mechanisms associated with different technologies and
materials. The erosion resistance of coatings deposited on stainless steel
substrate has been appraised thanks to water jet pulsated device. To
analyze the influence of thickness and microstructure of films both PVD and
HVOF technologies have been used. Stainless steel coatings have been used
as reference and they have been achieved by both PVD and HVOF
processes. Then, tungsten carbide coatings deposited by HVOF have been
studied because of their good resistance reputation. Several coatings
obtained by magnetron sputtering were also been tested.
This study highlights that scratch test presents good correlation with erosion
tests. That is explained by the fact that coatings adhesion is an important
factor of erosion resistance. Concerning coatings obtained by HVOF, a lack
of resistance has clearly been showed during erosion tests. Their failure
mechanisms are based on a lack of adhesion and on internal porosities
which support cracks growth. By the other side, the PVD coatings represent
an important gain in resistance to cracks initiation. However, influence of
thickness has not been explained by this work and, moreover, results do not
show an influence of layer’s hardness on their erosion resistance.
Nevertheless, different mechanisms have been identified according to
coatings characteristics: the coatings can be removed revealing the
substrate surface, or can be pulled-out with the substrate’s grains.
Moreover, growth of fatigue cracks has been observed in coatings.
Keywords
Magnetron sputtering
HVOF
Waterdrop erosion
Scratch tests
Topography 3D
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Scuffing resistance and rolling contact fatigue of WC/C coated spur
gears
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The durability of heavily loaded gears depends on two phenomena: scuffing
and rolling contact fatigue – pitting. Many types of thin hard coatings
deposited on the surface of gears improve their scuffing resistance.
However, a factor still limiting the scope of application of some coatings is
their poor performance under conditions of cyclic contact stress, which leads
to accelerated fatigue failures (pitting). Unfortunately, up to now, there is no
possibility to predict the rolling contact fatigue behaviour of PVD coated
steel gears basing on numerical methods.
The aim of the study was to investigate the resistance to rolling contact
fatigue and scuffing resistance of WC/C coated gears. The WC/C (a-C:H:W)
low-friction coating was deposited using PVD process by reactive sputtering.
The investigation of rolling contact fatigue was realized by means of T-12U
using FZG PTC/10/90 pitting test and S‑A10/16,6R/120 “shock” scuffing test.
Four material combinations of gears were tested: wheel and pinion
uncoated, wheel and pinion coated, wheel coated and pinion uncoated as
well as wheel uncoated and pinion coated. The tests were performed for an
automotive mineral gear oil of API GL-5 performance level and SAE 80W/90
viscosity grade.
The best scuffing resistance was achieved for coated/coated pair (pinion and
wheel coated) and steel/coated pair (uncoated pinion/coated wheel).
However for the coated/coated pair (pinion and wheel coated) a significant
decrease in the fatigue life compared to the uncoated gears was observed.
The best results were obtained in the case of the steel pinion/WC/C coated
wheel – even fourfold increase in the fatigue life was observed compared to
the results for the uncoated gears. This shows a very high potential of
application of DLC coatings for gears.
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