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INTRODUCTORY WORD BY PASCALE 
DELCOMMINETTE, CEO OF WBI & AWEX 

The 16th International Conference on Plasma Surface Engineering (PSE) is known as one of the 
largest industrial Plasma and Ion Surface engineering in Europe. PSE is a well-established and 
leading  forum  in  the  field  of  plasma  as  well  as  ion  –  and  particle-beam  assisted  surface  
modification and thin film technologies. 

Thanks to its strong tradition of industrial research and its successful SME’s and global leaders in 
the industrial plasma and surface engineering sectors, BELGIUM has been selected as the partner 
country for the PSE Conference 2018.  

The Walloon open innovation approach in these fields is,  of course,  a key factor of its success.  
Wallonia-Brussels  International  (WBI)  and the Wallonia Trade and Investment Agency  (AWEX) 
have thus joined their forces to lead a Walloon delegation coming from various fields. In total, 8 
R&I and industrial players from Wallonia-Brussels will be attend the Conference. 

This year, PSE will be dedicated to “MEMS in our everyday life”. Microelectromechanical systems 
have infiltrated our daily lives, having found their way into broadening variety of applications from 
smartphones to the automotive sector. For more than a decade, Wallonia has put open innovation 
at the heart of his territorial development strategy including, since 2015, important investments in 
the digitalization of  our  industry.  Technology cross-fertilization applied to business  is  strongly 
supported through digitalization programmes, mechanical engineering R&I projects and smart 
territory  initiatives.  It  might  then seem natural  to expect that  Wallonia would be part  of  this 
edition.

For the Walloon participants,  PSE is a unique opportunity to showcase their technologies and 
expertise,  meet and connect with German and foreign delegations  in  order to conclude new 
technological partnerships or launch joint research projects.

Take the opportunity to learn about their activities within one of the 25 presentations they will be 
part of. And keep networking at the Belgian Beer Café that will be organised on 18 September. 

Ms. Pascale Delcomminette
CEO WBI & AWEX
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Surface  engineering  embraces  a  wide  range  of  techniques,  but  it  is  the  Plasma  &  Ion-based 
Surface Engineering (PISE) techniques which are attracting the greatest international interest, 
and it is in this field that Wallonia-Brussels have strong expertises. PISE techniques offer the most 
promising methods of improving surface quality to better control the structure and increase the 
reliability and reproducibility of coatings by precise process control.

As Scientific Liaison Officer – Germany, the promotion and facilitation of international cooperation 
between research and innovation stakeholders of Wallonia-Brussels is the most important task of 
my  position.  As  leading  –  edge  sector  in  Wallonia,  the  development  of  vacuum  science  and 
technology is thus one of my priority and we have recorded this year some concrete results in 
Germany:

1- At the HANNOVER MESSE 2018, we have exhibited the first Walibeam Industrial Platform 
for  Ion Implantation developped by IONICS SA.  This  Walloon initiative is  supported by 
several industrial majors in the fields of surface treatment of glass, metals or alloys and 
polymers and could be relevant for all markets.

2- CRM group and University of Namur got a Cornet project “VICIA” with FRAUNHOFER IST 
regarding  the  characterization  of  coatings  on  3D  curved  surfaces,  new  materials  and 
interfaces  between layers  as  well  as  new processes  (PECVD of  SiOx).  A second Cornet 
project  “DLCPlus”  focused  on  modelling  the  deposition  of  DLC  coatings  based  on 
Acetylene  will  start  in  September  this  year.  On the Walloon side,  the  participants  are 
University of Namur and Materia Nova.

3- Last June, the contract for the design, manufacture and installation of the coating plant for 
the primary mirror segments of ESO’s Extremely Large Telescope has been awarded to 
Belgium-based AGC Glass Europe. The company will be responsible for the construction of 
the facilities at ESO’s Paranal Observatory in northern Chile which will be used to coat the 
telescope’s individual primary mirror segments with a protected layer of highly reflective 
silver.

For consolidating this collaborative approach, Wallonia and Germany are also member of several 
funding schemes for  increasing the competitiveness of our industries and Small and Medium-
sized  Enterprises  (SMEs).  For  example,  CORNET  and  IRA-SME  Programs  support  projects  for 
introducing pilot actions and schemes for pre-competitive Collective Research. New innovative 
projects  are  also  developed  throug  EUREKA/EUROSTARS,  M-ERANET  and  MANUNET 
Programmes.

We are looking forward to meeting you at the Wallonia-Brussels Booth.

Mr. Mathieu Quintyn 
Scientific Liaison Officer - Germany

https://www.eso.org/public/teles-instr/paranal-observatory/
http://www.agc-glass.eu/en
https://www.eso.org/public/teles-instr/elt/
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WALLONIA-BRUSSELS 
INTERNATIONAL (WBI) 
Place Sainctelette 2 
1080 Brussels 
Belgium 

Phone : + 32 2 421 82 11 
www.wbi.be 

As  a  public  administration,  Wallonia-Brussels  International  (WBI)  is  responsible  for  the 
international relations of the Walloon Region and the Wallonia-Brussels Federation. Thanks to its 
exclusive capacities in various and essential areas (amongst others: education, economy, energy, 
culture,  research,  environment,  etc.)  and  the  international  extension  of  these  fields,  WBI 
developed a particularly dense network abroad. Widely open to the world, the Walloon Region 
and the Wallonia-Brussels Federation have signed multiple bilateral cooperation agreements with 
countries and regions. These agreements support bilateral collaboration projects, mainly focused 
on the academic, scientific and cultural sectors. 

The main objective of the Research & Innovation Unit of WBI is to actively build networks between 
research  and  innovation  actors  of  Wallonia,  Brussels  and  other  countries.  By  promoting 
partnerships in international research projects and stimulating an open innovation approach in 
the field of international scientific and technological cooperation, the Unit supports synergies in 
the internationalisation of academia, research institutes and businesses. 

The Research & Innovation Unit is also coordinating the Research & Innovation Platform, which 
brings together all the research and innovation operators of Wallonia and Brussels (universities,  
research centers, competitive clusters, public bodies). The Platform’s objective is to facilitate the 
further  development,  implementation  and  monitoring  of  the  international  dimension  of  the 
regional research policy by the sharing of information and consultation between all the partners.  
The aim is  to  identify  common priorities  which  could  lead to  coordinated or  joint  initiatives 
towards third countries and within international networks. The Platform benefits from a network 
of  scientific  liaison officers  based in  innovative ecosystems (in  Germany,  the Scientific  Liaison 
Officer is based in Munich). They have the responsibility of liaising with various key international 
initiatives, networks and infrastructures on behalf of the Platform. 

http://www.wbi.be/
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In attendance at international Plasma Conference on Plasma Surface Engineering : 

Pascale DELCOMMINETTE –  CEO

Jessica MICLOTTE –  Head of the Research and Innovation Unit
j.miclotte@wbi.be

Marie BEHEYT –  Project Manager, Research and Innovation Unit
m.beheyt@wbi.be

Mathieu QUINTYN – Scientific Liaison Officer for Germany (Munich)
m.quintyn@wbi.be

mailto:m.quintyn@wbi.be
mailto:m.beheyt@wbi.be
mailto:h.goffinet@wbi.be
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WALLONIA EXPORT-
INVESTMENT AGENCY (AWEX)

Place Sainctelette 2 
1080 Brussels 
Belgium 
Phone : + 32 2 421 87 45 
Fax : + 32 2 421 87 75 
www.awex-export.be  
www.investinwallonia.be  
www.wallonia.be  

The  Wallonia  Export-Investment  Agency  (AWEX)  is  in  charge  of  the  development  and 
management of Wallonia’s international economic relations. With regards to foreign trade, the 
Agency  has  a  promotion and information  mission  with  regard  to  both the international  and 
Walloon business community. 

Intended for purchasers, decision-makers, importers and foreign prospects, the Agency can, on 
request: 

 Pass on economic data regarding Wallonia and its export potential ; 
 Provide information on the products and services of Walloon businesses ; 
 Seek Walloon businesses for the conclusion of international partnerships ; 
 Distribute lists of Walloon exporters. 

Vis-a-vis Walloon businesses, the Agency is their comprehensive international partner, providing a 
range of services and activities covering the entire export process: 

 General and commercial information on foreign markets ; 
 Production of individual market studies on request ; 
 Organisation of commercial canvassing operations (participation in international shows ;
 Organisation of economic missions, sector-based contact days, etc.) ; 
 Contacts with international organisations ; 
 Promotion of Wallonia and its export potential ; 
 Financial support and funding for exports ; 
 Training and raising awareness of international professions. 

With  regards  to  foreign  investment,  the  Agency  provides  general  expertise  in  the  areas  of 
promotion, prospecting and informing potential  investors.  It  also ensures active monitoring of 
investors based in Wallonia, as well a mission to find foreign buyers for Walloon industrial sites in 
the process of restructuring. 

AWEX is also competent for the strengthening of the Wallonia brand image overseas. 
AWEX has a workforce of more than 400 people and about one hundred offices overseas. 

In attendance at   Plasma Conference on Plasma Surface Engineering: 

Pascale DELCOMMINETTE –  CEO 

Quentin DERZELLE –  Economic & Trade Counsellor (Munich)
munich@awex-wallonia.com

mailto:munich@awex-wallonia.com
http://www.wallonia.be/
http://www.investinwallonia.be/
http://www.awex-export.be/
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BELVAC

www.belvac.be

In 2018, Belgium has been chosen as partner country of the 16 th International Conference 
on  Plasma  Surface  Engineering  (PSE).  As  Belgian  representative  in  the  PSE  organizing  and 
scientific committees as well as current President of BELVAC, the Belgian Vacuum Society, it was 
obvious for me and for the board of BELVAC that, in view of its history and network in the field of 
plasma technologies at  the academic and industrial  levels  in  Belgium,  BELVAC was the ideal 
Institution to coordinate this event. 

BELVAC, the Belgian Vacuum Society is a non-profit society with legal status founded on 
May 16, 1963. The organization consists of a council with a president, a secretary six representatives 
in  the  IUVSTA  (The  International  Union  for  Vacuum  Science,  Techniques  and  Applications) 
Divisions and 11 administrators. BELVAC also serves as a liaison between the Secretary General of 
IUSTVA and the Belgian Ministry of Justice on the IUVSTA Statutes.

The  purpose  of  BELVAC  is  to  promote  the  development  of  vacuum  science  and 
technology,  including  plasma-based  and  ion-based  technologies,  and  contribute  to  its 
advancement in Belgium. It also has its objective to create and maintain interesting and useful 
relations between its members (academics and industrials) concerning vacuum and to provide 
interesting  and  useful  relations  with  foreign  vacuum  societies  and  with  international 
organizations having the same objectives. Belgium has been a key player in the field of vacuum 
and plasma sciences since the early days. The first International Congress on Vacuum Technology, 
organized  in  connection  with  the  1958  Brussels  World  Fair,  by  the  Belgian  group  "Vacuum 
Techniques Section" of the Société Royale Belge des Ingénieurs et des Industriels on 10-13 June 
1958 in Namur (Belgium), is indeed generally accepted as the founding event that ultimately led 
in  1962  to  the  formation  of  the  International  Union  for  Vacuum  Science,  Technique  and 
Applications (IUVSTA). 

In this context, BELVAC in close collaboration with WBI and AWEX is glad to welcome all  
PSE 2018 attendees to visit the “Belgian corner” during the industrial exhibition and/or to learn 
about their activities within one of the 25 presentations they will be part of during the conference.

Prof. Rony SnydersPresident of Belvac

http://www.agc-plasma.com/
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AGC PLASMA TECHNOLOGY 
SOLUTIONS 
Voortstraat 27
2400 Mol 
Belgium

Phone : + 32 473 55 24 14
www.agc-plasma.com 

AGC Plasma technology Solutions offers all necessary services for upscaling new plasma coating 
technologies from the R&D phase till mass production. Leveraging on the extensive know-how 
within the AGC and Interpane group for the engineering, exploitation, maintenance and quality 
management of vacuum coater equipment, we can make proposals to our customers that will 
allow them to reach operational excellence. 

AGC Plasma Technology Solutions can provide engineering services for new plant construction, 
refurbishment  and  operational  improvement  for  existing  facilities  in  the  field  of  magnetron 
sputtering, plasma enhanced chemical vapor deposition and ion beam implantation. In addition, 
AGC Plasma also  offers  product  prototyping  and process  optimization services  out  of  a  well-
equipped demonstration center.

AGC Plasma has a customer centric approach with a demonstration center with pilot coating 
lines and extensive analysis tools in Lauenförde, Germany at the service of our customers to make 
product prototypes and realize proof of concepts. 

In attendance at the International Conference on Plasma Surface Engineering: 

Hugues WIAME –  General Manager
hugues.wiame@eu.agc.com

Jeroen SCHOTSAERT –  Business Manager
jeroen.schotsaert@eu.agc.com 

Philippe ROQUINY –  Strategic Project Manager
philippe.roquiny@eu.agc.com
Presentation: Extremely high rate PE-CVD deposition up to 3.2m by a novel 
Hollow Cathode Design

Eric MICHEL –  Projects Leader
eric.michel@eu.agc.com
Poster:  High  quality  coatings  with  high  deposition  rate  by  PECVD  with  
improved hollow cathode plasma

mailto:jeroen.schotsaert@eu.agc.com
mailto:hugues.wiame@eu.agc.com
http://www.agc-plasma.com/


1313

CRM GROUP (R&D center)
1, rue des pôles 
4000 Liège

Phone : +32 4 361 59 51
www.crmgroup.be  

The activities of CRM Group are mainly dedicated to the production, transformation and use of 
metallic materials. CRM Group offers R&D and technology solutions focusing on the development 
of innovative processes and products that create value for its members. 

CRM  Group  combines  skilled  and  experienced  research  teams  with  unique  testing  facilities 
covering  the  whole  manufacture  chain,  from  raw  metal  production  to  advanced  steel 
applications, from laboratory scale to industrial demonstration. 

CRM Group notably operates several large pilot lines which were fully designed and constructed 
by its internal engineering department. We bring a particular attention to technical support to 
Small and Medium Enterprises thanks to our expertise. 

In attendance at the International Conference on Plasma Surface Engineering: 

Ahmed RASSILI –  Senior Project Leader
ahmed.rassili@crmgroup.be

Adeline LAFORT –  Team Leader (AC&CS)
Adeline.LAFORT@crmgroup.be
Presentation: Thin film solar modules (CIGS technology) on insulated steel 
substrate in R2R production for their integration into roofing elements

Alain DANIEL  –  R&D Project Manager (AC&CS)
Adeline.Daniel@crmgroup.be
Poster: Optimisation of PVD and PECVD thin film deposition on 3D objects

Florin DUMINICA  –  Senior Project Leader (AC&CS)
Florin.Duminica@crmgroup.be
Poster: AlxMn1-x coatings elaborated by PVD as alternative to cadmium for 
steel corrosion protection

http://www.crmgroup.be/
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IONICS
Rue des Alouettes 1
4042 Liers
Belgium 

Phone : + 32 4 278 91 60
info@ionics-group.com 
www.ionics-group.com 

IONICS develops and supplies dry and wet innovative surface technologies : sol-gel nanocoatings,  
low and atmospheric plasma solutions and ion implantation sources. 

Our customers capitalize on our capacity and responsive service to develop fine tuned solutions 
as job coater or supplier. 

Our  product  portfolio  finds  use  in  various  industries:  automotive,  architecture,  household 
appliances, telecommunication, electronics, life science… Our vision is to be a leading company in 
functionalized surface treatments, enabling our customers to explore new product applications 
by using our smart surface solutions and technologies.

In attendance at   Plasma Conference on Plasma Surface Engineering: 

Luc LANGER – Director
luc.langer@materianova.be 

Fabian RENAUX – R&D Manager
fabian.renaux@ionics-group.com

Patrick MASSET – Business Developper
patrick.masset@ionics-group.com 

mailto:patrick.masset@ionics-group.com
mailto:fabian.renaux@ionics-group.com
mailto:luc.langer@materianova.be
http://www.ionics-group.com/
mailto:info@ionics-group.com
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INNOVATIVE PLASMA-BASED TECHNOLOGIES FOR 
NEW MULTIFUNCTIONAL COATINGS (by IONICS)
Ionics Group is specialized in the development of industrial innovative surface treatments to
reach new properties, enhanced durability and develop new materials.

Some examples of IONICS demonstrators:

 The  IONJET  is  an  atmospheric  plasma  torch based  on  a  new  flexible  microwave 
technology.  Unlike RF torches,  the plasma is  generated at the outlet  of  the torch.  The 
active species  directly  interact  with the substrates  surface.  The feeble  flow of  about 2 
liters/min  allows  to  use  argon,  helium  and  others  more  expensive  gases  for  specific 
application without economic,issues. Low powered torch (200w) combined with effective 
activated species enables the treatment of temperature sensitive and inert polymers like 
PTFE. Deposition processes are also under development using liquids, powders and wires.

 The Plameco technology allows to treat and modify any micrometric powders using PVD
and PECVD  low pressure  plasmas  deposition  processes.  Composition  fine  tuning,  new 
alloys with rare elements, core shells hybrid structure, nano structuration are reached for 
enhanced  properties  and  processes  using  commercial  low-cost  powders.  The  fields  of 
application are numerous: additive manufacturing, thermal spraying, technical sealing and 
contact, sintering processes, catalysis. 
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 Ionics  has  also  developed  the  Hardion  industrial  ion gun  solution  terminating  with 
different technical and economic issues generally associated to the process. Enhance the 
surface properties of your material  without any coatings and using an environmentally 
friendly technology. The innovation is supported by a Walloon initiative called Walibeam 
and  several  industrial  majors  in  the  fields  of  surface  treatment  of  glass,  metals  and 
polymers are involved.  A set of industrial  dedicated pilot tools will  be available as Key 
Enabling Technologies (KET) for industrial demonstration



1717

MATERIA NOVA
3, Avenue Copernic 
7000 Mons 
Belgium

Phone : +32 65 55 49 16
www.materianova.be 

MATERIA  NOVA  is  a  Research  and  Development  center  based  on  advanced  and  disruptive 
technologies in the field of sustainable materials, multifunctional surfaces, materials for energy 
and biotechnology. 

The  80  scientific  experts  from  Materia  Nova  offer  partnership  with  small,  medium  or  large 
companies for research and/or development projects which are mainly carried out in the Materia 
Nova facilities and are validated at industrial scale either by its subsidiary companies (IONICS S.A. 
and NANO4 S.A.)  or directly at customers site.  Materia Nova gives also technical  assistance to 
companies  such  as  in  upscaling,  feasibility  testing,  life  cycle  assessment,  materials 
characterization, market research, state of the art, technology watch and targeted consulting.

Materia  Nova  has  developed  plasma  technologies  to  modify  the  surface  of  materials.  This 
powerful technology can develop new solutions for direct industrial applications. Materia Nova is 
specialized in  the development of  technological  solutions for  creating new surface properties 
through  thin  film  deposition,  decoration  with  nano-domains,  ion  implantation,  grafting  of 
chemical functions, structuration of the surface and cleaning :

DEPOSITION OF THIN FILMS 
PVD  allows the deposition of  inorganic  thin films  (metals,  alloys,  oxides,  nitrides,  carbides)  with 
adaptable properties (composition, microstructure,  surface topology, hardness,  friction coefficient, 
color). 
PECVD  allows the deposition of  inorganic,  organic or hybrid thin films  at low temperature. This 
technique  enables  the  deposition  of  “plasma  polymer”  films  with  a  very  high  and  tunable 
crosslinking  degree  with  turned  up  chemical  function  (NH2,  OH,  CF…)  at  their  surface.  Both 
techniques could just as easily be considered for the coating of flat substrates or 3D objects of all 
types (metal, glass, polymer…). 

DEVELOPMENT OF CUSTOMIZED POWER SUPPLY 
Materia Nova has developed different  pulsed power supplies  (HiPIMS, BHV) capable of generating 
impulses which can control the flux and the energy of ion impinging conductive as well as insulating 
substrate. 

POWDER MODIFICATION 
Special  configuration of PVD and PECVD coaters,  operating at low or atmospheric  pressure,  was 
developed to treat not only flat macroscopic objects but also small 3D objects with different shapes 
like  powders,  flakes,  beads or fibers.  Such systems can modify the surface of powders or fibers, 
presenting  a  size  ranging  from  50  nm  to  1  cm.  New  functionalities  like  antimicrobial, 
biocompatibility, corrosion and wear resistance or optical tuning can be obtained by such treatment. 

ION IMPLANTATION 
Ion implantation is a process that modifies the composition and structure of a materials surface (few 
microns) by interaction with a beam of ions. This technology is used to create, at the surface, a re-
alloy,  an  amorphization,  a  nano-restructuration,  a  nano-hammering  and  chemical  modification 
(nitriding,  carburizing)  of  all  materials  (metals,  ceramics,  polymers).  Ion  implantation  allows  to 
increase hardness, fatigue limit, corrosion resistance, decrease the friction coefficient and control the 
cross-linking degree of polymers. 

ATMOSPHERIC PLASMA 

http://www.materianova.be/


1818

Atmospheric plasma torch is a spotted and powerful treatment operating in air and working with 
dry air or oxidizing and reducing gases. It allows surface cleaning by removing the carbon pollution, 
metallic oxide reduction in surface or ceramics deposition like SiOx to protect different substrates. 
Recent development on this technology allows to treat very stable materials like PTFE and to make 
deposition of metallic coating on all types of substrates (metal, polymer, glass ...).

In attendance at the International Conference on Plasma Surface Engineering: 

Thomas GODFROID – Scientific Leader
thomas.godfroid@materianova.be 

Axel HEMBERG – Research Scientist
axel.hemberg@materianova.be 
Poster: Metallic powder treatment by the magnetron sputtering technique: 
application to additive manufacturing

Mathieu MICHIELS-Research Scientist
matthieu.michiels@materianova.be
Presentation: Bipolar high-power pulsed magnetron sputtering of 
metallictitanium. Role of electrical parameters

mailto:matthieu.michiels@materianova.be
mailto:axel.hemberg@materianova.be
mailto:thomas.godfroid@materianova.be
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UNIVERSITY OF 
BRUSSELS (ULB) - 
CHani

Campus de la Plaine - Bâtiment A
Boulevard du Triomphe, 2
B-1050 Bruxelles

Pr- Dr. François RENIERS
Phone : + 32 2 650 31 16
freniers@ulb.ac.be 
http://chani.ulb.ac.be/index.php 

The research activities of Analytical Chemistry and Interfacial Chemistry Dpt (CHANI) cover various 
aspects of surface and interfacial chemistry since they focus on the modification, characterization 
and reactivity of surfaces

The studies carried out at the solid-liquid interface and solid-gas interface deal with the 
modification of surfaces (metals, metal electrodes and polymers) by chemical or electrochemical 
reactions, by self-assembling as well as by plasma techniques.

Thin layers, organized monolayers and nanostructured surfaces are designed. The 
characterization is mainly based on electrochemical techniques, spectroscopic techniques (FTIR, 
XPS...) as well as on microscopy and contact angle measurements. The surface properties are 
examined for the design of smart materials, barrier layers, electrocatalysis, biocompatibility and 
biosensing.

In attendance at the International Conference on Plasma Surface Engineering: 

Jérémy MERTENS-Researcher
jermertens@ulb.ac.be
Presentation: Coupling of Atmospheric Plasma Jet and Plasma Electrolytic 
Oxydation as potential alternative for the classical anodization of 3000 
aluminum alloys

http://chani.ulb.ac.be/index.php
mailto:freniers@ulb.ac.be
http://www.google.be/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwims-6E4PPcAhUHzoUKHQ6aCOAQjRx6BAgBEAU&url=http://chani.ulb.ac.be/&psig=AOvVaw0LBUgHxcZkViKxeP9rshdE&ust=1534583688492113
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UNIVERSITY OF MONS - ChIPS
20, Place du Parc
7000 Mons

Pr- Dr. Rony SNYDERS
Phone : +32 65 55 49 55
rony.snyders@umons.ac.be 

http://hosting.umons.ac.be/php/chips/index.php/fr/

The University  of  Mons (UMONS) is  located in  the South of  Belgium,  near the Belgian-French 
border on the axis Brussels-Paris, in the ancient city of Mons, which has been elected European 
Capital  of  Culture  in  2015.  The  University  is  among  the  top-12%  of  the  higher  education 
institutions evaluated in U-Multirank with a performance rating “very good”, i.e., with more than 10 
“A” scores.

The research activities of the Plasma-Surface Interaction Chemistry Laboratory (ChIPS) fall within 
the context of the use of cold plasmas for the treatment of materials. These technologies, already 
established industrially (glass and tooling sectors, microelectronics, ...), are emerging, given their 
low environmental impact, robustness and flexibility, as essential in the future. 

In this context, our activities are developed both at the applied and fundamental levels often in 
national  and  international  partnerships.  In  any  case,  our  goal  is  to  contribute  to  a  better 
understanding of the phenomena involved during the interaction between a cold plasma and the 
material  surfaces.  Our activities include (i)  the design of new plasma sources,  (ii)  the physico-
chemical  analysis  of  plasmas  via  advanced  diagnostic  techniques,  (iii)  the  synthesis  of  (new) 
materials in the form of thin films (organic and inorganic) and the surface functionalization of 
materials (including nano-materials) and (iv) the gas treatment by a plasma-catalysis approach 
(CO2 reforming, N2 activation).

In attendance at the International Conference on Plasma Surface Engineering: 

Rony SNYDERS–  Director ChIPS
rony.snyders@umons.ac.be 

Stephanos KONSTANTINIDIS- Research associate from the FNRS
stephanos.konstantinidis@umons.ac.be 
Presentation: Sputtering metals on liquid substrates for nanoparticle synthesis
Poster: Can the normalized energy flux at the substrate control the microstructure of reactively 
sputtered TiO2 thin films ?

Damien THIRY-PhD
damien.thiry@umons.ac.be 
Presentation: The wrinkling concept applied to plasma polymer films: a novel route for controlling  
their nano-architecture

Nikolay BRITUN-PhD
nikolay.britun@umons.ac.be 
Presentation: Towards 3-D visualization of the ground state atom dynamics in HiPIMS discharges

Filip Moens-PhD 
filip.moens@umons.ac.be 
Presentation: Tuning the ion energy by bipolar HiPIMS to control of the Mg thin film 
microstructure

mailto:filip.moens@umons.ac.be
mailto:nikolay.britun@umons.ac.be
mailto:damien.thiry@umons.ac.be
mailto:stephanos.konstantinidis@umons.ac.be
mailto:rony.snyders@umons.ac.be
http://hosting.umons.ac.be/php/chips/index.php/fr/
mailto:rony.snyders@umons.ac.be
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UNIVERSITY OF NAMUR 
ICS – Innovative Coating Solutions
NSIM - Namur Institute of Structured 
Matter 
LARN – Laboratory of Analysis by Nuclear 
reactions

Dr- Pr. Stephane LUCAS 
Innovative Coating Solutions - UNamur/PMR 
61, Rue de Bruxelles 
5000 Namur (Belgium)
+32 81 72 54 84
stephane.lucas@unamur.be

ICS – Innovative coating Solutions
ICS  (Innovative  Coating  Solutions)  is  a  spin-off  from  the  University  of  Namur  -  a  small  sized 
university  situated  in  the  centre  of  Wallonia  (Belgium),  which  shows  strong  assets  in 
nanotechnology  and  numerical  modelling.  Expertises  range  from  photonic  to  surface  and 
interface  sciences  passing  by  molecular  modelling.  Research  projects  vary  from fundamental 
projects to applied projects and are often performed in interactions with industrial companies.  
ICS is your surface optimization partner to transform your ideas/needs in real surface-enhanced 
products.

ICS is based on a 40 years experience in surface and treatment to improve/confer properties such 
as adhesion, anti-wear, conformability, anticorrosion, decorative, tuneable electric conductivity...  
ICS uses low temperature plasma deposition techniques allowing treatment of metal, ceramic, 
glass  and  polymers/elastomers  under  powder  form  or  complex  build  parts.  ICS  also  offers 
potential pre- and post-treatments, simulation and characterizations. 
 
NSIM – Namur Institute of Structured Matter
The  Namur Institute of Structured Matter  research interests cover various topics in the field of 
organic and physical chemistry,  materials chemistry,  surface science, solid-state chemistry and 
physics from both a theoretical and experimental point of view. 
NISM  enables  the  exchange  of  ideas  and  competences  in  the  field  of  synthesis  and 
functionalization  of  molecular  systems  and novel  materials  (0D,  1D,  2D  and 3D),  the  rational 
design of solids with specific architecture and surface properties as well as the development of 
advanced  techniques  for  the  study  of  their  physicochemical  properties.  An  important  role  is 
played  by  the  theoretical  approaches,  through  numerical  simulation  and  modelling,  which 
contribute to the development of new materials (synthesis, structure, growth) as well as to the 
prediction of their properties. 
The applications involve a broad range of research areas including photonics, nonlinear optics, 
(photo)catalysis, plasma physics and chemistry, inhibition of viral and/or bacterial pathogens… 
 
LARN – Laboratory of Analysis by Nuclear reactions
The University of Namur owns a very long tradition in the field of radiation. Created in the late 
sixties,  the  LARN  laboratory  is  equipped  with  a  particle  accelerator  and  all  the  related 
technologies to perform irradiation and detect any type of radiation. In addition, the members of 
the  physics  and  biology  department  perform  teaching  duties  in  relation  to  nuclear  physics,  
radiobiology, accelerator technology or radioisotope production. 

Research axes & Expertise of LARN

mailto:stephane.lucas@unamur.be
https://www.unamur.be/
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 Monte-Carlo modelisation (MCNPx, Geant4, Geant4-DNA) 
 Radiobiology 
 Radioisotope production 
 Radiochemistry 
 Radiolabelling 
 Nanotechnology 
 Nuclear Reaction Analysis (RBS, ERD, NRA, ...) 
 Nuclear Physics 

Application fields 
 Radioimmunotherapy 
 Permanent Brachytherapy 
 In vitro proton therapy 
 In vitro carbon therapy 
 In vitro radiobiology 
 Nanotoxicity 
 Radioisotope production by particle beam & generators 

In attendance at the International Conference on Plasma Surface Engineering: 

Stéphane LUCAS-Director LARN
stephane.lucas@unamur.be 
Poster: Production of unimodal size distribution nanoparticles by low pressure  
plasma, and illustration of their potential use in medecine

Martin EVRARD-PhD
martin.evrard@unamur.be 
Presentation: Thickness prediction and uniformity optimization of films 
deposited by PVD on complexes substrates in motion

Pavel MOSKOVSKIN-PhD
pavel.moskovskim@unamur.be
Poster: Kinetic  Monte  Carlo  simulations  of  thin  film  growth  deposited  by  
reactive magnetron sputtering and evaluation of morphological properties of  
the film.

Emile HAYE-PhD
emile.haye@unamur.be 
Poster: Cr/C  multilayers  coating  for  proton  exchange  membrane  fuel  cells  
bipolar plate
Presentation :  Nanoparticles  synthesis  from  solid  precursor  using  RF-ICP  
plasma. A tailored process for tailored nanoparticles.

Romain TONNEAU-PhD
romain.tonneau@unamur.be 
Poster: On the growth of TiOx coatings by reactive magnetron sputtering from  
metallic and ceramic targets: a joint modelling and experimental story

Cédric VANDENABEELE-PhD
cedric.vandenabeele@unamur.be 
Poster: Characterization of various plasma reactors dedicated to nanoparticle  
functionalization

mailto:cedric.vandenabeele@unamur.be
mailto:romain.tonneau@unamur.be
mailto:emile.haye@unamur.be
mailto:martin.evrard@unamur.be
mailto:stephane.lucas@unamur.be
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Anna USOLTSEVA-PhD
anna.usoltseva@unamur.be 
Poster: Adding  advanced  functional  properties  to  nanoparticles  via  low-
pressure plasma coating

Antoine FAUROUX-PhD
antoine.fauroux@unamur.be 
Presentation: Predicting  the  main  hydrocarbon  chemistry  pathways  and  
deposition  mechanisms  in  magnetron  plasma  enhanced  chemical  vapor  
deposition  of  amorphous  hydrogenated  carbon  with  a  hybrid  simulation  
approach

Stella MATHIOUDAKI-PhD
stella.mathioudaki@unamur.be 
Poster: 3D PIC-MC modelling of cyclopropylamine plasma

Jérôme MÜLLER-PhD
jerome.muller@unamur.be 
Poster: 3D kinetic Monte-Carlo modeling of random metallic network: optical  
and electrical characterizations

mailto:jerome.muller@unamur.be
mailto:stella.mathioudaki@unamur.be
mailto:antoine.fauroux@unamur.be
mailto:anna.usoltseva@unamur.be
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Industrial evening - BELGIAN BEER CAFE
Tuesday, September 18, 2018 6:45 p.m. -11:00 p.m.

Rooms of the Industrial Exhibition

 

7:00 p.m.   Opening by the Co-Chairman,
                   Dr. Michael Zeuner

7:05 p.m.  Welcome Address by 
                  Quentin Derzelle,
                  Walloon Trade Counsellor (AWEX Munich Office)

7:15 p.m.   Tour of Belgian Exhibition

7:30 p.m.   Opening of the buffet &
                  Belgian Beer Café

11:00 p.m.  End

https://unsplash.com/photos/u5vatPAgq94
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PSE Early Career Award

Dr. Damien Thiry
University of Mons, Mons, Belgium  

           Wednesday, September 19, 2018
           16:45 - 17:15, Room Zugspitze

Keynote  Winners  Lecture  :  The  wrinkling  concept  applied  to  plasma 
polymer films: a novel route for controlling their nano-architecture

Damien Thiry´s activities deal with the development of original methods 
enabling  to  tailor  the  chemical  composition  as  well  as  the  nano-
architecture of functionalized plasma polymer films. The research strategy 
includes the controlled generation of surface instabilities in bilayer systems 
based on a mechanically responsive plasma polymer film in combination 
with stiffer thin films.
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WALLOON-BRUSSELS PROGRAM HIGHLIGHTS

Monday, September 17

 Morning

 11     :05 - 11     :35 (room Richard Strauss)     ; 
Session 2: Simulation and modeling of Growth, Structure and Properties

Thickness prediction and uniformity optimization of films deposited by PVD on 
complexes substrates in motion
Martin Evrard, Stéphane Lucas
University of Namur - LARN, Namur, Belgium

Summary: 
Plasma  thin  film  (≤10  μm)  deposition  nowadays  state-of-the-art  technology  is  used  to 
provide added value to 2D and 3D complex substrates.  Nevertheless,  the deposition of 
films  with  uniform  thickness  on  3D  complex  shapes  is  still  a  challenge  for  various 
deposition  systems.  In  the  case  of  magnetron  sputtering,  concavities  and  different 
substrate orientations lead to macroscopic shadowing and affect the thickness uniformity. 
Also, the thickness uniformity for each part may be strongly affected by the load ratio of 
the chamber. The aim of this work is to present the current state of the implementation of 
multiple  algorithms  to  tackle  the  challenge:  the  prediction  and  optimization  of  films 
thickness  deposited  by  PVD  technics  on  complexe  shapes  in  rotation.  First,  we  use 
oriented meshed objects to describe the complex shape of the substrate. This meshing is  
performed  with  a  Delaunay  triangulation  to  minimize  the  triangular  meshes  angles.  
Secondly, we compute the start positions, directions and energies of the particles. Thirdly, 
these  are  transported  through  the  gas  phase  by  a  combination  of  a  3D  Monte-Carlo 
simulation describing the transport and a “Pseudo-Verlet-linked-cells-list” algorithm used 
to  speed-up  the  simulation.  For  the  detection  of  the  atoms  on  the  meshes,  we  use 
techniques of back-faces culling which take automatically into account the shadowing 
from the substrate itself  or from other substrates in the chamber.  This combination of 
algorithms  allow us  to  predict  the  films  thickness  on a  high  amount  of  substrates  in 
motion (multiple rotations) in a chamber whatever the cathode shape, position and the 
metal sputtered. Finally, a genetic algorithm is combined to the transport code to obtain 
the best experimental parameters leading to the maximum of uniformity. Experimental 
chrome deposition with a bipolar pulsed system on high shadowed substrates installed on 
planetary  rotation  axis  has  been  performed  to  validate  the  code.  Experimental  and 
simulation results presents a general good accordance.

Keywords : PVD – Simulation - Uniformity Optimization - Complexe substrates
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Afternoon

 17;35 - 17:55 (room Richard Strauss) :
Session 4: Energy production based coatings I

Thin film solar modules (CIGS technology) on insulated steel substrate in R2R
production for their integration into roofing elements
Adeline Lafort, Lionel Fourdrinier, Erwin Volon, Christophe Kempeneers
ACCS CRM group, Liège, Belgium

Summary:   
In  the  frame  of  LIFE-PHOSTER  project,  which  aims  at  developing  new  solar  technologies  and 
products with low environmental impact, we develop thin film solar modules (CuInGaSe2 or CIGS 
technology) on insulated steel substrate for their integration into roofing elements. To do so, we have 
designed and built roll-to-roll pilot lines, dedicated to wet and vacuum dry coatings in a clean room 
environment, constituting a unique combination of pilot lines for the functionalization of steel
substrate.Thin-film CIGS solar cells are diodes composed of two semiconductors: p-type CuInGaSe2 
absorber  layer and n-type buffer layer (such as ZnMgO),  sandwiched in between Mo-based back 
electrode and ZnO:Al top transparent electrode. Moreover, when laser-patterned, these cells can be 
directly assembled into mini-modules with tunable voltage and current.  This technology, already 
industrialized onto glass substrates, has been implemented onto functionalized steel substrate in 
the frame of  the PHOSTER project.  The functionalization of  steel  substrate is  done through wet 
deposition  techniques  while  the  completion  of  solar  cells  is  a  succession  of  vacuum  based-dry 
coatings. These prototypes present similar features, making their combination quite unique:
- Possibility to treat steel coils up to 200 mm in width and with thicknesses ranging from 0.05 mm to 
0.4 mm
- Speeds ranging from few mm/minute up to several m/min
- Modularity in the implementation of the processes, making possible to realize
depositions in any order. These two prototypes are combined with a third one called SELENIZATION 
line, enabling to thermally treat the deposited layers under selenium atmosphere in order to turn 
them into a photoactive CIGS one. Significant achievements have been obtained on the prototypes 
with the completion of solar cells and mini-modules.

Keywords : GIGS - R2R pilot - insulated steel

Poster session on Monday (15:15-16:45)

- Simulation and modelling of growth, structure and properties 

 Kinetic Monte Carlo simulations of thin film growth deposited by reactive magnetron 
sputtering and evaluation of morphological properties of the film.
Pavel Moskovkin, Romain Tonneau, Stephane Lucas
University of Namur, Belgium
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Summary: 
A three dimensional kinetic Monte Carlo (kMC) model has been developed in order to simulate the  
growth  of  oxides  thin  film  by  vacuum  deposition  methods.  The  model  takes  into  account 
simultaneous deposition of  metallic  and reactive species.  Both metallic  and reactive  fluxes  may 
consist  of  atoms  as  well  as  ions,  each  flux  is  characterized  by  its  own  energy  and  angular 
distributions. During the simulation of deposition particles (metallic and reactive atoms and their 
ions) are considered to be randomly thrown towards a substrate with the velocity according to given 
energy and incident angle distribution functions. Metallic atoms are supposed to be attached with 
the sticking probability equals to 1.  Sticking coefficient of  reactive species depends on the local 
stoichiometry  around  the  location  where  the  reactive  atom  hit  the  film.  Reactive  atoms  are 
supposed to be attached only if the local composition of the film is under stoichiometric. Effects of  
momentum  transfer  from  the  energetic  particles  to  the  film  are  also  taken  into  account.  The  
presented kMC model  has  been applied  to  the growth of  TiO2 film deposited by  a  magnetron 
sputtering on a curved substrate. The properties of the film have been studied at different locations 
at the substrate. It has been showed that the morphology of the film is the function of the position 
on the substrate. Depending on the position the film can either exhibit tilted columnar growth or 
not. Also it has been shown that the roughness of the film is not uniform across the substrate but  
depends on the location. The simulation results have been compared with the experimental data 
and the good agreement between them has been found.

Keywords:  kinetic Monte Carlo – simulations - film growth - reactive sputter deposition - 
Titanium oxide

 Optimisation of PVD and PECVD thin film deposition on 3D objects
Alain Daniel, Florin Duminica, Stéphane Lucas                                                                              
CRM - Centre de Recherche Métallurgique, Liège, Belgium, Université de Namur, Belgium

Summary:  
Plasma assisted deposition technologies  are  efficient  methods  for  developing innovative surface 
functionalities and adding high value to a large range of materials. Especially magnetron sputtering 
and Plasma Enhanced Chemical Vapor Deposition (PECVD) are widespread techniques allowing the 
deposition of thin films on substrates at different scales, and with various geometries from flat to 3D 
shapes.  Ensuring a good coating homogeneity  in  term of  thickness  and properties  can become 
difficult when considering tridimensional objects or complex surfaces with high roughnesses such as 
those arising from the highly expanding additive manufacturing sector. However it is a main factor of 
product quality for most applications involving mechanical and tribological properties, aesthetics, 
corrosion resistance, optical properties … The control of thin films deposition requires then a suitable
understanding  of  the  different  elements  involved  in  the  deposition  process,  such  as  substrate 
position and movement, gas injection, pumping, cathode specificity, and their effects on the final 
properties.  This  study  aims  at  a  better  understanding  of  coatings  characteristics  obtained from 
magnetron  sputtering  and  PECVD  on  static  and  moving  samples,  in  order  to  prepare  the 
implementation of such deposition processes in a large 3D vacuum coater. It is in a preliminary step 
based  on  an  experimental  approach  at  lab  scale,  using  a  specifically  designed  substrate  holde 
allowing the characterization of samples placed at different positions. Thin layers of Ti, TiO2 and SiO2 
are  characterized  in  term  of  thickness,  morphology  and  roughness.  A  Numerical  simulation 
approach is furthermore considered using NASCAM (Nano SCAle Modelling) software for
predicting some of the thin films properties.

Keywords : 3D – Sputtering – PECVD - Simulation

-Energy production based coating

 Cr/C multilayers coating for proton exchange membrane fuel cells bipolar plate
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Emile Haye, Nathalie Job, Fabien Deschamps, Vaios Stergiopoulos, Giuseppe Caldarella, 
Jean-Jacques PIREAUX, Stéphane LUCAS.
UNamur - Namur Institute of Matter, NAMUR, Belgium, 2ULiège - NCE, LIEGE, Belgium

Summary :  
The bipolar plates of Proton Exchange Membrane Fuel Cells (PEMFC) are key components of the cell; 
instead of using graphite, for weight and cost consideration, research is currently made in order to 
replace graphite by coated stainless steel. This coating must resist to drastic conditions in terms of  
corrosion, but also has to ensure a good conductivity and a low interfacial contact resistance (ICR),  
and present a reasonable price. These target values are fixed by the Department of Energy (DOE) but,  
in the industrial production process, the coating must also tolerate a high deformation if the plate is 
stamped for designing its channels after the coating deposition. Among the promising processes,  
PVD deposition of coatings such as CrN, CrNC, TiN, and CrC are in agreement with the target values 
(below  10mΩ.cm2  for  ICR  and  1μA.cm-2  for  corrosion),  but  the  deformation  tolerance  of  these 
coatings  are  limited.  In  our  work,  we investigate  the synthesis  and the characterization of  new 
coating layers.  In particular,  the synthesis of a Cr/C multilayer coating on stainless steel  sheet by 
magnetron sputtering  is  currently  under  study and shows many promising results.  The  process,  
monitored  by  plasma  emission  spectroscopy  (PEM)  offers  an  accurate  control  of  the  coating 
characteristics (layer composition, layer thickness, interfaces). The number of layers, and the carbon 
and  chromium  content  in  each  unit  layer  have  a  strong  influence  on  the  key  properties  (ICR,  
corrosion and deformation) that have been investigated through a set of experiments. Assemblies of 
4, 10, 20 and 40 layers with different chromium and carbon content (from 30 to 70%), but a similar  
total  thickness  (≈800nm)  have  been  studied  and  exhibit  corrosion  current  below  0.1μA.cm-2,  a 
deformability up to several % and ICR values in the range from 40 to 100 mΩ.cm2. SEM cross-section 
and XPS depth profiling characterization have been performed before and after ICR and corrosion  
tests to link the coating characteristics and its electrochemical behaviour.

Keywords : PEMFC - multilayer coating
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Tuesday, September 18

 Morning

 10     :15 - 10     :35 (room Zugspitze)     ; 
Session 8: (Nano-) particles and powders in plasmas

Nanoparticles synthesis from solid precursor using RF-ICP plasma. A tailored process for 
tailored nanoparticles.
Emile Haye, Yan Busby, Mathieu Da Silva Pires, Florian Bocchese, Laurent Houssiau
UNamur - Namur Institute of Matter, NAMUR, Belgium

Summary: 
 An original plasma-based process has been developed for the synthesis of metal nanoparticles on a 
carbon  powder  substrate  (xerogel,  graphene,  CNT  or  carbon  black).  The  process  consists  in  the 
mixing of the carbon substrate and a solid organometallic precursor and its exposition to a RF-ICP 
plasma treatment. This process, which does not require the use of solvents, offers a high flexibility in  
terms of fine control of the nanoparticles morphology and their chemical state.1–3 I will present the  
different  nanoparticles  structures  and chemistries  that  have been  realized  during  recent  works: 
namely,  we explored precursors  containing different  elements  such as  Pt,  Ni  and Co,  treated in 
different  plasma  chemistries  (Ar,  O2,  NH3,  N2).  Optical  emission  spectroscopy  measurements 
performed  during  the  treatment  combined  with  ex-situ  XRD  measurements  reveal  that  the 
precursor  degradation  by  the  plasma  and  the  subsequent  nanoparticles  formation  can  be 
monitored in real time. Analytical characterizations (XRD, TEM-EDS, XPS) show that a wide variety of 
nanoparticles  structures  (amorphous,  crystallized,  core-shell),  morphologies  and  chemical 
compositions (metallic,  oxides,  nitrides)  can be obtained by varying the treatment conditions.  In 
addition, the size of the nanoparticles can be controlled by the treatment duration and power. These 
aspects result in an appealing method to tailor the design of "green" catalysts.

References:
1.Haye, E. et al., Low-Pressure Plasma Synthesis of Ni/C Nanocatalysts from Solid
Precursors: Influence of the Plasma Chemistry on the Morphology and Chemical
State. ACS Appl. Nano Mater. 2018, 1, 265–273.
2.Busby, Y. et al., Low Pressure Plasma Synthesis of Pt/C Catalysts for Fuel Cells
Applications. 2016.
3.Laurent-Brocq, M. et al., Pt/C Catalyst for PEM Fuel Cells: Control of Pt
Nanoparticles Characteristics through a Novel Plasma Deposition Method. Appl.
Catal. B Environ. 2014, 147, 453–463.

Keywords : nanoparticles - ICP-RF plasma
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 11 : 35 - 11     :55 (room Zugspitze)     ; 
Session 8: (Nano-) particles and powders in plasmas

Sputtering metals on liquid substrates for nanoparticle synthesis
Stephanos Konstantinidis, Xavier Carettte, Benoît Debièvre, David Cornil, Jérôme Cornil, 
Philippe Leclère, Nicolas Gautier, Eric Gautron, Abdel Azziz El Mel, Jean-Marie Raquez
University of Mons, Mons, Belgium, Institut des Matériaux Jean Rouxel, Nantes, France

Summary:
In this first attempt to sputter metal onto liquid substrate, we first used a DC magnetron device to 
sputter Ti and Ag atoms onto a solution of pentaerythritol ethoxylate (PEEL).
In this case, our data reveal that Ti atoms sputtered in low-pressure argon plasma first form a film 
over  the  liquid  surface.  However,  the  latter  dissolves  after  venting  the  sample.  Anatase  TiO2, 
asymmetric, and facetted nanoparticles (NP) are found as if they were originating from a dismantled 
polycrystalline thin film. In the case of Ag atoms sputtered on PEEL, a film also forms but solvation 
does not occur, even after exposing the sample to air. The silver film precipitates and stays in the  
bottom of the vial. Quantum chemistry - based calculations confirm that the chemical interaction of
an oxidized surface (TiO2, AgO) with the PEEL molecules is more favorable as compared to metallic 
Ag or Ti. These results suggest that oxidation of the material is a prerequisite for its incorporation 
inside the PEEL solution. Silver is not incorporated because its enthalpy of oxidation is not large 
enough, therefore spontaneous oxidation of the Ag film is not likely while it is the case for Ti. In a  
second  step,  Ag  was  also  sputtered  on  1-Butyl-3-methylimidazolium 
bis(trifluoromethanesulfonyl)imide (BMIMTFSI) ionic liquid (IL) which shows a completely different 
chemical structure as compared to PEEL. Therefore, a different metal-liquid interaction is expected. 
Indeed, in this case, film formation is not observed and spherical, crystallized Ag-NP are obtained.  
This  result  suggests a  favorable  interaction between Ag atoms and the ionic liquid allowing for  
instance the direct incorporation of the sputtered Ag atoms inside the liquid medium.

Keywords: Sputtering - liquid substrate - titanium dioxide – Silver - nanoparticles

Poster session on Tuesday (19:00-22:00)

- Physical vapour deposition (PVD) 

 On the growth of TiOx coatings by reactive magnetron sputtering from metallic and 
ceramic targets: a joint modelling and experimental story
Romain Tonneau, Moskovskin Pavel, Pflug Andreas, De Bosscher Wilmert, Lucas Stéphane
University of Namur, NSIM, LARN, Namur, Belgium, University of Namur, Namur, Belgium, 
Fraunhofer Institute IST, Braunschweig, Germany, Soleras Advanced Coatings, Deinze, 
Belgium

Summary:  
This work reports  the study of  the growth mechanisms involved in TiOx thin film deposition by 
magnetron sputtering. An Ar-O2 plasma chemistry obtained by dual magnetron setup operating in 
DC mode is used. Growth from both metallic and TiO1.8 targets are compared. Isotopic 18O2 is used 
as  reactive  gas  for  all  different  configurations.  The  aim  is  to  differentiate  oxygen  coming  from 
ceramic targets and oxygen coming from the gas phase. Indeed, using ion beam analysis techniques 
such as Rutherford Backscattering Spectroscopy it is possible to precisely analyze Ti, 16O and 18O 
content of the samples. Other investigation techniques such as AFM, SEM … are also used to fully  
characterize deposited coatings.  In  order  to study the effect  of  energetic  ions  bombardment  of 
samples during deposition, 70° and normal incidence samples are compared. In addition to sample’s 
characterization,  Langmuir  probe,  energy-resolved mass  spectrometry and energy flux probe are 
used to obtain plasma phase properties. In a second part, simulations tools are used to predict both 
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discharge and coating’s properties. In order to simulate the complete plasma process, three different 
software are used. Each one is handling a defined step of the process (i) neutral particle motion, (ii)  
charged particle motion and (iii) film growth. We will discuss the comparison between simulation 
predictions and experimental  investigations.  Those two approaches allow us to achieve a better 
understanding on the growth of oxide layers by reactive magnetron sputtering and how plasma 
parameters influence coating properties.

Keywords: Reactive Magnetron Sputtering – Simulation - TiO2 - film growth

- (Nano-) particles and powders in plasmas 

 Production of unimodal size distribution nanoparticles by low pressure plasma, and 
illustration of their potential use in medecine
Stephane Lucas, Anne-Catherine Heuskin, Ornella Fichera, Sebastien Penninckx, Carine 
Michiels
University of Namur, Namur, Belgium

Summary : 
Because of  their  interesting  optical,  electronics,  magnetic,  mechanical  and structural  properties,  
production of well-dispersed metallic and non-metallic nanoparticles with controlled size and shape 
is  increasingly  necessary  to  improve  technological  and  medical  applications.  Among  all 
methodologies used today to synthesize nanoparticles, one can cite vacuum technology to produce 
spherical  non-agglomerated nanoparticles  through  a  vapour  phase  approach  by  DC magnetron 
sputtering at high pressure. The idea was introduced for the first time by Takagi et al. in 1972 and was 
improved few years later by the use of inert gas condensation methodology based on magnetron 
sputtering which has the advantage of producing high-purity atomic vapour from a wide variety of 
solid materials or composites. In this lecture, we will describe how this technique can be used to  
produce metallic and non-metallic nanoparticles such as Ag, TiO2, Au, Y, C, Zn, ZnO, Fe and Co and
polymer  based  nanoparticules.  If  time  allows,  results  and  an explanation  about  nucleation  and 
growth processes will be also given for each cases. Finally, we will focus on the Au case for which we 
will  discuss  the  properties  of  nanoparticules  produced  by  gaz  aggregation  technique.  Medical 
application  of  Au  NP  will  also  be  illustrated  by  a  selected  example  from  our  group  about  the 
production of antibody-functionalized gold nanoparticles to selectively target cancer cells as well as
probing their potential radiosensitizing effects under proton or X-ray irradiation. We will describe Au 
NP production,  bioconjugation with monoclonal  antibody,  in  vitro  and in vivo cyctotoxicity,  and 
quantitative assessment of dose response relationship of several hundreds of bioconjugate-injected 
mice exposed to proton or X-ray beams.

Keywords : nanoparticle - gaz aggregation - magnetron sputtering - medical applications
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 Characterization of various plasma reactors dedicated to nanoparticle functionalization
Cédric Vandenabeele, Anna Usoltseva, Stella Mathioudaki, Christophe Rigaux, Simon 
Wallon, Stéphane Lucas
LARN, University of Namur, Namur, Belgium

Summary : 
The treatment of nanoparticles (NPs) has gained much interest during the last decade because it has 
been shown an essential step in the synthesis of high added value polymer nanocomposite. Indeed, 
to avoid NPs agglomeration and create a strong bonding interface with the host  matrix,  surface 
modification of NPs is required to improve their compatibility with the polymer and promote a good 
dispersion  of  the  nanofillers.  Among the very  various  existing  methods  used to  modify  the NPs 
surface, the deposition of an organic coating by plasma polymerization shows numerous advantages 
such as high versatility and easy control regarding the incorporation of a chemical functionality, little 
use of chemicals and wastes to treat, simple apparatus,short process time and easy scale-up to mass 
production. Nevertheless,  the plasma treatment of NPs is a challenging task because an effective 
way to mix the powders during the treatment has to be found in order to obtain a homogeneous 
coating around isolated NPs. In this purpose, we compare in this work the efficiency of two different 
types of homemade low-pressure plasma reactors to coat NPs with plasma polymers: a capacitive 
magnetron rotating drum reactor and a so-called “gravitational” reactor, where the NPs fall through 
an inductively-coupled plasma discharge. More specifically, we place the accent on the deposition of
amine-based  plasma  polymers  on  zinc  oxide  NPs.  Plasma  diagnostic  is  performed  by  optical 
emission  spectroscopy  and  mass  spectrometry  to  better  understand  the  dissociation  of  the 
precursor in the different reactor configurations and optimize thin film properties. Deposition rates, 
yields, functionalization degree and thin film quality and homogeneity around NPs are assessed by 
XPS  and  HR-TEM  and  compared  to  highlight  strengths  and  limitations  of  each  configuration 
regarding industrial issues.

Keywords : Nanoparticle - Plasma polymerization – Diagnostics - Surface functionalization

 Adding advanced functional properties to nanoparticles via low-pressure plasma 
coating

Anna Usoltseva, Christophe Rigaux, Simon Wallon, Cedric Vandenabeele, Stella 
Mathioudaki, Stephane Lucas
Namur University, Namur, Belgium

Summary :  
Nanoparticles (NPs) are now the object of intense study due to their perspective properties 
and numerous industrial applications. Some of these applications are facing with several limitations 
based on excessive reactivity or conversely low affinity to some matrixes. Nanoparticles coating can 
solve  these  problems  creating  a  protective  layer  or  changing  the  chemical  composition  of  the 
surface, which can improve NPs incorporation and distribution in different matrixes.  In the present 
study the surface modification of nanoparticles of different nature (metals, metal oxides, ceramics 
etc.),  size and morphology was performed via a low-pressure plasma polymerisation process.  The 
composition and the morphology of created coating were characterized by physical methods (XPS, 
TEM, TGA). It was shown that the surface composition and the thickness of the coating are controlled 
by a variation of plasma treatment parameters. The formation of an effective protective layer around 
nanoparticles  that  changes  the  material  properties  from  hydrophilic  to  hydrophobic  was 
demonstrated. We have also shown that the plasma treatment increase the NPs affinity towards 
various solvents resulting in improved NPs distribution in polymer matrices.

Keywords :  nanoparticles –  coating –  functionalization -  low pressure  plasma -  plasma 
polymerization



3535

 Metallic powder treatment by the magnetron sputtering technique: application to 
additive manufacturing

Axel Hemberg, Morgane Herbin, Thomas Godfroid, Damien Thiry, Rony Snyders
Materia Nova, Mons, Belgium, Umons, Mons, Belgium

Summary : 
Nowadays, the Laser Beam Melting (LBM) and binder-jetting 3D Printing (3DP)of metallic powders 
are  promising for  the fabrication of  components used in  several  industrial  sectors  including the 
electronic, transport, aeronautics and aerospace areas. Nevertheless, the use of these techniques in 
additive manufacturing is hampered by the low laser absorption of the metallic powders and their 
proneness to oxidation, resulting in a poor sinterability. In this context, in this work, the synthesis of a 
thin  film (i.e.  Ti,  Cr,  Ni-Cr)  by the magnetron sputtering technique on Cu,  Fe and Al  powders  is 
studied.  The  whole  set  of  our  data  (i.e.  XPS,  SEM,  XRF)  indicate  that  the  powder  particles  are 
homogenously  covered  resulting  in  the  increase  (i)  in  their  laser  absorption,  (ii)  their  resistance 
toward oxidation and their (iii) wettability paving the way for their processability by the LBM and 3DP 
techniques.

Keywords: Additive Manufacturing - Metallic Powders - Magnetron Sputtering - Thin Film - 
3D Printing
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Wednesday, September 19

 Morning
 09:55 – 10:15  (room Zugspitze)     ; 

Session 13: (PE)CVD I

Predicting the main hydrocarbon chemistry pathways and deposition mechanisms in 
magnetron plasma enhanced chemical vapor deposition of amorphous hydrogenated 
carbon with a hybrid simulation approach
Antoine Fauroux, Andreas Pflug, Stéphane Lucas
University of Namur, Namur, Belgium, IST Fraunhofer, Braunschweig, Germany

Summary: 
Diamond-like  carbon  (DLC)  coatings  are  well  known  for  their  exceptional  properties.  However,  
complex substrate geometries and variable experimental arrangements are challenging in terms of 
film  homogeneity,  reproducibility  and  overall  process  stability.  Furthermore,  some  particular 
experimental set-up process could be difficult to transpose to others, and measurements only gives 
access to limited insights on those processes. This is why theoretical and experimental studies have 
to  be  conducted  together  to  understand  better  the  underlying  processes.  Nevertheless,  
computational costs often limit PECVD simulations to small sized reactors with simple geometries
and to reduced number of reactives and reactions considered. The aim of this study is to understand 
through simulations and experiments those underlying processes for magnetron PECVD deposition 
of amorphous hydrogenated carbon (a-C:H) thin films. We will base our model on an actual semi-
industrial scale magnetron reactor with acetylene as the precursor gas. Our approach is to simulate
the creation of radicals, their transport, the gas phase reactions and the surface interactions in an 
accurate 3D meshed model of our experimental reactor. For that, we use a hybrid simulation scheme 
consisting  of  a  fluid  model  of  the  plasma  bulk,  giving  us  the  ability  to  distinguish  the  leading  
constituents and reaction pathways, coupled with a highly parallelized DSMC code. In a second time, 
the findings of the fluid model will be completed and compared with PICMC plasma simulations. We 
use a well-known 2-terms Boltzmann equation solver and a 0D fluid model to predict the evolution 
of the concentration of the different species.  Particular attention is given to limit the number of  
considered  reactions  to  the  most  contributing  ones.  Surface  chemical  reactions  and  sticking 
coefficients are included into the DSMC simulations as well  as the sputtering emission from the 
cathodes.

Keywords : DLC – PECVD - Hybrid Simulation

 11:55 – 12:15  (room Zugspitze)     ; 
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Session 13: (PE)CVD I

Extremely high rate PE-CVD deposition up to 3.2m by a novel Hollow Cathode Design
Philippe ROQUINY, Eric Michel, Marc Datz, Hirotomo Kawahara, Kazunobu Maeshige, 
Nobutaka Aomine, John Chambers, Hugues Wiame
AGC Plasma Technology Solutions, Gosselies, Belgium, Technovation Centre - AGC Glass 
Europe, Gosselies, Belgium, Asahi Glass Co. - New Product R&D Center, Yokohama, Japan

Summary: 
A new type of Hollow Cathode device has been developed by AGC Plasma, the industrial vacuum 
equipment  manufacturing  segment  of  AGC.  The  scale-up  of  this  device  has  been  successfully 
performed for Plasma-Enhanced Chemical Vapor Deposition [PECVD] coatings on lab samples (a 
few  cm²)  up  to  jumbo-sized  plates  (3.2x6.0m²).   Plasma  generation  is  accomplished  between 
multiple linear hollow cathodes cavities, alternately driven by commercially available mid-frequency 
AC or pulsed power. This allows for a dense, uniform plasma that is scalable to relevant sizes for any 
typical vacuum processes.Based on plasma and vacuum simulations, the electrode cavity design has 
been dramatically improved and can run using a variety of input gases, such as O2, N2, Ar, He, and 
H2. Plasma operation is also possible in an extremely wide range of pressures from 1 mTorr to 1 Torr.  
The wide Hollow Cathode pressure operation range allows for the deposition of multi-layer coating 
stacks by PVD and PECVD in existing vacuum coating lines. Electrode faces have also been enhanced 
using surface coatings  to  avoid  erosion  during high power  operation,  also  reducing subsequent 
debris and extending source lifetime even under extremely high input power densities of 40-80 kW 
per meter of plasma length. Depending upon process conditions, dynamic deposition rates for inline 
PECVD coatings of 200-500 nm*m/min have been demonstrated for SiO2 on flat glass products. This 
unique process opens a new range of possibilities to be investigated for a variety of substrates. These 
plasma sources  are  now commercially  available  in  either  lab or  industrial  sizes  to  explore  new 
applications.

Keywords : PECVD - Hollow Cathode - Simulation

Afternoon
 16;45 - 17:15 (room Zugspitze) : PSE EARLY CAREER AWARD 2018

Session 16: (PE)CVD II

The wrinkling concept applied to plasma polymer films: a novel route for controlling 
their nano-architecture
Damien Thiry, Nathan Vinx, Pascal Damman, Francisco Javier Aparicio, David Moerman, 
Thomas Godfroid, Rony Snyders
Univeristy of Mons, Mons, Belgium, University of Mons, Mons, Belgium,Materia Nova 
Research Center, Mons, Belgium

Summary: 
Plasma polymerization has become a well-established technique for the synthesis of organic thin 
film,  the  so-called  plasma  polymers  films  (PPF).  Nowadays,  despite  a  highly  complex  growth 
mechanism, it is possible to finely control the chemical composition of the PPF by a clever choice of 
the process parameters.  On the other hand, tailoring their morphology at the micro/nano scale is 
much more challenging limiting further development in the field. In this context, in this work, an 
innovative strategy allowing the control of both the chemical composition and the architecture of 
PPF  is  established.  The  proposed  method  is  based  on  the  controlled  generation  of  surface 
instabilities in bilayer systems formed by a mechanically responsive PPF and a stiffer thin film. As a  
case  study,  propanethiol  is  used  as  a  precursor  and  the  mechanical  properties  of  the  PPF  ar  
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controlled varying the substrate temperature (Ts).  Scratching experiments using the tip of an AF 
reveal that for Ts < 10 °C, a deformation of the PPF takes place when applying a force on the polymer 
surface followed by a recovery of the material over a time scale of about 3 min.  As an important 
result,  these data disclose the possibility to produce soft  and visco-elastic plasma polymer layer. 
Furthermore, the stiffness of the PPF is found to increase with Ts. These data are correlated with an
increase in the cross-linking degree with Ts. In a second step, in view of inducing the morphological 
reorganization of  the material,  an aluminium coating is  deposited by the magnetron sputtering 
technique on the top of a mechanically responsive PPF giving rise to the formation of a wrinkled 
surface. By tuning the thickness of the Al and the PPF layers as well as the cross-linking degree of the 
PPF, the height (i.e. from 0.4 to 5.2 μm) and the width (i.e. from 0.6 μm to 6.5 μm) of the nano/micro 
objects  can  be  easily  tailored  in  a  wide  range  offering  a  great  flexibility  in  term  of  surface 
engineering.  Finally,  the formed pattern is homogenously covered by an additional PPF with the 
desired functionality.

Keywords
plasma polymer – nanostructuration - wrinkling

Poster session on Wednesday (15:15-16:45)

- (Plasma enhanced) chemical vapour deposition (PE)CVD 

 High quality coatings with high deposition rate by PECVD with improved hollow 
cathode plasma
Eric Michel, Philippe Roquiny, Valerie Farina, Marc Datz, John Chambers, Eric Tixhon, 
Hugues Wiame Shayestehaminzadeh, Seyedmohammad 
AGC Glass Europe S.A, Gosselies, Belgium, AGC Glass Europe SA, Gosselies, Belgium, AGC 
Plasma Technology Solutions, Lauenförde, Germany

Summary: 
A new type of Hollow Cathode device has been developed by AGC Plasma, the industrial vacuum 
equipment  manufacturing  segment  of  AGC.  The  scale-up  of  this  device  has  been  successfully 
performed for Plasma-Enhanced Chemical Vapor Deposition [PECVD] coatings on lab samples (a 
few cm²)  up to jumbo-sized glass plates (3.2x6.0m²).  Many thin film coating applications require 
optical stacks including a thick layer. However, conventional vacuum deposition technologies like 
magnetron  sputtering  require  too  much  processing  time  to  be  economically  viable  for  such 
thickness. New coating process like PECVD (as done by Hollow Cathode) is now able to reach a very
high deposition rate unlocking new possibilities. This lab study is confirming both the performance 
of  the  new  process  and  the  coating  quality.The  main  body  of  this  paper  is  focused  on  SiO2 
deposition  onto  flat  glass  substrates  at  low  temperature  and  under  low  pressure,  which  is 
compatible with inline production including PVD. The deposited films have been fully characterized 
including thickness, content, stress, and density. Results have shown that carbon free silicon oxide 
coating can be obtained using typical precursor materials with well-tuned process parameters. OH 
fraction into the film deposited at low temperature needs to be reduced to maintain the desired 
density, especially after thermal treatment. SiO2 deposition rate can be very high (at least 10 times 
higher than regular PVD).This process is not limited to SiO2. Hollow Cathode PECVD can allow for 
coatings of a wide variety of other materials, like carbide, nitride or oxy-nitride if other precursors or 
reactive gases are injected.

Keywords : PECVD - Hollow Cathode – Coating - SiO2 - Si3N4

 3D PIC-MC modelling of cyclopropylamine plasma
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Stella Mathioudaki1, Cédric Vandenabeele1, Andreas Pflug2, Stéphane Lucas1
1University of Namur, NISM, LARN, Namur, Belgium, 2IST, Braunschweig, Germany

Summary:  
Low pressure plasma polymerization process allows the grafting of functional groups and is able to  
produce  thin  polymeric  films  of  organic  compounds  on  most  substrates.  The  modification  of 
surfaces can be done by using different precursors, which can generate functional groups, such as 
primary amine (–NH2),  carboxyl  (–COOH) and hydroxyl  (–OH).  The deposition of  thin films rich in 
amine by plasma polymerization is of great importance for several applications and can be carried 
out by using saturated organic monomers as butylamine and propylamine or unsaturated organic 
monomers such as allylamine, which was lead to higher functionalization degree. In this study we 
investigate  the  amine-containing  plasma  polymers  utilizing  cyclopropylamine  as  precursor 
monomer in a homemade magnetron plasma reactor. The properties of the plasma polymers films 
are examined by Time of Flight Secondary Ion Mass Spectroscopy and are analyzed by a statistical 
Multivariate Analysis method (MVA). Results show a strong dependency between the magnitude of 
the magnetic field and the cross-linking degree.To further support and explain the experimental  
outcomes a three dimensional model of the homemade reactor is built. Numerical simulations are 
performed by employing a combined DSMC/PIC-MC software [1] and information for the plasma 
density,  the  radicals  formation as  well  as  the ions  energy  is  obtained.  Results  indicate  a  strong 
impact of the ion energy on the cross-linking degree and that the generation of atomic hydrogen 
plays a key factor for the functionalization degree of the plasma polymer films.

[1] A. Pflug, M. Siemers, B. Szyszka, Direct Simulation Monte Carlo (DSMC), 2006.

Keywords : PIC-MC – Cyclopropylamine - TOF-SIMS – PCA - Cross-linking

-Protective and tribological coatings 
 

 AlxMn1-x coatings elaborated by PVD as alternative to cadmium for steel corrosion 
protection
Florin Duminica, Benjamin Gilbert, Laure Libralesso, Raphaëlle Belchi
AC&CS-CRM Group, Liège, Belgium

Summary : 
Cadmium coatings are still widely used in the aeronautic field for the corrosion protection of aircraft  
parts made from high strength steel. However, Cd is an inherently toxic heavy metal being restricted 
under REACh regulation. Only aircraft and military industries are exempt from obeying the banning 
legislation.  In  this  study,  thin  coatings  of  Al70Mn30 at.% and Al60Mn40 at.  % alloys  have been 
deposited by magnetron sputtering as an alternative to cadmium for  steel  corrosion protection. 
Their  microstructures,  morphologies  and hardnesses  have  been investigated by  X-ray  diffraction 
(XRD),  scanning electron microscopy (SEM) and nanoindentation.  The corrosion resistance of the 
coatings has been tested by potentiodynamic polarization and immersion in 3.5 wt.% NaCl solution 
and  by  salt  spray  test  (SSP).  The  corrosion  properties  were  dependent  on  the  coatings 
microstructures which were influenced by the process parameters. Higher corrosion resistance was 
reported for Al70Mn30 at.%, up to 216 h in a salt spray cabinet without red rust apparition for 1 μm 
thick coating deposited at 150 °C.

Keywords : corrosion – durability – steel – PVD - AlxMn1-x coatings
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-Optical, electrical and magnetic coatings
 

 3D kinetic Monte-Carlo modeling of random metallic network: optical and electrical 
characterizations
Jérôme Müller, Stéphane Lucas
University of Namur, Namur, Belgium

Summary : 
Conductive transparent devices have numerous applications today, such as transparent electrodes 
(like front-side electrodes of solar cells), thin-film heaters… Many recent technologies related to this 
research field can provide those characteristics: transparent conducting oxides, metallic nanowires 
or carbon nano-tubes for example. Our work focuses on the numerical modeling of random metallic 
networks obtained by atomistic deposition of silver or aluminum on a substrate (glass, TCO…). An 
optical and electrical characterization of such structures is done to optimize its transparency in the 
direction normal to the substrate and its electrical  conductivity in the lateral  and/or the normal 
direction. The modeling of the network is done thanks to the Nascam software, which is based on a 
3D kinetic Monte-Carlo method. Then the reflectance and the transmittance are computed by using 
the effective medium theory based on the Maxwell-Garnett and Bruggeman models. The effective 
electrical conductivity of the network is also estimated by solving the Maxwell-Faraday equation by 
finite-element  analysis.  The  investigated  parameters  are  the  average  thickness  of  the  metallic 
network,  the  substrate  coverage,  the  energy  of  deposited  atoms  and  the  influence  of  the 
roughness/nanostructuration of the substrate surface. We show that the deposition of high-energy 
metallic atoms on a flat substrate is needed to obtain a significant electrical  conductivity of the 
network without increasing too much the average thickness,  and then the reflectance. Indeed, a 
low-energy  atomic  deposition  can  induce  the  formation  of  islands  not  connected  electrically.  
However, the structuration of the substrate allows to decrease the energy of deposited atoms while 
avoiding the apparition of such islands.

Keywords: kinetic Monte-Carlo modeling - metallic network - transparent conductive thin-
film
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Thursday, September 20

 Morning

 09     :25 - 09     :55 (room Zugspitze)     ;  
Session 19: HiPIMS I

Towards 3-D visualization of the ground state atom dynamics in HiPIMS discharges
Nikolay Britun, Jaroslav Hnilica, Peter Klein, Petr Vasina, Matthieu Michiels, Rony Snyders 

University of Mons, Mons, Belgium, Masaryk University, Brno, Czech Republic, Materia Nova, 
Mons, Belgium

Summary: 
The study is focused on the visualization of ground state atoms, both neutral and ionized, produced 
in high-power impulse magnetron sputtering (HiPIMS) discharges. The effects of the pulse energy a 
well  as plasma-on and plasma-off  time duration on the particle density evolution in the plasma 
volume have been studied in Ar-Ti case. For particle visualization laser-induced fluorescence (LIF) 
imaging combined with the data post-processing have been utilized. Additionally, the atom and ion 
number densities have been obtained using optical absorption spectroscopy. The time-resolved 2-D 
density  distributions  of  the sputtered atoms and ions  obtained by  LIF  imaging have been post-
processed  using  self-developed MATLABTM  code  in  order  to  elucidate  the directivity  of  particle 
motion in various directions above the magnetron cathode. The obtained results demonstrate that  
the plasma-on time duration mainly alters the ionization degree of sputtered Ti  and,  to a much 
lesser extent, the time evolution of its number density. At the same time, the plasma-off time mainly 
affects the number density of the atoms constantly present in the discharge volume. Moreover, time-
resolved analysis of Ti ionization degree shows its dramatic decrease after the plasma pulse for more 
intense  pulses  (when  higher  power  is  applier  during  a  shorter  plasma-on  time).  This  study 
significantly  clarifies  sputtering dynamics  of  the ground state species  in  HiPIMS discharge,  both 
qualitatively and quantitatively, showing a possibility to determine the atom and ion number density 
as well as the particle fluxes in the discharge at any moment of time. The obtained results should be 
of a great interest for the future optimization of HiPIMS processes, especially those related to multi-
pulse operation.

Keywords:  high-power  magnetron  sputtering -  ground  state  atoms -  laser-induced  – 
fluorescence - 2-D imaging - plasma diagnostics
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Afternoon
 18;35 - 18:55 (room Richard Strauss) :  

Session 21: Atmospheric and in liquids plasma

Coupling of Atmospheric Plasma Jet and Plasma Electrolytic Oxydation as potential 
alternative for the classical anodization of 3000 aluminum alloys
Jérémy Mertens, Siavash Asadollahi, Jacopo Profili, Luc Stafford, François Reniers
Université Libre de Bruxelles, Bruxelles, Belgium, Université de Montréal, Montréal, Canada

Summary: 
During the past few decades, anodization of aluminum alloys is facing new challenges due to the  
increasingly strict environmental standards all around the globe. Therefore,  a significant demand 
exists for more environmentally friendly alternatives to Cr(VI) baths or similar classical anodization 
methods. In this study, a novel alternative process for the anodization of the aluminum 3000 series is 
proposed. This original procedure couples two plasma-based techniques for modifying the chemical 
and physical properties of the aluminum substrate. First, aluminum substrates are exposed to an 
extensive treatment under an atmospheric pressure plasma jet (APPJ), working through a rotating 
arc inside the jet body. SEM, stylus profilometry and X-Ray microtomography measurements clearly
indicate an increase in the surface roughness with the treatment duration. This is due to the etching 
of the substrate as suggested by optical emission spectroscopy (OES) but also due to the partial 
melting  and  crystallographic  rearrangement  of  the  alloy  structure  during  the  process  observed 
through X-ray diffraction measurements, favorizing 200 and 111 Miller plans. APPJ-treated samples 
are  then  used  in  a  plasma  electrolytic  oxidation  (PEO)  for  varying  durations.  This  leads  to  the 
formation  of  a  γ-Al2  O3  layer  with  thicknesses  dependent  on  the  treatment  duration.  Stylus 
profilometry and SEM show a strong variation in the roughness depending on the initial substrate
and the PEO treatment duration. XPS and XRD measurements show that the APPJ treatment allows 
a strong decrease of  silicate salt  grafting,  which is  initially  present in  the solution,  reducing the  
growth of an amorphous SiO2 phase into the plasma anodized layer. The effect of the coupling of 
the two plasma techniques on the electrochemical behavior of the substrates is then evaluated by 
potentiodynamic curves and electrochemical impedance spectroscopy.

Keywords
Anodization – APPJ - PEO
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Poster session on Thursday (15:15-16:45)

- Properties of technological plasmas

 Can the normalized energy flux at the substrate control the microstructure of reactively 
sputtered TiO2 thin films ?
Stephanos Konstantinidis, Pierre-antoine Cormier, Romain Tonneau, Pavel Moskovkin, 
Stéphane Lucas
University of Mons, Mons, Belgium, University of Namur, Namur, Belgium

Summary: 
In  order  to  answer  the  question  “Can  the  normalized  energy  flux  at  the  substrate  control  the 
microstructure of reactively sputtered TiO2 thin films? “,  we have compared the properties of the 
TiO2 films synthesized in different working conditions and used the Normalized Energy Flux at the 
substrate (NEF) as a standardization parameter. The NEF is expressed in eV/deposited Ti atom and 
was  obtained  by  combining  energy  flux  probe  data  (mW/cm2)  and  Rutherford  Backscattering 
Spectroscopy results (Ti at./cm2). The NEF was calculated for various sputtering powers and pressure 
x  cathode-substrate  distances  (p  x  d)  in  two  different  vacuum  chambers.  Among  other 
discrepancies, one could note that the chamber of the University of Mons was furnished with a single 
circular (7.5 cm in diameter) magnetron sputtering target while the one located at the University of 
Namur  was  furnished  with  two  sputter  targets  (5.1  cm  in  diameter)  set  in  a  closed  –  field 
configuration. Despite the discrepancies highlighted for these two deposition systems, similar values 
of the NEF were obtained by varying the sputter power and the p x d values. The microstructure of  
the TiO2 films deposited in these NEF conditions was obtained from Scanning Electron Microscopy 
and X-Ray Diffraction. Those results are discussed and atomistic kinetic Monte-Carlo simulations are 
performed to support the findings.

Keywords: energy flux - titanium dioxide – magnetron - phase formation - microstructure
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Friday, September 21

 Morning

 10     :15 - 10:35 (room Richard Strauss); 
Session 24: HiPIMS II

Bipolar High-Power Pulsed Magnetron Sputtering Of Metallic Titanium. Role Of Eletrical 
Parameters.
MATTHIEU MICHIELS, Nikolay Britun, Thomas Godfroid, Axel Hemberg, Rony Snyders
MATERIA NOVA, MONS, Belgium, UMons, ChIPS, MONS, Belgium

Summary: 
Titanium  is  a  light  and  abundant  metal  revealing  excellent  mechanical  properties, 
remarkably high corrosion resistance, low thermal expansion, and low resistivity. Ti thin 
films  are  widely  used  in  technological  applications,  such  as  surface  protection  an 
decoration, adhesion layer for Au and Ag coatings, giant magneto resistance (GMR), etc.  
This work is devoted to study of the high-power impulse magnetron sputtering (HiPIMS) 
discharge  and  the  obtained  film  properties  as  a  result  of  altering  the  electrical  field 
polarity applied to HiPIMS cathode. This approach can be called bipolar HiPIMS (b-HiPIMS) 
discharge,  where  a  negative  (plasma)  pulse  is  followed  by  a  positive  one,  aiming  at 
increasing of ion bombardment of a substrate with growing film. As shown in this study, 
new parameters  such  as  the  delay  between the  mentioned negative  and the positive 
pulses have a significant impact on the energy of species thus affecting the Ti film growth.
The b-HiPIMS approach has been used in a PVD sputtering process and compared to DC 
sputtering under different bias voltages applied to the substrate during film deposition. 
During the process plasma stayed under a somewhat higher potential, allowing positive 
ion acceleration towards the substrate. As a result, clear effect of film surface modification 
and its microstructure is shown. Various Ti films deposited using DCMS, PDCMS and b-
HiPIMS  techniques  on  Si  (100),  glass  and  steel  substrates  are  compared  using  X-ray 
diffraction (XRD).  It  is  shown that the b-HiPIMS regime influences  the crystallographic 
orientation and equivalent results compared to the DC mode are obtained on glass and 
steel.  The  study  performed  in  the  b-HiPIMS  discharge  should  be  further  extended 
including  the  other  metals  or  composites.  In  particular,  the  resistivity  and  hardness 
measurements of the films deposited in DCMS and b-HiPIMS regimes are expected further 
clarify their electrical and mechanical properties.

Keywords : HiPIMS - Titanium
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