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Welcome to IVC-19 / ICN+T 2013 and partner conferences!
Since its first edition held in Namur (Belgium) in 1958, the
International Vacuum Congress (IVC) is organised every
three years under the auspices of the International Union
for Vacuum Science, Technique and Applications (IUVSTA)
to gather scientists and technologists working in the fields
of remittance of the Union. Since the first event which was
mainly devoted to vacuum science and technology, the main
topics of the congress have regularly broadened as reflected
in the increasing number of events associated with recent
IVCs. The 19th International Vacuum Congress (IVC-19) and
15th International Conference on Solid Surfaces (ICSS-15)
will thus be held in Paris from 9 to 13 September 2013, in
conjunction with the International Conference on Nanoscience + Technology (ICN+T 2013) and four meetings
usually held in Europe: Innovations in Thin Film Processing
and Characterisation (ITFPC 2013); Magnetron, Ion processing & Arc Technologies European Conference (MIATEC
2013); 19th International Colloquium on Plasma Processes
(CIP 2013) and Reactive Sputter Deposition (RSD 2013).

The meeting will feature a dynamic scientific program
comprising a total of over 1800 papers arranged in
15 parallel oral sessions plus 3 poster sessions. Over 120
distinguished invited speakers, led by the 2011 Nobel
Prize in Chemistry Prof. Dan Shechtman, will headline the
technical sessions.

IVC-19 / ICN+T 2013 and partner conferences
(www.ivc19.com) will be held at the Palais des Congrès
in Paris, September 9-13, 2013. Famous for its rich
history, beautiful architecture and cultural diversity, Paris
is also an active economic region and one of the leading
research and innovation center in Europe.

IVC-19 / ICN+T 2013 and partner conferences will thus
be the best opportunity to keep abreast of the latest
scientific discoveries and current innovations in the fields
of science and engineering of materials, surfaces, thin
films and coatings for diverse applications and environments at scales from the nano to the macro.

To foster cooperation between European Vacuum Societies, this series of conference will be jointly organised for
the first time by a consortium of 9 societies from Belgium,
Croatia, Czech Republic, France, Great Britain, Hungary,
Portugal, Slovakia and Slovenia, coordinated by the
French Vacuum Society.

On behalf of the organisers, it is a pleasure to invite you
to Paris for September 9-13, 2013.

An extensive technical exhibition, conveniently located
on the same floor as the lecture halls, will provide an
excellent opportunity to discover new products and
services presented by nearly 100 companies. Many
company engineers and scientists will be available in the
exhibition area or during dedicated industrial sessions, to
answer technical questions.
Short courses (1 or 2 days) will be offered, running
concurrently with the meeting and lectured by leading
world experts. They will provide practically useful technical information on special techniques and procedures on
a variety of attractive topics.
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• MG Barthés-Labrousse
IVC-19 General Chair

UNION INTERNATIONALE POUR LA SCIENCE, LA TECHNIQUE ET LES APPLICATIONS DU VIDE
INTERNATIONAL UNION FOR VACUUM SCIENCE, TECHNIQUE AND APPLICATIONS
INTERNATIONALE UNION FÜR VAKUUM-FORSCHUNG, -TECHNIK UND -ANWENDUNG
IUVSTA is an international scientific union, a federation of National Vacuum
Societies. At present there are 32 such Societies in membership. The
rules require that there can be only one national body or Society in any
country which can be a member and that body must represent all the scientific areas of interest to IUVSTA in the country. In some countries the national
body is itself a federation of other scientific societies, each of which
has interests in some of the scientific areas of interest to IUVSTA or is a
semi-autonomous division of a wider scientific society or National Academy.
It is estimated that IUVSTA therefore represents over 15,000 physicists,
chemists, materials scientists, engineers and technologists linked
through a common use of vacuum and its related techniques.
IUVSTA was founded in 1962 and throughout the years the emphasis
of its activities has gradually changed as the scientific fields of interest
to its members have developed. There is therefore now much less
emphasis on vacuum as a subject in itself than heretofore, and much
more interest in the application of techniques which have developed
out of those which make use of or require vacuum and in using these
techniques to study systems and processes. This may be exemplified
by the group of people interested in bio-interfaces who should soon
form our newest Scientific Division. There is also growing interest among
many of our members in using their expertise in the field of energy
studies and we are exploring how best to facilitate this. IUVSTA will
evolve and develop to meet the challenges of such new directions whilst
continuing to foster our traditional interests.
As a federation of societies, we do not have the funding available to
sponsor scientific and technical work directly, but instead concentrate
on education and interaction. Our Scientific and Technical Divisions
(currently Applied Surface Science, Electronic Materials and Processing,
Nanometer Structures, Plasma Science and Techniques, Surface Engineering, Surface Science, Thin Film, Vacuum Science and Technology
and the Steering Group on Biointerfaces) organise and sponsor
Workshops, Schools and Technical Training Courses as well as
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Conferences. Workshops are concentrated, high level interactive
meetings of experts in their field; Schools are aimed primarily at postgraduate students and others starting out in a new field of work and
Technical Training Courses are aimed at giving technicians and engineers in developing countries a good grounding mainly in vacuum
science and technology. Workshops and Schools are international in
character and are delivered in the English language, whereas Technical
Training Courses are more local and use national languages.
Our best known Conference Series is the International Vacuum Congress
and International Conference on Solid Surfaces which takes place every
three years and is organised by a National Society or group of Societies
on our behalf, often with other Conference Series alongside. We
also franchise the European Vacuum Conference and the International
Conference on Thin Films and sponsor VASSCAA and ECOSS. Endorsement is also offered to other international conferences and exhibitions.
A highlight of the triennial Vacuum Congress is the presentation of
our Prizes in Science and in Technology which are awarded to eminent practitioners in one of our field of interest, but we are equally proud
of the student awards given in association with Elsevier which help
young workers to attend our conferences and present their work. The
Welch Scholarship has been awarded for some years now to assist a
young researcher to spend time working in a laboratory outside his or
her own country. Recently we have instituted a World Transfer Program
to assist somewhat more mature workers in a similar way.
Details of our work are on the website www.iuvsta.org. We are
profoundly grateful to the many scientists, technologists and engineers
from the academic world and from industry who give of their time and
talent voluntarily to foster the work of the Union. Your own National
Vacuum Society can help you to participate.
• Ron Reid
General Secretary of IUVSTA

IVC-19 and
associated conferences
9-13 September 2013 - Paris, Palais des Congrès
The 19th edition of the International Vacuum Congress is organised by a consortium of 9 national
vacuum societies (from Belgium, Croatia, Czech Republic, France, Great Britain, Hungary, Portugal,
Slovakia, Slovenia) working together in close interaction to ensure a high scientific quality for
the meeting. The French Vacuum Society (SFV) is acting as a coordinator and will manage the
organisation of the conferences and the exhibition.
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Seven conferences are proposed which are merged into a joint Congress:
• 19th International Vacuum Congress (IVC-19)
• International Conference on Nanoscience and Technology
(ICN+T 2013)
• 15th International Conference on Solid Surfaces (ICSS-15)
• Innovations in Thin Film Processing and Characterisation (ITFPC 2013)
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• Magnetron, Ion processing & Arc Technologies European Conference
(MIATEC 2013)
• 19th International Colloquium on Plasma Processes (CIP 2013)
• Reactive Sputter Deposition (RSD 2013)
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International Vacuum Congress (IVC)
International Conference on Solid Surfaces (ICSS)
For IUVSTA being an international union of Vacuum Societies one paramount
issue is the organization of international congresses to further the exchange of
scientific and technological information related to vacuum and interface science.
The major forum for this task is the IVC/ICSS (International Vacuum Congress /
International Conference on Solid Surfaces) conference series which usually is
attended by 1000 - 2000 internationally renown scientists, technicians specialised in vacuum technologies and students of natural sciences.
This major event takes place in a three years rhythm at changing locations which
are selected in respect to their ability to host a congress of this size and to the
availability of local experts who are capable to implement a high quality scientific
programme. Also it is important that the nation hosting the congress guarantees
that delegates are treated equally concerning their race color and national origin.
Another key criterion is that there are national scientific and technological organizations which will assist in soliciting sponsorship for the congress.
The triennial congress basically has three main goals:
• The congress provides a forum where individuals from different countries
can meet and discuss scientific and technical matters of interest to IUVSTA.
• These discussions should provide the opportunity to cross-fertilize the various
scientific interests of the IUVSTA divisions.
• Finally, ideas incubated during discussions may be put closer to realization by
providing access to an exhibition of vacuum related equipment to the delegates.
The planning of IVC/ICSS is a matter of six years dedicated to preparation and
organization. Starting from the bidding process via the establishment of the local
and international programme and organizing committees to abstract selection
and arrangement of the final programme, this work requires substantial input from
devoted volunteers to make the event successful.

Of course, the congress does not involve science and technology alone. It is also a
significant event in the organizational structure of IUVSTA. It provides the forum for
the triennial general meeting at which the new president and officers are appointed
by the national societies, which make up the organizational backbone of the IUVSTA.
Therefore the IVC/ICSS may also be considered as a turning point, where the strategy and the scientific and technological aims of the union may be modified or even
drastically changed. Also the new division chairs, who were voted in advance of the
congress, have the possibility to meet many of their division members, as they are
present at the congress in person with a high probability. So the scientific divisions
have a forum to streamline their actions for the next three years.
Also the social component of the event is important. As many leaders of the various
scientific fields of IUVSTA are present, they can easily be approached in an informal
way by students and emerging scientists, thus facilitating personal discussion and
the transfer of knowledge between generations of scientists. This may be during
official events planned by the organizers, but also by sponaneously emerging smaller meetings, where ideas in the making can be put closer to reality.
Finally, the IVC/ICSS is the forum where the prestigeous IUVSTA
prizes for science and technology will be awarded. Several
of the recipients of this honorable award found themselves on another podium a few months later, when
they received the Nobel prize. This fact may finally
highlight the relevance of the IVC conference
series not only to vacuum science alone, but to
many other related scientific fields.
• Christoph Eisenmenger-Sittner
Scientific Secretary of IUVSTA

©

Initially dedicated to the Scanning Tunneling Microscopy, the STM conference was
merged with the NANO conference into the ICN+T in 2006, in Basel, Switzerland.
Scanning Tunneling Microscopy, invented in 1981 at IBM Zurich and awarded
in 1986 by the Nobel prize in Physics to Gerd Binnig and Heinrich Rohrer, was
a breakthrough in the development of nanosciences for its ability to image single atoms on surfaces. Nanosciences are now widely pluridisciplinary and can
be considered as one of the most active and exciting scientific adventure of
the beginning of the 21st century.
Following former conferences, namely Keystone (USA) in 2008 and Beijing
(China) in 2010, where it was combined with IVC-18, and Paris-Sorbonne in
2012, the International Conference on Nanoscience + Technology (ICN+T)
will provide an international forum for discussion of the latest developments
in nanoscale science and technology and recent advances in scanning
probe microscopy and related techniques. In 2012, ICN+T was held jointly
with STM’12, in order to emphasize topics including scanning probe microscopy/spectroscopy and related instrumentation. This conference also covers
a range of topics in nanoscale science and technology, addressing the interdisciplinary, international nature of this exciting and rapidly growing field.
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The next International Conference on Nanosciences and Technologies (ICN+T)
will be held in Paris, France, jointly with the 19th International Vacuum Congress
(IVC-19).
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International Conference on Nanosciences
and Technologies (ICN+T)
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Topical sessions at ICN+T 2013 include nanoelectronics, nanospintronics and
nanomagnetism, nanophotonics, nanomechanics, nanoscale self-assembly,
nanoscale manipulation, high resolution imaging, nano-instrumentation, SPM and
novel probe techniques, nanosystem integration, nanomaterials including synthesis, graphene and related materials, topological materials, functional molecules
and molecular machines at surfaces, nano-biology, nano-medecine, nanoparticules
and clusters, nanoscale superconductivity, nanoscience and education.
The international scientific committee of ICN+T 2013 is chaired by Roland
Wiesendanger (Germany) and two co-chairs Hongjun Gao (PR of China) and
Andrej Vincze (Slovakia). Other members are Antonin Fejfar (Czech Republic),
Ana Gomez Silva (Portugal), Janos Kokavecz (Hungary), Young Kuk (Korea), Jose
Martinez Duart (Spain), Milorad Milun (Croatia), Lars Montelius (Sweden), Seizo
Morita (Japan), Miran Mozetic, (Slovenia), Sylvie Rousset (France), Michelle
Simmons (Australia), Joe Stroscio (USA), Myung Mo Sung (Korea), Christian
Teichert (Austria), Qi-Kun Xue (PR of China), Margit Zacharias (Germany).
In addition to the scientific program, vendors will exhibit the latest equipment
available for nanoscale measurement science and technology. The exhibit will
surround the poster presentations, providing many opportunities for discussions
between attendees and vendors.
• Sylvie ROUSSET
On behalf of the ICN+T Steering Committee

The International Colloquium on Plasma Processes (CIP) is a biennial
international conference which covers the whole area of plasma
processes from fundamentals to applications and focuses on the latest
developments in plasma processing science and technology. It is a well
established international conference which was born in 1973 and has
gradually grown. The CIP conferences were initially held in June in
Antibes before travelling all around France: Toulouse in 2007, Marseille
in 2009 and Nantes in 2011; the last CIP conferences gathered more
than 200 persons from about 40 countries.
In 2013, CIP is held in Paris in the frame of IVC-19 and its Plasma Science
and Technology division, which is the opportunity to make CIP known to a
much larger international audience. A new CIP conference will be held in
France in June 2015 and we greatly invite you to attend it.
The CIP conference is devoted to the understanding of plasma-surface
interactions, and more generally the relationship between the plasma
parameters, the structural and functional properties of the deposited
films and plasma-treated surfaces as well as the development and
modelling of new plasma sources. The aim of the conference is also to
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feature recent issues and challenges for plasma processes in various
industrial fields, such as microelectronics, micro-nanotechnology,
aeronautics, mechanics, energy and environmental technology, the life
sciences and plasma medicine.
The conference includes invited conferences, selected oral presentations
and poster sessions. The CIP Conference is generally preceded by three
half-days dedicated to short courses on plasma science and technology. It
is organised by the French Vacuum Society (SFV) and is coupled with SVTM,
the International Exhibition on Vacuum and Surface Engineering.
• Agnès GRANIER
On behalf of the CIP Steering Committee

Reactive Sputter Deposition (RSD)
What is in the name and logo?
Reactive sputter deposition is a widely used vacuum deposition technique. To deposit compound thin films, an often used strategy is to use
a metal cathode and adding a reactive gas to the plasma. A typical
phenomenon is hysteresis of the deposition parameters as
a function of the reactive gas flow. The logo
represents this behaviour.
© Oerliko
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Some history
After several discussions with
experts in the field it was
clear that there were quite
some open questions related the reactive sputtering. Therefore, Roger De
Gryse and Diederik Depla,
established in the year
2000 in Ghent (Belgium)
the first Reactive Sputter
Deposition session. The goal
was to provide a platform
among leading international
scientists, engineers and students
for discussing recent achievements in
reactive sputter deposition and thin films. Due to
its initial success, the symposium has developed to an annual tradition,
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steadily growing without losing its focus on reactive sputtering and its
fundamental aspects. The symposium covers the production and use of
coatings, from basic research to devices and new applications.
The past years the RSD symposium was organized by Belgian, Dutch,
Austrian, British and Swedish research groups and held in Ghent (B),
Delft (NL), Leoben (A), Manchester (UK) and Linköping (S). This year
RSD2013 will join efforts with IVC-19 as it fits nicely in the scope of
this triennial conference.
The concept
The concept of the RSD series is combining new trends in reactive
magnetron sputter deposition with lectures discussing the fundamental
issues related to this wonderful technique. Indeed, thin film growth
depends on many deposition parameters connected to the fundamental
aspects of ion-solid interactions, plasma physics and chemistry. The
invited lectures are generally related a fundamental aspects and often
start with an introduction on the topic. This enables students to learn
more about these topics. For the senior scientists these lectures will
blow off the dust. In this way the RSD series offers a platform for both
researchers interested in the applications and in the fundamental
processes driving this technique, and allows young people to become
acquainted with reactive sputtering and its experts.
• Diederik DEPLA
On behalf of the RSD Steering Committee
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Magnetron, Ion processing & Arc Technologies
European Conference (MIATEC)
MIATEC had opened its activities to all European countries in 2010 during
the meeting organised by the French Vacuum Society grouping in Metz three
simultaneous meetings, namely SVTM (Exhibition of Vacuum and Material
Treatment equipment), A3TS (Society of Thermal Treatment and Surface Treatment) and MIATEC. In 2011, MIATEC organised the second European edition
under SFV, this time jointly with ITFPC conference (Innovations in Thin Film
Processing and Characterisation).
The thin film deposition and surface processing by PVD (Physical Vapor
Deposition) is continuously improving overcoming the previous limits and
opening new fields as enhanced ionization of the sputtered metal by HiPIMS
(High Power Impulse Magnetron Sputtering), pure ion film deposition, cluster
deposition, etc. Moreover, MIATEC aims to highlight the advances in fundamental research and understanding of all PVD processes: conventional
magnetron, Ionized Physical Vapor Deposition (I-PVD), IBAD (Ion Beam
Assisted Deposition), non equilibrium low current arc discharges, overheat
reduction of arcs, reactive PVD, etc.

IVC-19 is a wonderful opportunity to activate the interactions between PVD researches and the other
fields represented: vacuum phenomena, plasma
physics and atmospheric plasmas, thin films…
which will certainly contribute to further collaborations, innovation, new reactor developments, and technological transfers.
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Innovations in Thin Film
Processing and
Characterisation (ITFPC)

For this special edition organised in the frame of IVC-19, MIATEC conference
fuses with other partner conferences organised by SFV as CIP,
ITFPC and by other European vacuum societies as Reactive
Sputter Deposition… fitting with the general program.

©

Conventionally particular sessions are dedicated to new design of PVD
processing, plasmas diagnostics, modelling, thin film deposition and characterisation, reactive PVD, etc.

MIATEC is also the occasion to get together academic and industrial researchers working in the PVD area and related fields emphasized by an "Industrial
Hot Topics". Hence, from the mutual exchange between the R&D novelties
coming from industrial companies and the deeper comprehension of phenomena governing these processing coming from the academic scientists,
MIATEC acts like a catalyzer in France and Europe leading to new synergies.

• Tiberiu MINEA
On behalf of the MIATEC Steering Committee
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Usually held in Nancy (F), the program of this four-day meeting is arranged
around plenary and invited lectures providing overviews on scientific topics
with no more than two parallel sessions of contributed communications which
focus on particular cutting-edge aspects of thin film science and technology.
A large place is also reserved for poster sessions hence favoring discussions,
while a full day is dedicated to short courses that cover different aspects of
thin film science and technology, plasma physics and plasma processing.
To stress the important role of industrial partnerships, the scientific topics that
are developed during the conference are complemented by a special half-day
session devoted to industry-supported innovation.
On the occasion of IVC-19, ITFPC takes the opportunity to join efforts with other
sister international conferences with closely related concerns; undoubtedly it
will be a beneficial event for exchange with neighboring communities of scientists and potential partners.

Over the past three decades, huge research efforts have been made to achieve,
change or improve specific properties of material by modifying only their top
surface via deposition, functionalisation or other treatments. This has been
made possible through the joint efforts of scientists and industrial manufacturers to develop surface processing and thin film technologies.
Besides the wide field of applications in microelectronics, nanotechnology, mechanics, optics, photonics, chemistry, biology and medicine, three major trends have
emerged: new materials, new processes and the continuous challenge towards the
• Gérard HENRION
nano-scale, thus opening the way to new properties.
On behalf of the ITFPC Steering Committee
To address these issues and in order to bring new
knowledge regarding such thin films, the international
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The conferences at a glance…
The scientific program includes over 1800 contributions originating from 69 countries and distributed
in 1100 oral and 700 poster presentations. The oral contributions will be organised in over 100 sessions
(15 running in parallel). 3 separate poster sessions will be held to allow ample time for discussions
between delegates. A large exhibition of 100 booths is also fully integrated to the program.
About 100 prestigious orators have been invited to share their
knowledge in these fields.

Conference topics
• Applied

Surface Science
• Astronomical Frontiers for Surface Science
• BioInterfaces
• Cultural Heritage
• Electronic Materials and Processes
• Energy and Sustainable Development
• Frontiers in Photoelectron Full-field Imaging and Spectromicroscopy
• Functional molecular and molecular machines at Surfaces
• Ionic liquids surfaces and interfaces
• NanoScience and Technology
• Plasma Science and Technology
• Surface Engineering
• Surface Science
• Thin Films
• Vacuum Science and Technology

Plenary speakers
• Dan Shechtman, Technion (Israel) – 2011 Nobel Laureate in Chemistry

Shoucheng Zhang, Stanford (USA) – 2010 Europhysics Prizewinner
Bertrand Piccard / André Borschberg, Lausanne (Switzerland) –
Solar Impulse aircraft project
• Lars Samuelson, Lund (Sweden) – Winner of the 2013 IUVSTA
Prize for Science
• John Grant, Dayton (USA) – Winner of the 2013 IUVSTA
Prize for Technology
•
•

Keynote speakers
Marcela M.M. Bilek, Univ. Sydney (Australia)
Lesley Cohen, Imperial College, London (UK)
• Charles S. Fadley, Univ. California, Davis (USA)
• Maki Kawai, Univ. Tokyo (Japan)
• Felix Sharipov, Univ. Parana, Curitiba (Brazil)
• Hans Marcus Textor, ETH Zürich (Switzerland)
• Philippe Walter, CNRS/Univ. Pierre et Marie Curie, Paris (France)
• Wolfgang Wernsdorfer, Institut Néel, Grenoble (France)
• Qi-Kun Xue, Univ. Tsinghua, Beijing (PR of China)
•
•

Short courses
A broad spectrum of attractive topics lectured by leading world
experts is offered to the interested participants/students.
11 one-day + 1 two-days short courses will be held during the week
of the conference, September 09-13, 2013.
Short Courses will provide practically useful technical information on
special techniques and procedures.
Program available on www.ivc19.com (scientific section)

RECEPTION
Entirely enjoy this conference in Paris by attending
the Reception organised
on Tuesday 10 September
(19:30 - 21:30) in a
mythical place of French
history: “La Conciergerie”.
Registration open at:

page 6

Register.ivc19.com
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For more information, please visit: www.IVC19.com
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8:00
10:00
12:00

Plenary sessions:
Grand Amphithéâtre,
level 0

14:00

Oral sessions:
Lecture halls, level 3

16:00

Poster sessions:
Level 3 (provisional schedule)

18:00

Exhibition:
Havane and Bordeaux halls,
level 3
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CONGRESS SECRETARIAT SFV
contact@ivc19.com
General Chair:
M.G. Barthés-Labrousse (F)
Organising Committee Vice-Chairs:
V. Matolin (CZ)
N. Radic (HR)
Program Committee Chair:
F. Reniers (B)
Vice-Chairs:
A. Galtayries (F)
M.R.S. McCoustra (UK)

CO-ORGANISING PARTNERS
Belgian Vacuum Society (BELVAC)
British Vacuum Council (BVC)
Croatian Vacuum Society (HVD)
Czech Vacuum Society (CVS)
French Vacuum Society (SFV)
Hungarian Vacuum Society (HVS)
Portuguese Vacuum Society (SOPORVAC)
Slovak Vacuum Society (SVS)
Slovenian Vacuum Society (DVTS)

A large exhibition will be running alongside the
conference during the heart of the meeting, from
10 to 12 September 2013. The exhibition will be
located next to the lecture halls and freely opened
to non-participant visitors.
So that all can make the most of the whole event,
poster sessions are scheduled in the exhibition hall.

List of exhibitors (as of 20 May 2013):
•

40-30

• ACM
• AGILENT TECHNOLOGIES
• AJA

INTERNATIONAL Inc.

• ALCA TECHNOLOGY
• ALLECTRA
• ALLIANCE

CONCEPT
EQUIPMENT
• ANEST IWATA Corp.
• ANNEALSYS
• ASB HERMETICS
• ASMEC – MICHALEX
• BEILSTEIN INSTITUT
• BESTEC GmbH
• BOA GROUP - FSG France
• BRONKHORST France
• BROOKS – SPUTTERING
COMPONENTS
• BRUKER
• BUSCH France
• COMVAT AG
• COORSTEK ADVANCED
MATERIALS France
• CSM INSTRUMENTS
• DKSH France
• ALTEC

• Dr. EBERL

MBE
KOMPONENTEN GmbH
• EBARA PRECISION MACHINERY
• EDP SCIENCES
• EDWARDS
• ELSEVIER
• EXTREL CMS
• FERROTEC
• FERROVAC GmbH
• FISCHER CONNECTORS
• GOODFELLOW
• H. FILLUNGER & Co Pvt Ltd
• HEF GROUP
• HIDEN ANALYTICAL Ltd.
• HORIBA SCIENTIFIC
• HOSITRAD VACUUM
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Quasicrystals:
potential and actual usefulness
• Jean-Marie Dubois
Institut Jean Lamour, UMR-CNRS 7198
Université de Lorraine, Nancy (France)

This article summarizes few applications – foreseen or realized – of quasicrystals and related compounds, forming
the family of Complex Metallic Alloys (CMAs), which are compounds characterized by the presence of a large number
of atoms in the unit cell of the crystal. Most applications build up on the specific transport properties that the
progressive loss of translational periodicity enforces in CMAs. Processing CMAs as surface or bulk materials is still
a major obstacle on the route to the market. Few products however have achieved this step, mainly as composites.

1. INTRODUCTION
The discovery of quasicrystals by Shechtman and his co-authors has
established a new paradigm in crystallography and has deeply changed
our current understanding of order in solids [1]. The fundamental importance of this work was recognized some thirty years after the initial breakthrough by the award to Danny Shechtman of a Nobel Prize in Chemistry.
During this period of time, many new results have been established about
the mathematics of non-periodic crystals and their consequences on the
physical and chemical properties of those solids [2].

features are evoked here, but reference to the literature may help the
Reader to find out more information if necessary [5]. The niche applications that CMAs have already found, or may find in future, are listed
according to the property or process they may improve. This reflects
solely the taste of the author, and should not be taken as the state of
the art, neither as a list fully complete as of today. Finally, in order to
save space, no reference to patents is given in this paper. The Reader
may find the relevant information in Ref. [2].

The possibility to explore and possibly exploit new innovative fields has
played a key role in the many attempts dedicated to gaining a deeper knowledge of these new materials. It turned out over the years that quasicrystals
share to some extent few characteristics with periodic crystals that i) show
structural complexity, with unit cells containing up to thousands atoms per
unit cell, ii) possess a similar local order, essentially based on the existence
in the lattice of highly symmetric clusters, and iii) grow in compositionally
related regions of the same phase diagrams. Some of these crystals, called
approximants, can even be placed in a one-to-one correspondence with
the quasicrystal, using the same high-dimensional reference lattice [3].
The present author, in collaboration with K. Urban (P. Grünberg Research
Center, Juelich, Germany) has identified this ensemble of intermetallic
compounds as a new family of metallurgical compounds of interest, which
was coined CMAs, for Complex Metallic Alloys, and was the subject of
particular attention in Europe in the frame of a Network of Excellence
referenced under the same acronym [4].

2. ANTI-STICKING APPLICATION
The idea behind this invention is sketched in Figure 1. It can be experimentally assessed that i) liquid water does no wet a mirror-polished surface of a quasicrystal of high structural quality, and ii) not surprisingly
therefore, cooking a steak (beef meat is made of 70% of water) on such
a surface does not lead to sticking, which in turn leads to the invention
of a new type of anti-stick cookware that offers an appealing compromise between low sticking against food and high hardness, hence
appreciable ease of cleaning.

page 8

The present short article reviews some of the application niches –
already on the market or simply secured in patents – that can be envisaged for CMAs. As a matter of facts, the list of applications is limited
essentially to Al-based CMAs1, because they were the most studied
so far in this respect. Due to shortage of space, only the most salient

1

A plausible explanation for the reduced sticking effect observed on high
quality quasicrystals is developed in Ref. [6]. It states that wetting of
a polar liquid like water on a quasicrystal in ambient air is dominated
by a supplementary force generated by the interaction of the liquid
dipoles with image dipoles forming in the Fermi sea of the substrate.
For a quasicrystal, with its characteristically reduced density of states
at the Fermi energy [7], this force cancels out and wetting is very much
reduced in comparison to the elementary metal. The frying pan effect
takes advantage of this situation by setting the coating composition (and
properties) right at the point where no such contribution adds to the
unavoidable Lifshitz – van der Waals forces arising from the (always
present) oxide layer (Figure 1).

An exception is the Ti-Ni-Zr aperiodic intermetallic, which stores hydrogen, see Ref. [2] for details.
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Figure 1: The reversible adhesion energy WL of a liquid on a solid is a
measure of the ability of the solid to be wetted by the liquid. It is directly
related to the contact angle θ as shown by the equation. It is equal to
the sum of essentially two contributions, one arising from the permanent
mobility of charges in the solid and in the liquid (Lifshitz-Van der Waals
forces LW) and another (noted AB) coming from all other contributions,
noticeably the presence of dangling bonds at the surface, the exchange
of charge carriers through the interface, etc. Surprisingly, an Al-Pd-Mn
single grain icosahedral quasicrystal shows vanishingly small AB forces,
although it is covered by a native Al2O3 surface layer (bottom left). This
is in strong contrast to the measurement done on an alumina single
grain, using various polar and apolar liquids in order to change the LW
and AB contributions coming from the liquid (see Ref. [6] for details).
The performing QC frying pan must therefore be equipped with a surface
coating that produces no AB component, in contrast to pure aluminum
and many Al-TM intermetallics of low structural complexity (right
side of the figure). It is easy to realize from this figure that quasicrystals
cannot compete with Teflon coatings regarding anti-stick properties, but
perform much better than metals, ceramics, enamels, etc. Simultaneously, Teflon is much inferior to quasicrystals regarding its scratch
and thermal resistance.

3. ANTI-FRICTION APPLICATION

Figure 2: Comparative display of three pin-on-disk tests performed under
secondary vacuum, using the same experimental parameters, a spherical indenter
of 6mm diameter of hard 100C6 steel and three mirror polished antagonists,
hard steel, sintered alumina and an Al-Cu-Fe-B icosahedral CMA as indicated in
the figure.

As shown in Figure 2, friction against solid counterparts like a diamond or a steel indenter is
found significantly lower on a quasicrystal than
usually observed with metals and alloys under
similar contact conditions [8]. Due to the brittleness of the coating however, real application
to parts in service has not been achieved yet,
although the most recent program completed in
the frame of a project financed by the EU delivered promising results (FP7 AppliCMA, contract
n°CP-FP 214407-2). Processing of perfectly
controlled coatings on complex shapes still
remains a challenge, in spite of the many efforts

dedicated to this problem (not true only for CMAs!). Actually successful
attempts are still pretty scarce. They both have to monitor the formation
of a true quasicrystalline layer in the coating and avoid delamination at
the substrate interface after heat treatment. Due to the formation of
micro-voids produced by Kirkendall diffusion of the species through the
coating-substrate boundary, this region is indeed sensitive to shear stress
and, depending on the substrate chemistry, may hinder application in
mechanical devices.
The difference in friction observed between regular (periodic) and
quasiperiodic crystals was beautifully confirmed in a single AFM
experiment performed on a decagonal mono-grain along, respectively,
the periodic and aperiodic directions of the crystal [9]. It could also be
observed using a pin-on-disk test managed under vacuum on a large
enough slice of a decagonal single grain appropriately oriented for the
purpose of the experiment [10]. All these results address the origins
of friction and are of fundamental relevance, but this would take us
too far from the scope of this article. For a review, see a recent paper
by Rabson [11].

• Jean-Marie Dubois
Institut Jean Lamour, UMR-CNRS 7198
Université de Lorraine, Nancy (France)
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Figure 3: Left: Sketch of the thermal conductivity measured at room temperature in a variety of materials. Observe the change by two orders of magnitude between metallic
aluminum and a high quality icosahedral quasicrystal. Right: application to the protection of a 12 cm long helicopter turbine blade covered with a thick layer (0.3 mm) of Al-Co-Fe-Cr
CMA prepared by magnetron sputtering. The provision of the coated turbine blade is a courtesy of S. Drawin (ONERA, Chatillon).
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4. ENHANCED HEAT INSULATION
The weak thermal conductivity of quasicrystals (Figure 3) was first
pointed out by the group of Kuo in China, demonstrating by the way the
anisotropy of conduction in a decagonal single grain [12]. In strong
contrast to what is expected from the chemical composition of CMAs of
large enough unit cell, an essentially weak heat conduction is measured
at 300K and far more so, at low temperatures, in series of complex
intermetallics, including approximants and quasicrystals [13]. It is
comparable to that of yttrium-doped zirconia, the most famous high
temperature thermal barrier material used in aeronautic industry. The
use of CMAs for the preparation of thermal barriers combines two
advantages, namely: i) conductivity is significantly low compared to that
of metallic alloys like the ones used in aircraft engines, and ii)
they become soft at high temperature and exhibit thermal expansion
coefficients close to those of metals, the two effects combining to
reduce the interfacial stress generated during thermal cycling of the
engine. Unfortunately, they show melting points that are too low for the
next generation of aircrafts, which imposes to restrict the application
to the fabrication of thermal barriers functioning at moderate temperatures, like e.g. helicopter turbine blades (Figure 3), or preferably below
in cryogenic devices.

5. LARGE INFRARED ABSORPTION
Quasicrystals of high structural quality exhibit a reflection coefficient
for infrared light that falls very significantly below 1, the value characteristic of a perfect metal [14]. This property is key to understand the
poor wetting by water [6]. It was exploited independently for the sake
of solar light absorbers designed for domestic heating systems by
Eisenhammer in München and Dubois and Machizaud in Nancy. It has
also direct relevance to additive manufacturing of polymer-matrix
composites loaded with quasicrystalline powder as described in the
following section.
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6. LIGHT-WEIGHT COMPOSITES
Reducing weight and enhancing the mechanical performance of
components is the most promising domain of applications of quasi–
crystals. It has already been successfully exploited in steels [15], and
aluminum- [16] or magnesium-based [17] alloys, which can be formed
along different routes so that they contain nano-precipitates, which
reinforce the matrix and increase its mechanical strength to such a high
level that lightening of the structures becomes actually possible. A
maraging steel reinforced by icosahedral nanoparticles was the very
first commercially successful application of quasicrystals that is now
currently in use for years in electrical shavers and surgical tools [15].
Bloom and Sheares [18] and independently, the present author (unpublished) could demonstrate the beneficial effect resulting from incorporation of a fraction of atomized quasicrystalline powders in polymers.
A variant based on laser-induced polymerization, which is central to
rapid prototyping of parts, was set up in recent years [19]. It allows the
production of highly complex shapes (Figure 4) that are already on the
market. This result seems particularly attractive since on the one hand
it allows to produce light parts with mechanical performance much
better than the state of the art and on the other hand, increases
the efficiency of additive manufacturing, in contrast to conventional
manufacturing that proceeds by withdrawing material from the part,
and therefore produces wasted material.

7. LOW COST CATALYSTS
Brittleness of high purity quasicrystals can be viewed as an advantage
as long as catalysis is envisaged. Indeed, Tsai and his co-workers could
show that leaching of fine grains of a quasicrystal, obtained after an
appropriate milling process, induces the formation of ultrafine particles
of the alloying metal (Cu, Pd, etc.), with catalytic performance at least
comparable to that of much more expensive industrial catalysts like Pd

Figure 4: Example of pipes used by the car industry that are produced by selective laser
sintering using an infrared laser. The light-weight material is a mix between a polymer and
a quasicrystal powder. It is made solid by illuminating the powder blend with the laser
beam, which provokes the sintering of the matrix. The quasicrystal powder makes the process far easier to apply because it absorbs a lot of the infrared light emitted by the laser
in strong contrast to metallic fillers (Courtesy: S. Kanzari & V. Fournée, IJL, Nancy).

have been identified in the occurrence of isolated Fe atoms at the
surface of the crystal [22]. From these preliminary studies, it appears
that an entirely new field opens, combining computational chemistry,
surface physics, and catalysis.

8. CONCLUSION: IMPROVED UNDERSTANDING
As was already insisted on elsewhere [2], the main application of the
discovery of quasicrystals was a revolution in crystallography, but not
only. It was also a driving force to understand better metallic alloys and
refine our understanding of complexity in condensed matter. Many of
the studies that were finalized in patents had also a very fundamental
context, and inversely. Especially, just to quote few aspects, transport
properties, the full understanding of which is not yet achieved satisfactorily [23], surface physics [24], which could not be addressed here
except for its most macroscopic aspects, mechanical plasticity [25],
tilings and coverages, that are connected to outstanding art works,
some of them dating back to ancient Muslim artists as was quoted by
the Nobel Committee during the announcement ceremony of the 2011
Award, had all a deep influence on the development of the field of
aperiodic crystals and CMAs, beyond their potential usefulness. Space
was too short in this article to do better than simply allude to this knowledge, and once more, the Reader is invited to look elsewhere at a more
specific material [26].
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or Pt [20]. More recently, a detailed study of the Al13Fe4 CMA pointed
out the capability of this compound to achieve selectivity and efficiency
superior to that of the conventional Pd catalyst employed in semiheterogeneous hydrogenation [21]. The origin of this effect may even

Out of the vacuum-into the liquid: the
challenge to understand Biointerphases
• Michael Grunze
Institute for Functional interfaces,
Karlsruhe Institute of Technology, Karlsruhe (Germany)
Biological interface science- or better: biointerphase science- is a broad, interdisciplinary field focusing on the
understanding of processes and reactions between biomaterials, living organisms and artificial materials. Although
biomedical questions and biosensor development remain at the center of Biointerphase Research, environmental
problems and biofilm prevention on surfaces recently also became important research areas. Biointerphase
phenomena occur over many orders of lengths scales, from picometer (molecular) dimensions to meters, e.g. from
“nanobiology” and “nanomedicine” to environmentally benign coatings for ships or other underwater structures.
Biointerphase Science has two equally important missions: the detailed and quantitative analysis of chemical
properties and processes, and the design and fabrication of biofunctional surfaces for a wide range of applications
in the life sciences and in the environment. The analysis of biological surfaces requires new methods, of which
most have their origin in traditional “Surface Science“ techniques used to study semiconductor surfaces and
interfaces or heterogeneous reactions. Following a historic perspective of instrumentation and methods in
Biointerphase Science, I will highlight with a few examples the socio-economic importance of the research field.
The analysis and detailed understanding of biological surfaces and
interfaces provides serious challenges, in particular if details in elemental and molecular composition and structure are needed to explain
surface function [1]. Traditional surface characterization methods such
as contact angle measurements or ellipsometry allow to measure surface
energies and film thickness, yet do not provide elemental or molecular
composition. The quantitative elemental and molecular characterization
of biointerfaces started with methods developed in UHV based Surface
Science, in particular X-ray photoelectron spectroscopy (XPS) [2].
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Surface Science always has been an interdisciplinary research area
and enabling technology platform. Hence, it did not take long to move
from the characterization of inorganic catalysts and electronical materials to polymers (e.g. dielectric polymers used in the semiconductor
industry) to materials exposed to biological fluids or used in biomedical
applications [3].

Figure 1: The “Blood Catastrophe”: Coagulation inducing plasma proteins
adsorb on the artificial surface (a) and lead to platelet and leucocyte binding
(b) Schematic and SEM of adherent platelets courtesy of A. Straub, Tübingen.
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Early UHV surface analysis experiment addressing the complex nature
of the interface between blood and man-made materials were done ex
situ [4] to find out what makes a material biocompatible and to address
the “Blood Catastrophe” [5]. “Blood Catastrophe” is a term phrased by
Buddy Ratner and refers to the bio-incompatibility of artificial materials
(or for that matter, any object foreign to the body) with blood, and hence
the resulting catastrophic reactions leading to inflammation, thrombus
formation and encapsulation of the foreign material [6].
The “Blood Catastrophe” is in general recognized, yet evaded solution
despite the significant advances in biomaterial design, biochemistry and
analytical chemistry (figure 1) [7]. All experiments on blood compatibility

The problem to understand in detail and then engineer blood contacting
surfaces is our lack of knowledge about the detailed composition and structure of the bio-macromolecules in the adsorbate phase. Initially X-Ray
photoelectron spectroscopy (XPS) and then IRRAS and Raman spectroscopy were the methods of choice, but with the improvements in instrumentation also ion-based spectroscopies, in particular SIMS combined
with Principal Component Analysis (PCA), contributed significantly to the
data base [9]. By comparing adsorption from blood, blood plasma and
protein solutions it is possible to identify the major proteins comprising the
adsorbate layers on a surface, but a clear picture – which physico-chemical
properties make a surface blood compatible or incompatible – has yet to
emerge. However, the major protein components in blood which adsorb
on the surfaces indiscriminately may be by-standers; the secret to blood
compatibility and healing is most likely more subtle, like the presence
of highly specific adhesion molecules to attract specific cells, protein
orientation, macromolecular conformation, or a combination of all.
Theory and modeling, in combination with traditional surface analysis
techniques, was, however, able to solve “simple” question in biointerphase science. A good example is “why are short-chain poly (ethylene
glycol) Self Assembled Monolayers (SAMS) resistant to protein adsorption and cell adhesion?" [10]. This question is relevant for the design
of non-fouling coatings, in general, but in particular for biosensors
where an “inert” reference line for the signal is needed. Surface energy
had been identified as an important physicochemical surface property,
but recent experiments and theory [11] reveal that stable hydration of
surfaces is an even more important prerequisite to prevent irreversible
adsorption and adhesion. Ethyleneoxide containing SAMs do not prevent
biofouling per se, it also depends on the lateral density and hence
molecular conformation and on the terminal end group in the SAMs if
adsorption is reversible or irreversible. Increasing the chain length of
the ethylene oxide moieties and relaxing the packing density stabilizes
the hydration of the films and improves resistance towards irreversible
protein adsorption, mammalian cell adhesion, and also irreversible
settlement of Ulva zoospores and Navicula spores which are abundant
in marine environments and are major “biofoulers” (see below).
In this example ab initio calculations combined with statistical methods
of the hydration of oligo(ethylene glycol) are in close agreement with
experiments and explain the mechanism of “inertness”, which is the
ability of specific molecular configurations of the oligomers to tightly
bind water. If a cell or marine biofouler is able to permanently adhere
depends then on its ability to displace water out of the hydration layer,
which is a sensitive interplay between hydration energy and the entropy
gain upon dehydration of the SAM [12]. This is an example showing the
direct integration of experiment, theory and simulation in Biointerphase
Research, following the successful strategies to solve fundamental
problems in “dry” Surface Science.
A big deficit in most Surface Science analytical methods is that biomaterial surfaces can only be studied ex situ. Since molecular conformation
plays not only a role in surface function, but even more so in biochemical recognition events, experiments should be done in the natural

environment where the molecules interact with the fluid and are hydrated.
Hence, common vacuum based surface spectroscopies are useless for
an in situ analysis of the Biointerphase. A biointerface is typically
“buried” under a liquid film. Methods, which can probe composition,
physical properties (molecular conformation, topography, morphology,
elasticity…), and kinetic processes in situ under “biological relevant”
conditions are obviously required. The parameters to be controlled
and varied in better in situ models of biointerphases are not restricted
to solution composition and temperature; also shear, impact forces and
pressure are important since they will lead to activation of immune reactions and – on a mesoscopic scale – to wear in natural and artificial joints.
Initially developed to study interfaces in vacuum, ambient or controlled
gas atmospheres, several methods made the transition “out of
the vacuum – into the liquid”. To name a few popular techniques in
biointerface analysis, there is the family of non-linear optical spectroscopies (Vibrational Sum Frequency Generation (VSFG) [13] and Second
Harmonic Generation SHG); reflectivity methods using neutron [14] or
– to a lesser extend due to beam damage problems – X-ray beams
[15]; gravimetric methods such as QCM, which allows to monitor both
mass changes and viscoelastic properties [16]; plasmon resonance
methods (SPR) [17] and of course Atomic Force Microscopy (AFM) to
image topography and monitor elastic properties.
There are also new instrumental developments designed to be used in
the liquid phase, many of them utilizing microfluidic devices to control
composition and flow, e.g. to measure adhesion strengths of cells and
bacteria on surfaces [18], or to track uni-cellular organisms approaching
a submerged surface in real time with sub-micrometer resolution [19].
These methods are used to study marine biofouling, with the aim to
develop non-toxic and environmental benign coatings for underwater
structures. The colonization of submerged man-made or natural
surfaces by unwanted biological organisms is a major problem for many
marine industries. Ships, membrane filters for reverse osmosis and
desalination (for the production of drinking water), heat exchangers in
power plants, underwater sensors, and aquaculture systems are all
subject to colonization by marine organisms. Fouling starts with bacteria
adsorption (slime), followed by typical macro-foulers like barnacles, mussels
and tubeworms [20]. It is estimated that the world fleet consumes an
additional 300 million tons of fuel annually as a result of hull fouling.
The additional emission of greenhouse gases due to increased fuel
consumption demonstrates that biofouling is not only an enormous economic problem, but in every aspect also a major environmental issue.
Marine biofouling was until recently exclusively controlled by biocidal
coating systems designed to kill colonizing organisms, but which also
had (and have) a severe impact on our waterways and estuaries. Metals,
such as copper and tin, which are used in the coats severely contributed
to the pollution of marine environments.
Although the International Maritime Organization Treaty (2001) on
biocides banned the use of components such as tributyltin (TBT) in
2008, non-toxic coatings are only slowly entering the market, due to
high cost and lower efficiency than biocidal formulations. Developing
better and more effective environmentally benign fouling-resistant products requires a deeper understanding of how surface chemistry and
the physical characteristics of a surface influence its tendency to foul.
The initial processes leading to biofouling by bacteria and marine
organisms are surface exploration, adsorption, and then secretion of
a species specific glue which rapidly cures under water and leads to
irreversible settlement. The dimensions of fouling organisms during their
settling stages – bacteria, cells, spores, or larvae – are typically 500 nm
- 100 µm, but the recognition of surface cues through the relevant
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published so far were only done for a single or one class of materials,
and no comprehensive and comparative study following the same
stringent standards- as we know them from Surface Science research
- has been conducted to allow the identification of the molecular origin
and mechanism of biocompatibility. Many different hypothesis to explain
biocompatibility have been articulated, from those raising the eyebrows
of any physicist (“ice-like water”) to those considering molecular
composition and conformation and indirectly supported by theory and
simulations [8].

• Michael Grunze
Institute for Functional interfaces,
Karlsruhe Institute of Technology, Karlsruhe (Germany)

Figure 2: A schematic representation of surface and material properties studied in
the quest of developing non-toxic and environmental benign coatings for under water
applications, e.g. ship hulls, marine construction, sensors, cooling water pipes in power
plants, desalination membranes for drinking water production [24].

The bio-interface is attracting more and more scientists from diverse
fields, making Biointerphase Science a truly interdisciplinary research
area. Whereas initially – with a few exceptions – a descriptive research
approach was common, the field now produces more and more quantitative data providing input for engineering solutions in biomedical and
environmental problems. The most exciting and new results with high
impact emerge from research groups that integrate the methods and
knowledge of Biology, Medicine, Physics, Chemistry and Materials
Science. They show us that the detailed biological/medical knowledge
about the organism, including the phenotype and the composition
and dynamics of the cell surface, and the full chemical and physical
characteristics of the material interface are needed for an detailed
understanding and eventually manipulation of processes occurring in
Biointerphases. Unfortunately, there often is still a barrier between the
disciplines to communicate effectively and to cooperate on a common
goal, often caused by the difference in research approach, career considerations, and by the funding system for the different disciplines.

sensory structures probably occurs at smaller nm length scales or even
at the molecular level (figure 2). However, the irreversible settlement of
motile zoospores and barnacles – but also bacteria – can be manipulated
to a certain extend by surface topography matched to the size of the
organism. In figure 3, the correlation between feature size (embossed
hexagonal pits), Wenzel roughness of the surface, and irreversible Ulva
Linza zoospore settlement is shown. The problem is, however, that
the size of fouling organisms covers several length scales, and hence
hierarchical surface topographies are needed to be effective in the natural
environment [21]. It is a great challenge – but with a potential
huge reward – to understand the molecular mechanisms guiding
settlement, proliferation and stability of biofilms in detail.

Professional Societies, now also the IUVSTA, are embracing the Biointerfaces community and start new divisions in this evolving and growing
area. Biointerface scientists are organized in the American Vacuum
Society since 1995, and in the Biomaterials and Biophysical Societies.
So far the Biointerface divisions are dominated by the physical or engineering sciences, with a deficit in the biological and medical sciences.
To achieve a balance between the physical and life sciences in the
professional organizations and individual research projects will be
another Grand Challenge for Biointerface Science to tackle.

Another area of great activity and rapid progress are large scale
and high throughput biochemical sensors, which are needed in
so called “omics” research in medicine and biotechnology. The
ongoing miniaturization, increase in sensitivity and selectivity, and
large scale integration is having a profound impact in molecular
biology. A recent in focus issue of the free-access journal Biointerphases describes the progress made in this area [22].
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I only mentioned in this short essay the interface between artificial materials and mammalian (eukaryotic) bacterial (prokaryotic) cells, leaving out the interface between plant cells (which are
a subclass of eukaryotic cells). The study of the hierarchical
structure of wood giving it exceptional mechanical properties is
also part of Biointerphase science, yet mostly quoted in the
context of bio-inspired or biomimetic research [23].

Figure 3: Correlation between Wenzel roughness and irreversible Ulva spore (see insert) settlement.
Mean cell counts for each point taken 0.5 mm along the gradient (mean of 3 counts). The background
value is the mean of 93 counts.
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A.C.M. APPLICATIONS COUCHES MINCES
is now ready to propose you a complete
range of vacuum components and accessories, through its collaboration with
EUROVACUUM.
Do not hesitate to contact us for any vacuum
material:
• primary pumps (oil, dry, roots, scroll,
pistons…)
• membrane pumps
• compressors
• central vacuum systems, out gassing
equipments
• turbomolecular pumps
• valves
• vacuum components
• vacuum controllers
• leak detections.
Pumps are at your disposal to test and check
the quality of the proposed products.
Visit us at IVC-19 / Booth # 27
Info+: Anne-Marie Durand
acm.amd@orange.fr
www.acm-pvd.com
NEW LABORATORY ULTRASOUND
SYSTEM
DKSH France distributes in France Ultrasound
systems from the German company Hielscher
Ultrasonics. The latest model of laboratory
systems is called UP200Ht (200W, 26 kHz).
With many adjustable parameters (amplitude,
pulse mode, timer: 0.1 sec - 99 days…), the
UP200Ht covers the full range of ultrasonic
applications like homogenisation, emulsification, dispersion, disintegration, nanometer grinding, cell disruption & extraction, degassing as
well as sono-chemical processes. The UP200Ht
can sonicate a flow of 5 to 25 L / h (depending
on application) and can operate 24h/7d.
New features of this compact and design ultrasound system include: digital control color
touch screen, an automatic recording of all
information of the sonication process on a
SD/USB card, an integrated sensor which
measures the temperature permanently, two
LED which illuminate the sonicated sample…
Like all Hielscher ultrasonic devices, the
UP200Ht comes with an intelligent automatic
frequency tuning.
Visit us at IVC-19 / Booth # 21
Info+: Alexandrine François
alexandrine.francois@dksh.com
www.dksh.fr
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NEW ADDRESS AGILENT VACUUM
PRODUCTS
AGILENT TECHNOLOGIES FRANCE consolidates
all businesses among which Vacuum Products
in a new building (6000m2) located in LES ULIS
about 14 miles from the center of Paris.
Please note our new direct phone number:
+33 (0)1 64 53 61 15
New address :
Z.A Courtaboeuf
Parc Technopolis
Bâtiment « Olympe »
3 avenue du Canada
91978 LES ULIS Cedex (France)
For more information visit our web site
www.agilent.com and download our catalog
or the brochure of our new Agilent Twistorr
304FS the new generation Agilent 300 L/s
turbo pump with Agilent Floating Suspension.
Agilent Floating Suspension, to ensure:
• Low vibration and acoustical noise
• Optimal working conditions for the bearings, extended operatinglife
• Exceptional stability for the very demanding
SEM application

Visit us at IVC-19 / Booth # 88
Info+: Rosemary Deromedi
vpf.sales@agilent.com
www.agilent.com
ANEST IWATA CORPORATION / NEW
COMPACT DRY SCROLL VACUUM
PUMP REPLACING FOR ROTARY VANE
VACUUM PUMP AND DIAPHRAGM
VACUUM PUMP / DVSL-100C-HC
ANEST IWATA will launch a new dry scroll
vacuum pump of 100 L/min. Dry vacuum pump
realize the performance of rotary vacuum pump.
DVSL-100C-HC is excellent in water vapor
exhaust and chemical resistance, and you will
be freed from oil stains and management of
the oil.
ANEST IWATA provide a clean vacuum for
evaporator, freeze drying, water demineralizer.
Visit us at IVC-19 / Booth # 120
Info+: Scroll Meister
ispinfo@anest-iwata.co.jp
www.anest-iwata.co.jp/english

ALREADY ON THE VACUUM MARKET
WITH THE REPRESENTATION OF
BROOKS TECHNOLOGY, CDAREPRESENTATIVE IS PLEASED TO
ANNOUNCE TWO NEW PARTNERSHIPS IN THE FIELD OF THIN LAYERS:
• Sputtering Components, Inc. is the world
leader in providing reliable and affordable
rotatable cathodes, complete e-CathodeTM lid
systems and magnetics using the latest technology available. All SCI products are designed so that maintenance can be performed
quickly and inexpensively by the end user.
• Process Materials, Inc. is a global supplier
and manufacturer of sputtering targets,
evaporation materials, backing plates,
backing tubes, and bonding services for the
thin-film deposition industry. Latest developments include planar and rotatable
sputtering targets using materials such as
AZO, ITO, CuIn, Chromium, Molybdenum,
Titanium and Silicon.
Brooks is the leading worldwide provider of
Cryopumps (CTI-Cryogenics) and Vacuum
measurement including Gas analyzers (Granville-Philips).
Visit us at IVC-19 / Booth # 105
Info+: Carlos de Azevedo
carlos.deazevedo@cdarep.fr
www.brooks.com
www.sputteringcomponents.com
www.processmaterials.com
PRICE-COMPETITIVE-QUALITY PVD
SYSTEMS
Since the North American Free Trade Agreement (NATFTA) was initiated in 1994, Intercovamex has developed thin layers deposition
systems (sputtering and evaporation) which
are assembled in Mexico with high quality
components from USA and European leading
manufacturers.
Installed in more than 100 R&D laboratories,
Intercovamex systems have proven to be
very versatile, robust, easy to maintain and
upgrade and very price competitive.
They are now CE certified and available in the
Europe through a network of local distributors
like Annealsys in France.
The standard models are:
• S16: Spherical chamber type for UHV
routine operation
• H2 series: Front door cubic chamber type
• V series: Vertical cylinder type with top opening
• TE series: Bell jar type
Some standard options are:
• 900 C substrate heater
• Substrate holders for 1” to 6”
and 100x100 mm substrates
• DC, RF and pulsed DC magnetrons

• Electron and ion guns
• Pulsed laser deposition
• RGA, RHEED, plasma analyzer, Ellipsometer
• Turbo or cryo pumping
All systems can be adapted to user´s special
needs and complete custom solutions are
also offered.
Visit us at IVC-19 / Booth # 5
Info+: Jean-Marc Zisa
jmzisa@intercovamex.com
www.intercovamex.com
MKS INSTRUMENTS IS PLEASED
TO ANNOUNCE ITS NEW MASS FLOW
CONTROLLER (MFC) FAMILIES
P-SERIES, G-SERIES AND I-SERIES
P-Series and G-Series are multi-range, multigas Mass Flow Controller (MFC) families.
The P-Series MFCs, are designed for critical
mass flow applications like those required in
semiconductor. The P-Series with its integral
pressure transducer, offers a pressure insensitive capability that maintains tight flow
control in the event of an upstream pressure
disturbance.
The G-Series MFC is designed for a broad
range of applications including solar, analytical, thin film, and vacuum processes where
high performance over the 10 sccm to 50 slm
full scale range is required.
The I-Series are mass flow controllers designed
for use in harsh environments where resistance to liquid or dust ingress (IP66 rated) is
essential. The I-Series provide precise control
for full scale flow rates from 5 sccm to 50 slm
and from 100 to 250 slm. Multi-gas/multirange capability, allows the user to change
device gas and range reducing inventory
requirements.
These controllers are available in a broad
range of interfaces, including RS485, Profibus
and Devicenet.
Visit us at IVC-19 / Booth # 90
Info+: Pierre Soulisse
pierre_soulisse@mksinst.com
www.mksinstruments.fr

ŒRLIKON LEYBOLD VACUUM NEVER
STOPS TO OFFER PRODUCTS AT THE
FOREFRONT OF TECHNOLOGY
The latest goods are two helium leak detectors using iPad controls.
The new portable Phoenix L300i proposes
a simplified and intuitive user interface. Its
wireless technology (WIFI) allows highest
mobility during the leak detection process.
Moreover, its quick start-up, its extremely fast
response time and its helium pumping speed
at the inlet (above 2.5 L/s) are real strengths
and make it the most required leak detector
for your applications.
The brand new Phoenix L500i
is your solution, pioneered
with an iPad interface and intelligent control: the smartest
and unparalleled user experience in the leak detection
market.
The brand new Phoenix L500i
helium leak detector opens up
new dimensions of productivity
and reliability in testing all kinds of components and represents an innovative upto-date solution for leak detection. Apart from
an attractive visual appearance, it excels
through numerous “inner values”. High speed
helium leak detection (> 50 L/s), reproducibility, reliable operation and an absolutely
new experience using iPad controls are
only a few of the special advantages of the
Phoenix L500i.
Visit us at IVC-19 / Booth # 22
Info+: Yannick Le Roy
sales.vacuum.or@oerlikon.com
www.oerlikon.com/leyboldvacuum/france/
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NEYCO INTRODUCES ALUMINUM
CHAMBERS FOR UV AND UHV
APPLICATIONS
NEYCO is expert in the manufacture of special
components and chambers, direct from customer’s drawings, specific data, verbal instructions.
If Neyco is well recognized for its competences
in stainless steel vacuum chambers manufacturing, we provide now aluminum chambers,
from ATLAS TECHNOLOGIES in USA.
Aluminum vacuum chambers have excellent
properties in ultra-high vacuum (UHV). This
material has 10.000.000x (7 orders of magnitude) less hydrogen permeation than stainless steel. Consequently, aluminum chambers
have far less H2, H2O, & hydrocarbon vapor
at high vacuum and ultra-high vacuum levels.
Some advantages compared to stainless steel:
smaller outgassing rate, not magnetic, higher
thermal conductivity, 1/3 the weight, a much
more rapid decay of induced radioactivity.
ATLAS TECHNOLOGIES manufactures robust
demountable, all-metal-seal CF flanges and
fittings which have a stainless steel knife
edge or sealing face on an aluminum body for
weld-up to an aluminum vacuum chamber
(bi-metal flanges).
Some applications:
• Particle physics
• Synchrotron
monochrometer
• Semiconductor
industry
• Lightweight vacuum chambers…
Visit us at IVC-19 / Booth # 23
Info+: Isabelle Richardt
contact@neyco.fr
www.neyco.fr

PFEIFFER VACUUM INTRODUCES THE NEW
ASM 340, a compact multipurpose and durable leak
detector which can be used
in both serial production
as well as for maintenance
tasks. The wide scope of application ranges
from industrial and analytical applications to
research & development all the way to the coating market… It is available in a conventional or an oil-free version.
The ASM 340 impresses with its efficient vacuum system, which guarantees that it is ready
for operation very quickly. Furthermore, it distinguishes itself with a fast response time due to
the high helium pumping speed. These features
lead to a short cycle time and high throughput.
The ASM 340 is the only leak detector in its class
on the market that is capable of locating leaks
starting at 100 hPa. A large selection of interfaces enables easy integration into production
lines. Measured data can be recorded and
evaluated using an SD card. The wireless
remote control enables operation from a
distance of up to 100 meters. Thanks to the
robust design and the minimal maintenance
required, service costs are reduced.
Visit us at IVC-19 / Booth # 79-82
Info+: Didier Bergé
didier.berge@pfeiffer-vacuum.fr
www.pfeiffer-vacuum.fr
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MINI M12P A NEW LOW FLOW
CORIOLIS CONTROLLER
M12P is a low flow Coriolis controller used
for precursors evaporating in CVD process.
Universal calibration accuracy and repeatability can improve layer deposition quality.
Visit us at IVC-19 / Booth # 83
Info+: Ludovic Bergère
sales@bronkhorst.fr
www.bronkhorst.fr
NEW ALL-METAL VARIABLE LEAK
VALVE INTRODUCED BY VAT
Gas inlet valve for precise and stable pressure
control – Series 59, DN 16 (5/8")
Manual actuation or stepper motor controlled
• High reproducibility of small gas flows
for constant system pressure
• Reliable and repeatable leaktight
closing to a mechanical stop
• User-friendly and maintenance-free
• Bakeable to 300 °C in open and
closed position
Visit us at IVC-19 / Booth # 96
Info+: Serge Boissin
FR@vatvalve.com
www.vatvalve.com
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AN OPEN RANGE OF MODULAR
HERMETIC FEEDTHROUGHS
This range of Modular Hermetic Feedthroughs
is the most flexible never ever offered on the
market and is expending almost every month.
Based on a standard machined cut out into a
standard flange, the end user into his laboratory
can very easily replace its feedthrough and so
exactly fits to his experience. No extra cost, no
new flange to supply, fast replacement and maintenance, low cost and high flexibility... what else?
The actual range includes ALL the D Sub
connectors (9 to 104 contacts / standard and
high density / mixed layout with coaxial, high
power and high voltage contacts), micro D
connectors, various high voltage and high
power contacts, RF contacts up to 40 GHz (65
GHz under testing), optical lines, RJ and USB
links, full T or K thermocouple measure signals,...
Without discussion it is a revolution in the way
of designing an electrical flange approved by
all our worldwide customers.
As long as your connector fits into the overall
dimensions of our enclosure, we will adapt
and seal it into our ERVAC modules.
We will be pleased to support you in designing
the right feed through for the right application.
Visit us at IVC-19 / Booth # 1
Info+: Christian Maini
cmaini@plugin.fr
www.plugin-vacuum.com
SOMINEX, A GROWING COMPANY
OF 90 PEOPLE SPECIALIZED IN
THE MANUFACTURE OF UHV SETS
SOMINEX acquired
a new building of
2700 m² dedicated
to the assembly and
fitted with means of lifting substantial (5t and 15t,
7m under hook). This acquisition is completed by
a new control room with air conditioning and the
purchase of new machining centers.
SOMINEX is a leading manufacturer of vacuum
vessels in France and can now offer the skill of
large assembly.
Visit us at IVC-19 / Booth # 118
Info+: Franck Polidor
franck.polidor@sominex.fr
www.sominex.fr
THE NEXT GENERATION OF DEPOSITION
STAGE - GLAD
UHV Design specializes in the design, manufacture and supply of high-quality, low-maintenance, manipulation and heating/cooling
solutions for vacuum applications. These
products are used in the high and ultra-high
vacuum markets for materials research and

find applications in diverse fields ranging from
thin film deposition and modification, surface
analysis instrumentation, synchrotron beam
conditioning and diagnostics, etc.
GLAD (Glancing Angle Deposition Stage) is a
brand new product development which is
creating great interest in areas where threedimensional nano-structures are required.
Based on UHV Design’s highly successful
EpiCentre range of manipulators, by rotating the
substrate in both polar and azimuthal directions,
one can fabricate desired nano-structures such
as: growth of columns, nano-helices, porosity
engineering and shadowed structures.
Being fully UHV compatible, GLAD is eminently suitable for use with all the usual
directional deposition sources, including:
• Thermal – e.g. e-Beam
evaporators & K-cells
• Pulsed Laser Deposition
• Magnetron Sputtering
Visit us at IVC-19 / Booth # 116
Info+: Arnaud Aubert
a.aubert@altec-equipment.com
www.uhvdesign.com
VACOM, YOUR PARTNER FOR
PRECISE AND PURE VACUUM
COMPONENTS FOR HV, UHV & XHV,
TREATS THIRD-PARTY VACUUM
COMPONENTS TO MEET HIGHEST
UHV AND UCV DEMANDS
Ultra-clean vacuum components and assemblies are fundamental to some cutting edge
high-tech sectors like semiconductor industry,
particle accelerators, coating deposition and
surface analytics. Exceptionally critical for
these applications are particles that stick
at the vacuum facing surfaces as well as
desorption of water and hydrocarbons from
the surfaces into the system, because this
may interfere with the sensitive ultra-high
vacuum (UHV) and ultra-clean vacuum (UCV)
processes.
As a service, VACOM offers to treat third-party
vacuum components with appropriate cleaning
and surface treatment methods under cleanroom conditions. The established and reliable
methods like automated ultrasonic wet cleaning and vacuum bakeout of parts and chambers, are followed by quality control verification
using particle measurement and residual gas
analysis yielding a batch related certificate.
The parts are finally cleanroom packed and in
combination with a sophisticated logistics the
overall treatment takes just a few days.
Visit us at IVC-19 / Booth # 42
Info+: Thomas Kühn
thomas.kuehn@vacom.de
www.vacom.de
www.vacom-vacuum.com

• Maria Carmen Asensio
Synchrotron SOLEIL,
Gif-sur-Yvette (France)
From research ship to satellite, from telescope to LHC collider at the CERN, very large research instruments
and infrastructures play a vital role in fundamental and applied research in a large number of disciplines.
Particularly, SOLEIL, located in the south of the Paris area, is one the latest synchrotron light sources
built in Europe. Remarkably, its outstanding properties allow exploring inert and living matter at
an unprecedented exhaustive and precise level.
Figure 1: View of the Synchrotron SOLEIL. The site
is located at l'Orme des Merisiers, belonging to
the community of Saint-Aubin, in the south of the
Paris region.

SOLEIL, a state-of-the-art third generation synchrotron radiation,
is composed of a platform of about 30 high-performance analytical laboratories to study the interaction between light and matter
(figure 1). They are able to collect structural, chemical, mechanical, electronic and magnetic information at the atomic or
molecular scale in a wide variety of scientific fields. Since 2007,
this research Centre is open to all scientific and technological
communities belonging to private companies and industries as
well as academic and research agencies. The extreme brightness
of SOLEIL makes it possible to carry out rather complete and
deep studies, which provide a comprehensive and accomplished
description of matter in a wide range of basic and applied fields.
SOLEIL covers fundamental research needs in physics, chemistry,
material sciences, life sciences (notably in the crystallography of
biological macromolecules), earth sciences, and atmospheric
sciences. It offers the use of a complete set of spectroscopic
methods from infrared to x-rays, and structural methods using
diffraction and diffusion. In applied research, SOLEIL is furthermore prolific in very different domains such as pharmacy, medicine, chemistry, petrochemistry, environment, physics, nuclear
energy, materials, automobile industry, nanotechnologies, micro-

mechanics, microelectronics, heritage and others.
SOLEIL has also a volunteer politics of opening to
industries and social challenges (the environment,
the energy, the scientific police, the archaeology
and the cultural heritage conservation), with the
intention of facilitating small and mid-size businesses the access
to the synchrotron radiation facilities.
Interestedly, the synchrotron field is one of the most demanding
communities in terms of instrumentation, requiring solutions right
at the cutting edge of the technological development. Hence,
design studies; first and upgraded prototypes contribute right up
to the actual construction of the instruments themselves. This is
a process that may well consist of thousands of subassemblies
and sensors requiring high accuracy in extreme environments,
such as ultra-high-vacuum at just a few degrees Kelvin, high
pressure or extremely high temperatures (figure 2).

Figure 2: SOLEIL, as other contemporaneous synchrotron sources, welcomes
more than 2000 users every year from all around the world. Due to the multidisciplinary character of its activity, frequently, its findings drive science frontiers to
the area of innovation and future technologies.
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Welcome to the Synchrotron SOLEIL:
a French multi-disciplinary
research facility

• Maria Carmen Asensio
Synchrotron SOLEIL,
Gif-sur-Yvette (France)

STRATEGIC PRIORITIES OF SOLEIL
The strategy scientific priorities of SOLEIL have been developed over
the last few years taking into account the main evolutions of the scientific fields particularly in those areas where SOLEIL has demonstrated
major contributions. The main priorities have been defined moreover
bearing in mind the needs of the national and international scientific
communities, as well as the progress in instrumentation and methodologies achieved all over the world. This has been the result of both
in-house brainstorming together with the active contribution of a
pro-active and large user community.
Schematically, we can mention that the basic synchrotron radiation
traditional techniques like spectroscopies, diffraction, scattering and
absorption of x-rays are being developed to make them compatible
with time resolved and high energy resolution experiments which
could help to unravel key problems related with chemical kinetics,
phase transitions or dynamical mechanisms in general. Most interestedly, the high performance of innovated methodologies has been
expanded in the domain of two- and three-dimensional imaging in
order to get both topological and spectroscopic information together
of rather small objects at the nano- and micro-scale resolution.
Moreover, four main areas of action have been identified as (1)
Biology-health from molecule to tissues, (2) Chemistry and Physicalchemistry studies centered particularly on activity and reactivity of
complex systems, (3) Physics focused on fundamental properties of
matter from ideal to complex systems, from nanometers to macroscopic analysis and (4) Complex Materials involving the study of
Ancient, nano-materials and extreme conditions.

images. In one of the SOLEIL’s material science beamline, an
international team has created silicene single sheets by a simple
synthesis method based on the vapour deposition of silicon on
silver single crystal surfaces. They have been further characterized by atomic resolution STM spectroscopy and high-resolution
angle resolved photoemission, proving unambiguously the existence of one of the most stable phases of this unique material.
For more than forty years, the miniaturization of circuits by scaling down
the transistor has been the principal driver for the semiconductor technology. As the number of components per chip increases, the total chip
size has to be reduced within workable limits (figure 3). Consequently,
the technology roadmap for semiconductors or "Moore’s Law"(1), which
states that the number of components integrated in a circuit would
increase exponentially over time, has been successfully achieved by
a continuous downscaling of the critical dimensions in the integrated
circuit. Hence, since 1970, the number of components per chip has
doubled every two years. However, we are nowadays nearing the physical and practical limits of the scaling, thus for further improvement
we may need “More than Moore”(2). This new attractive trend adds
value to devices by incorporating more functionalities to them, which
do not necessarily scale according to “Moore’s Law”.

In addition, three platforms have been created: IPANEMA or Ancient
materials, Environmental Sciences and Biology-Health. Their goal is the
boosting the knowledge transfer between synchrotron radiation science
and methods towards new communities, which constitute a huge
reservoir for societal applications. SOLEIL is moreover particularly
committed to enhance the partnership between academic research and
companies and increase the number of joint research and development
(R&D) projects on a wide field of research and applications.

SOLEIL HIGHLIGHTS
Due to space limitations, in this communication, we have been compelled
to develop only one highlight of SOLEIL, which we hope will give you
just a flavor of the fruitful activity developed by the scientific research
groups of SOLEIL.
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“MORE THAN MOORE”: COULD SILICENE BE THE FUTURE
OF ELECTRONICS?
Over the last decade, research groups from around the world
have claimed to have prepare silicene, a one atom-thick layer of
silicon. However, most of the studies so far have provided partial
evidence of its existence based on scanning tunneling (STM)
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Figure 3: One of the world's most recent posted photo of 32 nm Sandy Bridge
Intel wafer processor. Sandy Bridge is the codename of a micro-architecture
developed and introduced in the market in 2009 by Intel for central processing
units in computer. The first products based on this architecture were released in
January 2011 under the “Core” brand.

Graphene is one of the best-placed novel materials to be included in a
“More than Moore” approach. It has Dirac-type electrons near the Fermi
level behaving as massless Fermions, which give rise to appealing
properties as strong resistance, stretchable and impermeable attributes.
A close relative of graphene, a 2D honeycomb lattice of Si atoms called
silicene has been recently reported as nanoribbons and single layers
on silver (111) oriented monocrystals, (3,4). As silicon, unlike carbon,
prefers sp3 hybridization instead of sp2 silicene possess several stable
buckled structures, which are compatible with the opening of a small
gap (5). This ability makes silicene very attractive to be integrated to
the already well-developed silicon-based electronics.
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In particular, by mapping the low-energy electronic dynamics using
angle resolved photoemission spectroscopy (ARPES), it has been shed
light on essential electronic characteristics of the (3x3) silicene phase
on Ag (111) surfaces (figure 4).
The task to create a new “fabric” as silicene has been (figure 5), however,
very difficult because silicene does not exist in Nature and it is not as
easy to form as graphene due surely to its particular electronic structure
and larger atomic size. The main goal of this study has been to unambiguously prove the existence of the (3x3) silicene phase and describe
the structure and electronic properties of this new material. On the other
hand, metal substrates are not suitable to be integrated in chips and
devices because they are too effective in screening the electric field,
which are at the heart of the operation of present day electronic devices.
Therefore, as perspectives, it has been planned to look for alternative
substrates and capping layers with insulating properties, which can
protect and stabilize silicene layers.

Figure 4: Experimental STM image (right panel) and the theoretically calculated
image (left panel) exhibit the same structural features with a hexagonal arrangement of the triangular structure around dark centers. These two images are
consistent with the most stable optimized atomic structural model predicted by
density functional theory (3) for the 2D Si adlayer on Ag (111) crystals.

Figure 5: Model of silicene (3x3) phase on Ag (111). Si atoms sitting on top of Ag are highlighted as red balls and grey balls. The bottom light blue represent the silver atoms of the substrate.
The Si-Si distance is constant and of the order of 0.20 nm, however, all the hexagonal units are not the same. Some of them are buckled creating a two-layer structure, with chair and boat
conformations, while some units are totally flat. The distance between the top Si atoms and the average height of the first Ag layer is 0.29 ± 0.02 nm.
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Research activities at the IMN, Institut
des Matériaux Jean Rouxel (Nantes),
strengths and challenges
• Agnès Granier1, Guy Ouvrard2
Institut des Matériaux Jean Rouxel, UMR-CNRS 6502
Université de Nantes (France)
1
2

Vice-Director of IMN
Director of IMN and Lab-O-Mat

Drawing together researchers from the CNRS and the University of Nantes in the field of materials chemistry,
physics and engineering, the “Institut des Matériaux Jean Rouxel” (IMN) gathers 230 persons, including
130 researchers and support staff, and 100 PhD and postdoctoral students. The IMN now represents one of the
largest research centres in France in the field of materials. It was created in 1988 by Jean Rouxel (well known for
his work in Solid State Chemistry) and celebrated its 25th birthday in June 2013.
At the IMN is developed fundamental research dedicated to the science
of materials from the atomic scale upwards. Through the design, synthesis and characterisation of new materials, the approach consists in
optimizing material properties for various high technology applications,
including next generation solar cells, fuel cells, electric car batteries,
supercapacitors, nanotechnologies, microelectronic, photonic and
optical devices as well as metallurgy, welding and biomaterials.
The Institute takes advantage of the multidisciplinary skills in the field
of materials chemistry, physics and engineering brought by the material
chemists and physicists associated to process and material engineers.
This multidisciplinary approach provides the following strengths:
• a very huge panel of material synthesis methods, from soft chemistry
routes, template synthesis to plasma processes,
• extensive skills in the characterisation of the physical and chemical
properties of materials, associating spectroscopy and microscopy
methods, modelling and simulation.
This know-how led IMN to a key position at the national and international levels in designing new materials for high technology future needs.
The IMN Institute consists of six research groups, centred on an area
of applications or a family of materials:
• Conversion and storage of solar energy : photovoltaics and photobatteries (CESES)
• Physics of materials and nanostructures (PMN)
• Plasma processes and thin films (PCM)
• Electrochemical storage and conversion of energy (ST2E)
• Innovative materials for optics and storage (MIOPS)
• Material engineering and metallurgy (ID2M)
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Most research projects are carried out with academic and industrial
partners, such as Batscap, Renault, Solvay, SAFT, CEA LETI, LITEN, INES,
EDF, Crosslux, Armor, Ardeje, Alcatel-Thalès, STMicroelectronics,
Tronico, Saint-Gobain, TEFAL, Lemer Pax, EADS, DCNS, Safran, Arclynn…
Among the numerous worldwide collaborations, one can emphasize the
strong involvement of IMN in the following international networks and
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projects: the European research network of excellence ALISTORE in
the field of Li-batteries, the European project EFFIPRO on fuel cells, the
European COST Action on Highly Ionised Pulse Plasma Processes
(MP0804) and the international network (GNT) “Graphene and nanotubes: science and applications”.
WHERE ARE VACUUM TECHNOLOGIES AT IMN?
Vacuum and ultra-high vacuum technologies are widely present and
developed in the Institute, in the frame of the two following areas:
• the analysis of materials, especially scanning and transmission
electron microscopy (SEM, TEM), X-ray photoelectron (XPS) and Auger
spectroscopy,
• dry processes for the deposition and etching of thin films and nanomaterials, particularly co-evaporation and low pressure plasma processes.
LOW PRESSURE PVD AND PLASMA PROCESSES AT IMN

Figure 1: Inductively coupled plasma (ICP) etching reactor connected to XPS analysis

Dry processes for the deposition, etching and surface treatment of thin
films are mainly investigated in two groups of the institute.
The deposition of thin films of CIGS (Copper Indium Gallium Selenium)
by co-evaporation, and very recently magnetron sputtering, previously
developed for contact and buffer layers deposition, is investigated in
CESES group. The expertise of the group in CIGS solar cells obtained
by co-evaporation is internationally recognized with a 17.79% record
efficiency certified by NREL in 2009.

Currently, pulsed plasma processes (for etching, magnetron sputtering
HiPIMS…) and PECVD/PVD mixed processes are studied and optimized.
Moreover multiscale modelling of etching processes is promoted to predict geometrical and surface chemical properties of etched submicronic
structures. One can identify three main research topics:
• synthesis of carbon based nanoobjects and nanostructured films:
nanotubes, nanofibers, nanocomposite films…
• oxide (NiO, SiO2, TiO2…)
and nitride (AlN, BN, CrN…)
homogeneous thin films
deposition by PECVD and/or
magnetron sputtering,
• experimental and modelling
study of plasma etching (Si,
InP, HgCdTe) using CH4/H2,
fluorine or chlorine based
chemistry.
Figure 2: SEM picture of carbone nanotubes grown
In
another topic, based on the
on carbon/nickel nanofibers by hybrid PECVD and
magnetron sputtering processes
skills of several groups of the
institute, a new family of materials exhibiting resistive switching effects has been investigated for several
years. Resistive switching effects were discovered on single crystals of

high and a low resistance state. These results obtained on single crystals
are very promising for RRAM applications, since the resistive switching
effect was also obtained on polycristalline thin layers prepared through a
deposition method fully compatible with industrial technologies, from the
target synthesis to the post-annealing step2.
This research is developed in a dozen of plasma reactors where plasma
diagnostics (optical emission spectroscopy, mass spectrometry, Langmuir
probes) and ellipsometry can be carried out. The Institute has recently
acquired a multichamber reactor, consisting of a load-lock chamber
connected to a PVD chamber (DC and RF magnetron sputtering) and
a PECVD/PVD chamber (equipped with an ICP plasma source and one
movable cathode) allowing deposition on biased and heated 4’’ substrates. This research plasma reactor will be dedicated to the development
of mixed PECVD/PVD plasma processes for the deposition of innovative
multifunctional nanocomposite and multilayer films.
LAB-O-MAT, A NETWORK OF MATERIALS LABORATORIES
IN THE FRENCH WEST AREA
Lab-O-Mat is a network (“Federation de Recherche”) of almost 20
research laboratories in the field of materials physics and chemistry
located in the west part of France (including Caen, Rouen, Le Havre,
Rennes, Lorient, Brest, Nantes, Le Mans, Angers and Poitiers). This
network was created in 2013 in order to promote research as well as
teaching and training in this area, upon promoting inter-regional
research projects and interdisciplinary research. It gathers close to 1500
persons (researchers, engineers, technicians and administrative) and
covers many domains from molecule engineering up to new materials,
from synthesis up to applications through the analysis of their structural
and functional properties. Most studies belong to one of the three
following areas: materials for optics and photonics, materials for energy
(batteries, fuel cells, photovoltaic cells…) and materials for catalysis.
Among this network, 13 laboratories are involved in the study of thin films
for applications in the field of optics, photovoltaics, photonics, microelectronics and micro-nanotechnology. They have huge expertise in the field
of thin film deposition, etching, nanostructuration and characterization as
well as their applications. This is especially true for semiconductors
(Si, III-V, CIGS…), nitrides, oxides, carbon-based nanomaterials synthesis
by molecular beam epitaxy, chemical vapour deposition, Physical Vapour
Deposition (evaporation, pulsed laser deposition) and plasma processes
(PECVD, magnetron sputtering, RIE and ICP etching).

Figure 3: SEM image of a miniaturized MIM (Metal/Insulator/Metal) structure, i.e. active thin
layer between two gold electrodes and generic crystalline structure of AM4Q8 compounds.

chalcogenide compounds AM4Q8 (A=Ga,Ge; M=V,Nb,Mo,Ta; Q=S,Se)1. In
those Mott insulators, short low level electric pulses (down to 100 ns, and
less than 10 kV.cm-1) yield to a non-volatile resistive switching between a

All these laboratories will share their skills to face challenges in the field
of new materials for energy, optics and nanotechnology using environmental by friendly processes such as dry processes.
1
2

Patent CNRS - Université de Nantes PCT/EP2008/052968
Patent CNRS - Université de Nantes PCT/EP2010/053442

IMN key figures
80 researchers and professors — 80 PhD and 20 post-doctoral students — 50 technician and administrative staff

IMN key words
• materials for energy: lithium batteries, supercapacitors, fuel cells, thin film solar cells...
• materials for information and telecommunication: thin films for non volatile memories,

high power components, laser diode, waveguides, resonators, capacitors...
• materials for optics: pigments, UV absorbers, thermochromic, photochromic materials
• materials for health: biomaterials, bone substitute, biosensors...
• materials for mechanics: corrosion, fracture mechanics, composite structures...
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In the PCM group, research activities are focused on low pressure plasma
processes (10-3-10-2 mbar) for deposition and etching of thin films or
nanostructured layers. Application fields are going from microelectronics,
photonics to coatings or surface treatment. The scientific approach consists
in the study of the plasma, plasma/surface interactions, and investigation
of material properties with regard to the aimed functionality.

A TUBE for multi-material growth
and multi-technic characterization
under Ultra High Vacuum
• Stéphane Mangin, Danielle Pierre
Institut Jean Lamour, UMR-CNRS 7198
Université de Lorraine, Nancy (France)

Figure 1: Sketch of the new building of Institut Jean Lamour on the campus ARTEM-Molitor in Nancy (© Agence N. Michelin et Associés)

Le TUBE (InTerconnection under Ultra-high vacuum of ChamBers for
Elaboration, and Characterization for Novel Materials) is a unique tool
that combines a wide range of specific thin film deposition/growth
analysis and post-deposition treatment techniques, all connected under
Ultra High Vacuum (UHV). In a context where fundamental physics,
as well as the functionality of the devices, are no longer driven by
the material bulk properties but by surface and interface properties,
materials have to be grown, controlled and characterized in a UHV
environment, with a partial pressure of as low as 10-10 torr, in order to
avoid fatal contamination. This is the main reason why scientific and
technological breakthrough will be possible only in UHV interconnected
tools and why the presented tool is being built in the new building of
Institut Jean Lamour shown in figure 1.
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This tool, which to the best of our knowledge will be the only one of
its kind, will allow research team from Lorraine to address both fundamental and applied projects in interdisciplinary fields, coupling a multimaterial and multi-analysis approach. The objective of the TUBE is
meant to be open to private companies. A Business Advisory Board will
provide emerging and established companies with the best working
environment. A special area of connection will be dedicated to industrial
partners to allow technological and innovation transfer. This project will
encourage three types of applied activities: 1) activities that will concentrate on building and developing this platform, 2) activities dedicated to
the design and the construction of new specific UHV chambers that will
highly benefit from this unique environment 3) activities that will concentrate on growing “hybrid”, “multi-material” systems to develop new
functionalities.
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The technical solution chosen for the TUBE is a linear UHV pipeline
similar to the one used in several research institut, but offering much
more possibilities for researchers. The samples are transported through
the UHV pipeline with a monorail train. By means of transfer sticks, two
inches molybdenum sample holder can be exchanged between the train
and the chambers (figure 2). In this way the UHV preparation chamber
are connected to various analysis chambers where structural as well
as functional characterization can be carried out.

Figure 2: Two inches molybdenum sample holder can be transferred from one Vacuum
chamber to the another.

As shown in figure 3 the Tube is made of two UHV connections, a 40
meters one in the scientific hall and a 30 meters one in the industrial
partners hall. Three trains loaded with up to 12 sample holders will be
able to travel in the pipeline. Those trains will be motorized and automated
to permit travel along the 40 + 30 meters pipeline and to avoid any crash
between two trains or between a train and a transfer arm or a valve.
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Figure 3: Sketch of the scientific hall with the 40 meter connection link to the industrial partner hall.

In this geometry, the elaboration chambers are connected to various
analysis chambers where structural as well as functional characterization can be carried out. Moreover deposition of different materials
which need different deposition process can be done in order to create
multi-material sample. This means that as-deposited samples can be
transported from the growth chamber to either one of the analysis
chambers in an environment with a base pressure of 1.10-10 Torr, which
protects them from oxidation or other structural or chemical changes
related to atmosphere exposure as shown on in figure 4.

Figure 5: Picture of one of the baby-tube where
3 UHV chambers are connected

Figure 4: Close sketch of ultra-high vacuum connection where the sample can be grown
in a chamber and transferred to either one of the analysis chambers or another growth
chamber in an environment with a base pressure of 1.10-10 Torr.

A total of 20 UHV chambers will be interconnected to the “pipeline”:
10 UHV chambers dedicated to material growth, 8 characterization
chambers and 2 chambers for material post-deposition treatment.
Two baby-TUBEs have already been installed in the Faculté des sciences
et technologies building as shown in figure 5. Those 5 meters UHV
connections as shown in figure 5 have been made by Vinci Technologies. Vinci Technologies is an independent French company, owned by
the management and the staff, specialized in the design, manufacturing
and marketing of laboratory instruments, for the high vacuum and Oil
& Gas industries. Based in Paris, the company has 100+ employees
including one subsidiary in the US, one affiliate in India, and is expected
to open soon a branch office in Nancy. The company employees are all
engineers, involved in the industrialization of products coming from
French R&D centers or in-house R&D, Vinci components and systems
are at the cutting edge of technology and are sold worldwide (90% of
the company revenues are out of France). The baby-Tube is not the only
system developed by Vinci Technologies in the high and ultra-high
industry. The company designs complete thin film deposition systems
(thermal and e-beam evaporation, sputtering, pulse laser deposition,
Molecular Beam Epitaxy, Chemical Vapor Deposition…) and addresses
all technical requests of the wordwide nanotechnology centers.

• Stéphane Mangin, Danielle Pierre
Institut Jean Lamour, UMR-CNRS 7198
Université de Lorraine, Nancy (France)

With this combination of capabilities and extended assortment of
processes, the TUBE opens the door to exploration of a much wider
variety of more complex and hybrid systems for materials control at the
atomic scale. Moreover this project is closely associated with MINALOR,
the Lorraine platform for Micro & Nano technology. In the same building
the TUBE is located next to the clean rooms providing UV and E-beam
lithography for micro & nanostructuration. This strong relationship
between theTUBE and MINALOR will be a key element of the development of nanotechnology in France.
The TUBE will be opened to the international scientific community
via the possibility for selected research teams either to collaborate with
the Institut Jean Lamour, using the installed instruments, or to connect
their own specific UHV chambers for a few months period. A scientific
committee will be in charge of conducting the scientific policy.
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The objective of the TUBE platform is also to open and foster dynamic
pathways between public research organizations and private
companies. Indeed to welcome industrial partners and start-ups in
a secure environment in terms of intellectual property (IP), an area in
the new building will be especially dedicated to the “ CC-ValorisationInnovation-Transfert (CC-VIT) ” the role of which is to permit industrial
partners to work closely with research scientists. The need for CC-CIT
area has been expressed by MATERALIA, the competiveness cluster
servicing research and development in the area of innovative materials
for intelligent products of the future and also by the SFV (French
Vacuum Society) which promotes scientific and business activities
around vacuum equipment. Consequently a network between industrial
partners and the research teams is building up. This project will encourage 3 types of applied activities:
• Activities that will concentrate on building and developing this
platform. Companies are being selected to provide the UHV equipments on the TUBE
• Activities dedicated to the design and the construction of new specific
UHV chambers that will highly benefit from this unique environment.
For those activities, two of the partners are particularly involved:
MECA 2000 (part of Vinci Technologies), one of the leaders in Ultra
High Vacuum technologies in France building and designing UHV
equipment and AIP-Priméca Lorraine, working on system engineering, dealing with work-processing and its overlap between technical
and human-centered issues. Moreover a start-up Cryoscan created
by B. Kierren (Professor at IJL) has been launched in 2011 to develop
and provide ultra high vacuum equipment, especially low temperature
scanning tunneling microscopes (STM). Part of the start-up equipment
will be connected to the TUBE.

• Activities that will concentrate on growing “hybrid”, “multi-material”
systems to develop new functionalities. NIPSON, one of the partner
of the program whose activity revolves around state of the art highspeed digital printing systems, has already projects on new magnetographic printers standing-by that will benefit from the platform. The
Viessmann Group1, one of the leading international manufacturers
of heating systems has already started collaborative research
programs with IJL. The project of implementing a semi-industrial
equipment on TUBE within CC-VIT is on the way to bring closer IJL's
scientists and industrial engineers who will both benefit from the TUBE
platform to accelerate technology transfer.
In terms of education, TUBE is made to promote the development
of the next generation of scientists and engineers in material science.
Hundreds of undergraduate and graduate students should be trained
on this equipment. Their training will focus on materials synthesis,
advanced materials characterization techniques, modeling and device
fabrication, and characterization. This unique equipment shall attract
students from all over France, but also from cross border universities.
The possibility of having a joint education program like “Erasmus
mundus” is being studied by the scientific committee.

In conclusion the environment of the TUBE is not only going to give
access to a platform composed of state of the art deposition, analysis
and patterning chambers, but it will also be providing and developing
the skills and competences in thin film growth and characterization
(structural, chemical, physical) under Ultra High Vacuum that the teams
in Institut Jean Lamour have been built over the past 30 years. In such
a competitive field, this tool is a great opportunity for world-class
research, leading industry and the education of the next generation of
materials scientists, engineers and technicians. The TUBE will be a place
where industrial and academic experts as well as students meet, chat
and learn from each other. It will finally be a showcase for Material
Science in Lorraine and in France.
We acknowledege the very strong support of the Université de Lorraine,
CNRS, Région Lorraine, Communauté Urbaine du Grand Nancy,
Ministère de l'Enseignement Supérieur et de la Recherche, Fonds
Européen de Développement Régional,…

1. Viessmann is a family business founded in 1917 which is governed by a Board of Directors chaired by Martin Viessmann The turnover of the group is more than 1.7 billion euros;
the total employees is around 9400 people.
With its 22 production sites in 10 countries and 120 sale offices all over the World covering 74 countries, 56% turnover is achieved abroad.
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The French Vacuum Society presents other activities to French speaking
readers: Training (about 25 courses per year) and the French Adhesion Section
(SFA, division of SFV).

Formations SFV 2013
Retrouvez l'intégralité des formations SFV sur le site :
www.vide.org, rubrique « Formations »
áá V4 / Contrôle d’étanchéité par traceur hélium
18-20 juin 2013
áá P6 / Métallisation des matières plastiques
17-18 septembre 2013
áá A3 / Analyse d’images et microscopie quantitative
23-27 septembre 2013
áá V12 / Le dégazage et son traitement – Technologies

áá P8 / Brasage sous vide
14-15 octobre 2013
áá P1 / Initiation aux plasmas
15-17 octobre 2013
áá V2 / Pratique des techniques du vide
21-25 octobre 2013 et 2-6 décembre 2013
áá A2 / Techniques avancées de rayonnement

de l'ultravide

synchrotron

1-2 octobre 2013

12 novembre 2013

áá V7 / Connaissance et pratique de la cryogénie –

áá V9 / Dimensionnement des installations de vide

Session A (Techniciens)

et des systèmes de pompage

7-10 octobre 2013

13-15 novembre 2013

áá V3 / Mise en œuvre et entretien des installations

sous vide
7-10 octobre 2013

áá P7 / Gravure des matériaux par plasma
19-20 novembre 2013
áá V1 / Initiation au vide / Opérateur vide
19-21 novembre 2013

actualités
Les 17e Journées d’étude sur l’Adhésion
(JADH) se dérouleront, cette année, à une
période différente des années précédentes
avant tout pour des raisons de logistique. En
rapport avec la période d’organisation, du 2 au
6 décembre 2013, nous avons choisi Aussois
en Vanoise pour vous accueillir. Dans ce choix,
nous faisons le pari que les premiers frimas
de l’hiver rendront ce lieu tout à fait adapté
à la réflexion et aux échanges mais qu’ils
permettront aussi de prendre un grand bol
d’oxygène rafraîchi. Organisé dans un lieu
couplant les salles de formation, de colloque
et l’hébergement, nous poursuivons une coutume reposant sur une
proximité des acteurs, appréciée de notre communauté depuis de
nombreuses années.

invités lanceront les sessions qui, cette année, porteront sur les surfaces
structurées, les interfaces dans les matériaux hétérogènes, l’adhésion
des systèmes très déformables, les études liées au mouillage/démouillage, le contrôle de l’adhésion ou de la non-adhésion, la mécanique de
la fracture, la friction, le collage structural, la durabilité du collage.
Comme il se doit, les aspects industriels et une réflexion sur les directions de recherche fondamentale à venir seront au programme.
A cette occasion, nous remettrons le Prix DEDALE de notre société
savante au Professeur Wulff Possart (Université de la Sarre,
Allemagne) pour l’ensemble de ses travaux autour des surfaces et
en particulier son approche de la compréhension des interactions
polymères-métal à l’aide des techniques spectroscopiques.
Dans le même temps se préparent les congrès internationaux à venir.
En 2014, EURADH sera organisé par la société espagnole à Alicante
du 22 au 25 avril. La même année ce sont nos collègues Japonais
qui organiseront le 5e congrès mondial de l’adhésion WCARP. Il se
tiendra à Nara du 7 au 11 septembre 2014. Notre communauté française est mise à contribution dans les différents comités scientifiques
afin d’élaborer le programme de ces deux rendez-vous importants.

La formation, s’étalant sur deux jours, s’adresse aux industriels
comme aux académiques. Avec plus de 70 personnes inscrites
tous les deux ans, elle est l’occasion de faire le point sur les bases
indispensables à la résolution des problématiques où les phénomènes
de l’adhésion interviennent.

N’hésitez pas à vous rendre sur le site de la Société Française du Vide,
où, sous l’onglet “Comités” puis “Section Française de l’Adhésion, vous
retrouverez toutes les informations utiles sur ces 17e JADH et également
sur les colloques à venir dans notre domaine de l’adhésion.

Le colloque se déroulera à la suite de cette formation. Il permet de
faire le point sur les dernières avancées scientifiques. Les scientifiques

• Christophe DERAIL
Président de SFA

agenda

EUROCVD 19
1-6 September 2013 – Varna (Bulgaria)
www.eurocvd19.org

June
HIPIMS 2013, 4th International
Conference on Fundamentals and
Industrial Applications of HIPIMS
10-13 June 2013
Braunschweig (Germany)
www.hipimsconference.com
st

IBA 2013, 21 International
Conference on Ion Beam Analysis
23-28 June 2013 – Seattle, WA (USA)
http://iba2013.labworks.org/

July
A3TS 2013, Traitement
des Matériaux et des Surfaces
3-4 July 2013 – Marseille (France)
www.a3ts-congres.fr
ICNS 2013, International Conference
on Neutron Scattering
8-12 July 2013 – Edinburgh (UK)
www.icns2013.org
SEMICON West 2013
9-11 July 2013
San Francisco, CA (USA)
www.semiconwest.org
ISSP 2013, 12th International
Symposium on Sputtering & Plasma
processes
10-12 July 2013 – Kyoto (Japan)
www.issp2013.org
ICPEAC 2013, International
Conference on Photonic, Electronic
and Atomic Collisions
24-30 July 2013 – Lanzhou (China)
http://icpeac2013.impcas.ac.cn

August
ISPC 21, International Symposium
on Plasma Chemistry
4-9 August 2013 – Cairns (Australia)
www.ispc21.com
3rd Guangzhou International
Vacuum Industrial Show
21-23 August 2013
Guangzhou (China)
www.chinavacuumshow.com

September
EUROCORR 2013, European
Corrosion Congress
1-5 September 2013
Estoril (Portugal)
www.eurocorr2013.org

PLASMA 2013, International
Conference on Research
and Application of Plasma
2-6 September 2013
Warsaw (Poland)
www.plasma2013.ipplm.pl
ADHESION'13, 12th International
Conference on the Science
and Technology of Adhesion
and Adhesives
4-6 September 2013 – York (UK)
www.iom3.org/events/adhesion13
ECAART’11, 11th European
Conference on Accelerators in
Applied Research and Technology
8-13 September 2013
Namur (Belgium)
www.ecaart-11.be
EUROMAT 2013, European Congress
and Exhibition on Advanced
Materials and Processes
8-13 September 2013 – Sevilla (Spain)
http://euromat2013.fems.eu/
E-MRS 2013 Fall Meeting, European
Materials Research Society
Congress
16-20 September 2013
Warsaw (Poland)
www.emrs-strasbourg.com
SRF 2013, 16th International
Conference on RF Superconductivity
23-27 September 2013 – Paris (France)
www.srf2013.fr
Euro Intelligent Materials 2013
25-27 September 2013
Kiel (Germany)
www.intelligent-materials.de
SIMS 19, 19th International
Conference on Secondary Ion Mass
Spectrometry
29 September – 4 October 2013
Jeju (Korea)
www.sims19.org

EU-PVSEC 2013, 28th European
PhotoVoltaic Solar Energy
Conference and Exhibition
30 September – 4 October 2013
Paris (France)
www.photovoltaic-conference.com
INTERMETALLICS 2013
30 September – 4 October 2013
Bad Staffelstein (Germany)
www.dgm-intermetallics.de

October
SEMICON Europa 2013
8-10 October 2013
Dresden (Germany)
www.semiconeuropa.org
ECASIA'13, European Conference
on Applications of Surface and
Interface Interactions
13-18 October 2013 – Cagliari (Italy)
http://ecasia.epfl.ch/
Vacuum Expo 2013
16-17 October 2013 – Coventry (UK)
www.vacuum-expo.com
AVS, 60th International Exhibition
& Symposium
27 October – 1 November 2013
Long Beach, FL (USA)
http://www2.avs.org/symposium/

November
VACUUM 2013
6-8 November 2013 – Tokyo (Japan)
http://www.nikkan.co.jp/eve/
vacuum/english/index.html
PSA-13, 6th International
Symposium on Practical Surface
Analysis
10-15 November 2013
Okinawa (Japan)
www.sasj.jp/PSA/PSA13/index.html

December
JADH 2013, 17e Journées d'Etude
sur l’Adhésion
2-6 December 2013 – Aussois (France)
www.vide.org/jadh2013/

9-13 September 2013 Paris (France)
• IVC-19, 19th International Vacuum Congress
• ICSS-15, 15th International Conference on Solid Surfaces
• ICN+T 2013, International Conference on Nanoscience + Technology
• ITFPC 2013, Innovations in Thin Film Processing and Characterisation
• MIATEC 2013, Magnetron, Ion Processing & Arc Technologies European

Conference
• CIP 2013, 19th International Colloquium on Plasma Processes
• RSD 2013, Reactive Sputter Deposition

www.ivc19.com

