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Symposium A: Carbon-based nanostructured composite films

This symposium is in the line of the European Science Foundation (ESF) Exploratory Workshop organized in 2006
under the auspices of the E-MRS. The major objective is to provide exchanges between scientists working in different
areas and with different methods in the widely interdisciplinary research field of materials and thin films for micro- and
nano-technologies.

Scope:

Carbon-based nanostructured composite (CBNC) films consisting of nanosize particles embedded in a carbon-
containing host matrix (hydrogen-free or hydrogenated amorphous carbon, diamond-like carbon or polymer matrix)
exhibit a variety of attractive properties in solid-state physics and are promising for various applications in advanced
technologies (electronics, catalysis, wear protection, data storage, optical devices and sensors). These films may
possess unique physical and/or chemical properties depending on the size of embedded particles and interface effects.
CBNC films can be produced by physical and chemical vapor deposition techniques, pulsed laser ablation, plasma-
assisted techniques and other hybrid techniques as well as by solution chemistry methods such as sol-gel,
electrodeposition and electroless deposition. These films may exhibit specific mechanical and tribological properties
attractive for microelectromechanical systems (MEMS), electrical and dielectric properties for microelectronic devices,
optical properties as selective absorber films for flat plate solar collectors, and magnetic properties required for high-
density magnetic recording data.

Papers dealing with the preparation of CBNC films by physical or chemical vapor deposition as well as by other
techniques are solicited. Contributions related to the advanced characterization of the composition and structure of
BCNC films and relationships between nanostructure and properties of films are encouraged.

A particular emphasis will be placed on mechanical and tribological properties, electrical and dielectric properties,
optical and magnetic properties associated with the structure and texture of films. Topics such as process modeling
and diagnostic techniques, surface interaction and nucleation phenomena, degradation mechanisms, and testing are
requested. More engineering- and application oriented contributions which would include, for example, applications in
the automotive, chemical, electrical, magnetic storage data, optical, pharmaceutical or biomedical industry are also
solicited.

For this Symposium, ten hot topics would be particularly highlighted:
1) Physical and chemical vapor deposition of CBNC films

2) Synthesis of CBNC films by other techniques

3) Structural characterization of CBNC films

4) Determination of the composition and electronic structure of CBNC films
5) Mechanical and tribological properties of CBNC films

6) Electrical and dielectric properties of CBNC films

7) Optical properties of CBNC films

8) Magnetic properties of CBNC films

9) Chemical properties of CBNC films

10) Devices, sensors and applications of CBNC films

Tentative list of invited speakers:

1) G. Dennler, Johannes Kepler University of Linz, Austria

2) M. Farle, University of Duisburg-Essen, Germany

3) W. Gulbinski, The Technical University of Koszalin, Poland

4) H.C. Hofséass, University of Gottingen, Germany

5) U. Jansson, Uppsala University, Sweden

6) Y.J. Li, Nanyang Technological University, Singapore

7) T.-P. Nguyen, University of Nantes, France

8) J.-E. Park, Tokyo University of Agriculture and Technology, Koganei 184, Japan
9) K.I. Schiffmann, Fraunhofer Institute, Braunschweig, Germany
10) M. Stuber, Forschungszentrum Karlsruhe, Germany

Tentative list of scientific committee members:

J.M. Albella (Spain), M. Benlahsen (France), |. Bertoti (Hungary), E. Bertran (Spain), K. Bewilogua (Germany), H.
Biederman (Czech Republic), V. Bursikova (Czech Republic), M. Bystrzejewski (Poland), N.J.M. Carvalho (Belgium), A.
Cavaleiro (Portugal), M. Cekada (Slovenia), C. Donnet (France), |. Efeoglou (Turkey), A. Gonzalez-Elipe (Spain), R.
Groenen (Belgium), Z. Kutnjak (Slovenia), N. Laidani (Italy), P. Lobotka (Slovakia), S. Logothetidis (Greece), C.
Meunier (France), S. Novak (Czech Republic), P. Oelhafen (Switzerland), K. Oskomov (Russia), P. Ossi (ltaly), I.
Panagiotopoulos (Greece), P. Patsalas (Greece), J. Patscheider (Switzerland), Y. Pauleau (France), N. Radic (Croatia),
G. Radnoczi (Hungary), J.-P. Riviére (France), R. Sanjines (Switzerland), T. Suszko (Poland), A. Sylvestre (France), S.
Tamulevicius (Lithuania), M.T. Vieira (Portugal), S. Zhang (Singapore).

Symposium organizers:
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Deposition I: Novel synthesis techniques of CBNC : Albano Cavaleiro, Nikola Radic

Nanostructured carbide surfaces prepared by surfactant sputtering
Authors : H. Hofsdss, K. Zhang and H. Zutz II. Physikalisches Institut, Universitdt Gottingen
Friedrich-Hund-Platz 1, 37077 Géttingen, Germany
Resume : Surfactant sputtering is a novel ion beam erosion technique, recently introduced by
Hofsdss and Zhang. This technique utilizes the steady state coverage of a substrate surface with a
steady state thin layer of foreign or self atoms simultaneously during sputter erosion by combined
ion irradiation and atom deposition. These surfactant atoms strongly modify the substrate sputter
yield on atomic to macroscopic length scales. Depending on the surfactant-substrate combination,
the technique allows enhanced smoothing of surfaces, the generation of novel surface patterns and
nanostructures and the controlled shaping of surfaces on the nanometer scale. Ion beam erosion at
grazing incidence leads to the formation of rippled surface structures which are strongly modified by
the surfactant layer and the interaction between surfactant and substrate atoms. We will give an
introduction to the novel sputter technique and we apply the technique to prepare thin nano-
structured carbide layers on a-C substrates. As substrates we use ion beam deposited ta-C films.
We present results for e.q. titanium carbide and tungsten carbide nanostructured surface layers
which were analyzed using scanning probe microscopy techniques, high resolution RBS, SEM and

XRD.

add to my program

11:00

11:20

11:40

(close full abstract)

Up-scaling the production of modified DLC coatings in the framework of plasma polymerization

processes

Authors : Carles Corbella, Fraunhofer IST Ingmar Bialuch, Fraunhofer IST Marc Kleinschmidt,
Fraunhofer IST Klaus Bewilogua, Fraunhofer IST
Resume : Diamond-Like Carbon (DLC) films with Si and O additions, which exhibit mechanical and
tribological properties adequate for protective coating applications, have been synthesized at room
temperature in a small- (0.1 m3) and in a large-scale (1 m3) coater by low-pressure Plasma-
Activated Chemical Vapour Deposition (PACVD). Hence, a-C:H:Si and a-C:H:Si:O coatings were
produced in atmospheres of tetramethylsilane (TMS) and hexamethyldisiloxane (HMDSO),
respectively. The substrate electrodes were excited either by radiofrequency (RF) or by asymmetric
bipolar pulsed-DC power. Argon was used as a carrier gas to stabilize the glow discharge. Several
series of 2 to 5 pm-thick coatings have been prepared at different mass deposition rates, Rm, by
varying the total gas flow, F, and the input power, W. The Arrhenius plots of Rm/F vs W/F show
linear behaviours for both plasma reactors, as expected for plasma polymerization processes at
moderated energies. The calculation of the generalized activation energy, Ea, in each series
permitted us to define the regimes of energy-deficient and monomer-deficient PACVD processes as
a function of the key parameter W/F. Moreover, the properties of the modified DLC coatings, such
as contact angle, abrasive wear rate and hardness, appear also correlated to this parameter. This
work shows an efficient method to scale up PACVD processes from small, lab-scale plasma

machines to industrial plants by the unique evaluation of macroscopic deposition parameters
add to my program

(close full abstract)

The synthesis of free-standing films of polymer/nanocarbon composites based on carbon
nanopowder’s buoyancy
Authors : I. Sandu, I. Morjan, I. Voicu, R. Alexandrescu, F. Dumitrache, O. Cretu, L. Gavrila-
Florescu, C. Fleaca, M. Scarisoreanu, C. Luculescu, E. Popovici National Institute for Lasers, Plasma
and Radiation Physics, Bucharest, Romania
Resume : In this work we rapport the synthesis of free standing films of polymer/nanocarbon
composites. The method consists in forming a thin film of carbon nanoparticles onto the water’s
surface. Through the free infiltration of the polymer between the nanoparticles which form the film,
after the polymer is cured, we obtain free-standing films of polymer/nanocarbon composites. The
composite films are homogenous; they have 5% wt. carbon nanoparticles within the polymer matrix

and are 2 pm in thickness. The carbon nanoparticles were synthesized through the laser pyrolysis of

an ethylene/acetylene gaseous mixture. The mean dimension of the primary particles is 30 nm. The
polymers which form the composite’s matrix are: Synthalat A 077, an acrylic polymer, and High
Density Polyethylene (HDPE). The carbon nanopowder, carbon films, and the polymer/nanocarbon
composites were investigated through: transmission electron microscopy (TEM), scanning electron
microscopy (SEM), optical microscopy, Raman spectroscopy, etc. As particular properties of the
composite films we mention: homogeneity, low density, and the existence of an infinite percolation

cluster in the film’s volume. These characteristics can be useful in optical and electrical applications.
add to my program

(close full abstract)

A novel form of hard hydrogenated amorphous carbon grown under high rate conditions in absence

of ion bombardment

Authors : S.V. Singh1, T. Zaharial, M. A. Creatorel, R. Groenen2, K. Van Hege2 and M.C.M. van de
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Sandenl 1 Eindhoven University of Technology, Department of Applied Physics, P.O. Box 513, 5600

MB Eindhoven, The Netherlands 2 NV Bekaert SA, Dept. of Advanced Coating Technologies,

Bekaertstraat 2, 8550 Zwevegem, Belgium

Resume : A novel form of diamond-like hydrogenated carbon deposited utilizing the expanding

thermal remote Ar/C2H2 plasma is reported. The plasma is generated in a cascaded arc at

subatmospheric pressure in argon. The discharge expands into a low pressure (remote) chamber

where acetylene is introduced downstream by means of an injection ring. The downstream plasma

is characterised by a low electron temperature which leads to ion driven chemistry and negligible

physical effects like ion bombardment (< 2 eV) on the substrate. Furthermore, no external bias was

applied discarding any possibility of high energy ion bombardment. Distinct from previous works, Al
relatively low argon to acetylene gas flow ratio has been used in this study. Infrared absorption 4
shows a reduced concentration of CH stretching and in addition, it is also evident that the

endgroups (sp2 - CH2 and sp3 - CH3) are absent in the films. A distinct dispersion relation of

optical constants is also obtained in the photon energy range of 1.24 eV to 5 eV. These films posses
relatively low optical band gap and hydrogen content (< 25%), high refractive index and a

nanohardness exceeding 16 GPa. Above all these films are deposited at growth rates exceeding 15

nm/s. Further characterizations by means of Raman spectroscopy, spectroscopic ellipsometry (SE)

and Rutherford back scattering (RBS) indicate that the films are well cross-linked graphite like

hydrogenated amorphous carbon. The film properties will be interpreted in view of the specific

plasma chemistry taking place in the expanding thermal plasma.

add to my program (close full abstract)

Deposition II: Magnetron sputtering and related techniques : Roland Groenen, Hans Hofséass

14:00 Microstructural evolution and properties of magnetron-sputtered TiC/a-C and (Ti,Al)(N,C)/a-C
nanocomposite coatings
Authors : M. Stueberl, U. Albers1, C. Ziebertl, M. Rinkel, M. Lattemann2, E. Lewin3, S. Ulrich1l, L.
Hultman2, U. Jansson3 , M. O  Sullivan4, P.Polcik4 1Forschungszentrum Karlsruhe, Institute of
Materials Research I, Hermann-von-Helmholtz-Platz 1, D-76344 Eggenstein-Leopoldshafen
(Germany) 2Linkdping University, Plasma and Coatings Physics Division, Department of Physics,
Chemistry and Biology, SE-581 83 Linkdping (Sweden) 3Uppsala University, Department of
Materials Chemistry, The Angstrém Laboratory, P.O. Box 538, SE-751 21 Uppsala (Sweden)
4Plansee GmbH, Research & Development HVD, Siebenbiirgerstr.23, D-86983 Lechbruck am See
(Germany)
Resume : Carbon-based nanocomposite thin films are attracting continuously increasing scientific
and technical attention due to their promising property profiles. Current research activities address
for example the development of wear resistant, low friction surfaces for engineering applications or
issues related to energy technologies. This paper reports on TiC/a-C and (Ti,Al)(N,C)/a-C protective
coatings synthesized by magnetron-sputtering. It reviews the correlation between the constitution,
microstructure and properties of these coatings and discusses results obtained from a variety of
analytical methods including electron probe microanalysis (EPMA), X-ray photoelectron
spectroscopy (XPS), X-ray diffraction (XRD), Raman spectroscopy, transmission electron
microscopy (TEM), and atomic force microscopy (AFM). Selected mechanical properties like the A2
hardness and the Young's modulus of the coatings were characterized both by the classical Vickers 1
method and by nanoindentation. In the case of TiC/a-C thin film deposition a combinatorial
approach using a segmented sputtering target composed of pure ceramic TiC and graphite pieces
will be described. These experiments were carried out in a laboratory PVD machine (Leybold Z 550)
under stationary conditions in non-reactive atmospheres. In each experiment, 6 samples of various
Ti:C elemental composition ratios were obtained. Relevant deposition parameters (i.e. the R.F.
substrate bias) were varied systematically. The constitution, microstructure and properties of the
coatings will be discussed as a function of the Ti:C ratio. Further issues such as the deposition from
new ceramic composite targets and the scaling-up of the deposition process to industrial level by
applying these new composite targets will be addressed as well. The synthesis of new (Ti,Al)
(N,C)/a-C nanocomposite coatings will be described exemplarily for the reactive magnetron
sputtering from metal targets with an industrial PVD equipment (Hauzer HTC 625). First, the
deposition conditions were fixed for the growth of a conventional metastable (Ti,Al)N hard coating.
The carbon-based nanocomposite coatings then were deposited by adding methane to the process.
The constitution, microstructure and properties of these coatings will be presented in dependence of
their elemental composition. The thin film concepts and results presented will be discussed with
respect to the identification of recommendations for the nanoscale design of advanced
multifunctional wear-resistant low friction surfaces by innovative physical vapor deposition

processes.

add to my program (close full abstract)

14:30 Nanodiamond growth in sputtered hydrogenated amorphous carbon thin films
Authors : S. Kassavetis, S. Lousinian, A. Laskarakis, S. Logothetidis, I.Tsiaoussis, N. Frangis
Physics Department, Aristotle University of Thessaloniki, GR-54124 Thessaloniki, Greece
Resume : Nanostructured carbon-based thin films are ideal materials for numerous advanced
technological applications, as protective and active films for optoelectronic systems, gas barrier
coatings for flexible electronic devices, due to their unique properties. Lately the scientific interest
was attracted to the growth of nanocrystalline forms of carbon-based thin films and especially of
the embedded nanodiamond structures into amorphous carbon films. In this work rf magnetron
sputtering was successfully used for the growth of nanodiamond hydrogenated amorphous carbon
thin films (a-C:H). The growth of the samples was held in a high vacuum chamber on c-Si(001)
substrates, using Ar as the sputtering gas and H2 as the reactive one. Previous studies have shown
that these a-C:H thin films were relatively soft (Hardness = 1.8-5.7GPa), with low density (1.1-
1.3g/cm3). In this study, we focus on the effect of the deposition conditions, such as the applied to
the substrate bias voltage (Vb) and the hydrogen partial pressure (PH), to the surface morphology,
bonding and to the nanostructure characteristics of the a-C:H thin films. The surface
characterization of the a-C:H thin films was performed using various Scanning Probe Microscopy
Techniques, such as AFM, Atomic Force Acoustic Microscopy and Scanning Near-field Optical
Microscopy. It was found that the Vb controls the surface roughness and morphology, rather than
the PH. Also, High Resolution Transmission Electron Microscopy studies showed the presence of
nanosized crystals (5-10 nm) embedded in the amorphous carbon matrix close the surface and
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crystalline seeds deeper in to the thin film, in the case of the a-C:H thin film grown with Vb>0. The
electron diffraction patterns were identified with the characteristic diamond d-spacings. However,

for Vb<0 the samples were found to be almost amorphous.

add to my program (close full abstract)

14:50 Structure of carbon-metal nanocomposite thin films
Authors : M. Szerencsi (1), K. Sedlackova (1), A. Sylvestre (2), Y. Pauleau (2), S. Kukielka (3), W.
Gulbinski (3), G. Radnoczi (1) (1) Research Institute for Technical Physics and Materials Science,
Konkoly-Thege M. Gt 29-33., 1121 Budapest, Hungary (2) CNRS - Grenoble Electrical Engineering
Lab. (G2Elab) 25 Avenue des Martyrs, BP166, 38042 Grenoble, Cedex 9, France (3) Technical
University of Koszalin, Faculty of Mechanical Engineering, Department of Physics, ul. Raclawicka 15-
17, 75-620 Koszalin, Poland
Resume : Carbon-metal nanocomposite films can be investigated for their promising properties in
mechanical and tribological applications. Other functional properties, however, like magnetic or
protective coatings (e.g. antibacterial) on soft and deformable substrates also can be of interest.
Carbon-metal nanocomposite films have been deposited by DC magnetron sputtering and RF
plasma assisted CVD. Metals (Ag, Cu) nonreactive with carbon were selected. Carbon atoms
incorporated in the films originated from either a separate graphite target in DC sputtering or
decomposition of CH4 in RF plasma. The structure of the films was determined by electron
microscopy (TEM, HREM) and analytical techniques (EDS, EELS). The composition effect on the
structure was also studied. The structure of films can be characterised by globular or columnar
metal grains embedded in carbon matrices, having amorphous structure of random or graphitic
order. The particle size of the metallic dispersed phase was found to vary in the range 4-20 nm.
The thickness of the carbon matrix between metallic particles was approximately 2-4 nm. The
particle size increased with increasing metal content as long as the metal became the matrix and
carbon turned to be the dispersed phase. The changes of the structure as a function of the
composition are discussed on the basis of the structure zone model for two-phase materials. The

morphological stability of the films under electron beam was also addressed.

add to my program (close full abstract)

15:10 Surface characterization of carbon-tungsten alloys prepared by reactive sputtering
Authors : N. Radi¢(a), P. Dubcek(a), M. Risti¢(a), S. Music¢(a), A.Tonejc(b), S. Bernstorff(c) (a)
Rudjer Boskovic Institute, Zagreb, Croatia (b) Faculty of Sciences, Phys. Dept., Zagreb, Croatia (c)
Elettra, Basovizza, Italy
Resume : The surface features of tungsten-carbon thin films, deposited onto monocrystalline
silicon substrates by reactive magnetron sputtering (argon + benzene) has been investigated by
GISAXS, AFM and SEM. Benzene partial pressure was varied from 1% to 10% of the total working
gas pressure in order to produce W-C films with variable fraction of incorporated unbound carbon. A
series of samples were prepared, with the substrate temperature held at RT, 200°C, and 400°C,
and the substrate potential held at floating potential or biased -70 V with respect to discharge
plasma. Structure of the films is found to be nanocrystalline to amorphous WC1-x as the carbon
content increase, with a fine dispersion of DLC-clusters imbedded between nanograins. The GISAXS
analysis revealed the particle size of about 3 nm within the films. The same results indicate that the
surface of the examined films is rather smooth - surface roughness is about 0,5 nm, with a very
short inplane height-height correlation length. The AFM measurements and SEM results are
employed to characterize the surface and subsurface layer of the films, in order to examine a

degree of bulk structure propagation to the surface.
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15:30 Optical and Electrical Properties of WC-C and TiBC-C Nanocomposite Thin Films Deposited by
Magnetron Sputtering
Authors : M.D. Abad 1, J.C. Sanchez-Lépez 1, N. Cusnir 2, R. Sanjinés 2, 1) Instituto de Ciencia de
Materiales de Sevilla (CSIC-US), Sevilla, Spain, 2) Ecole Polytechnique Fédérale de Lausanne,
IPMC-SB, CH-1015 Lausanne, Switzerland
Resume : The aim of the present work is the investigation of the optical and electrical properties of
nc-WC/a-C and nc-TiBC/a-C thin films. A combined dc-pulsed and rf-magnetron deposition process
was used to deposit nanocomposite TiBC/a-C and WC/a-C films with variable content of amorphous
carbon matrix phase. The films were characterized by X-ray diffraction (XRD), electron energy-loss
spectroscopy (EELS), X-ray photoelectron spectroscopy (XPS) and transmission electron microscopy
(TEM). In such nanocomposite thin films (nc-MXC/amorphous-C), crystallite sizes are of the order
of a few nanometers. The grain surfaces and boundaries play an increased role on physical
properties. In order to understanding the effect of the carbon co-deposition on the phase formation
and/or segregation, crystallite size, morphology and formation of the composite material, the
optical and electrical properties of these films were systematically investigated by spectroscopic
ellipsometry, reflectivity and electrical resistivity measurements. The dielectric function of pure
nanocrystalline nc-TiBC and nc-W2C films reveals structures near the screened plasma edge which
correlate well with their associated electronic structure. The addition of carbon originates important

modifications in the optical properties of these films.
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M-A-X based systems and carbon nanotubes : Imre Bertoti, Ihsan Efeoglu
16:30 Synthesis and characterization of nanolaminated MAX-phase films
Authors : UIf Jansson Department of Materials Chemistry Uppsala University Box 538 SE-751 21
Uppsala Sweden
Resume : New thin film materials in the M-A-X systems have recently been given a considerable
attention. In these systems, M represents a transition metal, A is a so-called A-element from group
13-15 (e.g. Si, Al, Ge) and X is either carbon or nitrogen. An interesting group of compounds in A3
these systems are the nanolaminated MAX-phases with a general composition Mn+1AXn, where 1
n=1, 2, 3. They can be described as nanolaminates of metal carbides or nitrides separated by A-
layers. This structure gives rise to special chemical and physical properties that suggest a potential
use of these materials in many thin film applications. Some examples are: low-friction materials,
thermal protection coatings and chemically resistant coatings. A problem with the nanolaminated
MAX-phases is that they usually are formed in narrow composition ranges and at rather high
deposition temperatures (>600 oC). Consequently, depending on the process parameters also other
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types of thin film materials can be obtained. At reduced temperatures, nanocomposites (nc-MX:a-
AX) are the most important type of competing structure. Recent studies have shown that carbide
MAX nanolaminates and M-A-X nanocomposites exhibit very similar properties and that both type of
materials can be used in a given application. This paper will give a general overview of the
synthesis of carbide MAX-phase thin films and their properties. The relationship between

nanolaminates and competing nanocomposite structures will also be discussed.

add to my program (close full abstract)

17:00 Si- and Cr-containing carbon based nanocomposite thin films: Chemical and nanomechanical
properties
Authors : 1. Bertoti, M. Mohai, A. Toth, K. Kereszturi, E. Kalman Institute of Materials and
Environmental Chemistry Institute of Surface Chemistry and Catalysis Chemical Research Center,
Hungarian Academy of Sciences, Budapest, Hungary
Resume : Modification of DLC films by silicon together with different metals is in the forefront of
investigations and industrial development. Si- and Cr-containing a-C films were deposited
simultaneously by dual magnetron sputtering sources onto polished silicon wafers using Cr and C
targets and vapour phase (TMS) Si source. The chemical composition and the bonding states of the
constituent elements were characterized mainly by X-ray photoelectron spectroscopy. Mechanical
properties (dynamic hardness and reduced modulus) were estimated by using a depth-sensing
instrument. The chromium content in the C-Si-Cr films varied between 1-55 atomic % while the
silicon content at the same time between 25-0 atomic %. Predominant C-Si and C-Cr chemical
bonds could be identified by the chemical shifts of the XP spectra and by the Auger parameters.
Formation of phase-separated clusters of silicon, silicon carbide, chromium, chromium carbide or
chromium silicide, however, could not be detected. The nanohardness (H) and reduced modulus (E)
of the films were significantly higher than that of the silicon substrate being 10 GPa, 127 GPa,
respectively. H and E values were for a-C film 16 GPa and 155 GPa, and for (Si+Cr)-(a-C) films 13-
22 GPa and 100-170 GPa, respectively, depending on the chemical composition. Increase of the Cr-
content in the films led to well measurable increase of the hardness of the coatings, while the latter

seems to be invariant with the Si content.
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17:20 An Athermal Single-Walled Carbon Nanotube Solution
Authors : Shane D Bergin,a, b Valeria Nicolosi a, b, Zhenyu Sun a, b, & Jonathan N Coleman a, b a
School of Physics, Trinity College Dublin, Dublin 2, Ireland. b Centre for Research on Adaptive
Nanostructures and Nanodevices (CRANN) , Trinity College Dublin, Dublin 2, Ireland
Resume : Since their discovery in 1993, the much heralded properties of single walled carbon
nanotubes (SWNTs) have not been realised to their full potential due to their propensity to bundle
with one another via Van der Waals interactions and the diminished properties that result from this
bundled state. The literature is peppered with various techniques to debundle SWNTs, most of
which rely on covalent or non-covalent functionalisation of the SWNTSs in order to change the
solvent-nanotube interaction. This type of three phase system has had success. However, the effect
of covalent attachments on the electronic properties of pristine SWNTs cannot be ignored. Neither
too can we neglect the role this third dispersant phase may play in the implementation of the
debundled SWNTSs in any composite. Thus, we arrive at the situation where a simple two phase
system of SWNTs being exfoliated in an appropriate solvent would be of great benefit to any
possible user. Recently, work from our group has demonstrated debundling by dilution in the
common amide solvent N-Methyl-Pyrrolidone (NMP) [1]. This demonstrated high populations of
individual SWNTs confirmed by spectroscopic and microscopic techniques. The benefits accruing
from this have been measured in various composite materials reported by our group. More recently,
we have demonstrated spontaneous debundling of SWNTs in NMP: it should be stressed that this
debundling occurred without the need for sonication. In this work, the trend of average bundle
diameter as a function of SWNT concentration was monitored. We compare the sonicated
dispersions to the non-sonicated samples and show that after a period of approximatly 150hrs the
non-sonicated dispersions are debundled to the same extent as the sonicated dispersions. This
spontaneity would suggest that the SWNTs are soluble in NMP. To that end, we investigated the
various components of the free energy of mixing for such a reaction. The entropic component was
described using Flory’s model of mixing rigid rod-like molecules. Modelling the enthalapic element,
we arrived at an expression with a very similar form to the famous Scratchard Hildebrand equation
- the basis of the like-dissolves-like rule familiar to chemists. We show that by matching the
surface energy of the solvent to the surface energy of the SWNT, we obtain optimum debundling of
SWNTSs: this match corresponds to a minimised enthalpy of mixing component which would again
point toward a SWNT solution. To verify this, using Flory’s theory for mixing, we express the
conditions required for a solution in terms of the Flory Huggins parameter. An absolute measure for
the Flory Huggins parameter was obtained using dynamic light scattering. Comparing this
experimental value to the theoretical requirement for a solution, we confirm that SWNTs are soluble

in NMP.
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17:40 A comparative study of carbon nanotubes synthesized using DC and pulsed DC low pressure glow
discharge plasma enhanced CVD
Authors : D.K. Rai(b), Sanjay K. Ram(a), Paramananda Biswas(a), Suman Banerjee(a), Rajeev
Gupta(a,b) and Satyendra Kumar(a) (a)Department of Physics and Samtel Centre for Display
Technologies, Indian Institute of Technology Kanpur, Kanpur-208016, India (b)Materials Science
Programme, Indian Institute of Technology Kanpur, Kanpur-208016, India
Resume : Carbon nanotubes (CNTs) having remarkable electrical, mechanical and thermal
properties have attracted considerable scientific interest. Use of plasma enhanced chemical vapor A3
deposition (PECVD) for synthesis of CNTs allows good control over the alignment of nanotubes by 4
variation in different deposition parameters. In the present report, CNTs have been synthesized
using DC and pulsed DC low pressure glow discharge PECVD techniques on silicon and quartz
substrates with a buffer layer of titanium film, and a catalyst layer of nickel. The pulsed-DC
technique with asymmetric bipolar waveform is an advanced technology that offers a good
alternative to conventional DC and RF-PECVD, and provides better control on arcing and uniformity
over large area. We observed that the density, diameter and other morphological features of CNTs
could be controlled by varying deposition time interval, power input/biasing, substrate temperature
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and hydrogen pretreatment. The CNTs were characterized by scanning electron microscopy, Raman
spectroscopy, atomic force microscopy and scanning tunneling microscopy. Uniform growth of CNTs
over large area was obtained using C2H2 and H2 gases. We have compared the properties of CNTs

deposited using the two different techniques and under different deposition conditions.
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08:45 Hybrid nanocomposites for optical applications
Authors : T. P. Nguyenl, C. W. Leel,2, H. Simon1, H. C. Le3 1 Institut des Matériaux Jean Rouxel,
2 rue de la Houssiniére, BP32229, 44322 Nantes, France 2 Department of Applied Chemistry,
National Chiao Tung University, Hsinchu 30010, Taiwan, Republic of China. 3 Faculty of Engineering
Physics & NanoTechnology, College of Technology, 144 Xuan Thuy Road, Hanoi, VietNam
Resume : Incorporating inorganic particles into conjugated polymer matrices is an area of current
interest in the fields of optoelectronics and solar energy. The hybrid nanocomposites exhibit
interesting physical properties thanks to good optical properties of polymers and to high carrier
mobility of inorganic semiconductors. A judicious combination of organic/inorganic can therefore
provide materials of low cost, ease processing, high stability, with specific electrical and optical
properties. Numerous experimental results have shown that devices using hybrid nanocomposites A4
provide the potential for improving the performance of power conversion efficiency better than 1
those using polymer only. In the present study, we briefly review the composite materials that have
been successfully utilized in the field of optoelectronics and photovoltaic conversion. We shall
describe in particular a family of nanocomposites using polyhedral oligomeric silsesquioxanes
(POSS) of general formula (RSiO3/2)n where R is an organic group as a core. The composites are
made by grafting functional polymer groups to the core, which allows the control of their optical
properties. Such composites have high mechanical resistance and stability because of the special
structure of the core. For illustration, we present a study of polyfluorene (PF)/ POSS materials used
as an active layer in organic light emitting diodes, with improved performance as compared to
those using polymer only, and we discuss the role of the particles in the transport and emission

processes in the devices studied.
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09:15 Carbon based nanostructured thin films as solar absorbers
Authors : Viorel Braic, Mihai Balaceanu, Catalin Nicolae Zoita, Mariana Braic National Institute for
Optoelectronics, Magurele-Bucharest, ROMANIA
Resume : Carbon-based nanostructured composite (CBNC) films consisting of nanosize particles
embedded in a carbon-containing host matrix exhibit a variety of attractive properties in solid-state
physics. Depending on the size of embedded particles and interface effects, CBNC films may
possess unique physical and/or chemical properties. Recently, films based on a a-C:H-Si matrix
containing TiSiC clusters have been shown to be of interest as solar absorber coatings. The thermal
stability of CBNC films is a critical issue for this application. Thin films of nanostructured composites
containing TiSiC clusters in an a-C:H-Si matrix were deposited on Cu and Si substrates by the
filtered cathodic vacuum arc deposition method. As carbon rich gases, acetylene and methane were
used to supply carbon and hydrogen in the reactive deposition atmosphere. The aim of this paper is
to understand the causes of the observed variation, in terms of adhesion, hardness, stress and VIS-
IR reflectivity, when using different carbon rich gases. The films were analyzed by quantitative
Auger electron spectroscopy for the elemental composition, XPS for the near-surface microchemical
composition, XRD for lattice parameters and texture, AFM with nanoindentation module for surface
morphology, hardness and adhesion, mechanical profilometry for thickness and film stress
measurements. The films reflectivity at different angles in the VIS-NIR region was determined

before and after exposure to an aging thermal treatment in air.
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09:35 Preparation and Characterization of Electrospun PS/BEH-PF Fiber Mats
Authors : Sutheerat Changsarn, Toemsak Srikhirin, and Pitt Supaphol
Resume : Electrospun (e-spun) fiber mats of 9,9-Di(2’-ethylhexyl)-2,7-dibromofluorene (BEH-PF)
in its blend with polystyrene (PS) with the average diameters ranging from 0.68 to 1.04 COm were
successfully prepared. Electrospinnability of the PS/BEH-PF solution was improved by the addition
of a volatile organic salt, pyridinium formate (PF), to the solution prior to electrospinning. Scanning
electron microscopy (SEM) and Fourier-transformed infrared spectroscopy (FT-IR) were respectively
used to observe morphology and chemical integrity of the e-spun fiber mats. Additionally,
absorption and emission of the as-prepared solution and its corresponding e-spun fiber mats were
investigated by UV-visible (UV-vis) and photoluminescence (PL) spectroscopy. The e-spun fiber
mats exhibited a red shift in their emission spectra, when compared with those of the solutions,
possibly due to the aggregation of BEH-PF in the e-spun fiber mats as lower energy emission peaks

were observed.
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10:30 Microstructural and Microtribological Characterization of Metal containing DLC Coatings
Authors : Kirsten Ingolf Schiffmann Fraunhofer Institut fir Schicht- und Oberfldchentechnik
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Resume : Metal-containing diamond-like carbon hard coatings (Me-DLC) consist of nanometer size
metallic particles, embedded in an amorphous hydrocarbon matrix. Their mechanical and
tribological properties are of high interest for applications e.g. in tool or automotive industry and
are influenced by the size and distribution of metallic clusters in the film. In this talk: (1) a
systematic investigation of mean radii and centre-of-mass distances of metal clusters in Me-DLC
films is presented. Films with different kinds of metals (Au, Pt, W and Fe) and metal contents
ranging from O to 50 at% are analysed, each by four complementary analytical techniques: TEM,
STM, XRD and SAXS. Increasing particle radii and particle distances in the range of 1 to 5 nm and 2
to 10 nm respectively are found with increasing metal content of the film. Cluster sizes and
distances correlate to the melting-point and the carbide forming behaviour of the metal. (2) While
the macroscopic tribological behaviour of Me-DLC coatings is well known there is only little
knowledge of the influence of the micro- and nanostructure of the films on friction and wear.
Therefore AFM-based methods have been applied to correlate microstructure with the tribological
performance of the coatings. The influence of low-cycle material fatigue, columnar growth structure

and particle percolation could be identified as factors influencing the wear behaviour of the Me-DLC.
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11:00 Tribological Characterization of Me(Nb,Ti)-DLC Films Grown by Pulsed-dc Magnetron Sputtering
Authors : I. Efeoglu, Atatlirk University, Turkey D. Ugur, Bogazici University, Turkey O. Baran,
Atatilrk University, Turkey E. Arslan, Atatlirk University, Turkey S. Altintas, Bogazici University,
Turkey
Resume : Objective of this research was to investigate the tribological behaviour of Nb and Ti
doped diamond-like carbon (DLC) films deposited by closed-field unbalanced magnetron sputtering
method with applied pulsed-dc to the substrate. Tribo-test characterization were carried out by
employing high temperature pin-on-disc system. The used test conditions are oil, distilated water

and three different temperatures (RT, 150, 3000C). Resulting coatings exhibited low CoF.
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11:20 Influence of structural composition on mechanical behaviour of Ti-DLC based coatings deposited by
PECVD
Authors : D. Caschera 1,2, F. Federici 1, L. Pandolfi 1, S. Kaciulis 1, G. Padeletti 1, M. Sebastiani 2,
E. Bemporad 2 1 ISMN-CNR, via Salaria Km 29,300, Monterotondo scalo, 00016 (Rm) - ITALY 2
Dip. di Ingegneria Industriale e Meccanica, Universita di Roma Tre, via Vasca Navale 84, Roma,
00146 (Rm) - ITALY
Resume : Titanium-DLC based films represent extremely versatile materials for their possible
applications in large industrial fields, such as mechanical, optical or biotechnological sectors. In this
study, Ti-containing DLC films have been deposited by plasma decomposition of metallorganic
precursor, titanium isopropoxide (TifOCH2CH3]4) in a CH4/H2/Ar gas atmosphere. The deposited
films were found to be composed of amorphous titanium oxide and nanocrystalline titanium A5
carbide, embedded in an amorphous hydrogenated (a-C:H) matrix (DLC). The TiC/TiO2 ratio in the 3
DLC matrix is found to be dependent on the process parameters. The films’ chemical composition,
depending on gaseous fluxes and substrate\'s temperature, was investigated by XPS depth
profiling; the crystallinity of TiC nanoparticles and their dimensions have been evaluated by X-ray
diffraction, while the structural morphology has been analysed by AFM and SEM. Intrinsic hardness,
elastic modulus and hardness to modulus ratio of obtained coatings were measured by means of
nanoindentation techniques, adopting the Continuous Stiffness Measurement method: tests were
performed under constant strain rate condition, while maximum penetration depth was selected as
a constant ratio of the coating thickness, in order to correctly evaluate substrate effects on modulus
and hardness values. Results show a correlation of mechanical properties with film\'s chemical

composition and amorphous/crystalline status ratio.
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11:40 Role of Carbon in the Oxidation Response of Nanocomposite Cr-N-C Coatings
Authors : C. Louro (a,*), A.M. Neves (a), T. Polcar (a,b) and A. Cavaleiro (a) a) ICEMS, Mechanical
Engineering Department, University of Coimbra, 3030-788 Coimbra, Portugal b) Department of
Applied Mathematics, Faculty of Transportation Sciences, CTU in Prague, Na Florenci 25, Prague 1,
Czech Republic *corresponding author: cristina.louro@dem.uc.pt
Resume : Recently [1] and in spite of the well-known low temperature degradation of sp3 to sp2
carbon bonds, arc-evaporated Cr-N-C coatings tested tribologically in situ at high temperatures
show that the wear rate was almost independent on the temperature and lower than that of CrN
coatings deposited and tested under similar conditions. This is a result of the favourable
thermochemical properties of this system. Thus, in order to understand the upper service
temperature of Cr-N-C as wear-protection coatings, the role of C on the Cr-N-C oxidation behaviour
must be addressed. Coatings were prepared by cathode arc evaporation technology using constant
N2 and variable C2H2 flows. The carbon content, varied from 0 (CrN used as reference) to 25 at.%.
By thermogravimetric analysis (TG) in an O-containing atmosphere, it was possible to assess either
the weight gain variation, during the dynamic thermal oxidation at increasing temperatures up to
1000°C, or the onset oxidation temperatures. In-situ high temperature XRD, Raman and FTIR
spectroscopies were used for analyzing the structural changes. At elevated temperatures the
oxidation mechanism proceeds by the displacement of C and N from the coating by oxygen.
Therefore, the expected effusion of CO, CO2 and N2 gaseous products, detected by Mass
spectrometry (coupled to TG equipment), interferes with the inward oxygen ion flux, being a factor
explicative for the oxidation mechanism changes. Moreover, when the C/N content in the films is
high enough, the molecular gas bubbles formed in the interface oxide/coating generate stresses in
the protective Cr203 oxide layer leading to its destruction. This was confirmed by SEM
morphological characterization. [1] - T. Polcar, L. Cvrcekb, P.Siroky, R. Novak, Vacuum 80 (2005)
113
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14:00 A multilayer approach for MAX Phase synthesis
Authors : T. Cabioch, V. Dolique, M. Jaouen, Laboratoire de Métallurgie Physique, UMR 6630 CNRS,
Université de Poitiers, Batiment SP2MI, Téléport 2, BP30179, 86962 Chasseneuil Futuroscope
Cedex, France
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Resume : Stoichiometric TiN/TiAl multilayers of various modulation wavelengths (8, 13 and 32 nm)
were deposited at room temperature onto Si(100) substrates by Ion Beam Assisted Deposition and
then annealed in vacuum at 600°C in order to allow the formation of a Ti2AIN MAX phase thin film.
The as-deposited multilayers as well as those transformed by the thermal annealing were
characterized by X-Ray diffraction (XRD), High Resolution Transmission Electron Microscopy
(HRTEM), Energy Filtered Transmission Electron Microscopy imaging (EFTEM) and X-Ray
Photoelectron Spectroscopy (XPS) experiments. The different characterization techniques revealed
that Ti2AIN/(Ti,Al)N multilayers were obtained after the thermal annealing. The formation of the
MAX Phase is mainly attributed to the precipitation of nitrogen atoms, already present in the TiAl
layers after the deposition, in TiAl. Depending on the nitrogen concentration CN inside TiAl layers,
and thus of the modulation wavelengths; the annealing induces a solid state transformation which
involves a complex diffusion mechanism of Al and N atoms that will be mostly discussed on the

basis of in situ XRD and TEM experiments.
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14:00 Characteristics of Ti-Nb, Ti-Zr and Ti-Al containing hydrogenated carbon nitride films
Authors : Mihai Balaceanu, Viorel Braic, Mariana Braic, Catalin Nicolae Zoita, Adrian Kiss, Alina
Vladescu National Institute for Optoelectronics, Magurele-Bucharest, ROMANIA
Resume : In the last decade, Me-C:H or Me-C:N:H coatings have attracted a lot of attention
because of their excellent properties such as low friction coefficient, high wear resistance, low
residual stress level and good adhesion to steel substrates. Metal incorporation into hydrogenated
amorphous carbon or carbon nitride films can provide superior properties by forming metal
nanocomposites or nanoclusters. The objective of the present work is to comparatively investigate
the influence of metal addition on the properties of Me-C:N:H coatings, where Me stands for three
different combinations of two elements: Ti-Nb, Ti-Zr and Ti-Al. The coatings were deposited on Si A6
and steel substrates by the cathodic arc method from Ti-Nb, Ti-Zr or Ti-Al targets, in a reactive Ar 2
CH4 N2 atmosphere. The depositions were carried out under different working parameters (CH4
and N2 flow rates, substrate bias voltage). The films were extensively analyzed for elemental
composition (Auger Electron Spectroscopy), chemical bondings (X-ray Photoelectron, Raman and
FTIR spectroscopies), mechanical properties (surface roughness, residual stress, hardness and
adhesion) and tribological characteristics (friction coefficient and wear resistance). The experiments
showed that the coatings properties depended mainly on the type of added material, metal
concentration and N/C ratio in the a-C:N:H film composition and energies of the ions striking the
substrate. It was also demonstrated that metal incorporation in the a-C:N:H structure led to an

improvement of the film hardness, internal stress and adhesion.
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14:00 GAMMA IRRADIATION INDUCED CHANGES OF THE PROPERTIES OF DLC FILMS
Authors : D.Adlienel, J.Laurikaitienel, Z.Rutkunienel, V.Sablinskas2, M.Sniureviciutel,
S.Mockevicienel 1Physics Department, Kaunas University of Technology, Studentu 50, LT-51368
Kaunas, Lithuania, 2Department of General Physics and Spectroscopy, Vilnius University, Sauletekio
9-3, LT-2040 Vilnius, Lithuania
Resume : Application of the amorphous diamond like carbon (DLC) films as protective coatings for
different purposes is growing up due to their excellent mechanical, tribological, electrical and optical
properties. The properties of DLC films depend on the method, which has been used for their
synthesis, on the initial conditions and on the methods of their modification. The aim of this work
was to investigate modification of the properties of amorphous DLC films, performed by irradiation
of the films with high energy gamma photons from Co-60 source. Amorphous DLC films of different
thickness and different hydrogen content were synthesized on Si<111> wafers from pure (99%)
acetylene gas in two chamber plasmatron system. Produced samples were irradiated continuously
and in sequences by gamma photons produced in medical therapy unit with Co-60 source up to the
doses of 100 Gy. The time of relaxation between two following irradiation events has been varied.
Hydrogen content in DLC films was estimated using RBS method. Optical transmittance and
absorbance spectra of the investigated films were measured using GAERTNER UV/VIS
spectrometer, as well as laser ellipsometer Gaertner 117 operating with a He-Ne laser (632.8nm)
was used for the estimation of the thickness, refractive index and extinction coefficient of the films.
Bonding structure of carbon films were analysed using Raman scattering (RS) spectroscopy.
Spectra Physics Stabilite 2017 argon laser operating at 514.5 nm wavelength with 800 mW power
excitation was employed as a light source for Raman scattering. Surface morphology was defined
using Atomic Force Microscope NANOTOP-206 It was found that the properties of the continuously
irradiated samples differed significantly from those of the samples irradiated in sequences. The role
of relaxation on the properties of the irradiated DLC films was estimated varying the time intervals
between two neighbouring irradiation events. Radiation induced structural changes in DLC films are

discussed on the base of the obtained results of the investigation.
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14:00 Effects of substrate ion bombardment on characteristics of carbon based hard coatings deposited by
filtered vacuum-arc plasma technique
Authors : Mihai Balaceanu, Viorel Braic, Mariana Braic, Catalin Nicolae Zoita, Adrian Kiss, Alina
Vladescu National Institute for Optoelectronics, Magurele-Bucharest, ROMANIA
Resume : Microstructure, morphology and mechanical properties of hard coatings deposited by
plasma assisted PVD techniques are known to strongly depend on the energy and current density of
the ions impinging onto the substrate. In this paper, we report the results of an investigation of the
influence of ion bombardment during arc plasma TiSiC/a-C:H deposition on the main film
characteristics. The coatings were deposited on Si and various types of steel, using a filtered A6
cathodic arc unit equipped with two TiSi cathodes. The reactive atmosphere consisted of a mixture 4
CH4 and Ar gases and the working pressure was varied between 2x10-2 and 10-1 Pa. Film
characterization consisted of Auger electron spectroscopy (AES), X-ray diffraction (XRD) and
morphology (AFM) investigations, residual stress, adhesion, hardness and wear measurements.
Various substrate current densities (in the range 1 - 6 mA/cm2) were obtained by using 1 or 2
plasma generators (1 — 2 arc cathodes). In order to keep constant elemental composition of the
films, higher methane flow rates were used when employing two cathodes instead of one. The
variation of substrate bias voltage from -50 to -220 V resulted in an increase in ion energies at the
substrate and also in a slight enhancement in current density. Regarding the influence of the ion
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flux parameters, the coating characteristics have been shown to depend mainly on the intensity of
the ion bombardment. For coatings with the same carbon content, an increase in the current
density led to a significant improvement of the film quality (hardness enhancement and residual

stress diminution).
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14:00 Comparative study of DLC films deposited by Thermoionic Vacuum Arc and Magnetron Sputtering
methods
Authors : R.Vladoiul, A.Mandes1, V.Dincal, M. Contulovl, G.Musal, C.E.A. Grigorescu2, V.Braic2,
I1.C. Vasiliu2, M.Braic2 1Department of Physics, Ovidius University, Constanta, 900527, Romania
2National Institute for Optoelectronics, Bucuresti 077125, Romania
Resume : The physical and mechanical properties of of DLC films make them suitable for a variety
of applications, many of them exploiting the attractive characteristics of DLC. The aim of this paper A6
is to make a comparative analysis of the different characteristics of the DLC coatings obtained by 5
two deposition methods: Magnetron Sputtering (MS) and Thermionic Vacuum Arc (TVA). The films
were extensively analyzed for elemental composition (Auger Electron Spectroscopy), chemical
bondings (X-ray Photoelectron, Raman and FTIR spectroscopies), mechanical properties (surface
roughness, residual stress, hardness and adhesion). A special attention has been paid to the
tribological (friction coefficient and wear resistance) and hydrofobic characteristics of hydrogenated

and non-hydrogenated DLC coatings obtained by the two methods.
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14:00 CARBON NANOCOMPOSITE FILMS DEPOSITED BY ELECTRON-BEAM EVAPORATION AND THEIR
EMISSION PROPERTIES.
Authors : Evtukh, V. Litovchenko, T. Gorbanyuk, M. Semenenko, V. Solntsev, Institute of
Semiconductor Physics, 41 prospect Nauki, 03028, Kiev, Ukraine, and B. Movchan, Yu. Kurapov,
International Center of Electron-Beam Technologies of Paton Institute of Electrowelding, 68 Gorkiy
str., 03150, Kiev, Ukraine.
Resume : The optimization of electron beam deposition technology for obtaining of nanocomposite
carbon films suntable for electron field emission has been performed. Imporntant advantage of
used deposition method is high productivity. The temperature of substrate during deposition was
varied as a parameter. As a substrate were used silicon wafer with Fe or Ni catalyst. The Fe catalyst
was deposited by electrochemical method from FeSO4 with following annealing for FeO clusters
formation and Ni one by magnetron spattering. The catalyst promotes the carbon nanostructured
film formation. It was shown that carbon nanostructured films are effective electron field mission
cathodes. In case of substrate with Fe catalyst to obtain the efficient electron emission the
temperature at carbon-based film deposition has to be T>365C. On the other hand at using of
magnetron sputtered Ni film as a catalyst the substrate temperature at electron-beam deposition of
nanocomposite carbon film can be significantly lower T>170C. The efficient field emission from
carbon nanostructured films is realized at low enough effective threshold fields E=1.5x10E5 V/cm.
Repeated measurements of electron field emission point out on conditioning process during electric
current flow that improves the emission parameters (lowering of threshold voltage, growth of

emission current,etc.).
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14:00 Optical properties of polyfluorene derivative/ cadmium selenide quantum dot nanpocomposites
Authors : M. Zemmouri 1, P. Le Rendul, H. C. Le2, R. Capek3, I. Moreels3, Z. Hens3, T. P.
Nguyen1 1 Institut des Matériaux Jean Rouxel, Université de Nantes, CNRS, 2 rue de la
Houssiniére, BP32229, 44322 Nantes Cedex3, France 2 Faculty of Engineering Physics &
NanoTechnology, College of Technology, 144 Xuan Thuy Road, Hanoi, VietNam 3 Physics and
Chemistry of Nanostructures, Ghent University, Krijgslaan 281-S12, 9000 Gent, Belgium
Resume : Due to their very small size, semiconductor quantum dots (QDs) have unique optical and
electronic properties that allow their applications in light emission devices. Incorporation of QDs
into luminescent polymers offers a convenient way to tune the wavelength of emission by changing
the size of the particles. In the present study, we have investigated nanocomposites made by using
poly(9,9-di(2'-ethylhexyl)fluoren-2,7-yleneethylylene) (PF)) as a host polymer and cadmium A6
selenide (CdSe) quantum dots as a guest material. CdSe were prepared by a wet chemical 7
synthesis, yielding a suspension of Q-CdSe in toluene that was mixed with a PF solution in different
proportions. Thin films of composites with different QDs concentrations were deposited by spin
coating toluene solutions and their optical properties were investigated. Pristine PF films exhibit
blue emission of main wavelength at 470 nm. With increasing QD concentrations, modifications of
the spectrum were observed by a change of the shape of the polymer components together with
the onset of a QD component at 573 nm. The electronic structure of the polymer did not change
however, as proved by Raman spectroscopy performed on doped samples. From scanning electron
microscopy (SEM), we observed that the QDs aggregate, forming small islands in the composites at
high QDs concentrations. Investigations of light emitting devices using the composites as an active

layer are currently carried out.
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14:00
Optical properties of poly(2-methoxy,5-(2’-ethyl-hexyloxy)-1,4-phenylene vinylene)-zinc oxide
nanpocomposites
Authors : T. P. Nguyenl, T. T. Cuong2, M. R. Philips2 1 Institut des Matériaux Jean Rouxel,
Université de Nantes, CNRS, 2 rue de la Houssiniére, BP32229, 44322 Nantes Cedex3, France 2
Department of Physics and Advanced Materials, University of Technology Sydney, P. O. Box 123,
NSW 2007, Australia
Resume : Hybrid nanocomposites made by incorporating inorganic nanoparticles into conjugated A6
polymer matrices exhibit high physical properties, which have enabled their applications in several 8
industrial fields such as optoelectronics and organic photovoltaic cells [1]. In the present study, we
have investigated the nanocomposites made by using poly(2-methoxy,5-(2’-ethyl-hexyloxy)-1,4-
phenylene vinylene) (MEH-PPV) as a host polymer and zinc oxide particles of 25 nm size as a guest
material. Thin films of composites were deposited by spin coating toluene solutions and their optical
properties were investigated. From photoluminescence (PL) measurements, a blue shift of the
emission spectrum was observed, which varies with the particles concentration. Because of the
particles size used in this experiment, quantum size effects are excluded. Moreover, Raman
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spectroscopy performed on pristine and doped polymers show clearly that no significant structural
changes of MEH-PPV have occurred. From X-ray photoelectron spectroscopy results, we explain the
observed PL shift by the establishment of an electric field in the vicinity of the particle surface,
which contains oxygen vacancies and facilitates the charge transfer between the host and guest

materials. [1] C. Sanchez, B. Julian, P. Belleville, M. Popall, J. Mater. Chem. 15, 3359 (2005).
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14:00 Photoconductivity of multi walled CNT deposited by CVD
Authors : U. Coscial,2,3, G. Ambrosone2,3,4, A. Ambrosio2,3,4, M. Ambrosio2, V. Carillo2,3, P.
Maddalena2,3,4, M. Passacantando5, E. Perillo2,3, A. Raulo2,3, S. Santucci5. (1) CNISM-Unita di
Napoli, Complesso Universitario di Monte Sant\'Angelo, Via Cintia, I-80126 Napoli, Italy (2) I.N.F.N.
Sezione di Napoli, Complesso Universitario di Monte Sant\'Angelo, Via Cintia, I-80126 Napoli, Italy
(3) Dipartimento di Scienze Fisiche, Universita di Napoli Federico II, Complesso Universitario di
Monte Sant\'Angelo, Via Cintia, I-80126 Napoli, Italy (4) CNR-INFM CRS-COHERENTIA, Complesso
Universitario di Monte Sant\'Angelo, Via Cintia, I-80126 Napoli, Italy (5) Dipartimento di Fisica and
INFN, Universita dell\'Aquila, Via Vetoio 10 Coppito, 67010 L\'Aquila - ITALY
Resume : In the last years optical and electrical properties of the carbon nanotubes (CNT) have
been widely investigated in view of their device applications such as ultra fast optical switching,
photo detectors and solar cells. Photoconductivity (PC) upon laser illumination has been widely A6
studied in thin single wall carbon nanotubes (SWCNT) while much less is known about multi walled 9
CNT (MWCNT). In this paper we present results on the steady state PC of relatively large area
layers (4x4 mm2) of MWCNTs upon white light and monochromatic incident radiation. Samples
have been prepared by CVD technique from acetylene - ammonia mixture at substrate temperature
of 550 and 700 °C. Films, formed by interconnected CNT, have been grown on a sapphire
substrates. The electrical measurements have been performed in coplanar configuration by means
of two gold electrodes deposited on the top surface of MWCNT. PC of the samples exposed to white
light radiation increases linearly as function of the bias voltage as well as power density radiation,
in the range of -40 to + 40 V and of 10 to 700 mW/cm2, respectively. The I-V characteristics under
monochromatic radiation show approximately the same trends of those obtained under white light
illumination. The spectral response in the range 400-850 nm decreases as function of wavelength of

the incident radiation according to the absorbance derived from spectrophotometric measurements.
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14:00 Optical properties of amorphous carbon of Deuterated Diamond-Like-Carbon (DDLC) thin films
Authors : N.Mathis a, C.Meunier a, G.Guibert b, S.Mikhailov b a : FEMTO-ST, CNRS-UMR 6174, 4
place Tharradin, BP 71427, 25211 Montbéliard , France b : CAFI, NEODE, 17 éplatures-grises, CH
2300, La Chaud de Fond, Switzerland.
Resume : This present study aims to determine the hydrogen influence on the electrical gap of
Diamond-Like-Carbon (DLC) film. DLC thin layers were deposited on silicon wafer by Plasma
Enhanced Chemical Vapour Deposition (PECVD) and Filtered Cathodic Vacuum Arc (FCVA). With
theses methods we obtain a-C:H or D and ta-C:D film structure. To understand the mechanisms of
the deposition, the local structure and the hydrogen effect in the DLC films, we replace our A6
methane plasma gas by deuterated methane one. In this article, hydrogen content is obtained by 10
Elastic Recoil Detection Analysis (ERDA), bulk densities are calcultated from the electron density in
the X Ray Reflectometry (XRR) data, the qualification of the threefold and fourfold carbon atoms
(sp2 and sp3) are performed by Raman and X-ray photoelectrons (XPS) spectroscopies and the
determination of optical gap is carried out using Ultraviolet-Visible absorption spectrometry and
ellipsometry. A detailed attention is paid to the self bias voltage and time variations to get different
DLC and D-DLC film compositions and also different electrical properties. We find that replacing
hydrogen by deuterium in amorphous carbon increases the Tauc energy of the films while keeping

the same densities and the same threefold/fourfold carbon atoms ratios to them.

add to my program (close full abstract)

14:00 Optical properties of hydrogenated amorphous carbon thin films obtained by PECVD
Authors : A.C. Galcal, C. Stancu2, C.S. Petronel, R. Pascu2, B. Mitu2, M. Filipescu2, M. Dinescu2,
G. Dinescu2 1. National Institute of Materials Physics, Atomistilor 105bis, PO-Box MG-7, 077125,
Magurele, Romania 2. National Institute for Lasers, Plasma and Radiation Physics, Atomistilor 409,
PO-Box MG-16, 077125, Magurele, Romania
Resume : Optical properties of hydrogenated amorphous carbon thin films have a great importance
mainly due to a-C:H potential application in optical devices. Moreover, the dielectric function of the
host matrix is prerequisite for the further optical analysis of the CBNC films. Hydrogenated A6
amorphous carbon films were obtained by PECVD with carbon species supplied by acetylene gas 11
injected into argon remote plasma generated by an expanding radiofrequency discharge. The
optical properties of obtained thin films are presented. The spectroscopic ellipsometry
measurements in a wide spectral range,1-5 eV, made on films deposited on Si and Al substrates,
give the dielectric function of a-C:H material and its optical band gap. Complementary FTIR
spectroscopy and AFM measurements give information about the chemical structure and
topography. The thicknesses of the films determined by step-AFM and ellipsometry are in

accordance with each other.

add to my program (close full abstract)

14:00
Light-emitting properties of amorphous Si:C:0:H layers fabricated by oxidation of carbon-rich a-
Si:C:H films
Authors : A.V. Vasin, V.S. Lysenko, A.N. Nazarov, G.Yu. Rudko Lashkaryov Institute of
Semiconductor Physics, Kiev, Ukraine Y. Ishikawa Japan Fine Ceramics Center, Nagoya, Japan
Resume : Amorphous hydrogenated carbon-rich silicon-carbon alloy films (a-Si:C:H) was deposited
by reactive magnetron sputtering of silicon target in argon-methane gas mixture. After the A6
deposition the samples were thermally treated at 4500C for 30 minutes in Ar+H20 and O2 flow. As- 12
deposited film exhibited white-green photoluminescence (PL) well visible to the naked eye at room
temperature under Ar+ (351 nm) irradiation. After thermal treatment in wet Ar intensity of the
white-green PL increased by factor of about 7. Thermal treatment in dry oxygen causes increasing
of the light-emission intensity by a factor of about 10 and PL became blue-white. Measurements of
PL intensity as a function of temperature for as-deposited film showed rapid drop of the IPL(T) as
the temperature increased from 4.2 to 15 K followed by slow decrease at higher temperatures. IPL
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(T) of the samples thermally treated in wet Ar exhibited complicated behavior with drop in range of
4.2-15 K followed by increase with maximum at about 50 K and monotonic decrease at higher
temperatures. Dry oxidation resulted in IPL(T) with small increase as T increased up to about 50 K
followed by tendency to decrease. XPS and FTIR measurements give an evidence of formation of a-
SiOx/C:H nano-composite material after oxidation treatments. Higher fraction of silicon oxide was
found after the dry oxidation. The physical mechanisms that can be involved in strong enhancement

of visible photoluminescence in Si:C:0:H layers are discussed.

add to my program (close full abstract)

14:00 A STUDY OF THE CRYSTALLYZATION PHASE OF INTRINSIC AND PHOSPHORUS-DOPED a-SiCx:H
LAYERS BY ANNEALING AT HIGH TEMPERATURES
Authors : 1. Torres1, O. Gualdron2 and E. Pabon1. 1)Grupo de Investigacion LOGOS, Departamento
de IEEST, Facultad de Ingenierias y Arquitecturas Universidad de Pamplona, Km 1 Via a
Bucaramanga, Pamplona(N/S)-Colombia. 2)Instituto IIDTA, Vicerectoria de Investigaciones,
Universidad de Pamplona, Km 1 Via a Bucaramanga, Pamplona(N/S)-Colombia.
Resume : This paper deals with the crystallization phase and changes in the optical properties of
the carbon layers of hydrogenated amorphous silicon (a-SiCx:H) 300 and 100 nm-thick after a
process of annealing at high temperatures (900 °C) using X-ray diffraction equipment (XDR) with a
temperature camera. Both, intrinsic and phosphorus-doped amorphous silicon carbide layers (a- A6
SiCx:H) were deposited using the technique of plasma enhanced chemical vapour deposition 13
(PECVD) at 400 ©°C on a crystalline silicon substrate (c-Si) type-p of 300 um-thick and
crystallographic orientation <100>. To determine the change of amorphous to crystalline and to
confirm the random formation of nanocrystals in intrinsic and phosphorus-doped a-SiCx:H layers in-
situ measures are used during the annealing process at 900 °C with XRD equipment where a typical
peak in an angle of 2(theta)=279 is formed. The presence or absence of nanocrystals in the
amorphous and crystallized layer is verified by the measurements of the transmission spectrum
using fourier transform infrared spectroscopy equipment (FTIR) in the range of 1500-9000 cm-1.
From the fitting of the experimental curves the refractive index (n) and the extinction coefficient (k)

of the different layers are obtained.

add to my program (close full abstract)

14:00 Dispersion of elementary excitations in graphene sheets and graphite crystals
Authors : V.0.Gubanov, L.O.Komarova, M.M.Biliy, S.V.Kovrygin, L.Yu.Matzui Kyiv National Taras
Shevchenko University, Department of Physics, Volodymyrs’ka str., 64, Kyiv, Ukraine
Resume : Raman scattering spectra of first and second orders of graphene sheets and the graphite
monocrystals have been experimentally investigated. Dispersion of phonon excitations has been
established on the basis of analysis of fine structure of experimentally obtained second order
Raman spectra. These spectra has been interpreted with the help of the construction of
onesignificant projective representations of wave vector groups for various Brillouin zone points of
graphene and graphite crystal. For the first time the standard factor-systems for all eight projective A6
classes of symmetry group D6h have been constructed. It is shown that the phonon excitations in 14
point A of Brillouin zone of graphite crystals are classified with onesignificant projective
representations of projective class K5 and the electronic excitations in this point — with
twosignificant projective representations of projective class K4. In point H of Brillouin zone of
graphite crystals projective classes for phonon and electronic excitations are K1 and KO
respectively. It is shown that the presented classification unambiguously determines the dispersion
curves, compatibility conditions and degeneracy multipleness of phonon and electron excitations in
all Brillouin zone points of graphene and graphite crystals. The computer calculations of energy

spectra of elementary excitations for graphene have been obtained.

add to my program (close full abstract)

14:00 Structural investigation of metal-doped carbon films
Authors : M. Balden 1, C. Adelhelm 1, M. Rasinski 1, M. Sikora 2, E. Welter 3, M. Rinke 4, M. Stuber
4 1 Max-Planck-Institut fr Plasmaphysik, EURATOM Association, D-85748 Garching, Germany, 2
European Synchrotron Radiation Facility, 6 rue Jules Horowitz, 38043 Grenoble, France 3 HASYLAB
at DESY, Notkestrasse 85, D-22607 Hamburg, Germany 4 Forschungszentrum Karlsruhe, Institute
of Materials Research I, D-76344 Eggenstein-Leopoldshafen, Germany
Resume : Amorphous metal-doped carbon films (a-C:Me) deposited by magnetron sputtering at RT A6
and no bias were characterized by XAFS, XRD, Raman, TEM and IBA to obtain information about 15
the bond state of the metal and the carbon and the distribution of the metal. The influence of metal
type (Me=W, Ti, V, Zr), concentration (<15 at%) and annealing temperature (up to 1300 K), e.g.,
on the formation of carbide phase and crystallite size were investigated. The metal has carbide-like
bonding and is mainly distributed atomically disperse in amorphous environment after deposition.
Annealing leads to formation of carbide crystallites of several nm; the size generally increases with

annealing temperature, concentration, and type (ZrC

add to my program (close full abstract)

14:00
Quantitative study of Au nanoparticles sandwiched between carbon layers using HAADF-STEM and
GISAXS
Authors : D. Lantiat,1 S. Camelio,1 A. Michel,1 M. Drouet,1 J.P. Simon,2 and D. Babonneaul 1
Laboratoire de Métallurgie Physique, CNRS/Université de Poitiers, 86962 Futuroscope Chasseneuil,
France 2 SIMAP, CNRS/INPG/UJFGrenoble, 38402 St Martin d'Héres, France
Resume : The control of the shape and organization of metallic nanoparticles embedded in
nanocomposite films is of great interest for both fundamental and technological reasons (high-
density magnetic data storage, optical devices, etc.). Our study is focused on the investigation of A6
Au nanoparticles sandwiched between amorphous carbon layers grown by alternate ion-beam 16
sputtering deposition at room temperature. Quantitative analysis of high-angle annular dark-field
images obtained in a scanning transmission electron microscope (HAADF-STEM) and of grazing
incidence small-angle X-ray scattering patterns (GISAXS) are used to determine the size
distribution (diameter and height) and in-plane organization of the nanoparticles. Our results show
that the height of the individual nanoparticles increases linearly with their in-plane diameter. This
behaviour, which is believed to originate from anisotropic growth mechanisms, yields a height
distribution smaller than the diameter distribution. In the framework of this study, we thus
emphasize that under precise and correct analysis, the combination of HAADF-STEM and GISAXS
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experiments provides valuable information for investigating nanostructured composite films.

add to my program (close full abstract)

14:00 Nanocomposite Ti/hydrocarbon plasma polymer films for biomedical applications
Authors : A. Grinevich 1, A. Choukourov 1, L. Grausova 2, V. Lisa 2, L. Ba¢akova 2 1 Department of
Macromolecular Physics, Faculty of Mathematics and Physics, Charles University, Prague, Czech
Republic 2 Department of Cell Growth and Differentiation, Institute of Physiology, Academy of
Sciences of the Czech Republic, Prague 4-Kr¢, Czech Republic
Resume : DC magnetron sputtering of titanium target in n-hexane, argon or a mixture of these
two gases was applied to deposit nanocomposite Ti/hydrocarbon plasma polymer films. The
titanium content was controlled between 3 and 20 at. % by adjusting the argon/n-hexane ratio in
the working gas. The resultant films were heterogeneous with inorganic regions of nanometer scale
distributed within a plasma polymer matrix. The inorganic clusters are composed of TiO2, sub-
stoichiometric titania and titanium carbide as detected by XPS. With increasing Ti content, the
surface potential and hardness increase as measured by Kelvin Force Microscopy and Visco-Elastic
Atomic Force Microscopy, respectively. Biological response of the nanocomposite Ti/hydrocarbon
plasma polymer films was studied in terms of adsorption of proteins and cells. Fibrinogen adsorbs
on the Ti/hydrocarbon plasma polymer films as a very soft layer with fibrinogen molecules adhering
stronger to the Ti-rich films. Ti-deficient and Ti-rich films proved equally good substrates for
adhesion and growth of cultured human osteoblast-like MG 63 cells. Furthermore, for bovine
pulmonary artery endothelial cells of the line CPAE the cell population densities, the spreading area
and the concentration of von Willebrand factor were significantly higher on Ti-rich than on Ti-
deficient films. Thus, such films are promising candidates for coating bone implants and enhancing

the endothelialization of blood contacting artificial materials.
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14:00 Plasma deposition of TiC/a-C:H multilayer with Ti-TiC graded interlayer
Authors : Mihai Balaceanu, Viorel Braic, Mariana Braic, Catalin Nicolae Zoita, Adrian Kiss, Alina
Vladescu, National Institute for Optoelectronics, Magurele-Bucharest, Romania
Resume : To solve the problems related to high internal stress and poor adhesion of amorphous
carbon films, the incorporation of small amounts of various metals (Ti, Cr, W, Mo etc.) in the film
composition has been proved to be a successful solution. Such coatings have shown to possess high
hardness and low coefficients of friction, being deposited on various workpieces. The aim of this
paper is to investigate the main characteristics of a multilayered structure based on metal -
containing carbon films. It consists of a Ti inner layer, four graded TiCx intermediate layers and a
top multilayer formed by alternating TiC/a-C:H layers. The depositions were carried out on Si and A6
steel substrates by the cathodic arc technique in a CH4 Ar reactive atmosphere, using a deposition 18
unit equipped with two cathodes made of Ti and C. The individual layers (TiCx and a-C:H) were
characterized in terms of elemental composition and chemical bonding state by AES, XPS, RBS,
FTIR and Raman methods. The multilayer structure was analyzed for mechanical and tribological
properties (hardness, adhesion, modulation periodicity, surface roughness, internal stress, friction
coefficient and wear resistance). Research carried out showed that the characteristics of the C -
based multilayered coatings were dependent on the bilayer period of the TiC/a-C:H sub-structure
and on the substrate bias voltage. The multilayers investigated exhibited superior adhesion,
hardness and tribological behavior as compared to the a-C:H films, so that it should perform well in

tribological applications.

add to my program (close full abstract)

14:00 Carbon - metal (Ti) nanocomposite thin films for functional applications
Authors : K. Sedlackova*1,2, R. Grasinl, M. Szerencsil, I. Bert6ti3, G. Radndczil 1 Research
Institute for Technical Physics and Materials Science, Konkoly-Thege M. Ut 29-33, 1121 Budapest,
Hungary 2 Institute of Electrical Engineering, DlUbravska cesta 9, 84101 Bratislava, Slovakia 3
Research Institute of Materials and Enviromental Chemistry, Chemical Research Center, P.O. Box
17, 1525 Budapest, Hungary
Resume : Carbon-based nanocomposite thin films have large application potential because they
possess unique mechanical properties, relatively high hardness, high elasticity, and a low friction
coefficient. Modern methods of vacuum deposition provide great flexibility for manipulating material
chemistry and structure, leading to films and coatings with special structure and properties. A
combination of carbon films with metallic nanoparticles in a nanocomposite can enhance certain
physical properties. In the present work C-Ti n