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A Message from the Conference Chairman 

 
 
Many of us, understandably, centre our energies and creativity on our own current, tightly-
focused research areas.  The resulting discoveries and technical advances can be 
spectacular – as vividly displayed in the exciting array of presentations scheduled for 
SMMIB-2013 this week. 
However, some of today’s most exciting opportunities for the science and applications of ion 
beams lie in the areas that couple older, familiar concepts with a growing diversity of new 
applications addressing many vital needs of society and of industry. 
With the conviction that so much treasure may be found at the boundaries between diverse 
fields, I and our planning organizers have tried to encourage researchers from a rich variety 
of such fields to tell us about their discoveries, their victories, their problems, and their 
needs during this week.  Such topics as applications in medical and biological technologies, 
applications in enhanced performance of metals and composites, and intriguing phenomena 
of surface patterning based on ion beams are accompanied by discussions of new modeling 
of basic nanoscale ion beam interactions.  Along with that, we will hear of substantial 
advances in new facilities and instrumentation becoming available to enable our new 
research and its commercial implementation. 
The excitement about such inter-disciplinary conversations is shared by our group of 
outstanding generous industrial sponsors and agencies and those endorsing this 
conference. 
So, I urge you to explore new fields for applications and collaborations by visiting 
presentations in many specialties beside your own.  Perhaps you will discover areas where 
your special expertise can work magic with emerging new fields – in ion beam science and 
technology. 
 
 
We wish you an enjoyable and memorable SMMIB week. 

 

 
 
Ahmet Oztahan 
Conference Chairman, SMMIB-2013 
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Monday, September 16               Salon B & Salon C          

Salon B                 Chair:  Ahmet Öztarhan 

08:00 - 08:02  Ahmet Öztarhan Opening Talk and Welcome 

08:02 - 08:10  Rector / Rektör Opening Talk and Welcome  

08:10 - 08:20  Graham Hubler Opening Talk and Welcome  

Salon B  

08:30 - 09:30  Andre Geim  Graphene and Beyond            Distinguished Speaker 

 

Salon B                    BioScience & Medical Applications    

        Chairs:   Daryush ILA & Marcela Bilek 

09:30 - 10:00 INV.B1  Yaman Tokat (MD) 

Importance of Biliary Stents in Living Donor Liver Transplantation 

10:00 - 10:30 INV.B2  Hiroshi Ujiie (MD) 

  2mm caliber artificial vessel produced by ion beam implanting technology 

10:30 - 11:00 INV.B3  Ryosuke Ikeguchi (MD) 

Peripheral nerve regeneration through a silicone chamber implanted with negative carbon 

ions - possibility to clinical application 

 

11:00 - 11:30 COFFEE BREAK 

 

11:30 - 12:00 INV.B4  Paul K Chu 

Functionalization of Surfaces of Advanced Materials Using Plasma and Related 

Technologies 

12:00 - 12:30 INV.B5  Iñigo Braceras 

  Ion Implantation and plasma based processes on Medical Devices 

 

12:30 - 14:00 LUNCH BREAK  

      Chairs:    Jeroen Van Kan & John Baglin 

14:00 - 14:30 INV.B6  Marcela Bilek 

Bioactivation of Surfaces by Energetic Ion Implantation 

14:30 - 15:00 INV.B7  Giovanni Marletta 

Ion Beams for Smart Bioactive Interfaces 

 

15:00 - 15:30 COFFEE BREAK 
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15:30 - 16:00 INV.B8  Hiroshi Tsuji 

Adhesion Patterning of Mesenchymal Stem Cells on Polymer Surface by Negative-Ion 

Beam Irradiation and Fabrication of Cell Strings 

16:00 - 16:20 OR.B1  Emel Sokullu 

  Embryonic Stem Cell (ESC) Differentiation Pathway on Ion Implanted Surfaces 

16:20 - 16:40 OR.B2  Toshiyuki Tanaka 

Spatial control of cell attachment, proliferation, and differentiation using ion-beam-

inducing thin films 

16:40 - 17:10 INV.B9  Nader Kalkhoran 

Ion Beam Processes for Surface Engineering of Medical and Industrial Devices 

17:10 - 17:40 INV.B10 Humberto Garcia Arellano 

 Nuclear-track based biosensors with the enzyme laccase 

 

17:40 - 19:20 PANEL DISCUSSION “ Panel Discussion on Health ” 

 
19:30 - 21:30 DINNER 

 
21:30 - 23:00 POSTERS 

 

Salon C                  Ion Implantation        

        Chairs:    Orhan Ozturk & Roger Webb 

09:30 - 10:00 INV.C1 Efim Oks 

Treatment of non conducting ceramics by ion and electron beams 

10:00 - 10:20 OR.C1  Deep Shikha 

Study of Ion Beam modified alumina for hard tissue implants 

10:20 - 10:40 OR.C2  Naotake Sakumoto 

Effects of Thermal Ion Implantation on residual damage in silicon crystal 

10:40 - 11:00 OR.C3  Sadık Güner 

The structural and magnetic properties of Co+ implanted ZnO films 

 

11:00 - 11:30 COFFEE BREAK 

 

11:30 - 11:50 OR.C4  Hongfei Shang 

Mechanical properties and thermal stability of TiAlN/Ta multilayer film deposited by ion 

beam assisted deposition 

11:50 - 12:10 OR.C5  Duangkhae Bootkul 

Amelioration of rubies by ion beam techniques 

12:10 - 12:30 OR.C6  Stephan Mändl 

Observation of decay of expanded austenite in CoCr alloys after nitriding 

 

12:30 - 14:00 LUNCH BREAK 
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     Chairs:    Wolfgang Ensinger & Christen Straede 

14:00 - 14:30 INV.C2 Hans Hofsässd 

Simulation of ion beam sputtering with SDTrimSP, SRIM and TRIDYN 

14:30 - 15:00 INV.C3 Alain Claverie 

Understanding the Smart Cut process: Evolution of defects during annealing of H+ 

implanted silicon 

 

15:00 - 15:30 COFFEE BREAK 

 

15:30 - 16:00 INV.C4 Luc Pichon 

PBII and Plasma-assisted nitriding of Co and Ni-based superalloys : diffusion process 

and micro-structural modifications 

16:00 - 16:20 OR.C7  Alexander I. Ryabchikov  

Physical mechanisms of macroparticles density decreasing on a substrate surface 

immersed in a vacuum arc plasma at negative high-frequency short-pulsed biasing 

16:20 - 16:40 OR.C8  R. M. Oliveira 

Phase formation and mechanical/tribological modification induced by nitrogen high 

temperature plasma based ion implantation into molybdenum 

16:40 - 17:00 OR.C9  Mehmet Fidan 

Hard, magnetic layers on stainless steel and CoCr alloys by nitrogen plasma immersion 

ion implantation 

 

17:40 - 19:20 PANEL DISCUSSION “ Panel Discussion on Health ” 

 
19:30 - 21:30 DINNER 

 
21:30 - 23:00 POSTERS 
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Tuesday, September 17               Salon B & Salon C          

Salon B                 Chairs:    John Baglin & Giovanni Marletta 

08:30 - 09:10 Plenary Talk   Robert Zimmerman and Daryush ILA   
Review of Ion Beam Processing of Biomaterial Polymers 

Salon B                         Applications       

                Chairs:   Wei-Kan Chu & Paul K. Chu 

09:20 - 09:50 INV.B1 Ronghua Wei  

 Plasma Surface Engineering Research at SwRI For Industrial Applications 

09:50 - 10:20 INV.B2 Christen A. Straede  

Commercial Ion Implantation of tools – a successful niche technology in advanced 

surface treatment 

10:20 - 10:40 OR.B1 Simon Thibault 

Corrosion and wear mechanisms of aluminum alloy surfaces reinforced by multicharged 

nitrogen implantation 

10:40 - 11:00 OR.B2 Dushyant C. Kothari 

Study of radiation induced modifications in Ferritic-Martensitic steel T-91 at high doses 

 

11:00 - 11:30 COFFEE BREAK  

 

11:30 - 11:50 OR.B3  Ahmet Oztarhan 

Applications of Plasma Based Surface Modification of Materials 

11:50 - 12:10 OR.B4  Emel Sokullu  

  Fibroblastocyte (3T3) Cell Patterning with Plasma Lithography on Polymeric   

  Substrates 

12:10 - 12:30 OR.B5  Andrey Solovyev 

  Application of PVD methods to solid oxide fuel cells 

 

12:30 - 14:00 LUNCH BREAK 

 

Salon B                          Innovative Technologies       

                Chairs:   Floyd Del McDaniel & Aymr Sherif El-Said 

14:00 - 14:30 INV.B3  Daryush ILA 

  Thermoelectric Systems: Ion Beam Enhanced Thermoelectric Properties 

14:30 - 14:50 OR.B6  Saweat Intarasiri 

  Analysis and modification of blue sapphires from Rwanda by ion beam techniques 

 

15:00 - 15:30 COFFEE BREAK 
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15:30 - 15:50 OR.B7 Duangkhae Bootkul 

Titanium doped diamond-like carbon thin film on stainless steels by FCVA technique for 

tribological applications 

15:50 - 16:10 OR.B8 Javier Osés 

  Antibacterial PVD coatings doped with silver by Ion Implantation 

 

16:10 - 17:30 POSTERS 

 

17:40 - 19:20 PANEL DISCUSSION “ Panel Discussion on Applications ” 

 

19:30 - 21:30 DINNER 

 

21:30 - 23:00 POSTERS 

 

 

Salon C                      Ripples, Nano-Fabrication     

              Chairs:   Flyura Djurabekova & Tapibrata Som 

09:10 - 09:40 INV.C1  Michael Aziz 

  Nanoscale morphology evolution under ion irradiation 

09:40 - 10:00 OR.C1 Henry Holland-Moritz 

  Enhanced Sputtering Effects for Ion Irradiated Au Nanoparticles 

10:00 - 10:20 OR.C2 Mohit Kumar 

  Topographical evolution on low-energy ion-irradiated SiO2 surfaces 

10:20 - 10:40 OR.C3 Roman Böttger 

  Surface Patterning of Ge and Si with Heavy Ions 

10:40 - 11:00 OR.C4 Maria Cecilia Salvadori 

Surface modification by metal ion implantation forming metallic nanoparticles in 

insulating matrix 

 

11:00 - 11:30 COFFEE BREAK 

 

11:30 - 12:00 INV.C2  Jörg KN-Lindner 

  Ion Interactions with Nanopatterned Surfaces 

12:00 - 12:20 OR.C5 Stefan Facsko 

  Nanostructuring Ge Surfaces by Ion Irradiation 

 

12:30 - 14:00 LUNCH BREAK 

                 Chairs:    Paul Alkemade & Naoki Kishimoto 

14:00 - 14:30 INV.C3  Kai Nordlund 

  Atomistic simulations of ion beam-induced formation of surface nanostructures 
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14:30 - 15:00 INV.C4  Karl-Heinz Heinig 

  Nanomelt-Induced Surface Patterning by Polyatomic Ions 

 

15:00 - 15:30 COFFEE BREAK 

 

15:30 - 16:00 INV.C5  Tapobrata Som  

Ion-beam Induced Self-organized Pattern Formation on Semiconductor Surfaces and their 

Applications 

16:00 - 16:20 OR.C6 Lothar Bischoff  

  Pattern Formation by Focused Polyatomic Ion Beam Irradiation of GaAs 

16:20 - 16:40 OR.C7 Om Prakash Sinha 

  Angle and Fluence dependent nanopatterning of GaAs surfaces by 1.5 MeV Au-ions 

16:40 - 17:10 INV.C6  Joseph Klingfus  

  Nanofabrication of Graphene on SiC by Multi-Ion Beam Lithography 

17:10 - 17:40 INV.C7 Jeroen A van Kan 

  Mold fabrication via proton beam writing for nanofluidic lab on chip applications 

 

16:10 - 17:30 POSTERS 

 

17:40 - 19:20 PANEL DISCUSSION “ Panel Discussion on Applications ” 

 

19:30 - 21:30 DINNER 

 

21:30 - 23:00 POSTERS 
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Wednesday, September 18              Salon B & Salon C           

Salon B           Chair:    Nader Kalkhoran 

08:30 - 09:10 Plenary Talk   Greg Norton 

  Trends and Applications for MeV Electrostatic Ion Beam Accelerators 

 

Salon B               Facilities and New Approaches        

                   Chairs:    Hans Hofsaess & Joseph Klingfus 

09:10 - 09:50 INV.B1 Daryush ILA 
  Ion Beam Facility for Research Service and Education 

09:50 - 10:20 INV.B2 Isao Yamada 

  Historical milestones and future prospects of cluster ion beam technology 

10:20 - 10:40 OR.B1 Noriaki Toyoda  

Low-damage and high-rate sputtering of organic materials with GCIB under H2O vapor 

environment 

10:40 - 11:00 OR.B2 Saweat Intarasiri 

  Development of compact ion implanter for gemstones applications 

 

11:00 - 11:30 COFFEE BREAK 

 

11:30 - 12:00 INV.B3 Paul F.A.Alkemade 

  Focused helium ion beam materials processing at the nanometer scale 

12:00 - 12:20 OR.B3 Friedrich Aumayr 

Fabrication of nanopores in 1 nm thick carbon nanomembranes with slow highly charged 

ions 

 

12:30 - 14:00 LUNCH BREAK 

 

             Chairs:    Isao Yamada & Dushyant Kothari 

14:00 - 14:30 INV.B4 Roger Webb 

Ambient Pressure Molecular Concentration Mapping Using Simultaneous MeV-SIMS 

and PIXE 

14:30 - 15:00 INV.B5 Alexey Goncharov 

Next generation plasma tools for material surface modification by electron and ion beams 

 

15:00 - 15:30 COFFEE BREAK 

 

15:30 - 15:50 OR.B4 Tomohiro Kobayashi 

  Platinum nanoparticles deposition by proton irradiation in liquid 
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15:50 - 16:20 INV.B6 Ayman Sherif El-Said 

  Surface Modifications of BaF2 and CaF2 single crystals by slow highly charged ions 

16:20 - 16:40 OR.B5 Buddhi Tilakaratne/W.K.Chu 

  Gas Cluster Ion Beam Induced Nano Structured Surfaces in Bio-Medical Applications 

16:40 - 17:00 OR.B6 Xiubo Tian 

Controllable discharge and Nano-layer Connecting of Films and Substrates by a novel 

HPPMS-PIID Method 

 

19:00 - 22:30 GALA DINNER 

 

Salon C                  Wood and Organic Materials       

  Chairs:   Emel Sokullu Urkac & Hüseyin Sivrikaya 

 

09:30 - 10:00 INV.C1 Wolfgang Viöl 

  Possibilities of Cold Plasma Treatment at Atmospheric Pressure to modify Wood 

Surfaces and Relevant Applications 

10:00 - 10:20 OR.C1  Lena Wallenhorst 

Protective Coatings on Wood by Plasma Polymerization of Ethylene 

10:20 - 10:40 OR.C2  Stefanie Wieland 

Modified wood surface properties by electron beam irradiation 

10:40 - 11:00 OR.C3  Jean Strautmann 

Outdoor weathering as a step in an efficient wood surface protection process 

 

11:00 - 11:30 COFFEE BREAK 

 

11:30 - 11:50 OR.C4  Gianluca Tondi  

Hydrophobic tannin-based foams 

11:50 - 12:10 OR.C5  Ali Kılıç 

Measuring Electrostatic Properties of Fibrous Materials: A Review and a Modified 

Surface Potential Decay Technique 

12:10 - 12:30 OR.C6  V.K. Rangari 

Study the effect of ion beam radiation on diamond coated CNTs infused Nylon-6 

polymer composites 

 

12:30 - 14:00 LUNCH BREAK 

         

     Chairs:    Humberto Garcia Arellano & Robert Zimmerman 

14:00 - 14:30 INV.C2 Zengliang Yu 

 Application of Ion Beam Biotechnology in Restoration of Ecosystem       
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14:30 - 14:50 OR.C9             Nand Lal Singh 

 Modification of optical, structural and dielectric properties of MeV ions irradiated PS/Cu 

nanocomposites   

14:50 - 15:00  OR.C8 Laszlo Tolvaj 

 Applying UV lasers for better understanding the photodegradation of wood 

 

15:00 - 15:30 COFFEE BREAK 

 

15:30 - 15:50 OR.C10 Duangkhae Bootkul 

Adhesion property improvement of double-layer DLC film with nitrogen doping on Si 

wafer using FCVA technique 

 

 

19:00 - 22:30 GALA DINNER 
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Thursday, September 19                        Salon B & Salon C           

Salon B                     Chair:    Karl-Heinz Heinig 

08:30 - 09:10 Plenary Talk   John Baglin 

 Nanoscale Patterning and Lithography using Ion Beams 

 

Salon B           Nano Applications & Fabrication   

   Chairs:    Maria Cecilia Salvadori & Kai Nordlund 

09:10 - 09:30 OR.B1  Wolfgang Ensinger  

Parallel and crossed high energy heavy ion beams for the fabrication of nanowire arrays 

and nanonetwork templates for applications in electrocatalysis 

09:30 - 09:50 OR.B2  Dongqing Cai  

Fabrication of nanonetworks from nanorods by ion beam 

09:50 - 10:10 OR.B3  Masafumi Taniwaki  

Formation and application of two-dimensional nanocell lattice 

10:10 - 10:30 OR.B4  Debi Prasad Datta  

Evolution of porous network in GaSb under medium energy Ar+ -ion bombardment 

10:30 - 11:00 INV.B1  Flyura Djurabekova 

Molecular Dynamics Simulations of Sputtering of a Surface under an Electric Field 

 

11:00 - 11:30 COFFEE BREAK 

 

11:30 - 12:00 INV.B2  Naoki Kishimoto 

Ion Beam-based Fabrication of Nanoparticles in Insulators for Plasmonic Applications 

12:00 - 12:30 INV.B3  Seong Soo Choi 

Fabrication of Plasmonic Nanopore on Pyramid 

 

12:30 - 19:30 LUNCH AND OUTING 

 

19:30 - 21:30 DINNER 

 

Salon C           Nano Applications & Fabrication   

             Chairs:    Joerg Lindner & Efim Oks 

09:10 - 09:40 INV.C1 Del McDaniel  

Investigation of structural and optical properties of nanosystems in Si-based materials 

09:40 - 10:00 OR.C1  Qingfen Guan 

Microstructure of Silicon induced by High Current Pulsed Electron Beam Irradiation 
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10:00 - 10:20 OR.C2  Om Prakash Sinha 

Aligned GaAs nanostructures: A Temperature and Fluence dependent studies 

10:20 - 10:40 OR.C3  Gennady Remnev 

Formation of nanoscale carbon structures in the surface layer of metals under the impact 

of high power ion beam 

10:40 - 11:00 OR.C4  ChienHsu Chen 

Structure and Magnetic Properties of GaMnAs Prepared by Ion Beam Induced Epitaxial 

Crystallization Annealing 

 

11:00 - 11:30 COFFEE BREAK 

 

11:30 - 11:50 OR.C5  Alma Dauletbekova 

Nanostructural Modification of LiF Crystals Induced by Fast Ions 

11:50 - 12:10 OR.C6  Liutauras Marcinauskas  

  Modification of amorphous carbon films by picosecond laser pulses 

 

12:30 - 19:30 LUNCH AND OUTING 

 

19:30 - 21:30 DINNER 

 

Friday, September 19                                           Salon B            

         Chairs:    Luc Pichon & Alain Claverie 

09:00 - 09:20 OR.B1  Nand Lal Singh 

Swift heavy ions irradiation effects on magnetic, dielectric,structural and thermal 

properties of Polystyrene (PS)/ Nickel nanocomposites 

09:20 - 09:40 OR.B2  Manoj Kumar Jaiswal 

Studies of Swift Heavy Ion induced modification in Fe doped SnO2 Thin Films 

09:40 - 10:00 OR.B3  Serap Celen 

Pulsed Laser-Induced Lotus Leafs From the Viewpoint of  “Coalescence of Sensors 

Hypothesis 

 

10:30 - 11:00 COFFEE BREAK 

 

11:00 - 11:30 CLOSING REMARKS 

 

11:30 - 13:00 LUNCH 
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Andre Geim  

(University of Manchester, UK)  

 

The 2010 Nobel Prize in Physics „‟for 

groundbreaking experiments regarding the 

two-dimensional material graphene‟‟ 

 

 

 

 

 

 

 

 

 

http://www.smmib2013.net/155/
http://www.smmib2013.net/155/
http://www.smmib2013.net/155/
http://www.smmib2013.net/155/
http://www.smmib2013.net/155/
http://www.smmib2013.net/155/
http://www.smmib2013.net/155/
http://www.smmib2013.net/155/
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Andre Geim 

 

 

 

  

Graphene and Beyond  
 

Following the advent of graphene, many other one-atom or one-molecule thick crystals have 

been isolated and tentatively investigated. They range from semiconductors to wide-gap 

insulators to metals. These isolated atomic planes can now be reassembled into designer 

structures made layer by layer in a precisely chosen sequence. The first but already remarkably 

complex stratostructures have recently been fabricated and investigated revealing unique 

properties and new phenomena. I will overview our recent progress in making such new crystals 

and studying their electronic properties. 
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BioScience & Medical Applications    

 

Monday, September 16 

 

09:30 - 17:40 

 

Salon B          
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Monday, September 16                                           INV.B1                  

BioScience & Medical Applications    

Biliary Problems in LDLT  
 
Yaman TOKAT 
 

Biliary problems is the Achilles Heel of Liver Transplantation since many problems arise from 

the biliary tree. Due to the growing popularity of Living Donor Liver Transplantation (LDLT) 

within the last decade, we can now understand the importance of biliary problems. In the LDLT 

era, the complication rates due to biliary problems range between 15-40%.; it is the major 

obstacle of LDLT. Using stents has decreased the rate of leakages and deadly complications, 

however it did not reduce long-term complications, such as strictures. Even though stents look 

promising, they also have certain issues such as clotting and obstruction, as well as leakages 

after removal.  

 

The best biliary stent has not yet been produced; it should be non-irritant, durable, self-

expandable, and easily removable.  

 

Here I will present our data on 1000 Liver transplantations and the future of LDLT regarding 

biliary problems. 
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Ion implantation into collagen for the substrate of small diameter 

artificial grafts 

 

Hiroshi Ujiie M.D. and Yoshiaki Suzuki  

Department of Neurosurgery, Tokyo Rosai Hospital and Riken Institute 

 
 

Recently we succeeded to develop the small caliber artificial vessel composed of blood 

compatible ePTFE using ion beam implantation. To make special surface that is inhibition of 

platelet attachment and simultaneously promotion of endothelial cell attachment. The key such 

technique is to control ion beam not to destroy RGD amino sequence on collagen coat where 

endothelial cells anchor but destroy GFOGER amino sequence where platelets are easily 

activated. This time we examined the effect of small holes of 30-120 µm to the small caliber 

ePTFE vessels. To obtain secure the blood compatible surface small holes of around 90 µm 

was the best. We are showing these experimental results. 
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Peripheral nerve regeneration through silicone chamber implanted 

with negative carbon ions; possibility to clinical application 

 

Ryosuke Ikeguchi,MD 

 

Department of Orthopedic Surgery, Kobe City Medical Center General Hospital, Kobe, Japan 

 

In peripheral nerve reconstruction, autologous nerve graft is gold standard for nerve 

injuries with nerve defects. However, if the patient has the large nerve deficit, it is 

impossible to reconstruct with nerve autograft since the source of donor nerve is limited. 

Artificial nerve graft would be a useful alternative to conventional nerve autografts, 

because of the donor site morbidity and nerve source limitations. 

Nerve axons will regenerate within an interneural stump gap through a tube of artificial 

material: a process termed tubulation and many researchers have studied this process 

in attempts to use it clinically as an alternative to autogenous nerve grafting. In the rat 

sciatic nerve, the maximum distance across which axons can regenerate is about 10 

mm, and no neural structures are formed with a greater inter-stump distance through an 

unmodified silicone rubber tube. In tabulation, neural cells migrate from the proximal 

nerve stump. Thus, a neural structure is formed between the nerve stumps and neural 

connection occurs through the tube. 

We investigated whether a tube with is inner surface implanted with negative-charged 

carbon ions (C− ions) would enable axons to extend over a distance greater than 10 

mm. We found that tube supported nerves regenerating across a 15-mm-long inter-

stump gap. Silicone treated with  C− ions showed increased hydrophilic properties and 

cellular affinity, and axon regeneration was promoted with this increased 

biocompatibility.  

We investigated whether a C− ion-implented tube pretreated with basic fibroblast growth 

factor promotes peripheral nerve regeneration. We found that bFGF promoted nerve 

regeneration across a 15 mm inter-stump gap in a rat sciatic nerve model using silicone 

rubber tubes implanted with C− ions. The surface implanted with  C− ions had a higher 

affinity for cells and bFGF than the silicone rubber surface alone. These observations 

suggest that silicone rubber tubes implanted with C− ions can serve as both a guide to 

nerve growth and as a provider of bFGF to stimulate peripheral nerve regeneration. The 

 C− ion-implantation technique might be used to create nerve guides to provide various 

neurochemical factors and cells to promote nerve regeneration.  
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Functionalization of Surfaces of Advanced Materials Using Plasma 

and Related Technologies  

 

Paul K Chu 

Department of Physics and Materials Science, City University of Hong Kong, Tat Chee Avenue, 

Kowloon, Hong Kong, China  

 

Surface properties are crucial to the physical, chemical, and biological interactions between 

materials and external environment. They thus play important roles in applications such as 

sensing as well as optoelectronic, biomedical, and industrial devices and materials. Plasma and 

related technologies offer the unique capabilities of modification of selected surface properties, 

surface functionalization, and fabrication of novel surface structures while the favorable bulk 

characteristics of the materials can be retained. In this invited talk, recent research work 

performed in the Plasma Laboratory of City University of Hong Kong is described. Examples 

include plasma-treated bio-conductive coatings, biodegradable metals and polymers, and other 

functional materials. Examples of optoelectronic and industrial applications will also be 

discussed to highlight the diversity of plasma surface modification. 
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Ion Implantation and Plasma based processes on Medical Devices 

 

Iñigo Braceras 

TECNALIA, Parque Tecnológico de San Sebastián, Mikeletegi Pasealekua, 2, E-20009 

Donostia – San Sebastán - Gipuzkoa (Spain) 

E-Mail: Inigo.braceras@tecnalia.com 

 

Clinical treatments based on implantable medical devices have made a profound impact on the 

prognosis and quality of life of patients. Nevertheless, both transient and permanent implants 

still present a number of shortcomings, which are most often related to events occurring at the 

implant surfaces. 

 

Many implant related problems are originated by either a poor recovery after the placement of 

the implant, e.g. due to a poor integration into the living tissue, or outright failure, e.g. due to 

infections or mechanical failure. 

 

Ion implantation and plasma based treatments can modify surface properties that might affect to 

how the biomaterial vs. implant interaction occurs, and thus affect the implant performance and 

the clinical outcome. 

 

Ion implantation based treatments that affect tissue integration or prevent bacterial proliferation 

and thus infections are presented. This is achieved through surface chemistry and/or 

topography modification. 

 

Different plasma based technologies for the depositions of antimicrobial but biocompatible 

surfaces are also presented. This can be achieved following different strategies, e.g. controlled 

antibiotic release (timing, dose,…), controlled attachment of antibiotics (density, orientation,…) 

or incorporation into the biomaterial surface of antimicrobial agents (Ag, Cu,…). 

 

 

 

 

 



 

 
37 

Monday, September 16                                           INV.B6                 

BioScience & Medical Applications    

Bioactivation of Surfaces by Energetic Ion Implantation 
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The ability to strongly attach biomolecules to surfaces whilst retaining their biological activity 

underpins a host of biotechnologies, such as biosensors and diagnostic microarrays for early 

disease detection. Recent work has revealed that radicals embedded in carbon rich surface 

layers by energetic ion bombardment can covalently immobilize bioactive proteins [Proc. Nat. 

Acad. Sci 108(35) pp.14405-14410 (2011)]. This new approach delivers the strength and 

stability of covalent coupling without the need for multi-step wet chemistry. Immobilization 

occurs in a single step directly from solution and the hydrophilic nature of the surface ensures 

that the bioactive 3D shapes of the protein molecules are not disturbed. 

 Such energetic ion treatments can be applied to any underlying material making it possibleto 

achieve covalent biomolecule immobilization whilst maintaining the physical properties 

(including mechanical and electrical) of an underlying material. This opens up the possibility of 

new applications such as integrated microelectronic or photonic biosensing devices, continuous 

flow reactors for enzymatic chemical, textile, food or biofuels processing and implantable 

biomaterials that interact with their host via an interfacial layer of active biomolecules to direct a 

desired cellular response to the implant. 

This presentation will describe the plasma-based approaches for creating suitable buried 

radicals through energetic ion impacts that we have developed. A kinetic theory model of the 

immobilization process through reactions with long-lived, mobile, surface-embedded radicals 

and supporting experimental data will be presented. The roles of surface chemistry and 

microstructure of the treated layer in simultaneously preventing radical annihilation whilst 

allowing sufficient radical mobility will be discussed. Preliminary applications of this technology 

to direct cell growth, create sensors and diagnostic arrays, and to engineer bioactive surfaces 

for implantable biomedical devices will be reviewed. 

 

Key Words: biologically functionalized surfaces, covalent immobilization, radicals,  

energetic ion bombardment, cross-linking 
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ION BEAM MODIFIED BIOMATERIAL SURFACES FOR SMART 

BIOACTIVE INTERFACES  
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Ion Beams have since long demonstrated to be able to produce very peculiar bioactive 

surfaces, surprisingly active in determining the overall cell response. Practical implications are 

relevant to the development of a new generation of smart materials for Tissue Engineering 

application.  

A critical milestone on the road of the full development of these strategies implies the 

unravelling of the complex way-of-connecting the material surface properties with the effective 

processes of cell interaction, proliferation and differentiation, or, in other words, how the cell 

environment structure may realize an efficient signaling, relevant to the intracellular processes.  

In this perspective, the influence of material surface properties on the organization of the 

proteins forming the Extra-Cellular Matrix (ECM), as well as the PeriCellular Matrix (PCM) will 

be analyzed, in view of highlighting the role of the modification of the protein organization onto 

irradiated surfaces. Accordingly, selective adsorption processes, including the possibility of 

switching among various conformations of the adsorbed proteins, will be reviewed and 

discussed in view of the related cell behavior onto irradiated surfaces.  

Moreover, functional correlation among surface parameters, including chemical structure, 

presence of specific functional groups, electrical properties, stiffness and morphology, and the 

related cell fate will be analyzed, as the crucial step to understand/control the response of cells 

seeded onto irradiated phases. 

Keywords: Materials modification, surfaces, smart response, hybrid devices.  
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Adhesion Patterning of Mesenchymal Stem Cells on Polymer Surface  

by Negative-Ion Beam Irradiation and Fabrication of Cell Strings  
 

Hiroshi Tsuji 

 

 Department of Electronic Science and Engineering, Kyoto University, Kyotodigaku-Katsura, 
Nishikyo-ku, Kyoto 615-8510, Japan 
E-Mail:   tsuji@kuee.kyoto-u.ac.jp  
 

Repair of the injured nerve line is expected to the self-regeneration by migration of nerve cells 

and extension of axons from nerve cells at both stumps of injured nerve line. When the injured 

part is relatively long length, it is very difficult due to invasion of surrounding tissue. In such 

case, now the operation methods using tube graft made of silicone or biodegradable poly-lactic 

acid (PLA) have been investigated, where the space for regenerated nerve line is saved. 

However, there is some problems such as surgical re-operation to take out silicone tube, or 

excess acid concentration at the degradation of materials of PLA. The best way of ideal grafting 

method is to use nerve string made of patient’s nerve cells. The fabrication method of such 

nerve string is problem. In this paper, one method to the fabrication of nerve string will be 

presented. The followings are the key terms for the development of nerve string. 

1) Nerve cells do not have cell division. So, adult stem cell is best candidate to be used. 

2) Differentiation into nerve cells from adult stem cell is necessary. 

3) Scaffold layer should be made by biodegradable material and as thin as possible. 

 

In the presentation, the surface modification of polymer materials by ion beam irradiation, at 

first, is explained for controlling cell adhesion. Then, as a difficult case of adhesion control, the 

author presents the pattern adhesion properties of brain cortex cells on the ion-irradiated 

surface PDL coated polymers. The mesenchymal stem cell (MSC) derived from bone marrow is 

explained to be very easy cells for controlling its adhesion and to make adhesion pattern on the 

ion-irradiated surface, and then an induction method to differentiation into nerve cells is shown 

with keeping its adhesion position. At last, surface pattern modification of PLA by ion irradiation 

will be presented including MSC pattern adhesion and peeling of a very thin surface layer to 

make cell strings. 
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Embryonic Stem Cells (ESCs)  are cells which potentially maintain a normal karyotype 

infinitely on culture in vitro, and can differentiate into any cell type [1,2]. In literature, their 

differentiation ability into neural lineages has been evaluated, both in vitro and in vivo [2-5]. This 

differentiation pathway may serve as an in-vitro model for the study of early human 

neurogenesis. Furthermore it may enable development of in-vitro models of neurodegenerative 

disorders[6]. Another use of ESCs may a source of neural cells for transplantation and gene 

therapy [7]. All these potential applications promote attention to ESCs and their model 

experiments for in vitro studies.  

 

In this research work, we have evaluated  ESCs' growth capacity on C- and Au- ion implanted 

surfaces. For this aim, we have evaluated and compare two types of treatment effects on the 

surfaces. The resulting materials are promoting cell attachments and also providing appropriate 

environments for co-culture studies.  
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Spatial control of cell attachment, proliferation, and differentiation 

using ion-beam-inducing thin films 

 

Toshiyuki Tanaka 
 

RIKEN, 2-1 Hirosama, Wako, Saitama, 351-0198, Japan. 
E-mail: tttanaka@riken.jp 
 

 
Natural tissues contain various types of highly organized cells that display tissue-specific 

functions and structural signals. In order to generate functional tissues, isolated cells must be 

assembled and located at specific sites. In this study, we investigated the spatial control of cell 

attachment, proliferation, and differentiation by using ion-beam-inducing thin films. Irradiated 

poly-L-lactic acid (PLLA) exhibits a unique phenomenon wherein an irradiated layer with high 

cell attachment capability exfoliates from the substrate as thin films when immersed in a culture 

medium. H+ or He+ ions were irradiated into PLLA sheets with an energy of 150 keV and 

fluences ranging from 7 × 1014 to 1 × 1015 ions/cm2 with or without linear-pattern stainless steel 

masks with various widths. We obtained cellular chips or sheets using ion-beam-irradiated PLLA 

combined with a cell culture. In vitro cell studies were performed using three types of cells: 

fibroblasts, endothelial cells, and nerve-like cells. 

First, fibroblasts were cultured on a non-patterned surface to fabricate a multilayer cell structure. 

The cells attached and proliferated on the ion-beam-irradiated surface and the irradiated layer 

then exfoliated from the substrate, resulting in the formation of cellular films. A layered cell 

structure was fabricated by stacking these cellular films. Second, endothelial cells were cultured 

on patterned ion-beam-irradiated surfaces with large widths of 80, 120, 160, and 200 μm. 

Endothelial cellular chips were obtained corresponds to the mask shape and rounded in tubular-

vessel-like shape. The diameter of the vessel-like scaffolds was controlled by varying the width 

of the patterned mask. Finally, nerve-like cells were cultured on patterned surfaces with narrow 

widths of 10, 30, and 50 μm. Cell attachment and nerve growth direction were controlled by 

varying the width of the patterned mask. The neurite was a straight line on the patterned cellular 

chips with the narrowest width of 10 μm. These cell assembling and patterning techniques are 

expected to have applications in tissue engineering, cell transplantation, and in vitro tissue 

modeling. 

 

Keywords: poly-L-lactic acid, ion-beam irradiation, thin films, cell patterning 
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Ion Beam Processes for Surface Engineering of Medical and Industrial 

Devices  

 
Nader Kalkhoran 
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Every day, numerous devices are being enabled or enhanced for various medical and industrial 

applications through surface engineering modification. Among the many approaches used for 

surface engineering, ion beam processes have been exceptionally successful due to their low-

temperature requirement and high level of versatility and control. In established device markets, 

surface modification enables product improvement and differentiation without the need for costly 

investments in capital and labor for re-designing and re-manufacturing bulk device components.  

For nearly three decades, Spire has applied ion beam processes based on ion implantation and 

ion beam assisted deposition (IBAD) techniques to millions of device components to improve 

their surface properties, including hardness, wear-resistance, wettability, corrosion resistance, 

fretting resistance, lubricity, antimicrobial property, fracture toughness, permeability, or 

radiopacity, to name a few. Spire’s ion implantation based IonGuard process, for example, has 

been widely used by nearly all major orthopedic device manufacturers to improve the 

functionality and durability of metal implants. A modified version of the same process called SPI-

polymer, on the other hand, is used to improve the surface hardness and lubricity of polymer 

substrates while enhancing their biocompatibility. A variety of metallic films deposited using 

IBAD process have been utilized for medical applications as electrical conductors, antimicrobial 

coatings, radiopaque coatings, or diffusion barrier coatings, whereas IBAD ceramic films have 

found applications as electrical insulators, lubricious coatings, hard coatings , as well as optical 

coatings. This paper will discuss the latest applications of ion Implantation treatment and IBAD 

coating techniques to enhance various surface properties of medical and industrial devices. 
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A new type of biosensors for detecting phenolic compounds is presented here. These sensors 

consist of thin polymer foils with laccase-clad etched nuclear tracks. The presence of suitable 

phenolic compounds in the sensors leads to the formation of enzymatic reaction products inside 

the tracks. The differences in their electrical conductivities from their precursor materials 

correlate with the concentrations of the phenolic compounds. Corresponding calibration curves 

have been established for a number of compounds. The thus produced sensors are capable to 

cover typically between 5 and 9 orders of magnitude in concentration - in the best case down to 

some pico-moles. The sensor's detection sensitivity strongly depends on the specific 

compound, it is highest for coumaric acid, caffeic acid and acid blue 74, followed by ABTS and 

ferulic acid. 

 

 

 

 

 

 
 
 
 



 

 
44 

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 
45 

 

 

 

 

 

 

INVITED & ORAL ABSTRACTS 

 

Ion Implantation  

 

Monday, September 16 

 

09:30 - 17:00 

 

Salon C          

      

 

 

 
 
 
 



 

 
46 

Monday, September 16                 INV.C1 

Ion Implantation 

Treatment of non conducting ceramics by ion and electron beams  

Efim Oks  
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And Tomsk State University of Control System and Radioelectronics Tomsk, Russia  

 
Modification of surface and volume properties for ceramics is one of the important and attractive 

tasks to be solved. Ceramics are non electrical conducting materials. So possibility of ceramic 

treatment by ion or electron beams is limited due to charging of the ceramic surface. That 

provides uncertainty of charge particle energy reaching the surface and also reflection of 

electrons and ions..  

Results of enhancing surface conductivity of ceramic insulated rods by metal ion beam 

generated by MEVVA V Ru vacuum arc ion source are presented and discussed.  

The co-called “fore-vacuum plasma electron sources” make it possible to produce pulsed and 

continuous electron beams in the pressure range 5–100 Pa, which has not been reached 

earlier. These sources are characterized by the generation of rather dense plasma, which is 

sufficient for full compensation of the charge transferred by a beam to an insulated collector, in 

the area of electron beam transport. In this case process of an electron beam treatment on non 

conducting  

ceramics is almost identical to the action of an electron beam on metals. Results of electron 

beam heating, melting, welding as well as sintering for different ceramics are presented and 

discussed.  

It was also found that even under high vacuum conditions ion beam provides essential influence 

on ceramics. Such unusual and non expecting “phenomena” connects to secondary electrons 

from resulting from ion bombardment of ion source electrodes and walls of vacuum vessel. 

 

 
 
 
 
 
 
 
 
 
 



 

 
47 

Monday, September 16                   OR.C1 

Ion Implantation   

Study of Ion Beam modified alumina for hard tissue implants 
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Alumina has wide applications in industry, automobiles, electrical appliances etc. However its 

application as biomaterial has started recently. We propose to improve the bio-physical, bio-

chemical and bio-medical properties of alumina for its application as biomaterial by nitrogen ion 

implantation. Alumina is implanted with nitrogen ions at different energies (30 keV to 90 keV) 

and various ion doses (1x1015 ions/cm2 to 5x1017 ions/cm2). The microstructural changes of the 

specimens are characterized using Optical Microscope, Scanning Electron Microscope (SEM) 

and Atomic Force Microscope (AFM). Mechanical changes like hardness and surface 

roughness are studied using Nanoindenter and surface profile meter. Improvement in ductility 

after ion implantation is observed. Nano-layered compound formation of nitrides are studied 

using Glancing angle X-ray Diffraction (GXRD) and Fourier Transform Infrared Spectroscopy 

(FTIR). Corrosion behavior in Ringer solution is studied using Electrochemical analyzer (ECA). 

From the polarization curve it is observed that corrosion resistance increases at lower energy 

and at intermediate ion dose. At higher energy and higher ion doses corrosion resistance 

deteriorates. Bio-medical characterization of the specimens has been carried out by Wettability 

and Thrombogenicity tests. Wettability decreases in comparison with unimplanted samples. The 

thrombogenicity of unimplanted and implanted samples were evaluated using a whole blood 

kinetic clotting time method. From thrombogenicity test, it is concluded that at lower energy, 

thrombogenicity increases whereas for higher energy thrombogenicity decreases in comparison 

with the unimplanted samples. On the basis of all the above studies best suitable energy and 

ion-dose is decided for the hard tissue replacement by alumina.  
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In recent years, there is a strong demand in semiconductor device industry in 

reducingresidual damage in silicon substrate caused by ion implantation. CMOS image sensors 

in particular are extremely susceptible to the residual damage as they cause major defects in 

the imaging performance by generating dark current and white pixels. 

The ion implantation is a process to place desired ions into a substrate by impinging on the 

substrate with ions of a certain energy and a dose.  During this energetic process, the substrate 

such as silicon crystal is damaged as a result of ion bombardment.  The damage is practically 

removed by a subsequent annealing process, however, some defects still remain as residual 

defects depending on implant and anneal conditions. 

In order to minimize the residual damage, two different implantation methods have been 

recently proposed for silicon wafer applications.  One is called “Cryo” implantation and the other 

called “Hot” implantation.  The former maintains the substrate at very low temperature such as -

100oC while performing implantation.  The cold temperature enhances the amorphization of 

implanted layer on Si wafer, therefore recovers a complete crystallization of Si during anneal 

without leaving residual damage in the end of range region.  The latter uses a heated substrate 

for ion implantation.  Since implantation at the hot temperature such as 400oC prevents 

accumulation of damage by enhancing the recombination of Si-interstitials and vacancies at the 

time of their generation, crystal damage can be minimized after the implantation.  “Cryo” 

implantation is effective for high dose processes such as 1014 ions/cm2 or higher and “Hot” 

implantation is more suitable for low dose applications such as 1013 ions/cm2 or lower. 

In this paper, we discussthe characteristic differences of residual damage in silicon crystal as 

a function of implant temperatureby using SIMS, TEM imagesand other metrological 

analyses.The results clearly indicated a significant effect of both “Cryo” and “Hot” implantation in 

terms of residual defect reduction and the changes in damage accumulation were also observed 

as the temperature is varied.  The most preferred implant conditions will be suggested for both 

cases. 
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 We fabricated ZnO films by RF magnetron sputtering on Si (100) substrates with  400 nm 

thick. The 8 samples were implanted by 40 keV Co+ ions at different doses varying from 

0.25x1017 ions/cm2 to 2.0 x1017 ions/cm2. The XRD technique was applied to analyze the crystal 

structure of virgin and bombarded samples. X-ray patterns show that virgin sample has 

reflection peaks originate from (100) and (002) crystal planes. The Co+ implantation decreased 

the long range crystalline quality and caused the formation of Co3O4 crystallites at remarkable 

magnitudes in the ZnO films. The theoretical analyses of XRD data by applying Scherrer 

method showed that the average crystallite size drop from 59 nm to 25 nm for ZnO samples 

after implantation. The magnetic properties of films were investigated by using Vibrating Sample 

Magnetometry (VSM). The M-H hysteresis curves of samples were recorded at room 

temperature and 10 K. In order to check the temperature dependence of the magnetization, we 

carried out field cooled (FC) and zero field cooled (ZFC) M-T measurements in a temperature 

range of 10-400 K. These measurements showed that the bombarded samples exhibit 

ferromagnetic behavior at room temperature and have Tc value much above than 400 K. The 

magnetization increased with the increasing Co dose. However, the formation of 

antiferromagnetic Co3O4 decreased the value of magnetization. The electric conductivity of films 

was measured by Four Point Probe method. The electric conductivity depends on crystalline 

structure quality and concentration of Co ions. We discussed the physical properties of films due 

to possible applications for spintronic devices. 
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TiAlN/Ta multilayer film with the total thickness of 2 μm was deposited by ion beam assisted 

deposition using Ti0.5Al0.5 and Ta as the target materials. Observation of the cross-sectional 

microstructure and XRD patterns showed that the Ta sub-layer restrained the growth of TiAlN 

crystal, and decreased the grain size. Nanohardness (H) of the TiAlN/Ta multilayer film was 29% 

higher and the elastic modulus (E) was 47% higher than that of the TiAlN monolayer film. Nano-

scratch test was performed to study the bonding strength of the coating/substrate. The critical 

fracture load (Lc) of 72 mN for the TiAlN/Ta multilayer film was achieved, much higher than that 

of the monolayer TiAlN film (30 mN), indicated a significant increase of bonding strength. 

Results of Differential scanning calorimetric (DSC) analysis indicated that the TiAlN/Ta 

multilayer film had the exothermic peak at around 935 °C, 75 °C above that for the TiAlN 

monolayer film. Existence of the Ta sub-layers behaved as the barrier layers to prevent oxygen 

from diffusing into inner layers, resulted in the improvement of thermal stability of the film. 
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Ruby is generally known as the most valuable of all colour gemstones. However, due to 

the insufficient of naturally good quality raw materials, various treatments have been applied for 

the ruby quality improvement. Among several methods, heat treatment is the most popular 

method nowadays. In Thailand, the method can be classified into 2 categories, so-called, “Paw 

Kaw” which means old treatment method for the heat treatment without any intentional 

substance mixing, and “Paw Mai” or new treatment method for the heat treatment with lead 

glass mixing. The drawback of the latter is the high concentration of the lead remaining in the 

gems after treatment which decreases their market value. In this experiment, we applied low 

and medium energy nitrogen and oxygen ion implantations to the untreated and the heat treated 

natural rubies. It is seen that either kind of ion beam has potential to eliminate small inclusions 

inside the gems; thus their appearances have been improved. The ion implanted rubies are 

viewed as having more lively and brilliant color. For untreated natural rubies, oxygen ion has 

intensified their red color, while nitrogen ion turns them to violet. The possible mechanisms for 

these modifications could be due to the changes in oxidation states of impurity metals, induction 

of charge transfer from one metal cation to the other and the creation of color centers. For heat 

treated rubies, it is interesting that ion implantation has improved the appearance of “Paw Mai” 

rubies by intensify their color and also relieved the level of lead contamination. These 

modifications by utilizing ion beams have lead to the quality improvement of the gems and thus 

value adding. The present and future activities on ruby enhancement will be presented and 

discussed. 
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Observation of decay of expanded austenite in CoCr alloys after 

nitriding 
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Leibniz-Institut für Oberflächenmodifizierung, 04318 Leipzig, Germany 

 

Expanded austenite is a metastable phase formed after high concentration nitrogen insertion at 

moderate temperatures in austenitic stainless steel as well as austenitic CoCr alloys. The 

decomposition into CrxN and a second, Cr-poor phase is depending on temperature and time 

and can be separated into a nucleation and a growth phase. The detection of this decay is 

rather difficult as the nanocrystalline phases result in very low XRD scattering intensities: 

normally, detection by XRD is only possible when the nitrogen containing layer of expanded 

austenite is nearly completely converted. Alternatively, direct information can be obtained from 

metallographic cross sections for the phase growth. Indirect information on the nucleation 

process occurring in a near surface region (and not directly on the surface), on the other hand, 

is available from in-situ XRD analysis with the signal intensity of the expanded phase closely 

monitored to find the onset of chromium nitride nucleation. In this presentation, ex-situ cross 

sections and in-situ XRD data are combined to obtain a quantitative insight into both stages – 

nucleation and layer growth – and to attempt the determination of thermodynamics for both 

processes.  
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A quantitative simulation of ion beam sputtering and related collision cascade effects is 

essential for applications of ion beam irradiation in thin film deposition, surface treatment and 

sculpting with focused ion beams, ion beam smoothing of surfaces and ion-induced nanopattern 

formation. The understanding fundamental ion-solid interaction processes relevant for 

nanostructure formation, ion-induced mass redistribution, sputter yield amplification, ion beam 

mixing and dynamic compositional changes also requires the reliable simulation of ion-solid 

interaction processes in particular at low ion energies.  

 

In this talk I discuss the possibilities, the key benefits and the limitations of three different Monto 

Carlo simulation programs, SDTrimSP [1], TRIDYN-HZDR [2] and SRIM [3]. The focus will be 

set to the calculation of angle dependent sputtering yields, the sputtering yields for compound 

materials, sputter yield amplification effects and its role in ion-assisted thin film multilayer 

growth, angular distribution of sputtered particles and sputtered energy, as well as the extraction 

of parameters relevant for modelling ion-induced surface pattern formation from 3D vacancy 

and recoil atom distributions.  

 

 

[1] W. Eckstein, R. Dohmen, A. Mutzke, R. Schneider, MPI for Plasma Physics, IPP Report 12/3 (2007)  

[2] J. Ziegler, J.P. Biersack, M.D. Ziegler, SRIM-The Stopping and Ranges of Ions in Solids (SRIM Co., 

Chester,2008); www.srim.org  

[3] W. Möller and W. Eckstein, Nucl. Instr. and Meth. in Phys. Res. B 2 (1984) 814; Manual TRIDYN-

HZDR available at: http://www.hzdr.de/db/Cms?pOid=21578&pNid=0 
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The discovery of the way to fabricate silicon-on-insulator (SOI) structures with the Smart 

Cut™ technology has significantly enhanced the scope of applications of ion implantation. 

However, the mechanisms by which the annealing of H implanted Si (and other materials) can 

lead to the fracture of the upper layer are still far from being well understood and thus, the 

simulation of that process remains elusive. During H implantation, a large variety of defects are 

created through the interaction of Is, Vs and H atoms. During thermal annealing, these defects 

(co) precipitate and form platelets of nanometric dimensions. Further on, they grow in size 

eventually forming micro-cracks of microscopic dimensions. The propagation and interactions of 

these micro-cracks can lead to the transfer of the full layer of Si when a stiffener is bonded on 

top of the implanted layer. Despite significant efforts, many physical aspects of the evolution of 

the hydrogenated defects, from clusters to platelets then to microcracks are still unclear, even in 

silicon. 

In this work we will review our knowledge of the different defects which play a role in this 

phenomenon (VnHm complexes, platelets, micro-cracks) and of the mechanisms by which they 

grow and eventually transform from one into the other. This discussion will be based on large 

collection of TEM, Raman, FTIR and X-rays data, many of them unpublished, including direct 

imaging of some of these transformations in situ, in the microscope. Finally, we will identify and 

discriminate the mechanisms driving “gentle” transformations dictated by thermodynamics 

(nucleation, diffusion, Ostwald ripening) from those driving “catastrophic” transformations (strain 

assisted coalescence, fracture propagation). Remaining questions to be answered before the 

full simulation of the process is thinkable will be indicated.  
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diffusion process and micro-structural modifications 

 

L. Pichon1, C. Templier1, J.B. Dubois1, S. Chollet1, M. Drouet1, J. Cormier1, P. 

Villechaise1, J.P.Rivière1, O. Ozturk2, S. Okur2 

 
1Institut Pprime – UPR3346 – CNRS-Université de Poitiers - France 
2Izmir Institute of Technology – Izmir - Turquie 

 
In order to improve the relatively poor tribological or mechanical properties of some Fe, Co or Ni 

based alloys, surface nitriding was often proposed as it enables the growth of a nitrogenrich 

layer - sometimes with nitrides formation - presenting improved resistance to the different 

solicitations (fatigue, wear,…). This presentation is focused on the nitriding process and 

mechanisms occurring during the PBII and plasma-assisted thermal nitriding of Ni-based or Co-

based superalloys (SA). These superalloys present a FCC austenitic structure hardened with 

substitution alloying elements and some Ni-based SA have additional structural precipitates of 

strengthening phases 𝛾’ (~Ni3(Al,Ti)) or 𝛾”(~Ni3Nb). Like in Austenitic Stainless Steels, the Co-

based or Ni-based SA nitriding at moderate temperature (~400°C) can lead to a FCC nitrogen-

rich expanded phase (called S-phase or 𝛾𝑁  phase) with nitrogen content up to 25 at.% [1-5]. 

The diffusion process can be modelled by the trapping-detrapping mechanism and the results 

obtained by usual plasma-assisted nitriding and by PBII are discussed, taking into account the 

various microstructures, the presence of precipitates, the role of the nitrides formers alloying 

elements and the sputtered or implanted species... The micro-structural modifications like the 

swelling of the grains are also quantitatively linked to the nitrogen incorporation [4]. 

 
 
 
1. CoCrMo alloy treated by floating potential plasma assisted nitriding and plasma based ion 
implantation : influence of the hydrogen content and of the ion energy on the nitrogen 
incorporation, L. Pichon, S. Okur, O. Ozturk, J.P. Rivière, M. Drouet, Surf. Coat. Technol. 204 (2010) 
2913-2918 
2. Magnetic layer formation on plasma nitride CoCrMo alloy, O. Öztürk, S. Okur, L. Pichon, M. O. 
Liedke, J. P. Riviere, Surf. Coat. Technol. 205 (2011) S280-S285 
3. Plasma nitriding response at 400°C of the single crystalline Ni-based superalloy MC2, L. Pichon, 
J. Cormier, A. Declemy, S. Chollet, P. Villechaise, J.B. Dubois, C. Templier, J. Mater Sci, 48 (2013) 1585-
1592 
4. Swelling of 316L austenitic stainless steel induced by plasma nitriding, J.C. Stinville, C. Templier, 
P. Villechaise, L. Pichon, J. Materials Science 46 (2011) 5503–5511 
5. Plasma nitriding response at 400°C of the single crystalline Ni-based superalloy MC2, L. Pichon, 
J. Cormier, A. Declemy, S. Chollet, P. Villechaise, J.B. Dubois, C. Templier, J. Mater Sci, 48 (2013) 1585-
1592 
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It was found that the negative repetitively pulsed biasing of a substrate immersed in vacuum arc 

plasma significantly reduce the macroparticles (MPs) content on surface. The decreasing of 

MPs density on substrate surface by factor of 12 was achieved after 2 min of processing time at 

pulse repetition rate 105 pulse per second (p.p.s.), pulse duration 8µs, and bias potential  – 

2000 V. Several different physical mechanisms of the MPs decreasing on the negatively biased 

substrate have been identified. It was established that up to 10% of MPs are repulsed from the 

plasma-substrate voltage drop after charging negatively in plasma. Almost the reducing of MPs 

density in half takes a place due to ion sputtering. The MPs surface density on substrate can be 

significantly reduced after MPs interaction with negatively biased metal substrate surface. 
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Pure molybdenum presents many outstanding properties as high melting point combined with 

strength retention. In addition, its high thermal conductivity, low specific heat and low coefficient 

of thermal expansion make the metal resistant against thermal shock and fatigue. It is used in 

many alloys, missile and aircraft parts and in aerospace area in general. In particular, it has 

been used as the material of the extraction grid of an ion thruster at the plasma laboratory of 

INPE (National Institute for Space Research) in Brazil. When in DC operation there are 

continuous collisions of a high current of heavy ions (argon or xenon) produced by the cathode 

of the thruster with its respective grid. It has been causing severe wear of the metal, 

compromising the overall performance of the ion thruster. High temperature Plasma Based Ion 

Implantation (HTPBII) was employed to treat molybdenum in order to improve mechanical and 

tribological properties of its surface. The aim is to produce dense and thick molybdenum nitride 

on the surface of the material, since this interstitial nitride holds extreme hardness and good 

resistance against wear. PBII and high temperature are essential to be used in this case. The 

first allows three-dimensional treatment of materials without manipulation of the target and the 

last provides high diffusion of nitrogen and the achievement of thick modified layers. Phase 

composition of treated Mo samples was determined by X-ray diffraction (XRD), while chemical 

composition was analyzed by X-ray Photoelectron Spectroscopy (XPS). Topography of the 

surface was viewed by Atomic Force Microscopy (AFM). Cross-sectional view of the new 

phases was investigated by Scanning Electron Microscopy. Friction coefficient and wear rate 

were measured. In a first step, treated and untreated Mo samples were mounted in front of the 

outlet of the plasma jet generated by the cathode and a strict comparison concerning its 

surfaces properties after test is depicted.  
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It is now well-established that nitrogen insertion into the surface of austenitic stainless 

steel (SS) and CoCr base alloys by various ion beam surface modification methods at relatively 

low substrate temperatures from about 350 to 450 ºC leads to hard, wear and corrosion 

resistant surface layers composed of expanded austenite phase, N. Another interesting feature 

of the expanded austenite phase is related to its magnetic character: the expanded phase/layer 

is found to have ferromagnetic as well as paramagnetic characteristics depending on its N 

contents (20-30 at.%) and associated lattice expansions (as high as 10%). There may be 

possible applications for magnetic N layers on non-magnetic substrates.  

This work presents new data related to the magnetic nature of the expanded austenite 

layer/phase formed on austenitic SS (304 SS) and CoCrMo alloys by nitrogen plasma 

immersion ion implantation (PIII). PIII experiments were performed in the temperature range 

between 300 and 550 ºC for a fixed processing time of 1 hour. Magnetic behavior, nitrogen 

distribution, implanted layer phases, surface hardness, and surface topography were 

investigated by magnetic force microscopy (MFM), secondary ion mass spectroscopy (SIMS), 

X-ray diffraction (XRD), scanning electron microscopy (SEM), microhardness measurements, 

and atomic force microscopy (AFM). The low temperature samples clearly show the formation of 

expanded austenite phase, N, while the decomposition of this metastable phase into CrN 

precipitates occurs at higher temperatures. The surface hardness is significantly increased at 

low loads. The hardness increase is attributed to the formation of the expanded austenite layer 

at lower processing temperatures. With higher treatment temperatures, nanometer size CrN 

precipitates distributed within the N matrix are contributing to the enhanced hardness. The 

SIMS profiles for both alloys suggest thermally activated diffusion (interstitial in nature) but a 

much faster diffusion of nitrogen in SS compared to CoCr is obtained. 

MFM imaging reveals ferromagnetic domain structures on the stainless steel and CoCrMo 

alloy surfaces treated at low temperatures where expanded austenite is obtained at the surface. 

The domain size variations and varying magnetic properties in the different surface grains are 

observed. This is probably due to non-uniform N contents and anisotropic lattice expansion for 

differently oriented lattice planes as evidenced by XRD. MFM imaging across the sample cross-

sections is currently underway to investigate N composition variation effects as well as depth 

dependence of the magnetic properties.  
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Review of Ion Beam Processing of Biomaterial Polymers   
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Almeida(c) 
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(b) Ege University, Izmir, Turkey 
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We will present a brief description of ion matter interaction with polymers with examples of 

biomedical applications. This is a joint effort of colleagues from Fayetteville State University, a 

constituent of University of North Carolina, colleagues from Ege University in Izmir, Turkey and 

colleagues from University of Sao Paulo in Ribeirao Preto, Brazil. Our workers have studied the 

interaction of keV and MeV ion in its track with large number of polymer types in order to tai lor 

their properties for aerospace applications, and medical applications, control cell adhesion, 

improved surface properties of polymers used for heart-valve, for hip-joint implants, for 

fabrication of nano-pours used for DNA-sequencing and for filtration, as well as change in the 

surface properties of bio-compatible polymers for control drug/medication delivery. Chemical 

changes are produced in plastics by the ionizing radiation interacting with the polymer material 

resulting in the liberation of electrons from the atoms of the polymers. Radiation induces 

modifying processes in the polymer chains that produce chemical changes in the materials' 

properties. These processes can occur separately or in combination with one another and, 

depending on the nature of the material, one or more can occur simultaneously. Molecular 

excitations may be transmitted through the material as phonons or excitons which may cause 

bonds to break and produce scission, and cross-linking of the polymer chains. In many cases, 

dissociated hydrogen atoms and other small molecules move through the material and diffuse 

out as volatile species are formed. Dehydrogenation or the liberation of hydrogen atoms 

produces dangling bonds which eventually saturate and results in cross-linking. Other molecular 

emission processes, double bond formation, triple bond formation, dipole formation and 

precipitate formation by self clustering of the injected species can also occur. 
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Southwest Research Institute (SwRI) has been developing various technologies in the areas of 

plasma surface engineering of materials. The focus is on practical applications of these 

technologies. Presently we have established twelve large vacuum processing systems, in which 

we develop technologies including plasma immersion ion deposition (PIID), plasma enhanced 

magnetron sputtering (PEMS) and high intensity plasma ion nitriding (HIPIN). Together with the 

know-how we gained through many years of research, we are serving various industries 

including aerospace, defense, automotive and energy including oil/gas exploration and electric 

power generation.  

In this presentation, I will discuss our recent research and development in the areas of plasma 

technologies, nanomaterials and nanocomposite films, and surface modification of ferrous 

materials for improved properties. Specifically the following topic will be discussed:  

1. Plasma Immersion Ion Deposition (PIID) of Diamond-Like Carbon (DLC) coatings and their 

practical applications.  

2. Plasma Enhanced Magnetron Sputter Deposition (PEMS) of superhard, ultra thick, 

nanocomposite coatings.  

3. High Intensity Plasma Ion Nitriding (HIPIN) of ferrous materials.  

4. Deposition of Corrosion Resistant Alloys (CRA) on low alloy steels for reducing cost and 

eliminating Cr electroplating, and  

5. Special techniques for deposition of hard coatings on inner surface of long tubes.  

 

This presentation will discuss the principles of these technologies, but the emphasis is on 

practical applications. Examples of these technologies in automotive, aerospace, and petroleum 

industries will be given.  
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Commercial Ion Implantation of tools – a successful niche technology 

in advanced surface treatment.  
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Every year we globally see an enormous amount of waste of energy and material be-cause of 

Tribological processes. Historically many successful solutions were established in order to 

reduce such waste. One way is by using advanced surface treatment like PVD coatings – 

originally only on cutting tools but increasingly also by very tailored PVD processes for moulds, 

wear parts and components demanding hard, low friction, good release, dense and supper 

finished surfaces with a very exact thickness – and thus becoming part of the original design. 

One corner of this work is using very tailored Ion Implantation processes to create unique and 

commercially very successful solutions truly living up to the well-known and often claimed Nano-

technology. This paper shall discuss the very successful use of advanced surface technology  

– Ion Implantation and related processes as a fully matured surface treatment of metal tools – 

only waiting for global recognition and use. 
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 Aluminum surfaces are known for their lack of wear resistance and for their bad friction 

behavior. In one hand temperature sensitivity of aluminium alloys makes impossible their 

superficial protection by classical thermochemical surface treatments. In the other hand, 

environment considerations incite industrial manufacturers to find more eco-friendly surface 

treatments than historical anodizing techniques. In this sense, plasma based technology and 

especially multi-charged nitrogen ion implantation can be interesting alternatives [1, 2]. The 

present study is devoted to the characterization of aluminium surfaces reinforced thanks to 

multi-charged nitrogen ion beam. Nitrogen implantations of aluminum surfaces are performed 

thanks to a process using Electronic Cyclotronic Resonance micro particle-accelerator. This 

technology allows surface reinforcement of metallic surfaces by the mean of multi-charged ion 

beam [3] that leads to an implantation profile with low gradient, which is supposed to be benefic 

for the cohesion of the implanted layer and the bulk. X-ray photoelectron spectroscopy, grazing 

incidence X-ray diffraction and nanoindentation analysis of implanted pure aluminum are used 

to understand microstructural changes induced by this new implantation technique. Tribological 

and corrosion tests are performed on commercial aluminum alloy (Al-2024) to verify the interest 

of such a surface treatment for industrial applications. It is shown in this work that protective 

nitride layer formation and efficiency are very sensitive to the implanted fluence. A threshold 

fluence, necessary for stress implantation-induced relaxation, has to be reached if a consistent 

enhancement of surface properties is targeted. The role of the thin mixed oxide-nitride layer in 

the surface protection is also discussed. Finally observations of corroded and weared surfaces 

give additional informations on the mechanisms involved in the nitride protective layer 

destruction and its dramatic effects on substrate. All these results will also be compared to 

classical (one charge, one bias-voltage) and multi-energetic (one charge, successive and 

different bias-voltage) ion implantation [4, 5] and will confirm the interest of the nitrogen 

concentration gradient obtained thanks to multicharged ion beam production. 
[1] P. Budzynski, A. A. Youssef, Z. Surowiec, et al.                                                     

Vacuum 2007, 81, 1154-1158 
[2] R. Figueroa, C. M. Abreu, M. J. Cristobal, et al.  
Wear 2012, 276-277, 53-60 
[3] E. Hug, S. Thibault, D. Chateigner, et al. 

Surf. Coat Technol. 2012, 206, 5028-5035 
[4] T. R. Jervis, H.-L. Lu and J. R. Tesmer 
Nucl. Instrum. Methods Phys. Res. B 1992, 72, 59-63 
[5] S. Lucas and J. Chevallier Surf. Coat Technol. 1994, 65, 128-132 
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In the absence of neutron source of 14 MeV energy with high flux, ion implantation is one of the 

irradiation techniques used to simulate radiation damage effects in structural materials under 

fusion reactor conditions.  Ferritic Martensitic steels are candidate structural materials in future 

fusion reactors.  In order to study the damage in presence of transmutants such as Helium, 

produced during neutron bombardment, we have implanted He with the energy of 150 KeV, 

followed by the implantation of Ni ions of 1.2 MeV in heat treated T 91 FM steel ( normalized at 

1100 C, quenched and tempered at 740 C for 1 hour) at different doses upto 100 DPA.  It was 

ensured using SRIM code that the profiles and ranges of He and Ni match well for the chosen 

energies.  The changes in the structural, microstructural and compositional properties of T-91 

steel after irradiation and their effects on the mechanical properties of this steel have been 

studied using SEM/EDX, optical Microscopy, GAXRD and Nanoindentation technique.  XRD 

and GXRD, both show the presence of ferritic structure.  It has been observed that a typical 

microstructure with ferrite grains and lath martensitic structure with some amount of carbide 

seen in unirradiated samples, has been transformed into microstructure with dispersed carbide 

after irradiation of Helium.  Chromium segregation in the grain boundaries has been observed 

by EDX after He and Ni implantations.  On the other hand, carbon is depleted from the grain 

boundary.  Vicker’s hardness and Young’s modulus (E)  exhibit upto ~25% increase Nickel and 

Helium ion irradiation.  The segregation mechanism of Cr and role of Helium in radiation 

induced modification of F-M steel has been discussed. 
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The work described here is mainly market-oriented research that can be classified as  

modification of materials by ion implantation, PVD and plasma nitriding, and their medical and 

industrial applications. Materials that have been surface modified by ion implantation include 

textiles and polymers. The resultant surface properties after ion beam modification have been 

studied using various different surface characterization tests. The surface properties identified 

by these tests helped us choose appropriate medical and industrial applications. Ion 

implantation techniques used were “metal vapor vacuum arc – MEVVA” and “ISC bucket type” 

ion implanters. Surface treatment by plasma assisted PVD functional thin film coatings, plasma 

nitriding, and ion implantation were applied to machine parts and tool surfaces to improve their 

lifetime and facilitate the use of low cost bulk materials. Here we describe this work and 

summarize and results.  

 

Keywords: Ion Implantation, MEVVA, Surface Modification, PVD coating, Plasma Nitriding 
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Systematic manipulation of a cell microenvironment with micro- and nanoscale resolution is 

often required for various cellular and molecular phenomena. To address this requirement, in 

this study, we developed a plasma lithography technique to manipulate the cellular 

microenvironment by creating a patterned surface with feature sizes ranging from 150 μm. to 

millimeters. The goal of this technique is to be able to study, in a controlled way, the behaviors 

of individual cells as well as groups of cells and their interactions for several further studies 

(signaling, cell-cell interactions, etc). This plasma lithography method is based on selective 

modification of the surface chemistry on a substrate by means of shielding the contact of low-

temperature plasma with a physical mold. This selective covering leaves a chemical pattern 

which can guide cell attachment and direction of movement. This pattern, or surface template, 

can be used to create networks of cells whose structure can mimic that found in nature and 

produces a controllable environment for experimental investigations. The technique is 

appropriate for studying biological phenomenon as it produces stable surface patterns on 

polymeric substrates. 

 

 

 

 

 

 

 

 

 



 

 
68 

Tuesday, September 17                   OR.B5 

Applications 

Application of PVD methods to solid oxide fuel cells 

 

Solovyev A.A., Sochugov N.S., Rabotkin S.V., Shipilova A.V., Ionov I.V., Kovalchuk A.N.  

 

2/3 Akademichesky Avenue, Tomsk, 634055, Russia 

E-mail: andrewsol@mail.ru  

 
As is known, the high cost of fuel cells is still a restrictive factor for the development of 

hydrogen power engineering. This is a reason for high importance of research aiming to develop 

new materials and technologies for fuel cells production.  Plasma-beam technologies are widely 

used to modify the surfaces of materials, however, their application in hydrogen power 

engineering is still far less than what is possible. In this work the application of such vacuum 

deposition techniques as magnetron sputtering and electron beam treatment to the fabrication 

of solid oxide fuel cell (SOFC) materials and structures is considered.  

Firstly, a method of anode-supported YSZ (yttria-stabilized zirconia) electrolyte films 

deposition by reactive magnetron sputtering has been developed. A way of improving the 

microstructure and gas tightness of magnetron sputtered YSZ electrolyte by impulse electron 

beam pretreatment has been proposed. The influence of this pretreatment on the gas tightness, 

structural and electrochemical properties of deposited films has been studied. It is shown that 

magnetron sputtering combined with a pulsed electron-beam treatment leads to the formation of 

dense YSZ films of 3–5 μm in thickness with a fine microstructure. Multifold increase in power 

density and a decrease in the YSZ electrolyte resistance compared to the samples produced 

only by magnetron sputtering were achieved. 

Secondly, porous Ni–YSZ anode films were fabricated by reactive co-sputtering of a Ni 

and a Zr–Y target, followed by sequentially reducing in hydrogen at 600°C. The Ni–YSZ films 

comprised small grains and pores that were tens of nanometers in size. Electrocatalytic 

properties of Ni/YSZ films were tested. It is shown that fuel cell with magnetron sputtered 

Ni/YSZ anode have a larger power density than fuel cell with a Ni/YSZ anode formed by high-

temperature sintering due to a more advanced triple-phase boundary "gas-electrolyte-anode". 

As a result new anode- and metal-supported fuel cells with the Ni-YSZ/YSZ/LSМ structure 

have been produced.  They are provide the power density about 400-600 mW/cm2 at 800°С. It 

is shown that vacuum methods are promising in the fabrication of fuel cells, where thin films of 

high quality are desired.  
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The reason behind why thermoelectric generators (TEG) have not been used to generate 

electricity or as to charge batteries, extensively, can be summarized by their low efficiencies, 

high temperature operation, and non-conformal. Recent TEGs can operate starting at room 

temperature as the hot or the cold source, that is, as long as there is a temperature difference 

∆T), of few degrees of Kelvin, is available, then there is a potential difference and there is 

current generated by the recently produced thermoelectric materials. Thus enabling us 

capturing the power generated, per few square centimeters, from human body, while the 

ambient temperature is at or below 300K, in order to charge a cellphone battery, to charge the 

batteries for the jogging LED indicators and more. In fact, few off the shelf TEGs can provide 

enough power to achieve the above goals, despite their bulkiness, despite the lack of flexibility 

and despite their low efficiency. In this presentation, we will present our work on production of 

thin films of thermoelectric materials which has higher figure of merit, conformal, and can 

operate at lower temperature difference (T) than existing off the shelf TEG*. Our work stem from 

the properties of regimented quantum dot quasi-lattices, consisting of nanocrystals of gold 

and/or silver separated at one to few angstroms from each other creating new electric and 

thermal properties as well as interesting optical properties. We will discuss how ion beam have 

been used by our team in order to achieve properties similar to what is predicted theoretically by 

regimented quantum dot quasi-lattices. We will, also, review a series of materials resulted from 

our investigation, some operating at temperatures around 300K and some at about 400K. Such 

ultra-thin thermoelectric materials, 0.1 to 1 micrometer thickness, operating at room temperature 

will allow integration to the existing devices for continuous charging the low power required 

portable unites such as cell phones, tablets, heart-pacemakers, and more.  

* One patent awarded & one patent pending.  
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Blue sapphire is categorised in a corundum (Al2O3) group. The gems of this group are 

always amazed by their beauties and thus having high value. In this study, blue sapphires from 

Rwanda, recently came to Thai gemstone industry, are chosen for investigations. On one hand, 

we have applied Particle Induced X-ray Emission (PIXE), which is a highly sensitive and precise 

analytical technique that can be used to identify and quantify trace elements, for chemical 

analysis of the sapphires. Here we have found that the major element of blue sapphires from 

Rwanda is Al with trace elements such as Fe, Ti, Cr, Cu and Mg as are commonly found in 

normal blue sapphire. We have divided all samples into three major groups and 12 sub-groups 

based on the depth of their blue color. The relation between the color intensity and each trace 

element contents can be understood by this manner. Further analysis of the relationship among 

trace elements has assisted in segregation of the Rwanda blue sapphire from other blue 

sapphires, such as Cambodia and Sri Lanka origins. On the other hand, we have applied low 

and medium ion implantations for color improvement of the blue sapphire from Rwanda. It 

seems that a high amount of energy transferring during cascade collisions have altered the 

gems properties. We are clearly seen that the blue color of the sapphires have been intensified 

after nitrogen ion bombardment. In addition, the gems are also more transparent and having 

more luster. PIXE measurements have revealed the alteration of Fe and Ti contents in the 

implanted sapphires, and it should be the cause of color changing. Here the mechanism of 

these modifications is postulated and reported. In any point of view, the bombardment by using 

nitrogen ion beam is a promising technique for quality improvement of the blue sapphire from 

Rwanda. 
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Currently, stainless steels are widely used in various industry applications due to their 

excellence in toughness and corrosion resistance. But, their resistance to wear has to be 

improved before using in tribological applications. Filtered cathodic vacuum arc (FCVA) is a 

superior technique for forming a high-density film structure, especially for the tetrahedral 

amorphous carbon (ta-C), or diamond-like carbon (DLC), because it can produce high energetic 

ion plasma that is able to penetrate into a growing film resulting in film densification. However, 

the technique tends to generate high internal stress leading to film delamination. In general, 

DLC with various additive elements such as Ti, Cr or W as strong-carbide-forming (SCF) metals 

is a solution to provide an attractive combination of properties of corrosion resistance, wear 

resistance and film adhesion as well. This study was focused on an investigation of titanium-

doped DLC (ta-c: Ti) coating on 304 stainless steel, mainly for adhesion improvement and also 

optimization of the use in tribological application. The films were formed by FCVA technique at 

normal substrate temperature. Titanium doping concentration was varied from 0% as the control 

group for pure DLC deposition up to about 5 at.% maximum as Ti-doped DLC. The results 

showed that as the Ti adding increased from 0 - 3%, the adhesion increased while the wear rate 

did not change significantly as measured by scratch test measurement. As the Ti adding was 

higher than 3% the wear rate increased very rapidly to be beyond 50%. In summary, the 

optimized range of the Ti dope to maintain both acceptable wear rate and good adhesion 

properties of FCVA-synthesized Ti-doped DLC was considered not over 3 at.%. Mechanism 

involved in the phenomenon is discussed. 
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The antibacterial effect of certain metal ions, as silver, has been exploited since antiquity. 

Obviously, how to leverage the properties of this element has evolved throughout time, and is 

currentlyused in a wide range of clinical applications. 

The work presented here reports the results of an investigation focusedon combining the 

protective properties of PVD coatings with the biocidal property of silver applied by Ion 

Implantation. For this purpose, chromium nitride layers were doped with silver, using different 

doses (5x1016 and 1x1017 ion/cm2) and an energy of 100keV. 

Full characterization of the coatings was performed to determine the mechanical and superficial 

properties. Thickness of the layer, nano-hardness, roughness, wear resistance and coefficient 

of friction were measured. The distribution of Ag was analyzed using a FE-SEM and EDX. 

The anti-bacterial efficacy of the coatings was determined following the JIS Z-2801:2010 

Standard. 

The results provide important insights into the optimal concentrations for bactericidal effects and 

the influence of silver in the tribological behavior of the coatings matrix. 
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Nanoscale morphology evolution under ion irradiation 

Michael J. Aziz 
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Focused and unfocused ion beam irradiation of a solid changes the surface morphology by 

sputter erosion, ballistic mass redistribution, and material relaxation processes. Their interplay 

can result in self-organized nanoscale corrugation, dot, or hole patterns with periodicities down 

to 7 nm; self-sharpening high-sloped shock fronts that propagate instead of dissipating and 

evolve to the same slope from a range of initial slopes; and controlled closure of nanopores with 

applications to single biomolecule detection. Current understanding of these phenomena will be 

reviewed from an experimental and a theoretical perspective. 
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Nanoparticles can easily be fabricated by different physical and chemical processes and can 

also be arranged in many different patterns and shapes, by micellar techniques for example. 

However, the synthesis is usually restricted to thermally equilibrium conditions. Ion beam 

irradiation, a non-equilibrium method, is one possible subsequent approach to tune the 

properties of such nanoparticles. An important effect in this case is sputtering, especially  when 

the ion range is in the range of the size of the nanoparticle. For different purposes, it is 

important to understand the quantity of the sputtering effects on nanoparticles and how 

sputtering works on them on top of substrates due to enhanced sputtering in nanostructures 

compared to bulk-like structures or films. Hexagonal arranged gold nanoparticles with diameters 

of 50 nm on top of silicon substrates with native oxide layer were irradiated by argon ions using 

energies from 20 keV up to 350 keV and different ion fluencies. The sputtering effects were 

investigated with SEM measurements to get information about the energy- and size 

dependence of the sputteryield by measuring the  volume decrease of the nanoparticles. These 

results were compared with the simulation results by iradina  and TRIM, whereat iradina is a 

new Monta-Carlo-code, which takes the specifics of the nanogeometry into account. 
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In the present work, we investigate the evolution of topography on thermally grown amorphous 

SiO2 surface under Ar+-ion bombardment (500-1000 eV) in the angular window of 0 to 85 

degree and for a fixed fluence of 5×1017 ions cm-2. Evolution of angle-dependent surface 

topography is investigated by ex-situ atomic force microscopy (AFM). Surface are found to be 

unstable in the angular range of 40 ̶ 70 degree where different topographical features are 

observed to formed (viz. ripples, mounds, and elongated structures) whereas they remain 

smooth below 40 degree and above 70 degree. Ripple patterns develop in the angular range of 

40 ̶ 50 degree where ripple wavelengths decrease but their amplitudes (rms roughness) 

increase with increasing ion incidence angle. Beyond 50 degree, formation of broken ripples 

and/or mounds (up to 65 degree) and elongated structures (at 70 degree) take place. Ripple 

formation on the surface is explained on the basis of curvature dependent sputter erosion and 

irradiation-induced mass redistribution of target atoms. To explain the topographical features 

observed in the angular range of 40 to 70 degree, we propose that although ion sputtering plays 

a dominant role, contribution of irradiation-induced mass redistribution of target atoms cannot be 

ignored. In addition, ion-beam shadowing by surface features needs to be considered to explain 

the formation of mounds and elongated structures.  
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The driving forces for surface patterning by ion bombardment have been under discussion for 

many years. At first, a continuum theory based on competition between the surface instability 

due to curvature dependent sputtering and surface smoothing by Mullins-Herring diffusion was 

proposed [1]. Later, a continuum theory with a surface destabilizing term based on ion impact-

induced mass-drift was published [2]. Recently, this momentum transfer to target atoms by ion 

impacts has been proven to be an important driving force for pattern formation in many cases 

[3]. The redistribution by ion-induced mass-drift as well as the material loss by curvature-

dependent sputtering can be projected to the surface resulting in a crater function, a concept 

which is used now frequently [4]. 

Here, we present experiments of heavy mon- and polyatomic Bi ion irradiation of Ge and Si, 

which prove that defect kinetics in 3D [5] and melting of a surface area [6] are alternative driving 

forces for pattern formation. For that aim Ge and Si [7] were irradiated under normal ion 

incidence with monatomic and polyatomic Bi ions in the energy range of 2 to 20 keV/at. It will be 

shown that the pattern formation under Bi monomer irradiation is controlled by the target 

temperature, which can be related to a melt threshold in the ion impact volume [8]. 

 

[1] R. M. Bradley and J. M. E. Harper J. Vac. Sci. Technol. A 6 (1988) 2390. 

[2] G. Carter and V. Vishnyakov Phys. Rev. B 54 (1996) 17647. 

[3] C. S. Madi et al. J. Phys. Condens. Matter 21 (2009) 224010. 

[4] S. A. Norris et al. Nature Communications 2 (2011) 276. 

[5] R. Böttger et al. Nanotechnology submitted (2013). 

[6] L. Bischoff et al. Nucl. Instr. Meth. Phys Res. B 272 (2012) 198. 

[7] R. Böttger et al. Phys. Status Solid RRL doi:10.1002/pssr.201307127 (2013). 

[8] R. Böttger et al. J. Vac. Sci. Technol. B 30 (2012) 06FF12. 
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There is special interest in the incorporation of metallic nanoparticles in a surrounding dielectric 

matrix for obtaining composites with desirable characteristics such as for surface plasmon 

resonance, which can be used in photonics and sensing, and controlled surface electrical 

conductivity. We investigated nanocomposites produced through metallic ion implantation in 

insulating substrate, where the implanted metal self-assembles into nanoparticles. During the 

implantation, the excess of metal atom concentration above the solubility limit leads to 

nucleation and growth of metal nanoparticles, driven by the temperature and temperature 

gradients within the implanted sample including the beam-induced thermal characteristics. The 

nanoparticles nucleate near the maximum of the implantation depth profile (projected range), 

that can be estimated by computer simulation using the TRIDYN. This is a Monte Carlo 

simulation program based on the TRIM (Transport and Range of Ions in Matter) code that takes 

into account compositional changes in the substrate due to two factors: previously implanted 

dopant atoms, and sputtering of the substrate surface. Our study suggests that the 

nanoparticles form a bidimentional array buried few nanometers below the substrate surface. 

More specifically we have studied Au/PMMA (polymethylmethacrylate), Pt/PMMA, Ti/alumina 

and Au/alumina systems. Transmission electron microscopy of the implanted samples showed 

the metallic nanoparticles formed in the insulating matrix. The nanocomposites were 

characterized by measuring the resistivity of the composite layer as function of the dose 

implanted. These experimental results were compared with a model based on percolation 

theory, in which electron transport through the composite is explained by conduction through a 

random resistor network formed by the metallic nanoparticles. Excellent agreement was found 

between the experimental results and the predictions of the theory. It was possible to conclude, 

in all cases, that the conductivity process is due only to percolation (when the conducting 

elements are in geometric contact) and that the contribution from tunneling conduction is 

negligible.  
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During the last decade several bottom-up techniques have emerged which allow for creating 

very regular nanopatterns on the surface of solids by exploitation of either molecular or particle 

self-assembly effects. Often the patterns created by such techniques are of either morphological 

or compositional nature and exhibit feature sizes comparable with the dimensions of keV ion 

collision cascades. Therefore it is of big fundamental interest to study the interaction of 

energetic ions with such nanopatterned solid surfaces. At the same time ion implantation 

provides a unique tool for precisely and reproducibly modifying nanopatterned surfaces.  

In this presentation experiments are described in which ions were implanted into silicon wafers 

covered with a self-organized hexagonally close packed monolayer of colloidal spheres. The 

spheres consist of either SiO2 or polystyrene and typically have diameters between 100 nm and 

2 μm. Implantation energies can be chosen such that the spheres serve as implantation masks, 

with nanometric triangular mask openings appearing in between each triple of neighboring 

spheres. Thus local doping can be achieved in a geometry which is favorable for electrically 

contacting other nanoobjects (clusters, wires, tubes) which can be subsequently created at the 

same mask openings. Colloidal nanomasks are found to be stable enough even to perform 

high-fluence implantations of light ions such as He+, leading to a local surface swelling of the Si 

substrate at each mask opening and thus to a very reproducible large-area transfer of the mask 

pattern into a 3d-morphology on the wafer surface. Finally, ion beam induced changes of the 

nanospheres masking the substrate surfaces need to be considered as well. It will be shown 

that depending on the implantation conditions the ion irradiation may lead to significant changes 

in the colloidal masks due to a sphere deformation effect and due to ion beam induced sintering 

at the sphere contact points, in addition to the well-known sputtering and intermixing effects at 

high fluences. An outlook will be given on interactions of swift heavy ions with nanopatterned 

surfaces.  
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Low energy ion irradiation induces the formation of periodic surface patterns. These structured 

surfaces exhibit periodicities in the range of a few tens to hundreds of nanometers and are 

promising templates for producing nanostructured thin films. Periodic ripple patterns with wave 

vector parallel to the ion beam direction are observed frequently for ion irradiation at incidence 

angles between 50° and 70° to the surface normal. At normal incidence dot or hole patterns with 

hexagonal symmetry are observed only under special irradiation conditions. 

The formation of hexagonally arranged hole patterns on Ge(001) surfaces induced by irradiation 

at normal incidencewas studiedwith a scanned focused Ga+ ion beam (FIB). Hole patterns with 

characteristic length of about 50 nm are observed in a narrow energy range of 4 - 6 keV. Hole 

patterns induced by FIB irradiations were compared to broad beam Ga+ and Ge+ irradiations 

with the same ion energy. No differences were found demonstrating that FIB irradiations with a 

large overlap of the scanned beam are identical to conventional broad beam irradiations.  

Furthermore, ion the formation of checkerboard patterns on Ge surfaces was observed during 1 

keV Ar+irradiation at normal incidence and higher substrate temperature. Similar to the case of 

ion irradiated crystalline metal surfaces on the crystalline Ge surface a new instability appears 

at temperatures above the recrystallization temperature due to the Ehrlich-Schwoebel barrier. In 

this case, we observe regular checkerboard or hole patterns with the symmetry of the patterns 

reflecting the crystal structure of the irradiated surface.  
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Ion beams can modify surfaces in several different ways. Single ion impacts can create 

nanosized craters on surfaces via flow of liquid matter [1] or ordered nanostructures via 

coherent displacement of atoms from heat spikes [2]. On the other hand, multiple ion 

bombardment can lead to ordered arrays of ripple- or dot-like nanostructures [3]. In this talk I will 

review some of our work on how molecular dynamic simulations can help to understand the 

surface-induced nanostructuring [1,2], and how MD together with analytical theory can be used 

to understand also the formation of ripples [3].  

 

 

 
[1] J. Samela and K. Nordlund, Phys. Rev. Lett. 101, 027601 (2008), and cover of issue 2. [2] K. 

Nordlund, J. Keinonen, M. Ghaly, and R. S. Averback, Nature 398, 49 (1999). [3] S. A. Norris, J. Samela, 

C. S. Madi, M. P. Brenner, L. Bukonte, M. Backman, F. Djurabekova, K. Nordlund, and M. J. Aziz, Nature 

communications 2, 276 (2011) 
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It is the current understanding that no surface patterns form on elemental amorphous 
semiconductors by keV-ions if the beam hits the surface perpendicularly and if contamination with 
certain metals is avoided. This has been experimentally proven by many groups and is theoretically 
predicted by the two dominating theories of Bradley/Harper and Carter/Vishnyakov. In contrast to 
this we find under normal impact of heavy, polyatomic ions very pronounced, hexagonally ordered 
dot patterns [1]. Using monatomic ions of the same element, fluence and energy per atom, the 
surface remains flat. Consequently, the patterning must result from the collective action of several 
energetic atoms bombarding the surface in the same point at the same time. Recently we showed 
[1] that this collective action causes surface patterns only if in the collision cascade the mean energy 
posited per substrate atom exceeds the melting threshold. In Ge substrates heated to a sufficiently 
high temperature, the melting threshold can be also overcome by monatomic Bi

+ 
ions [2]. The figure 

shows a MD simulation for a Bi3
 ++

 ion impact on Ge with an energy per Bi atom of 20keV. A melt 
pool forms at the surface, which is quenched after a few hundreds of ps into an amorphous 
phase[3]. In Si substrates, patterns form (i.e. the melting threshold is reached) even at elevated T 
only with polyatomic ions [4]. Here it will be shown that this pattern formation is driven by capillary 
forces: On the one hand, melting minimizes the surface locally which, by many ion impacts, leads to 
a global smoothing of the surface ℎ 𝑥,𝑦, 𝑡  in accordance to 𝜕ℎ 𝜕𝑡~ 𝛻4ℎ (similar to laser polishing). 
On the other hand, the missing matter (due to sputtering) results in a melt pool meniscus (see 
figure), whose center is shifted with respect to the ion impact point for tilted surfaces. Thus, downhill 
from the impact more matter is missing, which is effectively an uphill current leading to a surface 

destabilizing term 
𝜕ℎ

𝜕𝑡
~𝛻2ℎ . As usual, the competition of these two processes results in pattern self-

organization 
 

 

 

 

 
 
 

 
 

 
[1] Bischoff, Heinig, Schmidt, Facsko, Pilz; NIM B272 
(2012) 198. 
[2] Böttger, Bischoff, Heinig, Pilz, Schmidt; JVST B 30 
(2012) 06FF12. 
[3] Anders, Heinig, Urbassek; to be submitted to 
Phys. Rev. B87 (2013) 245434. 
[4] Böttger, Heinig et al.; Phys.Stat.Sol. RRL DOI 
10.1002/pssr.201307127, 2013
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The most recent development in the area of ion-beam processing of nanostructures is 

nanoscale fabrication of ion induced self-organized nanostructures at semiconductor surfaces. 

Forming nanostructures in this way is advantageous because one can grow them over a large 

area through a single step processing and it is much faster in comparison to the conventional 

lithographic techniques. The main process involved here is the ion sputter erosion which leads 

to various nanoscale surface topographies, viz. dots, ripples, and facets. It is also feasible to 

tune the size of such nanostructures by varying the sputtering parameters such as ion-energy, -

fluence, -flux, incident angle, and the sample temperature. Such nanostructures are fabricated 

on semiconductors (both elemental & compound semiconductors), oxides, and metals using a 

few hundreds of eV to a few tens of keV ions. In this talk, we present results on ion induced 

pattern formation on various surfaces, review the possible role of various factors which govern 

such nanostructure formation at different energy regimes, and try to understand the possible 

linkage between low to intermediate energy patterns. In addition, we show some potential 

applications of low energy ion induced patterned surfaces.  
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Surface patterning by ion beams is a well-established technique to create self-organized regular 

surface patterns. Resulting morphologies depend on ion species, their energy, applied fluences, 

target temperatures and incidence angles. Emerging applications of surface nanopatterns are 

under discussion in particular for electronic, photonic and magnetic nanodevices. The irradiation 

of different matter with focused monatomic ions like Ga or Bi is a well-known application. Here, 

a novel approach is presented: the use of heavy polyatomic Bi2 and Bi3 ions promises high 

intensity sputtering and new kinds of surface morphologies. The ultra-heavy Bi ions emitted 

from a liquid metal ion source in a mass-separated FIB instrument are directed to GaAs 

surfaces.  

 The irradiation with monatomic Bi ions at normal incidence creates deep sputtering 

craters without any pattering or Ga precipitation on the crater bottom, which is known from 

conventional Ga FIB irradiation of GaAs. However, using the much heavier projectiles Bi2 and 

Bi3 leads to Ga droplet formation on the GaAs crater base. With increasing projectile mass, i.e. 

higher deposited energy in the ion collision cascade of polyatomic ions, more and smaller Ga 

droplets are found. The phenomenon of surface evolution investigated for monatomic as well as 

heavy Bi dimer and trimer ions is presented in dependence of the ion species, the energy, the 

angle of incidence as well as the target temperature in the range from RT up to 400°C. 
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GaAs (100) wafers were exposed to 1.5MeV Au2+ ions at varying angle of 30o and 90o 

and Atomic Force Microscopy and micro-Raman spectroscopy were employed to study the 

surface nanostructure and structural modifications. Different kinds of surface nanostructures 

formation have been observed starting from nanorings, nanodots and  nanopits on the irradiated 

surfaces were observed. Micro-Raman studies at room temperature reveal optical phonon 

softening due to phonon confinement in the surface nanostructures. The observed features 

have dimensions ranging from nanometer to micrometers. The RMS surface roughness is found 

to be varying with incident angle and fluences which also indicate smoothing of surfaces in few 

cases. The observed features will be discussed in realm of ion-matter interaction on MeV 

regime, ion induced plastic flow along with the creation of dangling bond on the irradiated 

surfaces.  

 
 
 
 

 
 
 
 
 
 
  
 
 
 
 
 
 
 

mailto:opsinha@amity.edu
mailto:sinhaop@gmail.com


 

 
86 

Tuesday, September 17                 INV.C6  

Ripples, Nano-Fabrication 

Nanofabrication of Graphene on SiC by Multi-Ion Beam Lithography 
 
Joseph Klingfus1, SefaattinTongay2,3, Maxime Lemaitre4, Arthur F. Hebard3, Brent Gila4,5, Joel 
Fridmann1, Achim Nadzeyka6, Fan Ren7, Xiaotie Wang7, Dinesh K. Venkatachalam8, and Robert 
G. Elliman8, Bill. R. Appleton2,4 
 
1
Raith USA Inc., Ronkonkoma, NY; 

2
Nanoscience Institute for Medical and Engineering 

Technologies, University of Florida, Gainesville, FL;
3
Department of Physics, University of Florida, 

Gainesville FL; 
4
Department of Material Science and Engineering, University of Florida, Gainesville, 

FL; 
5
Nanoscale Research Facility, University of Florida, Gainesville FL; 

6
Raith GmbH, Dortmund 

Germany;
7
Department of Chemical Engineering, University of Florida, Gainesville, FL; 

8
Department 

of Electronic Materials Engineering, Australian National University, Canberra Australia  

 
Promising techniques for growing graphene on SiC single crystals for electronic device 
fabrication include heating in UHV above the graphitization temperature (TG)1; or processing 
them in vacuum using pulsed excimer laser2.  
 

Here we report an approach that combines ion implantation, thermal or pulsed laser annealing 
(PLA), and multi-ion beam lithography (MIBL) to both pattern and synthesize graphene 
nanostructures on SiC single crystals at low temperatures3,4. This approach utilizes a MIBL 
system developed at the University of Florida in collaboration with Raith for 
implantation/nanofabrication, in combination with thermal annealing in vacuum or PLA with a 
25ns pulsed ArF laser in air. To investigate the mechanisms and the effects of the implanted 
species, ion damage, and annealing, samples were also subjected to broad-area ion-
implantations using facilities at the Australian National University.  
 

We show that implantation of Si, Ge, Au, or Cu followed by thermal annealing in vacuum below 
the TG of SiC can selectively grow graphene only where the ions are implanted, and that 
graphene nanoribbons a few nanometers to microns wide can be formed using MIBL. 
Additionally, we will show that graphene can be formed on implanted and/or unimplanted SiC by 
ArF PLA in air, at fluences from 0.4-1.2 J/cm2 AES, SEM, X-sectional TEM, micro-Raman 
analyses and heat flow simulations are presented to verify graphene growth and explain the 
effects and mechanisms involved.  
 

We also report recent findings on graphitization of SiC using patterned Ga implantation, in which 
the implanted regions exhibit reduced TG.Capabilities and other possible applications of the 
unique multi-species ion beam lithography instrument used in this research will also be 
discussed. 

 
1. Conrad, P. N. First, and W. A. de Heer, J. Phys. Chem. 108, 19912 (2004)  
2. S. Lee, M. F. Toney, W.Ko, J. C. Randel, H. J. Jung, K.Munakata,J. Lu, T. H. Geballe, M. R. Beasley, 

R. Sinclair, H. C. Manoharan, and A.Salleo, ACS Nano Vol.4, No. 12, 7524-7530 (2010).  
3. S. Tongay, M. Lemaitre, J. Fridmann, A. F. Hebard, B. P. Gila, and B. R. Appleton, Appl. Phys. 

Lett.,100, 073501 (2012) 
4. M. G. Lemaitre, S.Tongay, X. Wang, D. K. Venkatachalam, J. Fridmann, B. P. Gila, A. F. Hebard, 

F.Ren, R. G. Elliman, and B. R. Appleton,Appl. Phys. Lett.,100, 193105 (2012) 
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Proton beam writing has shown great potential for the fabrication of 3D nanostructures in 

polymers as well as Ni down to the 20 nm level. The focus of this paper is the fabrication of high 

quality polymer resist molds for PDMS soft lithography as well as Ni molds for nanoimprint 

lithograph.  

An easy method is introduced allowing fast polydimethylsiloxane (PDMS) replication of 

nanofluidic lab-on-chip devices using accurately fabricated molds featuring cross-sections down 

to 60 nm. A high quality master is obtained through proton beam writing and UV lithography. 

This master can be used more than 200 times to replicate nanofluidic devices capable of 

handling single DNA molecules. This method allows fabricating nanofluidic devices through 

simple PDMS casting. To achieve fluidic circuits with smaller dimensions proton beam writing in 

combination with Ni electroplating is presented as a potential technique to fabricate accurate Ni 

molds for high volume production of nanofluidic lab on chip devices. 
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Trends and Applications for MeV Electrostatic Ion Beam Accelerators  
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The 1970's into the 1980's saw a major broadening of applications for electrostatic accelerators. 

Prior to this time, all accelerators were used primarily for nuclear structure research. In the 70's 

there was a significant move into production ion implantation with the necessary MeV ion beam 

analysis techniques such as RBS and ERD. Accelerators are still being built for these materials 

analysis techniques today. However, there is still a great ongoing expansion of applications for 

these machines. At the present time, the demand for electrostatic accelerators is near an all 

time high. The number of applications continues to grow. This talk will touch on some of the 

current applications which are as diverse as nuclear fission reactor developments and 

pharmacokinetics. In the field of nuclear engineering, MeV ion beams from electrostatic 

accelerators are being used in material damage studies and for iodine and actinide Accelerator 

Mass Spectrometry (AMS). In the field of pharmacokinetics, electrostatic MeV accelerators are 

being used to detect extremely small amounts of above background 14C. This has significantly 

reduced the time required to reach first in human studies. These and other applications will be 

discussed. 
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The Center for Irradiation of Materials (CIM) at Huntsville, Alabama was founded by the D. ILA 

to conduct research and services to meet the needs of the local aerospace community. Soon 

students and colleagues from various Alabama universities, various states, and other countries 

added their needs and expatiations to the scope of work at the CIM. Soon after the 

establishment of CIM the Ion Beam Modification of Materials (IBMM) course, Ion Beam Analysis 

(IBA) of materials course and summer training were added to the list of needs and expectations 

from CIM team, in order to enhance the education and research capabilities at Alabama A&M 

University (AAMU) and provide services needed by the Aero Space, Defense community and 

Industries at Huntsville, Alabama, as well as several other cities within 1000 miles of Huntsville, 

AL. As the result of establishment of the Center for Irradiation the annual grants at AAMU was 

increased to additional $7M per year and annual contract because of the CIM was increased by 

nearly $5M/year. The total number of summer students trained at this facility was between 10 to 

20 students each summer and nearly two dozen graduate students per year took the IBMM/IBA 

graduate courses and used this facility regularly. The major focus of this program is ion beam 

modification materials in order to change chemical, physical and mechanical properties, as well 

as develop new and innovation method of IBMM and IBA. The optical, electrical, thermal and 

mechanical properties of ion beam modified materials were, mostly, measured in situ at CIM. 

Similarly, various devices designed and prototyped at CIM, such as Bio-Chem sensors, 

detectors, nanopours, ion beam sources, and optical devices, by CIM team as a part of joint 

research and development with industries by CIM team during the past many years. In this talk 

we will present the historical perspective of this joint effort and plans for similar capability.  

 

CIM Team: R. L. Zimmerman, L. R. Holland, D. B. Nisen, E. K. Williams, A. L. Evelyn, C. I. Muntele, S. 

Budak, and more. 
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Throughout many decades of the 20th century, and starting even earlier, great progress 

was made in advancing ion beam techniques and equipment. Many individual researchers and 

organizations contributed to enormous progress in a new field of technology. Although the 

traditional ion beam technology has been evolving for more than 100 years, development of 

cluster ion beam technology began only about a quarter century ago. Industrial applications of 

cluster ion beams did not start to be explored until commercial equipment was first introduced to 

the ion beam community in about 2000. Cluster ion beam approaches are not yet extensively 

known because they still remain relatively new and they involve basic concepts, procedures and 

equipment that are very different than those associated with traditional ion beam techniques. 

However, the technology is now developing rapidly in the areas of equipment and applications 

based upon unique interactions with solid surfaces. In the development of cluster ion beam 

technology, numerous studies have contributed to important progress in areas such as 

formation of supersonic beams and in understanding of cluster nucleation, aggregation 

phenomena, and ionization characteristics which are different than those of individual atoms or 

molecules. Although the development period to date has been short, several remarkable 

cluster-ion/solid-surface interaction effects have been identified and are now being used for 

nanotechnology surface processing applications. Major challenges involved in developing 

practical production equipment for such applications have been successfully overcome. 

Characteristic irradiation effects of cluster ion beams, such as very low energy bombardment 

phenomena, lateral sputtering behavior, and highly enhanced chemical interaction effects, are 

becoming increasingly utilized for practical industrial processing of material surfaces. In this 

presentation, historical milestones of cluster ion beam development will be described. Present 

activities related to a wide range of applications in semiconductors, magnetic and optical 

devices, and bio-medical devices will be discussed and prospects for additional advances in the 

future will be considered. 
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Low damage sputtering of organic materials with gas cluster ion beam (GCIB) attracts many 

attentions for surface cleaning, depth profiling or secondary ion mass spectrometry of organic 

materials. However, there is a trade-off between the etching rate and the damage formation on 

organic materials. In this study, we performed GCIB irradiation on organic materials with H2O 

vapor introduction in order to increase the etching rate without inducing irradiation damages. 

When H2O vapor was introduced during Ar-GCIB irradiation on PMMA, the etching rate of 

PMMA increased almost two times compared to those without H2O introduction. GCIB enhance 

the reactions of adsorbed H2O and PMMA because of dense energy deposition. We also 

performed in-vacuum XPS analysis on PMMA surface before and after Ar-GCIB irradiations. 

After peak separationof C1s (C-C, C-O, and O-C=O bonds), differences of each peak intensities 

from the initial peaks were evaluated. It was found that the change in peak intensity was almost 

negligible after 5 keV Ar-GCIB irradiation with H2O vapor. Since the etching rate becomes 

higher with H2O introduction, the thickness of damaged layer becomes thinner compared to 

those without H2O.  

 
 

 

 

 

 

 

 

 

 



 

 
95 

Wednesday, September 18                  OR.B2  

Facilities and New Approaches 

Development of compact ion implanter for gemstones applications 
 

S. Intarasiri1, A. Wijaikhum2, D. Bootkul3, U. Tippawan2, D. Suwannakachorn2, 

S. Singkarat2 

 
1Science and Technology Research Institute, Chiang Mai University, Chiang Mai 50200, 

Thailand 
2Plasma and Beam Physics Research Facility, Department of Physics and Materials Science, 

Faculty of Science, Chiang Mai University, Chiang Mai 50200, Thailand 
3Department of General Science (Gems & Jewelry), Faculty of Science,  

Srinakharinwirot University, Bangkok 10110, Thailand 

E-mail: saweat@gmail.com (S. Intarasiri) 

 

Ion implantation technique was applied as an effective non-toxic treatment of the local 

Thai natural corundum including sapphires and rubies for the enhancement of essential qualities 

of the gemstones. Energetic oxygen and nitrogen ions at medium and low energies of various 

fluences were implanted into the precious stones. It has been thoroughly proven that ion 

implantation can definitely modify the gems to desirable colours together with the colour 

distribution, transmission and lustre properties. These modifications lead to the improvement of 

quality of the natural corundum and thus the market value adding. Possible mechanisms of 

these modifications have been proposed. The main causes could be the changes in oxidation 

states of impurity metals, induction of charge transfer from one metal cation to other and the 

production of colour centres. In any manner, a compact and user friendly ion implanter is 

required for applying the technique into the gemology industry. We have succeeded in 

constructing the high-current compact ion implanter of only 1.4 m long, from ion source to 

irradiation chamber, for the purpose. It has been proved to be very effective for corundum, for 

example, color improvement of blue sapphire, induction of violet sapphire from low quality pink 

sapphire, amelioration of lead glass filled rubies, and clarification of dull white sapphire. Details 

of tool set-up and recent research results will be discussed. 
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The use of the gas field ion sources is slowly transforming the old dream of shaping materials 

on the scale of atoms. In this talk I will review the latest advances in the materials processing 

with subnanometer focused helium and neon ion beams. Processing includes milling, ion beam 

induced deposition and etching, lithography, and materials modification. Special attention will be 

given to the smallest details that can be achieved and the factors, such as surface 

contamination and damage formation, that restrain applications. Examples from our laboratory 

include resolution limits of lithography, milling electrodes in graphite or transistors in graphene, 

fabrication of nanopores in membranes, and the preparation of TEM specimens. 
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Nanostructures produced by individual slow highly charged ion (HCI) impact on surfaces have 

been a hot topic recently (see [1 - 4] and refs. therein). In this contribution we describe the use 

of slow highly charged ions as a simple tool for the fabrication of nanopores with well-defined 

diameters typically between 10 and 20 nm in freestanding, 1 nm thick carbon nanomembranes 

(CNMs) [5]. When CNMs are exposed to a flux of highly charged ions, for example Xe40+, each 

individual ion creates a circular nanopore, the size of which depends on the kinetic and potential 

energy of the impinging ion. The controlled fabrication of nanopores with a uniform size opens a 

path for the application of CNM based filters in nanobiotechnology. First evaluations of the size 

distribution of the created pores indicate that the average diameter of a hole induced by a given 

ion depends strongly on the potential energy of the projectile ion, but is also influenced by the 

kinetic energy. 

 

 

[1] A S El-Said, et al., Phys. Rev. Lett. 109, 117602 (2012).  

[2] R. Heller, et al., Phys. Rev. Lett. 101, 096102 (2008).  

[3] A S El-Said, et al., Phys. Rev. Lett. 100, 237601 (2008).  

[4] F. Aumayr, et al., J.Phys.: Cond.Mat. 23, 393001 (2011). 

[5] R. Ritter et al., Appl. Phys. Lett. 102, 063112 (2013). 
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Since the 1970s it has been known MeV heavy ions efficiently sputter insulating targets. 

An analysis technique, Plasma Desorption Mass Spectrometry (PDMS)1, resulted in 

commercial instrumentation which employed Cf fission fragments as a source of MeV heavy 

ions. The technique was able to desorb large molecular secondary ions (>10kDa) from 

surfaces, which at the time was not possible with standard secondary ion mass spectrometry 

(SIMS) techniques using lower keV energies. In the 1980s, however, Laser Desorption 

techniques (such as Matrix Assisted Laser Desorption (MALDI) were also being demonstrated, 

which didn’t require the presence of radioactive material or a large accelerator. The use of 

clusters in conventional SIMS also allowed much higher molecular masses (~10kDa) to be 

imaged. Consequently PDMS was all but forgotten.  

There has been a resurgence of interest in the technique recently when it was shown the PDMS 

(renamed MeV-SIMS) can be used with a focussed beam2 to produce images with a much 

higher spatial resolution than is currently possible with laser techniques such as MALDI. It has 

also been demonstrated that the technique can be performed simultaneously with Heavy Ion 

PIXE measurements3. One of the limitations of SIMS techniques (including MALDI) is the 

effects of the matrix on the secondary ion yield which can make even relative measurements 

difficult and isotopic isomers which can even make trace elemental identification difficult, the 

combination with the PIXE elemental signals removes some of the ambiguity in these 

measurements.  

A further recent development has been the demonstration that the Mass Spectrometry can be 

performed at pressures above the vapour pressure of water enabling SIMS to be performed on 

wet samples4.  

The new equipment being commissioned is described, which will allow simultaneous MeV-SIMS 

and PIXE to be collected in full ambient pressures with a micron beam resolution. SIMS spectra 

taken for the first time at ambient pressure and in vacuum are presented to demonstrate the 

versatility and potential of this new instrument. The potential application areas for this technique 

will be discussed.  
 
1. J.Bergquist, P.Hakansson, B.Sunqvist, R.Zubarev, Int J. Mass Spec. 268, 73-82, (2007)  
2. Y.Wakamatsu, H.Yamada, S.Ninomiya, B.N.Jones, T.Seki, T.Aoki, R.P.Webb, J.Matsuo, NIMB, 269, 2251-2253, 
(2011)  
3. B.N.Jones, V.Palitsin, R.P.Webb, NIMB, 268, 1714-1717, (2010)  
4. J. Matsuo, S. Ninomiya, H. Yamada, K. Ichiki, Y. Wakamatsu, M. Hada, T. Seki, & T. Aoki, Surf. & Interface Anal., 
42, 2010, 1612-1615  



 

 
99 

Wednesday, September 18                INV.B5 

Facilities and New Approaches 

Next generation plasma tools for material surface modification by 

electron and ion beams 

 

A.Goncharov1, V. Gushenets2,  A.Dobrovosky1, I.Littovko1 and E.Oks2
 

 

1  Institute  of Physics NAS  of Ukraine, Kiev, 03028, Ukraine 
2 Institute of High Current Electronics, Tomsk, 634055, Russia 

E-Mail :  gonchar@iop.kiev.ua  
 

This report is to review the current status of ongoing research and development of the 

novel generation plasma tools based on the cylindrical electrostatic plasma lens configuration 

suitable for material surface modification by high current electron and ion beams. The results 

carried out in recent years collaboratively between IP NASU (Kiev), LBNL (Berkeley,USA) and 

HCEI RAS (Tomsk). The electrostatic plasma lens is a well-explored tool for focusing and 

manipulating high-current, large area, energetic, heavy ion beams, providing a convenient, 

simple and quick way of carrying out high-dose ion implantation. The basic concept of this kind 

of lens is based on application plasma optical principles of magnetic insulation electrons and 

equipotentialization magnetic field lines for the control of over thermal electric fields introduced 

into the plasma medium. The crossed electric and magnetic fields inherent the plasma lens 

configuration provides the attractive method for establishing a stable plasma discharge at low 

pressure. Using plasma lens configuration in this way several low cost, low maintenance, high 

reliability plasma devices using permanent magnets and possessing considerable flexibility 

towards spatial configuration were developed. These devices can be applied both for fine ion 

cleaning, activation and polishing of substrates before deposition and for sputtering. One 

particularly interesting result of this background work was observation of the essential positive 

potential at the floating substrate. This suggested to us the possibility of an electrostatic plasma 

lens for focusing and manipulating high-current beams of negatively charged particles, electrons 

and negative ions, that is based on the use of the dynamical cloud of positive space charge 

under condition of magnetic insulation electrons. The first experimental and theoretical 

investigations of intense wide-aperture no relativistic electron beams focusing due to plasma 

lens with positive space charge cloud are presented. We describe also the original  approach for 

effective additional elimination of micro droplets in a density flow of cathode arc plasma. This 

approach is based on application the cylindrical electrostatic plasma lens configuration for 

introducing at volume of propagating along axis’s dense plasma stream convergent radially fast 

energetic electron beam produced by ion –electron secondary emission from electrodes of 

plasma optical tool 
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Ion irradiation at liquid-solid interface is quite attractive process because it can be applied to 

material production, composition analysis, radiation tests and surface modification.  In this 

paper, we report deposition of platinum nanoparticles on substrates by H+ ion irradiation in 

liquid.  

The irradiation in liquid has been enabled using a tapered glass capillary with a thin lid at the 

tip.  The inlet diameter of the capillary was 1.8 mm and outlet diameter was around 100 um. 

They have a lid of Kapton (polyimide) film as a partition wall. 3MeV H+ ion beam of a tandem 

accelerator (Pelletron) is focused and guided by small angle scatterings with inner wall of 

tapered glass capillaries with inserted in a liquid container. The beam current was set at 2 nA. 

The ion range of 3MeV H+ in water after passing through the window is calculated to be 140um. 

The substrate of glassy carbon, carbon cloth,Kapton and Teflon (polytetrafluoroethylene) was 

set perpendicular to the beam at the distance of 100 um and moved by a stage controller.The 

irradiation was performed in 1mmol/L hexachloroplatinic(IV) acid (H2[PtCl6]) with 10 vol% 

ethanol as a reducing agent. By using this solution, formation of platinum particles was reported 

with gamma or electron irradiation 

Proton irradiation in the solutionwithout substrate showed a formation of black cloudlike 

substance floating around the tip of the capillary. The nanoparticles of 5-10 nm were observed 

by TEM in filtered products.   The EDX analysis showed the particles consist of platinum with 

little contamination of chlorine. The particles were uniformly supported on the sample surface by 

scanning irradiation. The numbers and the density of particles on the surface depended on the 

substrate and the scanning speed. The particles attached on the substrate can be grown up by 

additional irradiation and finally we could make a dense platinum coating on substrates. 
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Ion-solid bombardment is considered as one of the most promising and powerful techniques in 

material nanostructuring. Recently, slow highly charged ions (HCI) have shown their high 

effectiveness in creating surface nanostrcutures in various solids. The size and geometry of the 

created nanostructures strongly depend on the selected material as well as on the ion 

parameters [1-3]. Here, we focus on the surface modifications of BaF2 and CaF2 single crystals 

by HCI. Despite the fact that both materials belong to alkaline-earth fluorides with the same 

crystalline structure, they showed a different sensitivity for HCI-induced nanostructures [4,5]. 

The similarities and differences for the creation of HCI-induced nanohillocks and etch pits in 

both materials will be discussed in terms of the potential and kinetic energy dependence. 

Furthermore, we will compare the obtained results with modifications induced by swift heavy 

ions (SHI) in both materials, aiming for reaching a better understanding of the mechanisms 

responsible for the creation of nanostructures in ionic fluoride single crystals [6,7]. 
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Self-assembled nano structure formation due to ion irradiation has attracted great interest in 

recent years because of its convenient applicability without requiring complex lithographic 

patterning. In this work we use Gas Cluster Ion Beam (GCIB) to fabricate nano structures on 

surfaces of Si, SiO2, Au, Ag etc.With this approach, we have successfully fabricated nano 

structures with aspect ratios of ≥ 50 % using relatively low GCIB irradiation fluence compared to 

monomer ion beam fluence. Unlike monomer ions, GCIB consists energetic singularly charged 

cluster ions, and each cluster consists thousands of atoms with very low energy (in eV 

range).Thesimultaneous arrival of atoms create synergetic reactions generating significant 

modifications proximity to the surface. GCIB irradiated normal to a surface generates lateral 

sputtering of atoms and produces smooth surface. When a surface is irradiated at an oblique 

angle, GCIB produces self-assembled nano patterns that resembles sand ripple and 

dunepatterns, which are formed perpendicular to the direction of the surface component of the 

incident cluster ion beam. Ripple shape can be controlled by changing the material, the incident 

angle, and irradiation fluence. We have investigated properties of nano rippled surfaces with 

potential applications in bio-medical research. These include cell adhesion, hydrophobicity or 

hydrophilicity of rippled surfaces, and the capability of generating localized surface plasmons for 

surface Raman enhancement. In this presentation an overview of these applications of GCIB 

induced nano structures will be discussed.   
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Hybrid discharge power supplies have been developed for high power pulsed magnetron 

discharge (HPPMD). Several types of circuit configuration has been described and also this 

work demonstrates that the new hybrid technology for the film growth, called as the “high power 

pulsed magnetron sputtering plasma ion implantation & deposition” (HPPMS-PIID) is the 

effective method for a controllable growth of the interfacial nano-layer of the multi-functional 

layer films for the first time.  As an example, a CrN ceramic film with a controllable interfacial 

design and growth was prepared by HPPMS-PIID on the stainless steel substrate. The atomic 

level insight on the microstructure of the interfacial growth of the CrN/Cr-Steel films was 

investigated by the high-resolution transmission electron microscope (TEM). The results 

showed that the film and substrate was effectively connected by an interfacial nano-layer with 

the thickness of about 40 nm, which had a coherent structure with a gradient composition 

between the steel substrate and the Cr middle layer to ensure the excellent adhesion with an 

ultra-dense microstructure with free-pores or free-voids.  It can be expected that the hybrid 

HPPMS-PIID technology can be used for the growth of thin film materials with the multi-

functional layers in the applications of solar cells, energy storage,  mechanics, lubrication, 

aeronautics and astronautics, etc.   
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In recent years, dielectric barrier discharges (DBD) have been found to be versatile tools to 
generate plasma at atmospheric pressure for the treatment of wood and wood based materials. 
In this talk, plasma physical and technical, analytical and application relevant aspects of the 
plasma treatment of wood and wood-based materials are presented. Surface characteristics, 
which are application-technological interesting for a later coating or adhesion, can be 
specifically generated with the use of ambient air plasma. Surface energy determination and 
adhesion tests show that the surfaces of wood and wood-based materials can be changed for 
specific applications. Atomic force microscopy analyses of wood composites reveal that a 
plasma treatment with the use of ambient air effects an abrasion and a changed surface 
roughness. Tensile tests and shear tests of coated or adhered wood-based materials with 
plasma pre-treatment show a clearly increased adherence. 
 
Furthermore, it could be demonstrated that the absorption characteristics of wood veneers can 
be significantly improved by a plasma treatment. Also, the feasibility of plasma polymerization 
on wooden substrates at atmospheric pressure to create water-repellent characteristics has 
been investigated. Atmospheric pressure plasma setups using reactive gases or precursors 
(HMDSO) can be used for thin-layer deposition. Surface analytic techniques were used to 
investigate  the morphology and the chemical composition of layers created by plasma 
polymerization techniques on wooden surfaces. 
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In contrast to some tropical timbers, abundant local wood species do not resist well to 

weathering and are therefore not suited as a construction material in the outdoor area. To 

protect wood and wood composites from damage due to water uptake, water repellent coatings 

were deposited on wooden surfaces by plasma polymerization. Plasma polymerization is known 

to be a useful procedure to deposit thin films. In this study, beech and spruce samples were 

exposed to an atmospheric pressure plasma with ethylene and argon as feed gas. Since wood 

is very thermo sensitive, a dielectric barrier discharge creating a non-thermal plasma was used 

to deposit thin and transparent films by polymerization of ethylene. The effects of varying the 

argon/ethylene ratio and the discharge power on the coating were investigated by means of 

contact angle and water uptake measurements. Furthermore, Fourier Transformed Infrared and 

Attenuated Total Reflection Spectra of the films were analyzed. All other parameters, e. g. the 

total volume flow rate, the duration of treatment and the power frequency, were kept constant. 

The coatings were found to consist mainly of material similar to polyethylene and to be 

hydrophobic. Hence, this procedure is a promising approach to develop coatings that protect 

wood from damage due to water uptake. 
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Surface modification by electron beam irradiation is one of the most advanced industrial and 

scientific techniques for improving surface properties of a polymer. High energy irradiation of a 

biogenic polymer like wood is of interest from different perspectives, since this modification 

process may beneficially influence various functional and structural properties of wood. 

In this study, different wood species, process parameters (e.g. irradiation dosage and process 

atmosphere) and material pre-treatments were used. The changes in surface chemistry and 

further physical properties (e.g. discoloration and surface hardness) were analysed.  

The results of infrared spectroscopy studies show the effect of the various irradiation dosages. 

Moreover, several results were also obtained from the artificial weathering tests and mechanical 

strength tests. For specific applications, this wood surface modification process can contribute 

to improving the functional and structural properties of wood. These results provide a helpful 

basis for further fundamental research. 
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Due to its chemical structure, wood is sensitive to biological attacks, as fungi, insects, blue stain 

or decay. Degradation mechanism of unprotected wood exposed outdoor starts with lignin 

decomposition by UV radiation, leading to the formation of water soluble compounds. Once 

those compounds have been washed away, cellulose is directly exposed to specific outdoor 

solicitations. Very hydrophilic, cellulose adsorbs water, which makes fungi colonization most 

likely to occur. Wood surface is hence heterogeneously colored, which is considered as a major 

drawback of wood usage outside. The most efficient protection of lignin from light is the 

application of pigmented covering coatings that regrettably hide the natural aspect of wood. 

Transparent coatings, while limiting decay thanks to the water / moisture barrier effect, will still 

allow it. Wood degradation right underneath the coating layer results in delamination. To 

significantly reduce wood sensitivity to photodegradation, the elimination of lignin from wood 

surface is the way considered in this work.  

 

To assert suitability of outdoor natural weathering as a wood surface delignification process, 

systematic FTIR analysis has been carried out on wood samples exposed outside, at several 

depths, regularly in the timeframe of 6 month. The evaluation of lignin amount in wood is made 

possible by following the area change of the FTIR peak of C=C aromatic binding elongation 

(around 1’500 cm-1). In this way, the progression of lignin degradation with time and depth has 

been systematically performed, and led to the development of a computer model for 

photodegradation. Based on the comparison between modeling and measurements, 

photodegradation was observed to be mainly a surface phenomenon, up to 250μm. 
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Tannin based rigid foams are one of the most interesting bio-based materials developed in the 

last decades. These foams have shown good insulation properties and outstanding resistance 

against fire. Notwithstanding this, the industrialization of these products was hindered for two 

main reasons: (i) High VOC content (e.g. formaldehyde and diethyl ether) and (ii) high water 

absorption.Recent upgrades of the original formulation haveallowed the synthesis of 100% bio-

based materials in whichformaldehyde and diethyl etherwere fully replaced with other natural 

resources. These improvementshaveskyrocketed the interest of the insulation industry for 

theseformaldehyde-free tannin foams. 

Despite the complete natural outward, thisnew generation of bio-foams were still strongly water 

sensitive and hence a further improvement torender the surface more hydrophobic was 

required. 

The approach presented in this paper consists in the surface modification of the foams obtained 

undergoing the samples to continuous exposure to a 50 kW/m² infrared beam. 

It was observed that theexposure to such a strong heat sourcefor short time modified the 

surface that became more opaque. 

This process was monitored through ATR FT-IR spectroscopy that has pointed out 

aconsiderable rearrangement of the molecules exposed to the beam. The OH- groups of the 

polymer decreased after IR exposure, while the peaks due to aromatic vibrations increased. 

Both these chemical transformationscontribute in rendering the tannin foam less hydrophilic and 

therefore highly suitable for insulation purposes. The spectroscopic investigation has also 

allowed to observe that the furanic part of the polymer seems to be more sensitive to the 

rearrangement process than its flavonoid counterpart. 

Longer exposure to the infrared beam (60 seconds at 4 W/cm² and 180 seconds at 2.5 W/cm²) 

have allowed to prove that although thismaterialis threefold less dense and threefold less heat 

conductive, it hassimilar radiant heat fluxes than solid wood.  

Summarizing, the present study propose an effective method forrendering the surface of these 

new-generation bio-foamsmore hydrophobic and it also reveals further interesting thermal 

properties for such an innovative insulation material forbuildings. 
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Electrostatic charging of fibrous materials are of concern for the performance of electret filters 

and comfort issues of textiles. However there is a huge controversy in the characterization 

techniques of ion beam irradiated or corona discharged fibrous materials. In this study we 

reported a reliable, simple surface potential measurement method. Large variations in potential 

measurements were found to be mostly due to structural nonuniformity such as packing density, 

thickness and fiber-fiber proximity. Test samples were prepared after optimizing those 

parameters and we were able to reduce coefficient of variation below 15%.  Methods that were 

developed so far were also reviewed.    
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Polyamides (Nylon-6) are engineering plastic with excellent properties which are useful in 

several industrial applications and are valued for their high strength and processability. The 

addition of filler such as diamond coated Carbon Nano Tubes (CNTs) to form molded 

composites has increased the range of polyamide applications due to the resulting increase in 

strength. The effects of electron-beam radiation on these thermoplastic nanocomposites are 

either increases the cross-linking or causes chain scission. In this study, DN-coated CNTs were 

synthesized using the sonochemical technique in the presence of cationic surfactant CTAB. 

These hybrid nanoparticles were characterized using TEM and X-ray diffraction analysis. The 

nanoparticles were then infused into Nylon-6 polymer through a melt extrusion process to 

producenanocomposite fibers. These fibers were tested for their mechanical & thermal 

properties (e.g. tensile and Differential Scanning Calorimetry). To observe the effect of ion beam 

radiation these composites were further exposed to the ion-beam (160 KGy, 132 KGy and 99 

KGy) using a 1.5 MeV electron beam accelerator, at room temperature, in the presence of air 

and tested for their thermal and mechanical properties. The ultimate tensile strength was found 

to be 521 MPa,690 MPa and 425 MPa for radiated(99 KGy,132 KGy and 160 KGy) 

DN/CNTs/Nylon-6 single fibers as compared to 346 MPa for DN/CNTs/Nylon-6 single fibers 

without irradiation and 240 MPa for neat Nylon-6 single fibers respectively. Scanning Electronic 

Microscope of the fracture surface was also studied. Differential Scanning Calorimetry (DSC) 

analysis results show that the degree of cure was increased because of cross-linking which was 

expected at high electron-beam radiation dose.  

 

 

 

 

 

 

 

 

 



 

 
113 

Wednesday, September 18                INV.C2 

Wood and Organic Materials 

Application of Ion Beam Biotechnology in Restoration of Ecosystem 

 

Huiyun Feng & Zengliang Yu 

 

Bioenergy Forest Research Center of State Forestry Administration,  

Key Lab of Ion Beam Bioengineering, Chinese Academy of Sciences， 

P. O.Box 1126, Hefei, 230031, P. R. China 

 

Desertification and eutrophication are manifestations of impared ecosystem. Ion beam 

biotechnology could be used to modify xerophilous and hydrophilous plants and 

mutants with enhanced resistance to extreme environment could be selected. These 

plant species can therefore be grown in desert for vegetation reconstruction and in 

eutrophic water body to absorb nitrates and phosphates. 

 

Ion implantation into plant seeds can be performed without pretreatment, whereas for 

asexual propagation species, such as dry land willow, germinating buds on twigs are 

the targets for implantation. To implant ions into buds in vacuum, protection of not-to-be 

implanted area with thin layer of film or wax is necessary to prevent dehydration in 

vacuum.  

 

Ion implantation was performed on liquorice (Glycyrrhiza uralensis) and mutant that 

showed vigorous growth in 30% humidity was obtained. Mutant with enhanced drought 

resistance, from ion implanted dry land williow (Salix matsudana), grew with better 

performance in desert than control. Plants grown from ion implanted water spinach 

(Ipomoea aquatica) seeds displayed increased absorption of nitrates and phosphates in 

nutrient solution, and when grown in large-scale in eutrophic lake water quality was 

greatly improved.  
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In order to study structural, thermal, optical and dielectric behaviors, samples of polystyrene/Cu 

nanocomposites were irradiated with carbon (85 MeV) and silicon (120 MeV) ions. The changes 

in properties were analyzed using different techniques viz: X-ray diffraction, UV–visible 

spectroscopy, differential scanning calorimetry, and impedance gain phase analyzer. A 

noticeable increase in the intensity of X-ray diffraction peaks was observed after irradiation with 

120 MeV Si-ions, which may be attributed to radiation-induced cross-linking in polymer. Optical 

properties like band gap was estimated for pure polymer and nanocomposite films from their 

optical absorption spectra in the wavelength region 200-800 nm. It was found that the band gap 

value shifted to lower energy (from 4.38 eV to 2.58 eV) on doping with silver nanoparticles and 

also upon irradiation. Differential scanning calorimetry analysis revealed an increase in the 

glass transition temperature upon irradiation, which may be attributed to cross linking of polymer 

chain due to ion beam irradiation which is also corroborated with XRD analysis. Dependence of 

dielectric properties on frequency, ions and filler concentration was studied. The results 

revealed the enhancement in dielectric properties after dopping nanoparticles and also upon 

irradiation. So we have found that effect of Si-beam is more effective than the C-beam in the 

present study because of large energy loss of heavy ion. 

 

Key Words: Polymer nanocomposites; XRD; FTIR; DSC; UV-Vis and Dielectric properties. 
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Laser as a light source has well defined emission parameters: exact wavelength, measurable 

impulse energy. The light power density on the irradiated surface can be altered by diverging 

lens. Ash, beech, black locust, larch, Scots pine and spruce samples were irradiated by UV-light 

using a KrF and XeCl excimer lasers. The lasers emitted light impulses at the wavelengths of 

248.5 and 308 nm, respectively, with duration of 15 ns/impulse, and with energy of 20 

mJ/impulse. The beam was made divergent using a quartz lens with a focal length of –10 cm. 

The light power density on the irradiated surface was 1010 W/m2. The degradation of wood 

surface was monitored by diffuse reflectance infrared spectrum measurement. The difference 

spectrum was calculated by subtracting the initial IR data from the data of irradiated sample. 

The aim of our experiments was the investigation of the changes in the IR absorption spectra as 

a function of irradiated energy. There were both absorption increase and decrease in OH 

region. They ratio changed by increasing irradiated energy. Some previous papers reported 

absorption decrease in CH region, but others found these groups being stable. We were able to 

find the explanation by laser treatment. The monochromatic light irradiation generates less 

absorption changes than sunlight, containing wide range of wavelengths. The absorption 

increase of conjugated carbonyls and the absorption decrease of degraded syringil lignin 

overlaps each other (sometimes quench each other) around 1600 cm-1 wavenumber. We were 

able to present clearly this overlapping by lasers. 
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 Hydrogen-free diamond-like carbon (DLC) or tetrahedral amorphous carbon (ta-C) films 

have been greatly used as hard coating materials in many applications due to their attractive 

combination of properties including chemical inertness, corrosion protection, biocompatibility, 

high hardness, low friction coefficient and low wear rate. However, they have some limitations, 

such as high internal stresses and low toughness which bring to poor adhesion of films. 

Synthesis of nitrogen-doped diamond-like carbon (N-DLC) offers the possibility of overcoming 

these limitations. The primary study confirmed that the adhesion strength of N-DLC films was 

improved in comparison with that of pure DLC films. Thus, we added N-DLC as interlayer 

between DLC film and Si substrate and studied for the adhesion property improvement. In this 

study, the double-layer DLC films were deposited on Si substrates using a Filtered Cathodic 

Vacuum Arc (FCVA) technique. The double-layer films are composed of N-DLC interlayer of 

various thickness and DLC top-layer. In this structure, the scratch test revealed that the 

adhesion to the Si substrate was significantly improved by 19 – 95 % compared to pure DLC 

film, in the manner that the adhesion increased when the N-DLC interlayer thickness increased. 

Microstructure characterization for sp3/sp2 ratio by Raman and roughness by AFM demonstrated 

that N-DLC interlayer decreased the sp3 fraction in the films and increased film roughness 

whenever the N-DLC interlayer thickness increased. This indicates that the nitrogen-doped DLC 

interlayer may sacrifice mechanical strength of the films but gain benefits in term of adhesion 

property. 
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Nanoscale Patterning and Lithography using Ion Beams: A Review  
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The future success of many developing technologies depends on high resolution fabrication for 

devices and patterns having few-nanometer features, with typical line edge roughness (LER) 

less than 1.5 nm. Future applications include high performance semiconductor devices (1-D, 2-

D and 3-D), high bit-density magnetic storage devices, and tools for new biomolecular studies. 

For such applications, ion beam processing can, in principle, support higher resolution and 

versatility of design than standard thin-film resist lithography that depends on EUV or optical 

patterning. However, commercial requirements for high throughput and reproducibility have so 

far limited ion beam adoption to prototyping in these areas.  

In this paper, we review the current status for high performance ion beam lithography and 

patterning, with special concentration on the 3-D granularity of beam exposure of thin-film 

resists. We cite some examples of self-assembly approaches, using diblock co-polymer resists. 

We report SRIM-based simulation of local displacement damage in 3 dimensions, showing the 

disturbingly granular nature of resist exposure. And we present some suggested applications 

based on self-assembly combined with strategic selection of resist materials, ion species, 

energy, and angle of incidence, and other processing parameters. Finally, we consider possible 

options for future 3-D devices, designed to meet stringent criteria for LER and processing fidelity 

and throughput. Experimental examples will be reported, for various resist materials relevant for 

future chip lithography and racetrack memory fabrication. 
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When ions with both large mass and kinetic energy run through a polymer, they set energetic 

electrons free which are able to break covalent bonds. Along the ion trajectories, the polymers 

show both a reduced density and a lower chemical stability. Here, the polymers can chemically 

be etched away thus forming nanochannels (ion track etching method). A polymer film with such 

nanochannels can act as a template for nanowire fabrication. The channels are galvanically or 

redox-chemically filled with metals. When the template is removed by dissolving, the nanowires 

are set free. With this method, arrays of parallely arranged nanowires can be formed. The 

nanowires can also be cross-linked, forming nanonetworks. For this purpose, the polymer foil is 

irradiated with different ion incidence angles. The ion trajectories are crossed, forming crossed 

nanochannels. When they are filled, the nanowires are interconnected. The resulting metallic 

nanonetworks are highly mechanically stable and can easily be handled.  

In the present contribution, the template technique and its parameters are explained. A 

particular favourable aspect for optimization in applications is that via the number of ions per 

unit area and the thickness of the nanowires the ratio of internal active surface area to free 

volume for mass transport can be chosen over a very wide range. The performance of nanowire 

arrays and networks of Pt, Au, Ag and Ni in (electro)catalysis in microreactors and as fuel cell 

electrodes are described and correlated with the fabrication parameters.  
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Compared with nano-rods, materials with intricate nanostructures possess more outstanding 

properties and higher application potential. Therefore, fabrication of nano-materials with intricate 

morphologies, especially nanonetworks, has recently attracted much attention. Until now, most 

of the researches have focused on the fabrication of organic nanonetworks through molecular 

self-assembly. However, it is much difficult to fabricate inorganic nano-networks due to the rigid 

property of the starting materials. 

 

 
 

Herein, a facile approach of transforming inorganic nanorods into nanonetworks is 

developed using ion beam. Nanorod-shaped attapulgite (ATP) is selected as the model 

material, and it is transformed to nanonetworks after suitable ion beam bombardment (20 keV, 

5.0×1016 ions cm− 2). When ATP rods are bombarded by a high-fluence ion beam, the thermal 

stress resulted from the inhomogeneous distribution of heat along the ATP rod axis causes 

bending, elongation, shrinking and cross-linking of the rods, resulting in complex three-

dimensional networks. The structure of the nanonetworks depends on the ion beam fluence with 

the same ion energy. The formation probability (=the number of network nodes/the number of 

ATP rods) of the network nodes increases with the ion fluence. Moreover, the resulting ATP 

networks display high dispersion, porosity, BET surface area and stability in aqueous solution, 

which is beneficial for its application as adsorbent, carrier, loss control agent and so on. 
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Ion irradiation creates a lot of Frenkel pairs (vacancies and intersitials) in the localized region.  

Intersitials and vacancies are very different in mobility.  The former have a low migration energy 

and the latter have a high migration energy.  Therefore, the interstitials move a long distance 

and vacancies cannot move at low temperatures.  We invented a nanofabrication technique 

utilizing this property.  This technique consists of two procedures; the first procedure is to make 

void lattice by irradiating focused ions on the designed sites and the second procedure is to 

develop the void lattice to nanocell lattice by conventional ion irradiation.  It is shown by TRIM 

simulation that a nanocell lattice with a 30 nm cell-interval can be formed at the present 

technology level. 

 

We performed nanocell fabrication in GaSb, InSb and Ge, in which the effect of the 

experimental parameters (the ion acceleration voltage, the ion dose and the substrate 

temperature) on the lattice regularity and the nanocell dimensions were examined.  We obtained 

ordered nanocell lattices with a cell intervals of 30 nm or more.  

 

The application of the nanocell lattice will be extended by making the nanocells filled with 

heterogeneous material.  The nanocell lattice filled with magnetic material are promising as 

magnetic memories because of the magnetic moment perpendicular to the plane.  That filled 

with superconducting material has a possibility of new tunneling device.  Now we are developing 

the deposition technique in order to realize these novel devices.   
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GaSb nanostructures have received attention because of their use in high frequency electronic 

and optoelectronic devices. Irradiation of GaSb in the low fluence regime (viz. 1014-1016 

ions/cm2) by using tens of keV to a few MeV ion energies demonstrated formation of porous 

nanostructures, sometimes with a thin top layer which gradually disappeared in the ion fluence 

range 1x1015 – 6.5x1015 ions/cm2. Here we report on the effects of 60 keV Ar+- ion irradiation of 

GaSb in the high fluence regime (7x1016 - 3x1018 ions/cm2) carried out both at 600 and normal 

(00) incidence of the ion beam to get an insight on the role of angle of incidence on 

nanostructure evolution 

Planar and cross-sectional SEM images of obliquely irradiated samples at a fluence of 7x1016 

ions/cm2 reveal that around 400 nm thick layer of porous network of nano-rods having widths 

below 20 nm coexist with ridges on top having lengths of 1.5-3.5 m. At a fluence of 4x1017 

ions/cm2, the ridges get extended and cover the whole ion-bombarded surface-embedding the 

porous network under a rough top layer. The top layer, which contains some tubular structures, 

is seen to be present even up to the highest fluence of 3x1018 ions/cm2. Interestingly, porous 

nanostructures with randomly oriented ridges are found to form under normal ion irradiation with 

partial extension of ridges (with increasing fluence). X-ray elemental mapping shows presence 

of oxygen in the nanostructures. XPS analysis shows the presence on Ga2O3 and Sb2O3 phase 

at the surface layer of the nanostructures.  

Evolution of porous nanostructures is thought to be due to formation of voids in GaSb by 

coalescence of vacancies created by incident ions. Voids grow and get interconnected with 

each other and the surface to finally result in a porous network. This mechanism alone, 

however, cannot explain our results. We attempt to explain our results by including irradiation 

induced energy release at surface and re-deposition. We further present the modification in 

reflectance of GaSb in the UV-Visible wavelength range of 200 to 800 nm with ion irradiation 

and make an attempt to correlate it with morphology and other physical properties.  
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Molecular Dynamics Simulations of Sputtering of a Surface under an 

Electric Field 
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Ion irradiation of a surface under an electric field may occur in many situations, e.g. during 

electrical arcing on a surface, such as those found in fusion reactors and particle accelerators. 

In the presence of geometric features on the surface, the trajectories of the impacting ions are 

distorted due to local electric field enhancement. This effect leads to non-uniform distribution of 

surface damage and causing enhanced sputtering near the surface protrusions. In the specif ic 

case of surface protrusions in the shape of whiskers, the local flux density is increased, as the 

field lines converge at the apex of the protrusion, effectively focusing the incoming ions to this 

point. However, ions with sufficiently high energy are not significantly affected by the focusing 

effect. Additionally, due to the enhanced strength of the electric field at the apex, sputtering 

occurs preferentially at this location, compared with the surface surrounding the protrusion. In 

this work we present our results regarding the significance of these effects obtained by means 

of recently developed concurrent electrodynamics-molecular dynamics simulations. We show 

how the local ion flux density at a surface protrusion is affected by the energy of the incoming 

ions and the strength of the applied external electric field. We also investigate how the dynamic 

changes in the protrusion geometry following radiation damage affect the results. 
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     Metal-nanoparticle composites have attracted much attention in ultrafast/nonlinear optical 

response or near-field effects for plasmonic applications. High-energy ion implantation is one of 

the most robust and efficient tools to create nanoparticle composites, having advantages of 

arbitrary atom injection and good spatial controllability in depth. Here we present phenomena of 

self-assembled nanoparticle formation in amorphous (a-)SiO2 caused by high-energy metal 

implantation. Kinetic variations of nanoparticle morphology in a-SiO2 are caused by changing 

ion flux of 60 keV Cu-. The ion implantation at relatively high fluxes creates Cu nanocrystals in a 

self-assembled manner and a 2D-like arrangement of nanoparticles is spontaneously 

accomplished. The metal-nanoparticle composites robustly show pico-second optical response 

and versatile energy-band tuning by changing the ion species. 

     The desirable step towards the 3D-control of nanostructures is the lateral control of the 2D 

distribution of nanoparticles, that is, the patterning of ion implantation. The ion-beam-based 

patterning develops an attractive tool for direct functioning of nano/micro devices. We have 

conducted the nano-patterning by masked ion implantation with various stencil masks, i.e., 

anodic porous alumina, lithography-made Si masks and FIB-made metal masks. One of the 

most important merits of the masked implantation methods is robustness against thermal drift or 

ion beam instability. The masked implantation with porous alumina masks attained 40 nm-pore 

features with a considerable fidelity. As for the Si-stencil masks, we fabricated various pore 

-beam 

patterning down to 100 nm. Furthermore, the ion-beam-based fabrication develops relevant 

innovative methods, such as ion-laser co-irradiation methods, and metal-oxide (semiconductor) 

nanoparticle formation by oxidizing the metal nanoparticles. 
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The metallic nanopores with ~ 10 nm diameter on top of the oxide pyramid were 

fabricated using conventional Si microfabrication techniques followed by wet isotropic 

etching of the oxide; sputter metal deposition and the focused ion beam (FIB) 

techniques, followed by irradiation of electron beamm No shrinking phenomena were 

observed for the nanopore diameter greater than 50 nm under electron beam irradiation 

using TEM. However, for high scanning electron beam irradiation using FESEM, 

shrinking of the Au nanopore was always observed. We do believe that these 

phenomena can be attributed to the liquid phase surface modification for TEM electron 

beam and adiabatic solid state phase surface modification for high scanning FESEM. 

 

 

Key Words: Au nanopore, temperature rise, solid and liquid phase, surface free energy, surface 

modification 
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In recent years a great deal of interest has been focused on the synthesis of transitional metal 

(e.g. Ag, Cu, Fe) nanosystems at the surface to sub-surface regions of Si and SiO2 matrices for 

fundamental understanding of their structures as well as for development of technological 

applications with enhanced electronic and photonic properties. In the latest report of the 

International Technology Roadmap for Semiconductors (ITRS-2012), Ag nano-structures and 

silicides have also been mentioned as one of the emerging interconnects for possible 

replacements of Cu-interconnects due to potential lower resistance in fine geometries. Ion 

Beam Synthesis (IBS) involving irradiation of low energy (< 60 keV) metal ions in Si based 

substrates and subsequent thermal annealing has developed into a reliable technique for 

production of structures buried in the sub-surface regions (< 50 nm in depth). In all these 

studies, the size, shape, and location of the metallic nano-particles play a key role in the optical 

and electronic properties influencing potential technological applications. We have studied the 

synthesis and formation of metal nanosystems (Ag and Fe) in Si based materials with the IBS 

techniques. We have investigated the diffusion and phase formation of these metallic nano-

structures in the Si. We have also studied the location of these nano-structures considering 

dynamic sputtering effects during the ion irradiation process. The results of these investigations 

utilizing characterization techniques such as RBS, RAMAN, XRD and TEM measurements will 

be discussed during the presentation. 
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  Single crystal silicon (111) was irradiated by high-current pulsed electron beam (HCPEB). The 

microstructures of the irradiated layer had been investigated carefully by using transmission 

electron microscopy (TEM). The experimental results show that a large number of non-

equilibrium vacancy defects can be formed within the irradiated surface layer. With dramatic 

changes of the temperature field in the heat-affected zone, the vacancies undergo the 

processes containing diffusion, transport, then accumulation, which lead to the formation of 

dislocation, vacancy clusters and stacking fault. It is suggested that ultrafast deformation 

induced by HCPEB bombardment may be the main factor in the formation of those 

microstructural defects. 
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Ion beams have been used for decades for characterizing and analyzing materials. Now 

energetic ion beams are providing ways to modify and nanopatterning of  the materials in 

unprecedented ways. In this paper, we discussed 100 MeV Au8+-ion-irradiated GaAs surface 

modifications as a function of fluence and temperature using atomic force microscopy, micro-

Raman spectroscopy and X-ray diffraction techniques. Formation of GaAs nanostructures is 

observed at normal incident for a starting fluence of 5×1012ions cm-2, which becomes more 

prominent at the fluence of 5×1013ions cm-2 and an angle perpendicular to the sample surface. 

The temperature dependent study shows that the features are more prominent for irradiation 

performed at low temperature (100K) than the room temperature. Micro-Raman studies reveal 

that observed features are crystalline in nature. Transmission Electron Microscopy reveals the 

crystalline nature of nanostructures. The evolution of ion beam induced aligned nanostructures 

is discussed in the framework of Coulomb Explosion Model and thermal spike model.  
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The research results of the formation of nanoscale carbon structures in the surface layer 

of tungsten and titanium during short-pulsed ion implantation are presented. A high power ion 

beam (HPIB) was used for these purposes. The following processing modes were used: energy 

density at the target varied from 0.5 to 2.5 J/cm2, pulse duration was 100 ns, number of pulses 

varied from 1 to 1000. The ion beam consisted of 85% of carbon ions and 15% of hydrogen 

ions. The ion energy was 220 keV. The structural, topographical and compositional 

characterization of the implanted layer was investigated by X-ray diffraction (XRD), scanning 

electron microscopy (SEM), atomic force microscopy (AFM), Auger-electron spectroscopy 

(AES), and Raman spectroscopy (RS).  The formation of dispersed particles of titanium carbide 

and tungsten carbide was registered at the treatment regimes with the number of pulses of 

more than 100. The XRD results showed the formation of WC and W2C and the increasing of 

the content of the carbide phase up to 1.5% at 250 pulses with an energy density equal to 2.5 

J/cm2. The size of the coherent scattering region for this processing mode is about 20 nm. 

During treatment of titanium, the formation of nonstoichiometric carbides Ti1-xCx is revealed. The 

degree of lattice distortion of these carbides depends on the number of pulses. The interrelation 

between the structure-phase state of the HPIB-processed layer and its physical and mechanical 

properties is discussed.  
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Due to the limited solid solubility of Mn in GaAs, GaMnAs thin films have to be 

prepared in a non-equilibrium way such as by low temperature-MBE growth or by ion-

implantation. Even so, phase separation resulting in nanoclusters formation can easily 

happen when the samples are subject to elevated temperature processes. Once the second 

phase clusters are formed in the GaMnAs matrix, it is difficult to remove them by conventional 

post-annealing processes.  

In this study we show GaMnAs was prepared by Mn implantation followed by helium 

ion beam-induced epitaxial crystallization annealing. The damage layer caused by Mn 

implantation was successfully repaired by subsequent He+ ion irradiation. The structural, 

topographical and compositional characterization of the Mn-implanted layer was investigated 

by X-ray diffraction (XRD), transmission electron microscopy (TEM), energy dispersive x-ray 

(EDX),secondary ion mass spectrometry (SIMS), Ruther backscattering spectrometry with 

channeling (RBS/w channeling) and extended X-ray absorption fine structure(EXAFS).The 

magnetic nature of the Mn-implanted layer was investigated with a superconducting quantum 

interference device (SQUID).The structure analysis clearly show Mn ions were found to 

incorporate uniformly into the GaAs lattice without the formation of any detectable secondary 

phases. The remnant magnetic moment exhibited room temperature ferromagnetism. The 

drop of resistance of sample also implies that the damage was removed by helium beam 

annealing. Additional measurement using X-ray magnetic circular dichroism also revealed 

that the carriers were spin polarized. 
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In this work bulk-structure modifications in LiF irradiated with fast ions undernormally 

incidence and oblique angles have been investigated using AFM, SEM, chemical etching, 

nanoindentation and optical absorption spectroscopy and luminescence.  

LiF crystals were irradiated at room temperature with 150 МеV84Kr ions with  the flheuence 

range 1011 - 1014 ions/cm2 (oblique incidence and incidence angles of 30 and 70 degrees) at the 

cyclotron accelerator DC-60 (Astana, Kazakhstan 

Our recent studies on normally irradiated samples showed two typical structural zones: (1) 

a nanostructured region in the depth range where the electronic energy loss surpasses the 

threshold of 6-10 keV/nm and (2) a dislocation-rich region in the further part of the ion track.In 

present work: 

1)the results show that nanostructures appear at high fluence irradiation, when F centers reach 

saturation (volume concentration >1019 cm-3) and are observed only in regions where the ion 

energy loss has surpassed the threshold value (>10 keV/nm) for formation of the track core 

damage. The determined threshold fluence is between 1011 cm-2 and 1012 cm-2.  

The structural modifications include ion-induced formation of dislocations in all irradiated layer. 

The ordering of ion-induced dislocations in the stress field of tracks and other aggregates is a 

relevant stage of structural fragmentation and nanostructuring. 

2)the characteristic zones of structural damage in samples irradiated under oblique angles are 

similar with those for normal irradiation. The dislocation loops in the dislocation-rich zone revealed 

by chemical etching in both cases have the <100> orientation. However, a variation of the 

thickness of irradiated layer with angle is observed. The nanoindentation measurements showed 

a higher hardness of samples irradiated under oblique angles.  
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In the last decade, a number of experimental studies have shown that intense picosecond (ps) 

laser pulses modified the surface or produce periodic nanostructures on the surface of solids 

such as dielectrics or semiconductors. The irradiation of carbon based materials offers 

possibility to used of modified surfaces or formed periodical structures in the tribological, 

biomedical or electrical fields. In this study, a graphite-like (deposited on steel) and diamond-like 

(deposited on silicon) carbon films were irradiated by ps laser pulses. The irradiation was done 

by with a Nd:YVO4 laser (Ekspla PL10100) at the first (1064 nm), the second (532 nm) and the 

third (355 nm) harmonics. The radius of the laser beam spot was 30 µm, 20 µm and 15 µm. The 

pulse duration was ~10 ps, the repetition rate – 100 kHz. The irradiation was done with 1, 10, 

100 and 1000 laser pulses. The pulse energy was in the range of 10÷61 µJ, 10÷26 µJ and 

0.48÷13 µJ for the first, the second and the third harmonics, respectively. The structural, 

topographical and compositional characterization of the irradiated carbon films was investigated 

by scanning electron microscopy (SEM), energy dispersive x-ray (EDX) and Raman scattering 

spectroscopy (RS). The SEM, EDX and RS results indicated that the irradiation of the different 

wave length have the same effect and the main factor for structural changes in the films is 

number of pulse per spot. The diamond-like carbon (DLC) film are removed from the substrate 

after 10 pulses per spot, meanwhile the graphite-like carbon (GLC) film only after 1000 pulses 

per spot. Depending on the laser irradiation conditions (pulse energy and pulses per spot) the 

graphitization, formation of SiC, ablation or ripple formation take place when DLC films were 

irradiated. The irradiation with 1 pulse have no effect on the GLC film. The increase of the pulse 

energy and number lead to ablation and graphitization of the GLC.  
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Swift heavy ions irradiation effects on  magnetic, dielectric,structural 

and thermal properties of Polystyrene (PS)/ Nickel nanocomposites 
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Polymer nanocomposites have recently acknowledged a considerable amount of scientific and 

technological interest, because their properties can be properly controlled by choosing the 

adequate doped particles and concentrations. In this work, we account the synthesis and 

characterization of polystyrene (PS) matrix doped with different concentrations of Ni (Nickel) 

nanoparticles. Samples were irradiated with 85 MeV C- ions and 120 MeV Si-ions at fluences of 

1 x 1011, 1 x 1012 ions/cm2. It was observed from XRD analysis that percentage crystallinity and 

crystalline size increased upon irradiation which was confirmed by DSC analysis.This might be 

attributed to rupture of some polymeric bonds, which is also corroborated with FTIR 

spectroscopic analysis. The electrical properties of irradiated films are found to increase with the 

fluence and also with the concentration of Ni nanoparticles. The dielectric constant/loss shows 

frequency dependent behavior and observes to change due to the irradiation. Zero-Field-Cooled 

(ZFC)/Field-Cooled (FC) magnetization and magnetic hysteresis measurement were performed 

using a superconducting quantum interference device (SQUID) magnetometer from 5 K to 300 

K to investigate the magnetic properties of polymer nanocomposites. It was observed that Si-

ions irradiation showed more pronounce effects than that of C-ions.  

 

Key Words: Polymer nanocomposites; XRD; FTIR; DSC; Dielectric and magnetic properties. 
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Thin Films 
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 Thin films of 5% Fe doped tin oxide (SnO2) were grown on silicon <100> and quartz 

substrates by RF Sputtering deposition technique. For resemblance, all these films were grown 

at same time followed by annealing at 6000C for 4 hour in oxygen rich atmosphere for 

attainment of rutile structure of SnO2 in the thin films. Swift Heavy Ion (SHI) beam irradiation 

was done by SHI beams of 100 MeV Au8+ at normal incidence at a constant current of 1 pnA 

using 15 UD Pelletron Accelerator at IUAC, New-Delhi with SHI irradiation ion fluencies 

between 5×1011 ions/cm2 and 1×1013 ions/cm2. The depth profiling, variation in oxygen 

concentration and detailed compositional analysis of these films were done by Resonance 

Rutherford Backscattering (Resonance RBS) method using 3.05 MeV He++ ion beams followed 

by simulation using RUMP simulation program. Room temperature Magnetic studies were done 

by SQUID-VSM. Reduction in saturation magnetization in irradiated samples as compared to 

pristine was observed. Variation of magnetization and coercivity is compared with variation in 

oxygen concentration produced due to ion irradiation. Phase transformation, rietveld analysis 

using Fullprof software for crystallinity, grain size variation (around 10 to 15 nm) using 

Scherrer’s formulae and strain generated in (110) and (101) planes of SnO2 using Williamson-

Hall method, due to SHI irradiation were studied from X-ray Diffraction (GAXRD) at 10 Glancing 

Angle  results. Surface morphological study is going on by Atomic Force Microscopy-Magnetic 

Force Microscopy (AFM-MFM) technique. Frequency distribution of grain size with respect to 

ion irradiation fluence obtained from AFM resuts will be compared with GAXRD results. 

Uniformly distributed magnetized nanoparticles over the entire surface was observed from AFM-

MFM image of pristine sample. Roughness exponent and growth exponent of these thin films 

will be studied by AFM-Power Spectral Density (AFM-PSD) analysis. Change in band gap 

between 3.76 to 4.96 eV due to variation in SHI irradiation ion fluence was observed from 

optical studies of these films by UV-Visible Spectroscopy using Tauc’s relationship. Low 

temperature electrical and magnetic study is to be done. Detailed correlation between 

experimental results and their dependence on SHI irradiation fluence will be discussed during 

the presentation.    

 

Key words: RF Sputtering, SHI, Resonance RBS, SQUID-VSM, AFM-MFM, AFM-PSD, GAXRD, 

UV/Visible.    
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“Coalescence of Sensors Hypothesis” 
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Today, more than ever, highly competent investigation makes determine how we must 

develop new clean surface manufacturing methods. Laser micromachining, the most prominent 

tool for biomedical industry, enables to perform environment-friendly and clean manufacturing. 

Mechanical adaptation and stability, particularly longevity of implants, is often dependent on 

mechano-sensoring responses of their surfaces. We are at an early stage of sensoring 

applications but theoretical predictions are that we will wind up very strong, flexible material, 

with an ability to absorb shock, which is stronger than the available biomaterial surfaces. The 

approaches of Burger and Klein-Nulend for surface sensors and osteocyte sensors should be 

merged. The purpose of this manuscript is to consolidate a LMM method for imitating lotus 

effect on commercially pure titanium specimen surfaces with regarding a novel hypothotesis can 

be called as “coalescence of sensors”. Novel 3D nelumbo leafs were prepared using an  

-250 ns pulse durations on commercial pure titanium 

implant material specimen surfaces and optimum operation parameters were suggested. 

 
Keywords: lotus effect, coalescence of sensors, laser-induced 3D frozen melted droplets 

shaping, surface skin micro-machining 
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Modeling of ion irradiation-induced complex DNA damage and repair 
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DNA is a nanoscale macromolecule essential for life. Exposure of living tissues to ionizing 

radiation can induce many types of DNA damage, mainly including single-strand breaks (SSBs), 

double-strand breaks (DSBs), oxidized bases and abasic sites, among which DSB is the most 

biologically deleterious. However, theoretical and experimental studies have suggested that the 

complexity and severity of DNA damage vary depending on radiation quality and ionization 

density, i.e. linear energy transfer (LET). High-LET ionizing radiation can induce complex 

spectrum of DNA lesions that includes locally multiply damaged sites, the ratio of which 

increases with LET. Here we develop a stochastic mathematical model representing repair 

process of complex DNA lesions, especially for high LET ion irradiation, in both temporal and 

spatial consideration. Since few of current theoretical and experimental results concern 

radiation-induced initial DNA fragment length distribution and “dirty ends” (DSBs with additional 

nearby damages within a distance of 10-20 bp) distribution, a Monte Carlo algorithm has been 

developed to simulate the initial damage distribution of different LET ion irradiation.. To simulate 

the repair process, our model describes step-by-step the process of attachment and 

dissociation of involved repair enzymes via Ku-dependent NHEJ machinery and XRCC1-

dependent cleaning steps for “dirty” DNA ends by conducting Gilliespie’s stochastic simulation. 

The results show that the ratio of complex to simple DNA damages increases with LET. Higher-

LET ion irradiation induces more short DNA fragments, which affects efficient binding of 

involved repair enzymes because of spatial interference and hinderation of DNA repair 

enzymes. The parameters in our model for DNA repair are extrapolated from protein 

fluorescence experiments and the predicted curves are applied to experimental results of repair 

pattern after proton, nitrogen and iron ion irradiation. Our simulation results demonstrate that 

complexity of DSBs is directly correlated with DSB rejoining kinetics and unrejoined proportion. 

Short DNA fragments and dirty DSB ends, which are both highly resulted from high-LET ion 

irradiation, lead to a lower efficiency of DNA repair and higher mutation rate for living tissues.  
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Tissue Scaffolds 
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The use of polymeric materials produced by the electrospinning technique has gained 

considerable interest for tissue engineering applications. It was found by many researchers that 

the interaction of cells and material’s surface is the most important factor affecting cell adhesion 

and proliferation. Ion beam modification of material’s surfaces is an alternative technique for 

improving the surface properties of polymeric materials for tissue engineering applications.  

 

In an attempt for enhancing cell adhesion and proliferation, Poly (L-lactide/Caprolactone) 

70/30 (PLC) nanofibrous scaffolds were fabricated by an electrospinning process and implanted 

by Au and Au+O ions. In the first part of this work, biodegradable PLC  polymer  was used for 

the fabrication of nanofibers. PLC polymer was dissolved in chloroform and 8%, 10% and 12% 

(w/v, g/mL) PLC-Chloroform solutions were prepared. Nanofibers were produced by 

electrospinning with a voltage of 20kV and flow rate of 1.5 mL/h, and deposited on a drum which 

was rotating with 1500 rpm and at a distance 12 cm from the spinneret tip for aligned nanofiber 

production. In the second  part of this work, PLC nanofibers were implanted with Au and Au+O 

ions with fluencies of 1x1014, 1x1015, 1x1016 ion/cm2 and extraction voltages of 20kV, 30kV. 

 

Finally, cell culture tests were performed on Au and Au+O implanted PLC electrospun 

samples and the results compared with  unimplanted ones. Samples were incubated with 

neuroblastoma cells for 2 and 4 days in a culture medium at 37 0C, and viewed with Scanning 

Electron Microscope (SEM) micrographs and Floresans microscope. The wettability of 

implanted and unimplanted surfaces were evaluated by contact angle tests. Surface 

compositions of PLC nanofibrous, Au and Au+O implanted and unimplanted samples were 

analyzed by X-ray photoelectron spectroscopy (XPS) for surface chemical characterisation.                                                                                   

 

 Keywords: Ion implantation, biodegradable polymers, electrospinning, tissue scaffold  
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In several researches, it has been demonstrated that charged particles can induce more 

complex DNA damages. These complex damages have higher ability to cause the cell death or 

cell carcinogenesis. For this reason, to clarify the DNA repair mechanism after charged particles 

irradiation plays an important role in charged particles cancer therapy. However, the 

spatiotemporal kinetics of DNA damage repair is still unclear and exist differences between cell 

types. In this study, we used  -h2ax protein to investigate the spatiotemporal kinetics of DNA 

double strand breaks in particle irradiated HeLa cells.  

 

The HeLa cells were irradiated by 2 MeV alpha-particles in four different dosages, from 10 

particles to 100 particles per cell. After irradiation, -h2ax protein signal were acquired by using 

Immunofluorescence staining at different time steps. The result shows that the number of  -

h2ax foci increases gradually, and reach its maximum at 30 minutes. A good linear relationship 

can be observed between foci number and radiation dose. After 30 minutes, the  -h2ax foci 

numbers were decreased with time passed, but remains a large portion (~50%) at 48 hours 

passed. The data shows that the dissolution rate of γ-h2ax foci agree with bi-exponential decay 

model and, it was decreasing as radiation dose increased. These results suggest that charged 

particles can induce more complex DNA damages and causing the retardation of DNA repair. 

These unrepaired DNA damages might lead to cell carcinogenesis or other biological effect.  
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Poly(lactic acid) (PLA) is one of the biodegradable polymers that has been continuously 

used in biomedical applications. However, its hydrophobicity and lack of reactive side of chain 

groups restrict its usage in cell culture and prosthetic devices. In this work, ammonia (NH3) 

plasma was employed to treat PLA to induced amino functional groups onto the material 

surface. The NH3 plasma was produced by means of the inductively coupled discharge 

technique with a radio frequency (RF) of 13.56 MHz. Fine grain structure of the surface was 

observed after the NH3 plasma treatment. Hydrophilicity of the treated samples, determined 

from a static sessile drop technique, increased with increased RF powers. The Owens-Wendt 

method was used to calculate the surface energy and resolved the contributions of the polar 

and dispersive components. Treated samples showed higher polar surface energy whereas the 

untreated samples possessed higher dispersive one. Amino group functionalization and protein 

adsorption were characterized using x-ray photoelectron spectroscopy (XPS). The XPS spectra 

revealed that the nitrogen content in the treated samples increased with the RF power. Human 

serum albumin (HSA) was used as a probe to investigate adsorption on the functionalized 

surface. It was found that the plasma-treated PLA adsorbed less HSA than the untreated PLA 

due to the increased surface hydrophilicity. 
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Although synthesizing of advanced biomaterials with novel prosperities, austenitic 

stainless steel is still widely used for biomedical applications. This resulted in an improvement of 

its surface properties for better mechanical and biocompatibility performance is still of much 

interest to biotechnology community. In this study, AISI 321 austenitic s tainless steel substrates 

were treated using RF plasma carbonitriding for using as low-cost orthopedic implant material in 

the surgical field. The treatment process was carried at low working gas pressure of 0.075 mbar 

in nitrogen-acetylene gaseous mixture to form a superficial carbonitrided layer. The 

microstructural, mechanical and tribological properties of the treated and untreated samples 

were studied. The surface hardness value improved by RF plasma carbonitriding and it has a 

maximum value of 1300 HV0.1 at plasma processing time of 8 min. To evaluate the 

biocompatibility performance, the whole blood was cultured in RPMI media to test the adhesion 

of blood cells on the treated substrates. It has been found that the adhesion of blood cells on 

the treated substrates is enhanced with the increase of plasma processing time.  Furthermore, 

the carbonitrided layer in-vitro corrosion  saw tested in Ringer's solution. A high degradation in 

the corrosion resistance was observed for sample carbonitreded at low plasma processing time 

of 4min. However, the corrosion resistance was gradually increased with the increase of 

processing time.   

 
Keywords: AISI 321 austenitic s tainless steel, RF plasma carbonitriding, Surface hardness, 

Friction coefficient, Wear resistance, Corrosion resistance, the biocompatibility performance 
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Functional coatings deposition is one of the most optimal ways of material surface 

modifications. Nanostructural oxide coatings have specific properties, which are very promising 

for next implant and tissue engineering applications. The effect of coatings composition, 

electrochemical properties, surface chemistry and topography on cell functions should be 

thoroughly studied in vitro and in vivo tests. At present study, the substrate materials were the 

stainless steel (1H18N9) and titanium-based material (Ti4Al6V) samples. The magnetron 

sputtering process of nanostructural oxide coating deposition was with the coating deposition 

rate 8 μm/hour. The coatings thickness, adhesion properties, hardness and elastic modulus 

were evaluated by standard methods. The structure of Al2O3 (MS) magnetron sputtered films 

was investigated by means of XPS and XRD methods. The surface topography and roughness 

was estimated by profilometer Hommel T-2000 measurements. The surface free energy (SFE), 

the polar and dispersion components were determined by means of Wu and Owens-Wendt-

Rabel-Kaelble methods. The corrosion tests by potentiodynamic method, Tafel, Stern curves 

and impedance method were made.  

Cyto toxicity and cyto compatibility of Al2O3 ceramic-coatings was evaluated in vitro tests. The 

analysis of cell adhesion on substrates was made by means of SEM and AFM methods. In vivo 

experiments were performed on Wistar nonlinear rats (male, mass 400-500g) population. The 

sterilized samples were implanted in close contact with the femur bone. The animals were 

divided into some test groups of 10 rats each: control group, group with uncoated titanium 

implants and group with Al2O3 ceramic-coated implants. 

The results show that the best biological response parameters (total cell number, detached cells 

percentage, cell morphology and bone tissue ingrowth) were obtained in the case of oxide 

coatings with intermediate values of SFE in the range 40-50 mN/m and the most parameters of 

polar part component of SFE. The modified surface with nanostructural oxide coatings 

demonstrates improved biocompatibility due to electrically inert properties and high dielectric 

constants. In vivo tests implants with ceramic oxide coatings exhibit the best biocompatibility, 

the remodeling process improvement and absence of inflammatory reactions on the bone-

implant interface in comparison with uncoated titanium samples.  
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Typical materials for actuators in the micro machines are shape memory alloys such as 

nickel titanium (TiNi) and piezoelectric compounds such as lead zirconate titanate (PZT). For 

medical application in a future they will be required to be deposited directly on surfaces of 

plastics as thin film in a crystalline structure, since most medical instruments such as catheters 

for blood vessel surgery are made of polymeric plastics. However, this process has some 

technical difficulties to be resolved. Metallic compound film formed by magnetron sputtering on 

solid surface at room temperature is usually amorphous as deposited. Thus, the film has to be 

changed to crystalline structure in order to have a ferroic property such as a shape-memory 

effect or a piezoelectric effect. Subsequent thermal anneal at a temperature higher than 

500℃(773K) has been traditionally used for the purpose. But the thermal annealing is actually 

hard to be applied to the above-mentioned medical instruments, since most plastics cannot 

withstand higher temperatures than 200℃(473K). In order to resolve the crystallization-

temperature problem low-energy PBII (plasma based ion implantation) was incorporated into 

magnetron-sputtering deposition. In this study we could deposit a crystalline TiNi film directly on 

a polyimide substrate at low temperature with the apparatus. The shape memory effect of the 

film was experimentally confirmed. Furthermore, we found that the exact energy value of 

irradiating ion is not simply determined only by the bias voltage as usually carried out till now. 

The ion energy should be corrected with the plasma potential against the chamber wall. 
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Nitriding of austenitic stainless steel resulting in the formation of expanded austenite is a widely 

investigated subject with several competing theories about the nitrogen transport. Here, the 

influence of the ion current density on the layer growth is reported using in-situ XRD 

measurements obtained from low energy broadbeam nitrogen ion implantation into 

polycrystalline samples of austenitic stainless steel 1.4301 at a fixed temperature of 400 °C. The 

current density was varied from 12 to 130 µA/cm2 resulting in incident fluences between 1 and 

25 × 1018 nitrogen atoms/cm2 for typical process times of up to 3 hours.  

 

The layer growth was derived from the time evolutions of the substrate peak intensity. At current 

densities higher than a threshold value, an inverse parabolic growth law was found, 

independent of the current density. At lower current densities, an initial, approximately linear 

increase in the layer thickness is observed, roughly proportional to the current density. At later 

stages, a transition towards the parabolic law occurs, with the delay time increasing with 

reduced current density. This overall behavior is identified as a transition from diffusion 

controlled to supply controlled layer growth while reducing the current density. Although a large 

lattice expansion, together with asymmetric peak broadening, depending on time, current 

density and annealing conditions was observed, no correlation between the layer growth and 

the expansion itself was observed. Furthermore, attempts have been made to elucidate 

information on grain rotation or defect annealing during the implantation processes. 
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Photoactive TiO2 layer were produced by metal plasma immersion ion implantation and 

deposition (MePIIID) at room temperature using a pulse voltage of 3 – 5 kV with a fixed duty 

cycle of 9% on Si(100) substrates at a constant deposition rate of ~ 1 nm/s. For these 

conditions, an X-ray amorphous structure exhibiting rutile peaks in Raman investigations was 

found for thin films of 100 – 300 nm which showed a moderate UV induced photohydrophilicity. 

However, when increasing the deposition time towards 10 – 30 minutes, a strong increase in the 

photocatalytic behavior was observed with the contact angle against water after illumination 

decreasing to values below 5°, indicating superhydrophilicity. At the same time, no phase 

identification using XRD was possible while Raman spectroscopy was still showing only the 

rutile phase. An ion beam induced growth of nanocrystals instead of a phase transformation is 

proposed as the underlying mechanism. 
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For experiments, thin polycrystalline Ni films (=100±10 nm) were produced by electron 

bombardment evaporation of a Ni single crystal in vacuum (~3×10-6 Pa) onto KCl crystal 

substrates. The films were taken off the substrates in distilled water and were picked out onto 

3 mm diameter nickel discs with a 1.2 mm diameter hole at the center.  

The samples were exposed to different doses of 65 keV C+ ions at a current density of 

~3 µA/cm2. The ion energy was chosen so that the peak of the implanted nitrogen concentration 

profile should fall on approximately the half-thickness of the film. The crystal structure of initial 

and irradiated films was examined by electron diffraction method with an operating voltage of 

100 kV. The samples implanted by various doses of ions C+, subjected to annealing with 

constant speed ~2 К/s from RT to ~1100 K in a column of an electron microscope. The 

photographing of electron diffraction pattern was simultaneously carried out at various 

temperatures that gave the chance to get the data about the structure of observable phases and 

temperature ranges of their existence. 

With an increasing exposure dose, there occurred a smooth transition of the FCC structure of 

Ni with lattice parameter а=0.352 nm to the HCP structure of carbide Ni3C with the lattice 

parameters a=0.266 nm and c=0.433 nm. The completion of the transition was observed once 

the implanted carbon concentration corresponding to the stoichiometric ratio of Ni3C was 

attained. Exceeding of stohiometry Ni3С is accompanied by occurrence of free (not forming 

chemical compound with nickel) carbon with graphite structure in nickel films. 

The annealing of nickel films in a range of temperatures 300-1100 K, preliminary irradiated 

with various doses of ions of carbon, causes change of their structure the end result of which is 

restoration of FCC structure of pure Ni and occurrence of structure of carbon. At temperature 

670–690 K, there begins the process of disorder of carbide of nickel Ni3С which comes to the 

end with restoration of an initial matrix of BCC-nickel and formation of allocation of carbon on 

borders of crystallites. 
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      Triple junctions (TJ) of grain boundaries (GB) in graphene are recently investigated as main 
centers for cracks, elucidated by Boris Yakobson 5/7 (2013) as TJ additional heptagonal 
disclination. Emerging pattern of 5-,Hexa-,7-gonal close-packing (5H7) in polycrystalline 
graphene will soon confirm new understanding of 2D polycrystal, developed with atomistic 
simulation. Let misorientation between neighboring grains G1 and G2 be rotation angle 
A12<60°, which brings nearest axes G1 to G2 clockwise. A21=60°-A12 is misorientation 
regarded from opposite direction of GB between G1 and G2. Sum of three GB angles in TJ is 
<180, because each GB angle is <60°. Theorem: Such sum could be only 60° or 120°, because 
is 60°*integer. Proof: Angle inside grain, between axes-borders of both GB, is 60°*integer. 
Three such angles together with three GB angles sum up to 60°*6=360° around flat TJ. Let's 
consider G1/G2 fully embedded into G3. GB of G1/G2 and G1/G3 (G2/G3) make loop around 
two-sided G1 (G2). At G1/G3/G2 and G2/G3/G1, analogously alike in simplest chirality of 
reflected triangles, opposite sums: TJ132=A13+A32+A21=(60°-A31)+(60°-A23)+(60°-
A12)=180°-A23-A31-A12=180°-TJ231. 2D polycrystal exhibits only two possible TJ with 
additional disclination: pentagonal for 60° or heptagonal for 120°, alternating along GB, but 
rarely forming closed loops around grains. In TJ with two coincident GB1 and GB2, the third 
GB3 must be also coincident. GB3 sigma s3=s1*s2, if sigma s1 and s2 are Eisenstein primes 
1+3*n. Gaussian primes 1+4*n are main sigma of coincident GB for square lattice grains. Also 
only two alternating TJ are possible for 2D polycrystal with any lattice grains. Affordable colorful 
animation clips could present: movements of thought-provoking TJ of GB with 
sigma=7,13,19,31,37,43,49,91,133 …; transformation of GB with partial disclinations changing 
misorientation; recrystallization of simulated 2D polycrystal containing TJ of opposite kinds, GB 
with alternating TJ, GB not forming loops around grains, edge dislocations, disclinations, 
vacancies, interstitials, 5H7 … Presented will be Delaunay triangulations dual to simulated 
centroidal Voronoi polygons, what enables better perception of anisotropy and enhances 
deformation strain of 5H7. Saturated colors circle represents the angles (modulo 60°) of 
neighbors bonds, so that bonds of equilateral triangle have the same color. One color abounds 
in grain. 
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The realization of light emission in silicon in the near- to mid-infrared has potential 

applications, including the important 1.5 m region for optical communications. The eye safe 2 

m region of the spectrum is also of considerable interest because of medical applications, and 

also gas sensing and free space optics such as optical wireless. Silicon is not an efficient light 

emitting material and several approaches have been attempted to overcome this problem, 

including the incorporation of rare earth (RE) elements into Si substrates. A serious limitation to 

the use of REs as an active optical centre has been the thermal quenching. For example, weak 

light emission from Si substrates implanted only with Tm has been observed (J. Appl. Phys. 71, 

1919 (1992)) but at very low temperatures (~ 6 K). 

The dislocation engineering approach, based on the controlled introduction of dislocation 

loops into the silicon lattice to provide spatial confinement of carriers, has been shown to reduce 

or suppress the thermal quenching. Dislocation loops can be introduced by co-doping with 

boron. The loops incorporate strain into the silicon lattice and create a potential barrier that 

suppresses carrier diffusion to the surface and non-radiative recombination centres, thus 

enhancing the radiative recombination. 

In this paper we will discuss the luminescence in the 1 – 2 m spectral region due to RE 

internal transitions,of dislocation engineered silicon substrates implanted withTm, Er, Dy and 

Ho. In particular, we will show that, in addition to the need for the dislocation loops, the 

luminescence intensity is strongly dependent on the sample fabrication processes such as the 

boron and REimplant conditions (dose, energy and temperature) and the post-implant treatment 

(annealing temperature and time). 

 

We acknowledge the European Research Council for financial support under the FP7 for the 

award of the ERC Advanced Investigator Grant SILAMPS 226470. 
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Diamond-like carbon (DLC) films have attracted much attention because of their excellent 

properties, such as high hardness, chemical inertness, high wear resistance and low friction 

coefficients. These properties depend on the microstructure of DLC films which is composed of 

sp2 and sp3 bonded carbon. In addition, the electrical and optical properties of the films also 

widely change depending on the sp2/sp3 bond ratio. Therefore, the control of the microstructure 

is of importance to obtain the DLC films with the suitable properties. 

Plasma immersion implantation and processing (sometimes called plasma based ion 

implantation and deposition) is useful technique for 3-dimentional coatings with high adhesion. 

In a previous study, a bipolar-type system was developed and it was found that the electrical 

properties of DLC films can be controlled by adjusting the positive and negative pulse voltages. 

From these results, it is suggested that the sp2/sp3 bond ratio should be changed and it is 

expected that the optical properties are also changed together with the electrical property 

according to the deposition conditions. In this study, the insulating and conductive DLC films are 

prepared on the SiO2 glass substrates by the bipolar-type system and the optical properties are 

examined in the range of 200 to 1100 nm. It is found that the transmittance of the conductive 

DLC films is lower in the whole range than that of the insulating films, probably due to the 

increase in the sp2/sp3 bond ratio. The details will be presented. 
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 We have deposited five periodic SiO2/SiO2+Ag multi-nano-layered films on fused silica 

substrates using electron beam deposition technique. The co-deposited SiO2:Ag layers were 

2.7-5 nm and SiO2 buffer layers were 1-8 nm thick. Total thickness was between 30-50 nm. 

Different concentrations of Ag, ranging from 1.5 to 50 molecular percent with respect to silica 

were deposited to determine relevant rates of nanocluster formation and occurrence of 

interaction between nanoclusters. Using interferometry as well as in-situ thickness monitoring, 

we measured the thickness of the layers. The concentration of Ag in SiO2 was measured with 

Rutherford Backscattering Spectrometry (RBS). To nucleate Ag nanoclusters, 5 MeV cross 

plane Si ion bombardments were performed with doses varying between 5x1014-1x1016 ions/cm2 

along the beam direction. Optical absorption spectra were recorded in the range of 200-900 nm 

in order to monitor the silver nanocluster formation in the thin films. Thermal annealing was 

applied to form and to increase the size of nanoclusters. The suitability of formed crystal lattice 

was criticized due thermoelectric applications. 
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 This short report references the presentation made by the authors in Il Ciocco, Italy, in 

1996 and subsequent presentation at the IBMM conference, and the1996 MRS conference, 

which resulted in subsequent publication of experimental results obtained for the radius of 

nanocrystals of gold, silver and copper in silica (Suprasil-300) [1,2] at various thermal annealing 

temperatures. The Au, Ag and Cu atoms were introduced by MeV implantation at room 

temperature into Suprasil-300, a commercial product of Heraeus Amersil, Inc. and were of 

known purity.  Implantation was followed by thermal annealing of the implanted substrates at 

various temperatures and in reduced nitrogen ambient. Later, the substrates were analyzed by 

Rutherford Backscattering Spectrometry (RBS), Transmission Electron Microscopy (TEM) and 

by Optical Photoabsorption Spectrometry (OAP). Our experimental results indicate a significant 

transition in the nanocluster size formation process between 1 - 2 nanometer sizes and around 

4-10 nanometer average size nanocrystals, when plotted versus the inverse temperature 

(1/1000K). We will present the experimental results, our conclusions and recommendations 

concerning the activation energies and potential physical properties behind the such results.  

 

1. D. ILA, Z. Wu, R. L. Zimmerman, S. Sarkisov, C. C. Smith, D. B. Poker, and D. K. Hensley, Mat. Res. 

Soc. Symp. Proc. Vol. 457, 143-147 (1997) 

2. D. ILA, E. K. Williams, S. Sarkisov, C. C. Smith, D. B. Poker, and D. K. Hensley, Nuc. Inst. and 

Methods. in Phys. Res. B141, 289-291 (1998). 
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High energy-efficient light-emitting diodes have paved the way for green energy alternatives. 

The significant advancements in nitride semiconductors promised the realization of solid-state 

lighting technologies. However, further improvements in light extraction and power efficiency are 

still desired. Gallium nitride is limited by its high refractive index thus with low light escape cone 

angle. As the patterning technology scales down to nanometer level, surface photonic crystal 

structures in the range of visible light wavelength can be achieved by focused ion beams. In this 

study, we improved the external quantum efficiency by tetragonal photonic crystal arrays in the 

diodes. The Ga ions were accelerated at 30 kV and the ion current was 100 pA. In addition, we 

employed plane wave expansion method with finite difference time domain to investigate the 

quantum confinement effects. The photonic crystal nanostructure parameters were evaluated, 

such as periodicity arrangement, filling factor, and lattice constants. The nano-patterning by 

focused ion beams has been efficient and could reduce processing steps. The device micro-PL 

(photoluminescence) results have revealed that the peak illumination intensity was successfully 

improved by 10-50%. 
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We have use Swift Heavy Ion (SHI) irradiation and post irradiation annealing to synthesize Ag 

nanoparticles in fused silica.  Fused silica samples deposited with 15 nm of Ag film were 

irradiated using SHI beam of 120 MeV Ag9+ ions at different fluences and post irradiation 

annealing was done at 500 °C for 30 min.  The samples were characterized using UV-vis 

absorption spectroscopy, Rutherford Backscattering Spectrometry (RBS), Transmission 

Electron Microscopy (TEM), and open aperture z-scan measurements.  The signature of Ag 

nanoparticles was observed in optical absorption spectra and the average size of the Ag 

nanoparticles was estimated using Mie’s theory.  The size of the nanoparticles (~3 nm) was also 

confirmed by the TEM images.  RBS results for Ag/SiO2 irradiated with the fluence of 5 x1013 

ion/cm2 show the decrease in slope of at the interface of the Ag profile, indicating a partial 

mixing at a fluence of 5 x 1013 ion/cm2.  Open aperture z-scan measurement of Ag/SHI 

irradiated sample after annealing shows a saturation behavior, indicating that the sample is 

optically non-linear.  The sample shows saturation behavior and not optically limiting behavior, 

which indicates that the size and number density of nanoparticles are low. 
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Anessential progress in the research of radiation defects formation has been achieved with 

pulsed spectrometry. In this work radiation defects creation in LiF –WO3, LiF- TiO2, LiF- Fe2O3 

crystals under pulsed electron radiation is researched with high time (20 ns) and spectral (2 nm) 

resolution measurement techniques. LiF crystals were grown by Stocbarger method in 

fluoridizing atmosphere in Vavilov State Optical Institute(Saint Petersburg). Other crystals were 

grown in air by Czochralski method in the Institute for Scintillation Materials of NAS of Ukraine 

Kharkov). The analysis of initial defects the investigated crystals was performed by the 

absorption spectroscopy in the infrared region byFT-IR spectrometer Nicolet 5700, and in the 

visible region of the spectrum by the spectrometer SP-256. The electron pulse parameters were 

as follows: 10 ns duration, energy density per pulse up to 0.1 J∙cm-2, 1.10-2-1.10-3 Hzpulse 

repetition rate. The crystals were irradiated over the interval of 15-300 K, the absorbed dozes 

varied in range of 101-105Gy. The spectral kinetic characteristics of pulsed 

cathodoluminescence and pulsed photoluminescence (excitation quantum energy equal to 4.66 

eV) and the absorption spectra after crystal irradiation have been studied. LiF –WO3, LiF- TiO2, 

LiF- Fe2O3 crystals contain also oxygen in two types of modification: О2-and OH-. The 

concentration of free OH- ions was determined by Smakula formula with oscillation strength 

0.942. The concentration of OH- ions was found to be about 6×1017 cm-3 for all crystals.  

Formation and accumulation processes of color centers in regular lattice of LiF –WO3, LiF- TiO2, 

LiF- Fe2O3 crystals are determined by concentration and size of defect regions containing 

polyvalent cations (W, Fe, Ti) –nanodefects. 
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Natural corundum, including ruby and sapphire, is the gemstone specie which is rare 

rock-forming mineral. It is a crystalline form of alumina oxide (Al2O3) with some trace elements. 

Corundum is an allochromatic mineral referring to minerals whose color varies based on the 

presence of impurities in their composition and on defects in their structure. For instance, the 

red color in ruby is generated by the substitution of Cr3+ to Al3+ in the six surrounded oxygen 

ions. By the way, the interchange electron between Fe2+ and Ti4+, as called intervalence charge 

transfer, can produce the deep blue color. The visual appearance and characteristic of 

corundum are determined by many factors including; brilliance, color, fire (light dispersion), and 

luster. Either excess or lack of the oxygen around corundum has the principal effects on the 

saturation and tone of color. As a result, some amount of oxygen induces the charge state of 

transition metal element; in other words, the oxidation number of element can be either 

increased or decreased. Ion implantation technology can be utilized for enhancing the optical 

properties of corundum by controlling the surrounding oxygen concentration from the implanted 

ion type selection. This research attempts to find out an alternative method for improving the 

optical appearance and color enhancement of corundum. In this way, ion beam treatment with a 

variety of ion types, energies and fluences have been applied to modify ruby and sapphire from 

several countries, e.g. Thailand, Myanmar, Cambodia, Sri Lanka, Africa, and USA. Additionally, 

the ion beam analysis techniques, i.e., particle-induced X-ray emission and Ionoluminescence, 

together with conventional gemological observations such as optical microscope and UV-Vis-

NIR spectroscopy can be made out this phenomena description. The advantageous of these 

methods appear to be a new and a sustainable for improving gemstones properties. 
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Recently, rapid development of innovative micro-electronic devices has led to growing interest 

on using ion implantation techniques in forming shallow junctions.  Molecular ion implantation 

has gained especially greater attention due to its exceptional advantages of extracting boron 

ions with lower energy and higher current from an accelerator.  Among many ion sources, BGe 

is believed to be one of the most desirable.  Furthermore, the fact that an in-depth 

understanding of the corresponding implantation and post-annealing characteristics is highly 

demanded prior to its industrial applications constitutes the central objective of the present 

study.  In this study, shallow junction characteristics produced by implanting 2x1015 cm-2 77 keV 

BGe molecular ions into n-type <100> silicon wafers at liquid nitrogen temperature (LT) and 

room temperature (RT) were investigated.  Post-annealing methods employed consisted of 

furnace annealing (FA) at 550 oC for 0.5, 1, 2, and 3 h and rapid thermal annealing (RTA) at 

1050 oC for 25 s.  In particular, one-step (FA) and two-step (FA+RTA) post-annealing 

treatments were chosen.  In addition, the shallow junction characteristics conducted including 

junction depth, sheet resistance, crystalline recovery, and damage microstructure.  They were 

measured using secondary ion mass spectrometry (SIMS), a four-point probe, Raman 

scattering spectroscopy (RSS), and cross-sectional transmission electron microscopy (XTEM), 

respectively.  The results indicated that the shallow junction characteristics of the LT 

implantation are superior to those of the RT one when post-annealing time in FA is greater than 

1 h.  However, in order to achieve optimal crystalline recovery and electrical activation, a post-

annealing time of 3 h in FA is needed for either one- or two-step post-annealing treatments 

under investigation.  This is also true for both the LT and RT implantations. 

 

Keywords: Molecular ion implantation; Shallow junction; Annealing; Transient-enhanced 

diffusion; Junction depth; Sheet resistance 
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Synthesis of nanosized structures in silicon and silicon contained materials by ions irradiation 

presume investigation processes of grinding crystal structure, formation new phases defects 

formation and its effect on properties. High intensive short pulsed carbon ions implantation with 

aim of synthesis carbon contained compounds in silicon carry out simultaneous annealing of 

induced defects. The induced formation of heterogeneity in form of amorphous carbon and 

nanodiamonds, graphite changes the characteristics of the materials. 

The purpose of this work is investigation of the reason of electrical and photoelectrical 

characteristics of polycrystalline silicon changes after high intensive short pulsed carbon 

implantation ions and subsequent vacuum annealing at 300–900 K. Implantation with carbon 

ions was fulfilled with using powerful pulsed beam generated by a diode with external magnetic 

insulation with dielectric anode. Surface and volume dark conduction, photoconduction, 

photosensitivity were measured. 

Dose dependencies of photoelectrical characteristics are obey to common laws proper to silicon 

implanted with ions. The type of photoconduction changes and photosensitivity sharply drops. 

As shows parameters, hopping transport contribution to conduction enlarges owing to growth of 

density of induced defects localized states distributed near Fermi level. States density 

diminishes with its depth in band gap unlike unirradiated silicon. Levels parameters were 

determined by irradiation conditions. 

Processes of defects annealing, ions precipitation, nanoparticles agglomeration and hard 

solution formation condition the characteristics change during annealing in stages 300–700, 

700–1000 K. Dissociation of unstable acceptor defects complexes begin at 450 K is 

accompanies by type carriers restoration. Stable until 600 K complexes on basis donors like 

defects and implanting ions determine the Fermi level position in band gap and recharge 

defects. Nanocrystals provide the stabilized effect on characteristics connected with induced 

defects. Nanoparticles agglomeration effects on properties at 700–1000 K. In summary, as a 

result of ion-thermal modification of polycrystalline silicon new highly defective material was 

formed in the near surface layer with considerably changed electrical and photoelectrical 

properties. 

 

mailto:konusov@hvd.tpu.ru


 

 
162 

Monday, September 16                              POS.22 

Ion Implantation 

Effects of ion bombardments on the electrical properties of Glassy 

Polymeric Carbon and GPC/ Carbon Nanotubes composite* 

B. Chhay (a), R. Givens (b)  and D. ILA (c) 

 

(a) INSA de Lyon, 85 Rue Becquerel 01100 Bellignat, FRANCE 

(b) Alabama A&M University, Normal, AL 35762 USA 

(c) Fayetteville State University, Fayetteville, NC 28301 USA 

 

 

Glassy Polymeric Carbon (GPC) is a unique biocompatible material that can withstand high 

temperature and present excellent mechanical and electrical properties. Previous data have 

shown an increase in the electrical conductivity when Carbon nanotubes (CNT) was present in 

GPC matrix. 

In this presentation, we used GPC produced by spraying technique as well as a composite of 

sprayed PF resin with carbon nanotubes to produce CNT /GPC composites at three different 

concentrations. The GPC and GPC/CNT were bombarded after pyrolysis, by one MeV and 

three MeV Si and Au ions to study the induced changes on the electrical and chemical 

properties. The electrical resistivity was measured by Van der Pauw method and the chemical 

structure by Raman analysis. Results will be presented during the meeting. We will, also, show 

the previous work on bombarded pure GPC by various ions, ILA et al, as comparison.  

 

 *    This work was in part supported by NASA, NSF and DOE grants. 

 

 

 

  

 



 

 
163 

Monday, September 16                              POS.23 

Ion Implantation 

Sheet resistance of alumina ceramic after high energy metal ion beam 

implantation 

 

K.P.Savkin1, A.S.Bugaev1, A.G.Nikolaev1, E.M.Oks1,2, M.V.Shandrikov1, A.V. Tynkov1, 

and G.Yu.Yushkov1, E.V. Savruk2, S.V. Smirnov2 

 

1 Institute of High Current Electronics SB RAS, 2/3 Akademichesky ave., Tomsk, Russia, 

634055 
2 Tomsk State University of Control Systems and Radioelectronics, 40 Lenin ave., Tomsk, 

Russia, 634050. 

E-mail: savkin@opee.hcei.tsc.ru, and savkinkp@mail2000.ru 

 
 

The results of investigation of the sheet resistance of alumina ceramic as a dependence from 

the dose of implanted ions are presented. Tantalum and platinum ions with the average energy 

of about 150 keV and 100 keV were used in experiments. Estimation of the sheet resistance 

was performed from analysis of volt-ampere characteristics by measuring the leakage current at 

a voltage from 100 V to several kilovolts, which was applied at the small space of the implanted 

surface. Scanning electron microscopy and energy dispersive X-ray microanalysis were used to 

determine composition of elements in the surface of the implanted ceramics. It was found that 

the measured dencity of the implanted metal species in the samples surface correspond to the 

exposure dose. As a practical application of research results was showed that, the creation of 

weak conducting layer on the surface of the ceramic insulator electric field strength of the 

flashover increases more than 25%. 
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Tristructural isotropic fuel particles were originally developed in Germany for high temperature 

gas cooled reactors and it is considered as the fuel design of choice for the next generation of 

nuclear reactors. Its design consists of a fuel kernel of UOx coated with several layers having 

different functions. One of these functions is a containments shell/diffusion barrier for the fission 

fragments, pyrolytic carbon. This material does not offer a perfect barrier, due to its inherent 

crystalline structure, which is like graphite and therefore, impossible to mold in one continuous 

sheet around the spherical fuel bead. Plane boundaries allow fragment diffusion at a much 

higher rate than through the plane. In this study we investigate the possibility of replacing 

pyrolitic carbon with glassy polymeric carbon. We studied the evolution of their physical 

properties and structure as a function of the radiation environment in which they were exposed. 

The temperature that the samples were held during irradiation was similar to those in the core of 

the Generation IV nuclear reactor (~1000˚C). During the fission of U235, the fission fragment 

mass distribution has two maxima around 98 and 137 amu, which would best correspond to 

elements Rb and Cs, respectively. Both ions are hard to produce from our ion source at the 

Center for Irradiation of Materials; therefore, 107 Ag and 197 Au was used as best 

replacements with fluences of 5 MeV Ag, and 5 MeV Au. For elemental sample analysis we 

used transmission electron microscopy, Rutherford backscattering spectroscopy X-ray 

photoelectron spectroscopy. For molecular analysis we used Raman spectroscopy. For 

mechanical analysis we used nano-indentation and a three dimensional simulation of the 

samples to explore the surface roughness. A procedure for manufacturing glassy polymeric 

carbon with analysis and explorations of the chemical surface analysis and elemental make up 

of the samples before and after ion irradiation are also presented. This will show how the 

structure differs as the temperature increases and how the hardness and Young’s modulus 

increased after irradiation. 
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In young stellar objects (YSO), energetic cosmic rays ions are able to penetrate deeply 

into the protoplanetary disk, producing ionization and dissociation of condensed molecules on 

grain surfaces, leading also to the desorption of several species constituents of the icy mantle. 

The interpretation of interstellar data requires a quantitative study of the efficiency of the ion 

formation by various processes. In this work, the interaction of cosmic rays with CO-NH3 ice is 

mimetically obtained by the bombardment of 65 MeV heavy ions (masses of 100 u) on frozen 

gases. Positive and negative ions ejected from the ice surface as a consequence of the impact 

are analyzed by time-of-flight mass spectrometry as a function of the target temperature (from 

25 to 120 K). The time-temperature dependence of desorption yields has been used to explain 

the origin of free ions especially near ice sublimation temperatures (30 K for CO at 10-8 mbar); 

at these temperatures, the HCO+, NO+, NH3OH+ and NH3CO+ species are formed and emitted. 

For temperatures in the 40 to 65 K range, mass spectra of positive ions are dominated by the 

NH4
+ ion peak, similarly to what occurs for pure frozen NH3 target. Concerning the mass spectra 

of negative ions, the total yield of negative ions at T = 25 K is found to be about 20 times lower 

than that of positive ions. Before CO sublimation, CN-bearing species are formed among which 

the cyanide ions CN- and OCN- are by far the most abundant species. These findings support 

the affirmation that the NH4
+ and OCN- ions are efficiently formed by interaction of cosmic rays 

with NH3-CO ices. 

 

 

 

 

mailto:rafael.mr@unifap.br


 

 
166 

Monday, September 16                              POS.26 

Applications 

Influence of oxygen preimplantation on the adhesion of DLC films on 
copper substrates 

 

S. Flege1, R. Hatada1, K. Baba2, W. Ensinger1
 

 

1 Materials Science, Technische Universität Darmstadt, Germany 
2 Industrial Technology Center of Nagasaki, Omura, Japan 

  

 

Copper substrates are usually difficult to coat with Diamond-like carbon films because the 

adhesion is quite poor. A gradient carbon layer at the surface of the substrate, as can be 

obtained by implantation of a hydrocarbon, does not increase the adhesion effectively. It is 

known that oxygen implantation is helpful in this regard (Vacuum 74 (2004) 693). However, no 

values for the adhesion were published so far and the exact treatment conditions were also not 

disclosed.  

 

Mirror polished pure copper samples were treated by oxygen plasma immersion ion 

implantation (PIII) under different conditions (pulse voltage between 5 and 15 kV, pulse length 

between 10 and 40 µs, repetition rate between 500 and 2000 Hz, pressure between 5E-3 and 

1.5E-2 mbar, process time between 15 and 60 minutes) and afterwards a DLC film was 

deposited by a C2H4 plasma process. The adhesion of the films was evaluated with a pull 

tester. Depth profiling of the samples was performed by X-ray photoelectron spectroscopy and 

secondary ion mass spectrometry.  

 

The oxygen implantation proved to be an effective pretreatment with results depending 

considerably on the process parameters. 
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Yttrium or rare earth elements (REE) doped stainless steels exhibit improved high-

temperature oxidation resistance. 

There are numerous methods of incorporating REE into steel by surface treatment, e.g.: 

ion implantation, chemical vapour deposition, screen-printing, sol-gel coating, molten-salt 

electrodeposition, pack cementation. 

Recently we undertook an attempt to incorporate yttrium into steels using a new 

approach based on the use of high intensity pulsed plasma beams (HIPPB). The characteristic 

feature of this method consists in alloying yttrium into the near-surface region of the substrate in 

its transient liquid state produced as a result of the interaction with the pulsed plasma beam. 

The preliminary results obtained in AISI 316L steel samples doped with Ce-La in this way and 

next oxidized in air for 100 h at 1000°C were encouraging as regards the developed scales 

which were thinner, more compact and well adherent. 

In the present work we report the use of yttrium as an active element incorporated into 

316L stainless steel using HIPPB. The surface modification of the treated samples was 

performed using 3, 6, 9, 12 and 15 pulses with their energy density of 2 Jcm-2 each. Nitrogen 

was used as a working gas. 

The samples were oxidized in air at a temperature of 1000°C for a period of 100 h and 

next examined by stereoscopic optical microscopy (OM), scanning electron microscopy (SEM), 

energy dispersive X-ray spectroscopy (EDX) and X-ray diffraction (XRD). 

Additionally, for a better visualization of cohesion of the oxide layer and its adhesion to 

the substrate, a computer processing was adopted to increase contrast between “good” and 

“poor” areas. 

The results of our tests show, that the proposed process parameters make it possible to 

obtain above 90% of the surface with satisfactory high-temperature oxidation resistance. 
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In this study, by using pulsed plasma electrolysis technique, nitriding has been carried  

out on 2379 and 2767 steel surfaces, which are widely used as cold tools and mold steel. In this 

study, steel samples which are subjected to plasma electrolytic nitriding (PEN) technique, are 

selected, and with the help of improved surface conditions after the PEN process, increasing the  

life and productivity of the sample in industrial operations is targeted. In the testing apparatus, 

which has been specially designed in order to provide a pulsed plasma environment, two 

different processing times and two different electrolyte concentrations have been used as 

working parameters. For researching the structural characteristics of the nitrogen layer, which 

has been formed on materials after the PEN process, scanning electron microscopy (SEM), x-

ray diffraction (XRD) and energy dispersive xray spectroscopy (EDAX) techniques have been 

employed. Microhardness measurements, abrasion test, surface friction coefficient detection 

and surface roughness values are reviewed in order to see the changes in tribological 

performance of the nitrogen layer formed in steel surface. 

 

Keywords: Surface Coating, Plasma Electrolysis, Nitriding, Surface Characterization, 

Tribological Characteristics 
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The formation of hard and wear resistant surface regions for austenitic stainless steel is 

an established technology. However, experiments on long-term behavior and exact wear 

processes within this expanded austenite layer are still missing. Here, the modified layers were 

produced using plasma immersion ion implantation with nitrogen gas and had thicknesses of up 

to 4 µm, depending on the processing temperature. As deeper layers presented better wear 

resistance, detailed microscopic investigation on abrasion, plastic deformation, cracking and 

redeposition of material inside the wear tracks were performed. At the same time, cyclic fatigue 

testing employing a nanoindenter equipped with a diamond ball was carried out at different 

absolute loads and relative unloadings. As the stress distribution between the modified layer 

and the substrate changes with increasing load, additional simulations were performed for 

obtaining these complex stress distributions. 
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The plasma source ion implantation (PSII) process can be used for the treatment of the interior 

surfaces of tubes. Typically this is done with higher ion energies of 10 keV or more. The 

resulting film thickness and the properties of the DLC film usually show a dependence on 

position, i.e. the distance from the edge of the tube. In order to investigate whether this effect is 

also present with lower energies (and if so, to what extent), implantation and deposition were 

carried out at negative pulse voltages of up to -5 kV with repetition rates of 1 kHz, 500 Hz and 

100 Hz, resp. and according pulse lengths of 10 µs, 20 µs and 100 µs, resp. Methane was used 

to implant carbon ions into the substrates (SUS304 austenitic type stainless steel tubes with 

inner diameter of 20 mm) and then a thin Diamond-like carbon (DLC) film was deposited by 

switching the source gas to acetylene.  

 

The properties that were investigated include the structure, the uniformity of ion dose and film 

thickness as well as hardness and friction properties of the DLC films.  

 

The film structure was characterized by Raman spectroscopy, the film thicknesses were 

determined by scanning electron microscopy of cross sections. The surface roughness was 

measured by atomic force microscopy. Depth profiles were recorded by secondary ion mass 

spectrometry. The hardness of the DLC films was evaluated by an indentation method, and the 

friction properties of the coated samples were determined with a ball-on-disc test. 

 

The results of this low energy treatment were compared with those from our earlier work which 

employed higher ion energies. 

 

Key words: PSII, DLC, Inner wall, Tube 
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Bipolar plates are one of the most important components in PEMFC stack and have 

multiple functions, such as separators and current collectors, distributing reactions uniformly, 

mechanically supporting the cell stack and managing the heat and water of the cells. Stainless 

steel is ideal candidate for bipolar plates owing to good thermal and electrical conductivity, good 

mechanical properties etc. However, stainless steel plate still cannot resist the corrosion of 

working condition. 

In this work, ternary Ti-Mo-N film was fabricated on 316L stainless steel (SS316L) as a 

surface modification layer to enhance the corrosion resistance. Effects of Mo content on the 

microstructure and corrosion resistance of Ti-Mo-N films are systematically investigated by 

altering sputtering current of the Mo target. XRD results reveal that the preferred orientation 

changes from <111> to <220> direction as Mo content in the film increases. The synthesized Ti-

Mo-N films form a substitutional solid solution of (Ti, Mo)N where larger Mo atoms replace Ti in 

TiN crystal lattice. The TiN coated SS316L sample shows the best corrosion resistance, when 

Mo content in the Ti-Mo-N films increases the corrosion resistance gradually degrades. 

Compared with the uncoated samples, all the Ti-Mo-N film coated samples show enhanced 

corrosion resistance in simulated PEMFC working condition. 

 
Keywords: Termary film; Ti-Mo-N; Corrosion resistance; Microstructure; Bipolar plate 
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An exclusive position of nanocrystalline materials as hydrogen storage materials is 

determined by their unique structural properties that can, probably, provide a high sorption 

capacitance and potentially high concentrations for hydrogen storage. One of the methods for 

obtaining materials in the nanocrystalline state is introduction of nanoformative elements. These 

are chemical elements with low solubility or non interacting with other elements in the composite 

being formed. The plasma evaporation-sputtering method was applied to make composite 

materials of the Mg-Ti system (the method of atom-by-atom mixing of components). The ion-

implanted deuterium desorption temperature variations as a function of the component 

concentration were studied. It has been established that, by introducing Ti into Mg, the 

deuterium desorption temperature can be appreciably decreased (to 350-450 K) in comparison 

with the case of deuterium desorption from magnesium.  

A step-like form of the curve of deuterium desorption temperature evidences on the 

presence of two different structure states of the Mg-Ti system depending on the ratio of 

components. The deuterium temperature decrease can be caused by filamentary inclusions 

formed, in the process of composite making and annealing, by the insoluble component 

(titanium) atoms providing the deuterium diffusion from the sample at a lower temperature 

(channels for deuterium diffusion through the surface barrier). A necessary high diffusion 

mobility of deuterium is provided by the amorphous state of samples. The deuterium desorption 

data obtained on the example of Mg-Ti and Mg-Zr [1], Mg-V [2] composites provide support for 

further research into hydrogen storage materials containing low-soluble chemical elements in 

the alloy components. 
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The interest on studies related to organic based electronic and photoelectrical devices has been 

increased in last several decades due to low cost and easy preparation techniques. Organic-

inorganic hybrid heterojunctions are one newly in classes of micro and nanoelectronic devices. 

They are widely studied to use the advantages of both organic and inorganic materials in a 

single structure. Slanted nano-columnar (SnC) a-Si inorganic thin films were growth on n-type 

crystalline Si(100) and p-type crystalline Si(111) via ultra-high vacuum electron beam 

evaporation technique. The structural and morphological properties of the amorphous silicon 

thin films were investigated by XRD, Raman and FE-SEM analysis. According to the XRD and 

Raman analysis the structure of thin film was amorphous and FE-SEM analysis indicated 

slanted nano-columns were formed smoothly. Iron-Phthalocyanine(FePc), belonging to the p-

type organic semiconductor metal- Phthalocyanine(M-Pc) family which has great application 

potential in photovoltaic solar cell, light emitting diodes, gas sensors and transistors, were 

deposited onto SNc a-Si substrates  by chemical spray pyrolysis(CSP) technique. The electrical 

transport and diode parameters of p-FePc/SNc a-Si/n-Si and p-FePc/SNc a-Si/p-Si organin-

inorganic hybrid heterojunction have been investigated by means of dc current-voltage (I-V) 

measurements within at room temperature in dark condition. The current-voltage characteristic 

of these hybrid heterojunctions showed good rectifying behavior and the I-V measurements 

which were taken in light conditions showed that junctions have good photosensitivity. 
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Wheat variation materials with great economic value were obtained by ion beams and they 

were used for drought resistance relevant research. Through the analysis of 12 variation 

materials at germination period, the relative germination rate and relative germination energy of 

variation material 5504, 5606 and 5626 were higher than that of wild materials, which indicated 

that drought resistance of variation materials at the seedling stage was stronger than wild ones. 

Several agronomic traits of variation materials such as height, tiller number and 1000-grain 

weight were analyzed by the means of variance analysis and multiple comparisons on the 

condition of whole-growth-stage water stress and normal irrigation respectively. The key drought 

index of variation material 5402 and 5486 were higher than 1, which showed their drought 

resistance had been improved. Among 780 bands identified by RAPD analysis, 328 ones were 

polymorphic and the accumulated variation frequency was 42.05%. Therefore, it was concluded 

that abundant variations which was induced by the transformation mediated by ion beams 

occurred in variation materials at the level of DNA. 
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Silicon photonics offers a solution to key roadblocks in microelectronics at the chip, 

motherboard and system level due to the use of copper inter-connects for transfer of data.All of 

the photonics functionality required can be achieved in silicon using standard CMOS technology 

apart from emitters. Emitters currently require hybridization of III-V lasers onto the silicon. This 

adds significant cost and complexity and the optimum approach is emitters in silicon itself. 

Light emission from silicon can be achieved by introducing particular point defects to 

produce emission at wavelengths of interest, which depend on the nature of the defects. A 

promising light-emitting point defect in silicon is the carbon related G-centre, due to its sharp 

zero phonon luminescence peak at 1280 nm which matches the important optical 

communications wavelength of 1300 nm.This optically active form of the substitutional-interstitial 

carbon related G-centre in silicon is of great interest because of evidence that it can support 

lasing (Nature Mater., 4, 887 (2005)). 

Here we report on a newmethod to form the G-centre in silicon. The carbon G-centre is 

generated by implantation of carbon followed by proton irradiation.Photoluminescence 

measurements confirm the formation of high levels of the G-centre completely dominating the 

emission spectrum. Unlike previous methodsof introducing the G-centre (nanotexturing or 

chemically treating the surface) the current approach significantly is truly fully compatible with 

standard silicon ULSI (Ultra Large Scale Integration) technology. We will consider the process 

optimisation both in terms of optical efficiency but also in terms of commercial viability. 

 

We acknowledge the European Research Council for financial support under the FP7 for the 

award of the ERC Advanced Investigator Grant SILAMPS 226470. 
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Devices operating in space, e.g. in satellites or space-based telescopes, are being hit by cosmic 

rays. These include so-called HZE-ions, with High mass (Z) and energy (E). They consist of 

elements of the first row of the transition metals of the periodic system of elements, such as Fe. 

These ions penetrate deeply into the materials and deposit a large amount of energy, typically 

several keV per nm range. No chemical bond can stand such energies: as a consequence, 

serious damage is created. In electronic devices, polymers such as polyimide are used for 

electrical insulation. When they are hit by HZE-ions, their polymeric network is degraded and 

they transform to compounds closer to graphite with progressively losing their insulating 

character. HZE ion irradiation can experimentally be simulated in large scale accelerators. In the 

present study, the radiation damage of polyimide by heavy ions in the energy range from 500 to 

1000 MeV, created in the GSI linear accelerator, is described. The results are based on FT 

infrared absorption, UV-Vis transmission, mass spectroscopy and electrical conductivity 

measurements. Polymer structural degradation, fragmentation with outgassing of molecules, 

and loss of macroscopic properties are shown as a function of ion fluence/radiation dose. Such 

investigations are important for estimating service life-times in long-term space missions.  
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In order to keep the stoichemistry of Bi2Te3 and Sb2Te3 so as to keep the electrical and 

thermal conductivity advantage of the layered structure of bulk Bi2Te3 and Sb2Te3 in each 

period of the superlattice, magnetron sputtering, which is operated at relatively low temperature, 

was used to deposit multiplayer Bi2Te3/Sb2Te3 thermoelectric superlattice device. The two 

guns in our magnetron sputtering device is oriented at a certain angle to get off -axis plasma 

plume, which will form lattice with preferential orientation for electrical conductivity in each layer. 

The super lattice was then bombarded by MeV Si ions with different fluence in order to form 

nanoscale cluster quantum dot-like structures. In addition to the effect of quantum well 

confinement of the phonon transmission, the nanoscale clusters produced by the bombardment 

of ion beam further adversely affect the thermal conductivity. The defect and disorder in the 

lattice caused by bombardment and the grain boundary of these nanoscale clusters increase 

the scattering of phonon and increase the chance of the inelastic interaction of phonon and the 

annihilation of phonon, this limits phonon mean free path. Phonons are chiefly absorbed and 

dissipated along the lattice, therefore reduces the cross plane thermal conductivity, The 

increases of the electron density of state in the miniband of nanoscale cluster quantum dot-like 

structure formed by bombardment also increases Seebeck coefficient, and the electrical 

conductivity. Eventually, the thermo-electric figure of merit of superlattice films increases. 
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Chalcogenide glasses are well known for their propensity to permit the diffusion of various metal 

ions. This phenomenon has been exploited to fabricate resistive memory devices, where 

switching between a low resistive (on) state and a high resistive (off) state is achieved through 

the transport of metal ions through a chalcogenide glass film. Commonly used chalcogenide 

glasses include Ge-Sb-Te and Ge-Se. Ga-La-S is a novel chalcogenide material with a 

resistivity over ten orders of magnitude greater than Ge-Sb-Te. We fabricated a resistive 

switchingdevice by sputtering 250 nm of Ga-La-S onto an In-Sn-O substrate, then implanted Pb 

with a dose of 3×1015 ions/cm2, before sputtering Al top contacts. Rutherford backscattering 

indicated Pb atoms at a depth of 40 nm, with a peak concentration of 0.7 at.%. IV 

measurements of devices without Pb implantation showed set-reset behaviour, with a 

resistance ratio of 500. With Pb implantation, devices had a resistance ratio of 3×109, the 

highest reported for a chalcogenide-based switching device, to the best of our knowledge; this 

was due to a significantly higher off state resistance. Cryogenic IV measurements  showed that, 

between 77 and 190 K, Pb- implanted devices remained in an on state, between 195 and 210 K 

it was in an off state, and over 230 K it returned to its switching behaviour, indicating that the 

transport of ions through the film is a thermally activated process. CV measurements at 10 kHz 

were largely featureless, indicating that the effect of interface states is minimal, and that the 

switching bandwidth is less than 10 kHz. We propose that switching behaviour is caused by 

diffusion of Al ions from the top electrode. Without Pb implantation, some ions can diffuse into 

the Ga-La-S film without any bias, decreasing the off state resistance. Pb implantation creates a 

barrier layer between the Al electrode and the rest of the Ga-La-S film; this prevents diffusion of 

Al in the absence of an applied bias, and increases the off- state resistance. The barrier layer is 

probably formed from a damaged region caused by Pb implantation, rather than Pb itself, 

because of its relatively low concentration.  

 

 

 



 

 
179 

Monday, September 16                              POS.39 

Innovative Technologies 

Thermoelectric Device Fabrication By Si Ion Implantation 

 

C.C. Smith 

 

4 SIGHT INC, Huntsville AL 35816, USA 

 
 

Multilayered thin films of SiO2/AU+ SiO2/, SiO2/Ag+ SiO2/, and SiO2/Cu+ SiO2/, were grown 

by deposition. We have previously shown that MeV ion Bombardment of multi-nano-layers of 

SiO2/AU+ SiO2/ produces Au nanocrystals in the AU+ SiO2 layers. An increased number of 

nano-layers followed by MeV ion bombardment produces a wide optical absorption band, of 

which its FWHM depends on the number of nano-layers of SiO2/AU+ SiO2/. We have 

successfully repeated this process for nano-layers of SiO2/Ag+ SiO2/, and SiO2/Cu+ SiO2/. In 

this work we used 5 MeV Si as the post deposition bombardment ion and monitored the location 

as well as the optical absorption's FWHM for each layered structure using Optical Absorption .  
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 Semiconducting β-Zn4Sb3 and ZrNiSn-based half-heusler compound thin films with applications 

as thermoelectric materials were prepared physical vapor deposition (PVD). High-purity solid 

zinc and antimony were evaporated by electron beam to grow the β-Zn4Sb3 thin film while high-

purity zirconium powder and nickel tin powders were evaporated by electron beam to grow the 

ZrNiSn-based half-heusler compound thin film. Rutherford backscattering spectrometry (RBS) 

was used to analyze the composition of the thin films. The grown thin films were subjected to 5 

MeV Si ions bombardments for generation of nanostructures in the films. The electronic energy 

deposited due to ionization in the track of MeV ion beam can cause localized crystallization. The 

nanostructures produced by MeV ion beam can cause significant change in both the electrical 

and the thermal conductivity of thin films, thereby improving the efficiency. We used the 3ω-

method (3rd harmonic) measurement system to measure the cross-plane thermal conductivity, 

the Van der Pauw measurement system to measure the electrical conductivity, and the 

Seebeck-coefficient measurement system to measure the cross-plane Seebeck coefficient. The 

thermoelectric figures of merit of the two material systems were then derived by calculations 

using the measurement results.  

 

Keywords: Ion bombardment, thermoelectric properties, thin films, RBS, Figure of merit. 
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The ternary chalcogenides AgBiTe2 and AgSbTe2 belong to family of semiconductors with 

disordered NaCl cubic structure in which silver and antimony occupy metal sub-lattice. Both 

compounds are very interesting due to their thermoelectric properties. We have grown the 

single layers of AgBiTe and AgSbTe thin films on silicon and silica (suprasil) substrates using 

physical vapor deposition (PVD). The high-energy (MeV) Si ion bombardments were performed 

on samples at five different fluences between 5×1013-5×1015 ions/cm2. The MeV Si ions 

bombardments caused changes on the thermoelectric properties of the thin films.  We have 

measured the thermoelectric efficiency (figure of merit, ZT) of the fabricated devices by 

measuring the cross plane thermal conductivity by the 3rd harmonic ( 3 ) method, the cross 

plane Seebeck coefficient, and the electrical conductivity using the Van Der Pauw method 

before and after the MeV Si ions bombardments. Rutherford Backscattering Spectrometry 

(RBS) and RUMP simulation package program were used to analyze the elemental composition 

and thickness of deposited materials.  

 

Keywords: Thermoelectric properties, Thin Films, Rutherford Backscattering Spectrometry 

(RBS), Figure of merit. 
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We have prepared thermoelectric devices from alternating layers of Si/Si+Sb superlattice films 

using physical vapor deposition (PVD). In order to determine the stoichiometry of the elements 

and the thickness of the grown multi-layer film, Rutherford Backscattering Spectrometry (RBS) 

and RUMP simulation have been used. SEM and EDS have been used to analyze the surface 

and composition of the thin films. The 5 MeV Si ion bombardments have been performed using 

the AAMU Pelletron ion beam accelerator, to make quantum clusters in the multi-layer 

superlattice thin films to decrease the cross plane thermal conductivity, increase the cross plane 

Seebeck coefficient and increase the cross plane electrical conductivity to increase the figure of 

merit. Some optical instrumentation has been used addition to RBS and SEM. We will be 

showing our findings. 

 

Keywords: Ion bombardment, thermoelectric properties, multi-nanolayers, figure of merit. 
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The performance of the thermoelectric materials and devices is shown by a dimensionless 

figure of merit, ZT = S2
T/K, where S is the Seebeck coefficient,  is the electrical conductivity, 

T is the absolute temperature and K is the thermal conductivity. ZT could be increased by 

increasing S, increasing  or decreasing K. We have prepared the thermoelectric generator 

device from the 50 and 100 alternating layers of the Si/Si+Ge multi nanolayered superlattice 

films at the thickness of 300 nm and 317 nm, respectively physical vapor deposition (PVD). To 

determine the stoichiometry of the elements of Si and Ge in the grown multilayer thin films and 

the thickness of the grown multi-layer films Rutherford Backscattering Spectrometry (RBS) has 

been used. The 5 MeV Si ions bombardments have been performed using Pelletron ion beam 

accelerator to form quantum dots and/or quantum clusters in the multi nanolayered superlatt ice 

films to decrease the cross plane thermal conductivity, increase the cross plane Seebeck 

coefficient and cross plane electrical conductivity. We have reached remarkable results for the 

thermoelectric properties and the optical properties of the Si/Si+Ge multilayer thin film systems 

when the suitable fluences have been chosen for the 5 MeV Si ions beam bombardment. 

 

Keywords: Ion bombardment, thermoelectric properties, multi-nanolayers, Figure of merit. 
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We prepared a thermoelectric generator device from 100 alternating layers of SiO2/SiO2+Ge 

superlattice films using Magnetron DC/RF Sputtering. Rutherford Backscattering Spectrometry 

(RBS) and RUMP simulation software package were used to determine the stoichiometry of Si 

and Ge in the grown multilayer films and the thickness of the grown multi-layer films. SEM and 

EDS have been used to analyze the surface and composition of the thin films. The 5 MeV Si ion 

bombardments have been performed using the AAMU Pelletron ion beam accelerator, to make 

quantum clusters in the multi-layer superlattice thin films to decrease the cross plane thermal 

conductivity, increase the cross plane Seebeck coefficient and increase the cross plane 

electrical conductivity to increase the figure of merit. We will be showing our findings. 

  

Keywords: Ion bombardment, thermoelectric properties, multi-nanolayers, figure of merit. 
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We prepared multilayers of superlattice system consisting of 50 periodic nano-layers of 

semiconducting half heusler β-Zn4Sb3 and skutterudites CeFe2Co2Sb12 compound thin films 

using physical vapor deposition (PVD) with Au layers deposited on both sides as metal 

contacts. The deposited multilayer thin films have alternating layers of 5 nm thick. The total 

thickness of the multilayer system is 275 nm. The superlattices were then bombarded by 5 MeV 

Si ions at six different fluences to form nano-cluster structures. The film thicknesses and 

stoichiometry were monitored by Rutherford backscattering spectrometry (RBS) before and after 

MeV ion bombardments. We have measured the thermoelectric efficiency of the fabricated 

device by measuring the cross plane thermal conductivity by the 3rd harmonic (3w) method, the 

cross plane Seebeck coefficient, and the electrical conductivity using the Van Der Pauw method 

before and after the MeV ion bombardments.  

 

Keywords: Ion bombardment, thermoelectric properties, multi-nanolayers, superlattices, RBS, 

Figure of merit. 
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We prepared a thermoelectric generator device from 36 alternating layers of SiO2/SiO2+Cu 

superlattice films using Magnetron DC/RF Sputtering. AFM has been used to analyze the 

surface of the thin films. The samples were subjected to furnace annealing at temperatures 

ranging from 500 to 700 °C in air for 1 hour, to make quantum dots and/ or clusters in the multi-

layer superlattice thin films to tailor the thermoelectric and optical properties of the thin film 

systems. The synthesized nanomaterial samples were characterized with UV-Vis-NIR Optical 

Absorption, Florescence, and Raman spectroscopies, Seebeck coefficients measurement 

systems. 

 

Keywords: Thermoelectric properties, multi-nanolayers, figure of merit. 
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In many respects, zinc oxide (ZnO) is considered to be an alternate to GaN for device 

applications owing to its relatively low production cost, superior optical properties and high 

exciton binding energy (60 meV).  In this report, high quality ZnO-based thin film structures were 

prepared by e-beam evaporation techniques and the pH sensing behaviors were studied using 

light addressable potentiometric sensor (LAPS). LAPS are important semiconductor based label 

free sensing tools that are useful for visualizing the 2-D distribution of chemical species because 

of their light addressing capability at measurement sites. The ZnO ~ 60 nm thin film and Al2O3 

as a sensing membrane were deposited on clean glass substrates. The substrates were 

washed with acetone, alcohol and DI water. The vacuum before evaporation was of 8 × 10-6 torr, 

during evaporation at room temperature was of 4 × 10-5 torr. The deposition rate was 1–10 nm/s. 

After deposition at room temperature, the films were transmitted ~ 80%. The physical properties 

of ZnO thin film are confirmed by SEM, XRD and AFM analysis. Its pH sensing performance is 

investigated by addressing with an ultraviolet 365 nm light-emitting diode operated at a 

frequency of 5 kHz.  
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Zirconia, with its high index, wide spectral transparency range, low absorption in both visible 

and near-infrared bands, has drawn much attention in optical application such as broadband 

interference filters and optoelectronic devices nowadays. The optical constant of Zirconia thin 

films is very important, because it is not only the direct embodiment of its optical performance, 

but also closely related to film microstructure and deposition process. Efforts have been made 

to improve the optical properties of Zirconia films deposited by DC magnetron sputtering in last 

decades. Thin films deposited by high-power impulse magnetron sputtering (HIPIMS) can 

achieve uniform color, meticulous texture, strong film adhesion, corrosion resistance and good 

stability. In this paper, by using reactive HIPIMS technology, the preparation and optical 

characteristics of Zirconia deposition films have been studied with various duty cycles and 

O2/(O2+Ar) mixing ratios (OMR). We have found that deposition rate of Zirconia thin film 

increases when the duty cycle declines or the OMR becomes smaller. The optical transmission, 

absorption and reflectance properties of different grown Zirconia films are also investigated 

using UV-VIS spectrophotometer. The absorption edges of Zirconia films below 400 nm display 

a shift to short wavelengths in the transmittance spectra when the thicknesses decrease. 

Furthermore, the optical bandgap energies of Zirconia thin films have been calculated in high-

absorbance region. When O2 flow increases from 3 sccm to 10 sccm, the bandgap energies of 

Zirconia films increase in a small range of 3.6eV ~3.8eV, slightly less than DC magnetron 

sputtering. However, the film thicknesses show negative impacts on bandgap energies. In 

general, Zirconia films by HIPIMS shows a high transmittance which can achieve 85% in the 

visible light region. Finally, the electrical properties of Zirconia films including leakage current 

and breakdown voltage have also been discussed. 
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In previous works, magnetic field of magnetic bottle type has been shown toenhance the plasma 

immersion ion implantation (PIII). Thismagnetic configuration when used in PIII allows to obtain 

high density plasma close to the ion implantation region due to the formation of the E x B 

crosses fields. As a result, the ion dose on the target surface increases significantlywhen 

compared to standard PIII.Based onthese positives results,we haveperformedin this work,the 

study ofthe effects of carbon and nitrogen PIII on SS304 stainless steel samples in presence 

ofE x B fields.From this treatment we expected to obtain both N and C phases on the treated 

material surface. Our PIII experiment, with axial magnetic field wascarried out in a stainless 

steel cylindric chamber of 0.38 meter length and 0.13 meter radius. In order to produce the 

required magnetic field, the PIII vacuum chamber was equipped with an external magnetic coil 

system. Carbon and nitrogen ions were implanted in pressure of 2.0 x 10 -2 mbar and 10 kV of 

voltage. The samples were characterized using different measurement techniques, including 

Scanning electron microscope (SEM), Atomic force microscopy (AFM), X-Ray diffraction (XRD) 

and tribology test with pin-on-disk method. The obtained results show indeed that PIII in this 

configuration ensures formation of the combined Nand Cphases, promotingsignificant changes 

in the samples surface morphology and an improvement in the wear resistance. Corrosion 

resistance test are also under verification. 
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Sputter cleaning of surface and subsequent annealing is one of the popular ways of surface 

treatment. It has been considered that atomically flat, well defined surface preparation is better 

for the substrate of the epitaxial film formation. In our previous study, several surface treatment 

processes of the Si substrate have been examined to obtain high quality compound 

semiconductor film, such as -FeSi2 [1]. It was revealed that moderate condition (1 keV, Ne+) of 

the sputter treatment process provides atomically smooth -FeSi2/Si interface through ion beam 

sputter deposition [2].These results shows moderately disordered surface promotes 

interdiffusion of deposited and surface atoms. However, several defects are still remainedin 

the-FeSi2 film and Si substrate from cross sectional transmission electron microscope (TEM) 

observation. The transition layer at the interface is also observed,though the thickness is only 2 

or 3 atomic layers [2].It is expected that lower ion irradiation is favorable for higher quality film 

formation. 

In the present study, lower energy ion irradiation effects have been investigated by using 0.8 

keV Ne+. Nanostractural, compositional and chemical state changes at the film/substrate 

interface with atomic resolution have been analyzed by cross sectional andscanning TEM. The 

relationship between the interface structure and chemical state will be also discussed. 
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 Thin films of titanium dioxide (TiO2) were grown on silicon <100> and glass substrates 

by electron beam evaporation deposition technique under high vacuum using sintered pellet of 

TiO2. Nanocrystallinity was achieved by irradiating these thin films with 100 MeV Au and 100 

MeV Ni Swift Heavy Ion (SHI) beam at normal incidence with ion fluencies of 5×1012 ions/cm2 

and 1×1013 ions/cm2 at a constant current of 1 pnA. Swift Heavy Ion beam irradiation was carried 

by using 15UD Pelletron Accelerator at IUAC, New Delhi. Depth profile, compositional analysis 

and modification on oxygen concentration was done by Resonance Rutherford Backscattering 

(Resonance RBS) technique. SHI induced sputtering was observed in SHI irradiated thin films. 

Modification in electrical properties were studied by I-V measurement. Optical studies of these 

ion irradiated thin films were done by UV-Visible Spectroscopy. Due to very small thickness of 

the films, a small variation in band gap around 3.9 eV was observed in irradiated samples as 

compared to pristine sample. Surface topographical studies and variation in grain size by atomic 

force microscopy (AFM) in tapping mode technique is going on. Crystallinity and phase 

transformation due to irradiation of as-deposited and irradiated films were studied by glancing 

angle X-ray diffraction (GAXRD) technique. Studies of room temperature and low temperature 

electrical properties of these thin films by Four-probe method is going on. Detailed results and 

their correlations with each other and variation in ion beam and irradiation fluence will be 

discussed in detail during the presentation.   

  

Key Words: Swift Heavy Ion, Resonance RBS, I-V, UV/Visible, GAXRD, AFM.    
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In this work, we use TiO2 nanoparticles and polycarbonate  for production nanocomposite thin 

films. After polycarbonate e was dissolved in dichloromethane , then TiO2 nanoparticles was 

added to the solution with different percentage. The obtained solutions were coated on quartz 

substrate using spin coater. The effect of O2 plasma ( with treatment time 30–120 s) on the 

optical properties,crystallinity, and the surface energy of PC-TiO2 nanocomposite has been 

investigated. Some characterization techniques viz., X-ray diffraction analysis (XRD), UV–visible 

spectroscopy and contact angle measurement were used to study the induced changes on the 

properties of the treated PC–TiO2 nanocomposite. Crystalinity and optical properties remained 

unchanged at the same conditions. Moreover, the surface energy of treated sample varied 

comparing to the respective untreated samples. 
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 Ion implantation is one of important technologies for modification of the material surface 

properties. A Mevva-type vacuum arc ion source is unique instrument to generate beams of 

gaseous ions, metal ions or even mixed gas-metal ion beams with controllable ratio of ions of 

each type in a beam. This article focuses on the characteristics of some applications Mevva-V 

vacuum arc ion sources for ion implantation of polymer materials to modify its biological surface 

properties. Here and further biological properties is meant the suppression rate of bacterial 

growth or vice versa, the acceleration of cell growth on polymeric materials by ion implantation. 

Results of the experiments on metal ions implantation into polymer materials are presented and 

discussed. 
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The effects of electron-beam radiation treatment on fiber–matrix adhesion and 

mechanical properties of short piassava fibers reinforced high density polyethylene (HDPE) 

matrix were studied. Glycidyl methacrylate (GMA) was added at 2.5 % and 5.0 % (on wt) as a 

cross-linking agent and their effects upon the properties of the resulting composites treated by 

electron-beam radiation were also examined. HDPE reinforced with short piassava fiber 

composites were prepared by melt-mixing processing, using a twin screw extruder machine. 

The materials were irradiated with 100 and 200 kGy using a 1.5 MeV electron beam 

accelerator, at room temperature in presence of air. The comparison of mechanical properties 

of the composites showed that electron-beam radiation treatment produced a significant gain 

in mechanical properties. It was also shown that the gain in mechanical properties were even 

higher when 5.0 % (on wt) of GMA was added. Scanning electron microscopy (SEM) studies 

of the composite failure surfaces also indicated that there was an improved adhesion between 

fiber and matrix. Examination of the failure surfaces indicated differences in the interfacial 

adhesion with the radiation dose and GMA content. The better interfacial adhesion between 

fiber and HDPE matrix was observed for composites with 5.0 % GMA addition and treated with 

electron-beam radiation dose of 200 kGy. So, it can be concluded that GMA addition followed 

by electron-beam irradiation treatment, at the doses studied in this work, could lead to the 

obtaining of composite materials with better mechanical and morphological properties than 

untreated ones.  
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We have successfully demonstrated the sintering of zirconium dioxide ceramics by 
means of an electron beam, produced by a plasma-cathode e-beam source, operating 
at fore-vacuum pressure. The sintered ceramics consists of tetragonal-modified 
zirconium dioxide with grain size from 0.7 to 24 micrometers, depending on the sintering 
conditions. At constant sintering temperature, the density of the material and its grain 
size depend on the integrated energy injected into the sintered material by the electron 
beam. 
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Titanium dioxide (TiO2) is well-known as a photovoltaic and photocatalytic material. For 

improvement in the dye-sensitized solar cell (DSSC) performance efficiency, the photocatalyst 

TiO2 layer would be desired in nanoporous anatase. In this research, TiO2 films were 

synthesized on glass or p-type silicon substrate using our in-house Filtered Cathodic Vacuum 

Arc Deposition (FCVAD) system. The deposition was operated at varied oxygen (O2) partial 

pressures of 10-4, 10-3, 10-2 to 10-1 torr with fixed 0 or 250-V bias and 600-V arc for 10 or 20 

minutes. This investigation was focused on the O2 partial pressure effect on the film 

characteristics with applying analysis techniques such as scanning electron microscopy (SEM), 

atomic force microscopy (AFM), energy-dispersive X-ray spectroscopy (EDS) and Raman 

spectroscopy. With increasing of the O2-pressure up to 10-1 torr, the film was densified, the film 

transparency increased, the Ti-O stoichiometric ratio optimized at 10-3 – 10-2 torr, the film 

thickness decreased, and some rutile but no anatase (surely) formed besides amorphous 

structure. Bias-deposited films have higher thickness than no-bias-deposited films at all oxygen 

pressures owing to the bias attracting more ions. Post-deposition annealing at 400ºC, anatase 

started to form for the 10-2-torr pressure condition. The results provide FCVAD operation 

parameters optimized for synthesis of photovoltaic-applicable TiO2 thin films. 
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Co doped ZnO is a potential candidate for ferromagnetic semiconductor exhibiting carrier mediated, high-
temperature ferromagnetism. Ion implantation is used as a method for introducing high concentration 
impurity but the resulting damage must be removed by a suitable method. Fast annealing or pulsed 
methods are particularly useful since they inhibit precipitation of high concentration impurity.  
Plasma pulse melting used in our study has brought spectacular results as regards the recovery of 
crystalline perfection in ion implanted silicon and germanium. However in the case of Co implanted ZnO 
this treatment results in flake off of the treated surface layer. 
However in the case of thermal annealing we were able to detect a significant substitution of implanted 
Co atoms in the crystal lattice of ZnO, as evidenced by the measurements of channeled PIXE. Co was 
implanted at 100 keV to a dose of 6E+15 and 1.2E+16 cm-2 and the samples were annealed in the range 
600 – 900 deg C. The substitution process was accompanied by a pronounced damage annealing.  
The results of experiment are discussed and compared with previous studies on Co implanted ZnO. 
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The temperature-dependent resistivity measurements of Ag/Ni-Si silicide films with 28-260 

nm thicknesses are studied as a function of temperature and film thickness over the 

temperature range of 100-900 K. The most striking behavior is that the variation of the resistivity 

of the films with temperature exhibits an unusual behavior. The total resistivity of the Ag/Ni-Si 

silicide films in this work increases linearly with temperature up to a Tm temperature, there after 

decreases rapidly. Our analyses have shown that in the temperature range of 100 toTmºK, 

parallel-resistor formula reducestoMatthiessen’sruleandDDebye temperature have been found 

to be about 201-404 K for the films. The correlation of the Ag-Ni–Si silicide formation with it 

selectricaland morphological properties is also established. 

We have also shown that for temperature range of 100 toTm ºK, lineer variation of the 

resistivity of the silicide films with temperature has been caused from both grain-boundary 

scattering and electron-phonon scattering. That'swhy, resistivity data could have been analyzed 

in terms of the Mayadas-Schatzkes (M-S) model successfully. The oreticaland experimental 

values of reflection coefficients have been calculated by analyzing resistivity data using M-S 

model. According to our analysis, R increases with decreasing film thickness for a given 

temperature. For room temperature, theoretical and experimental reflection coefficients have 

been calculated to be Rth = 0.264,Rexp = 0.296 for the thinnest sample (28 nm). On the other 

hand, the thick sample (260 nm), these reflection coefficients have been found Rth= 0.027, Rexp= 

0.048. 
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The total electrical resistivity measurements of the Ni-Si silicide films, with thicknesses of 37-

400 nm have been carried out as a function of temperature and film thickness in a wide 

temperature range of 100-900ºK. The temperature-dependence of the total resistivity of the 

films shows unusual behaviour. The total resistivity of the Ni-Si silicide films in this work 

increases linearly with temperature upto a Tm temperature, there after decreases rapidly and 

finally reaches zero. We have shown that in the temperature range of (100-Tm)ºK, lineer 

variation of resistivity of the films is caused from both grain-boundary and electron-phonon 

scattering, dominating simultaneously. That'swhy, resistivity data could be analyzed in terms of 

the Mayadas-Shatzkes(M-S) model. R reflection coefficients are calculated by analyzing 

resistivity data of the films using M-S model. Based on our analysis, for a given temperature R 

increases with decreasing thickness, whereas it is almost constant over the three-thickness 

ranges, defined as 400-162 nm, 105-60 nm and 42-37 nm, over which silicide films have almost 

same phases. For room temperature, the oretical and experimental reflection coefficients are 

calculated to be Rth=0.75, Rth=0.92, Rth=0.96 and Rexp=0.85, Rexp=0.93, Rexp=0.96 by taking an 

average over the three-thickness ranges, respectively. 
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Recently, research on ion-beam induced nanoscale pattern formation on surfaces has gathered 

momentum since it offers the advantages of single step and relatively faster processing 

compared to the conventional lithographic techniques it also leads to have tunable patterns over 

a large surface area on different substrates. Theoretical studies, to understand ion-induced 

surface patterning, are mostly based on the continuum approach assuming an amorphous 

surface. 

In this work, we study evolution of ripple morphology on Si (100) surface as a result of 60 keV 

Ar+-ion bombardment at room temperature over a wide range of ion fluence (2-80×1017 ion cm-2) 

and incident angles (0-75 degree) under an impurity-free experimental geometry. Based on our 

present results and those available in the literature, we present a parametric phase diagram 

(energy versus incident angle) to summarize the status of pattern formation on silicon surface 

by using medium energy ions. Based on the high degree of similarities of this phase diagram 

with the one developed for low energy ions, we attempt to understand our results in the 

framework of solid flow model which was put forward to understand low energy ion induced 

ripple formation on silicon surface. For instance, appearance of smooth surface below 45 

degree is explicable by invoking solid flow model. However, to explore the validity of solid flow 

model in understanding the pattern formation on silicon (in the intermediate energy regime) for 

incident angle ≥45 degree, we make certain assumptions related to distribution of Ar-atoms in 

the amorphous top-Si layer. These assumptions are substantiated by experimental data 

obtained from micro-structural analysis of ion damaged surface layer by cross-sectional 

transmission electron microscopy (XTEM), energy dispersive X-ray spectroscopy (EDX), 

Rutherford backscattering spectrometry (RBS), and micro-Raman spectroscopy. 
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Evolution of nanoscale patterns on silicon surface due to low energy argon-ion bombardment 

has been studied quite extensively. The existing parametric phase diagrams, albeit not unique, 

reveal the presence of one or more bifurcation points where a sharp transition from stability to 

instability and vice versa or a pattern transition takes place.  

 

In this work, we present the temporal evolution of ripples on silicon surface exposed to 500 eV 

argon-ions over an angular window of 51-73 degree and at different fluences. On the other 

hand, smooth surfaces are observed below 51 degree. Although nearly similar behaviour of low-

energy ion-induced surface evolution has been explained by mass redistribution and solid flow 

model, we try to explain our results in light of the latter model. Under this framework, we have 

chosen 60 degree as the reference angle and have predicted the intrinsic time (beyond which 

the linear regime of pattern formation breaks down), τ, corresponding to various oblique incident 

angles (in the range of 51-73 degree). We have further compared these predicted τ values by 

experimentally observed fluence dependent ripple evolution at 51 degree and 65 degree. 

Systematic experimental studies reveal that beyond τ value, temporal evolution of the system 

gets affected by the non-linear effects which are manifested through ripple coarsening/faceting. 

On the other hand, below the intrinsic time, ripple wavelengths remain constant and surface 

roughness grows exponentially. For the current density under consideration, the predicted τ 

values at higher incident angles (>73 degree) are very low and hence difficult to be accessed 

experimentally. Thus, we can infer that all experimentally observed ripples at those angles are 

in the non-linear regime where the solid flow model is not applicable. 
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We propose a new approach that the ion beam induced incompressible solid flow in amorphous 

layer coupled with saltation, creep and epitaxial recrystalization processes leads to the 

formation of ripple patterns at the a/c interface as well as at the free surface. The ion beam 

impact generated erosion and mass redistribution at the free surface [proposed by Bradley-

Harper (BH) and its extended theories] are found to be irrelevant in patterning of surface. By 

varying the depth location of a/c interface, it has been established that a/c interface plays the 

prominent role in surface patterning. Here, we propose that the ion stimulated solid flow inside 

the amorphous layer control the wavelength, and the amount of material transported and re-

crystallized at a/c interface control the amplitude of ripples. 
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It was found that the negative repetitively-pulsed biasing of substrate with respect to the 

adjacent plasma significantly reduces the MPs content on substrate surface. It was shown that 

the decreasing of MPs surface density on a negatively biased substrate is defined by the pulse 

duration, pulse amplitude and processing time. The surface density of MPs with the size less 

than 1.5 μm was decreased in 1500 fold at the bias pulse repetition rate 105 pulse per second 

(p.p.s.), bias potential –2 kV, pulse duration 8 μs and processing time 9–18 min. The total MPs 

surface density in these cases was decreased in 67 fold. 
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We investigate the effect of 500 eV Ar-ion irradiation induced evolution of morphology on 

thermally grown amorphous SiO2 films at different incident angles (0-85 degree) and for a fixed 

fluence (5×1017 ions cm-2). Evolution of surface topography at different angles was investigated 

by ex-situ atomic force microscopy (AFM). It is observed that over the angular window of 0-39 

degree and beyond 70 degree SiO2 surface remain stable while becomes unstable in the 

angular window of 40-72 degree. To understand the evolution of such surface topographies 

between 40-72 degree, we extract the scaling exponents by analyzing one-dimensional power 

spectral density (PSD) obtained from the respective AFM images. Analyses of AFM images by 

using the SPIP software provide different scaling exponents along and perpendicular to the ion-

beam direction (over the angular window of 40-60 degree where anisotropic pattern formation 

takes place) for both surfaces. These scaling exponents (40-60 degree) do not match with any 

known universality class. It is observed that beyond 60 degree patterns are generated but do 

not show any surface anisotropy at the fluence value chosen in this study.   
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Ti3SiC2 is a kind of the most light-weight and oxidation resistant layered ternary carbides 

belonging to the MAX phases, combining attractive properties of both ceramics and metals, and 

it has been suggested for potential applications for Generation IV reactors and accelerator 

driven sub-critical systems (ADS). Carbides such as SiC, ZrC, MAX phases, and so on are of 

primary interest, and their development, the improvement of their properties, and the 

understanding of their irradiation behavior are underway. 

In the present work, Ti3SiC2 behavior under helium ion irradiation/implantation was investigated. 

We have conducted helium ion irradiation experiments on the HIRFL-SSC (IMP, Lanzhou). In 

this experiment, the Ti3SiC2 samples were irradiated at RT and 500 ℃ with 500 keV He2+ ions 

for fluence ranging from 3.0×1014 to 3.0×1017 ions/cm2. The depth-profiles of the irradiation-

induced damage were calculated by the SRIM2008 code. XRD and Raman spectroscopes were 

used to reveal the irradiation-induced damage and structure modification. AFM and 3D surface 

profilometer were used to measure the surface modification. Possible mechanism of He 

bubbles’ evolution and microstructure modification after irradiation with different fluences and 

temperature is discussed briefly. 
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Previously, GCIB technology has been developed to use in the field of semiconductor devices 

mainly. But this technology has had the possibility for nanometer level manufacturing from the 

beginning. Nowadays, the fabrications of nanometer order smoothness are required instead of 

micrometer order in the many fields. 

  

The ability to make ultra-smooth surface without damage is expected to apply widely for 

example, etching of layered thin film structures like spintronics devices or for the nanometer 

order of finishing of precise molding cast for micro optical devices. 

 

We have developed the equipment which is suitable for those purposes, and we have obtained 

good results. We will introduce our equipment and show the recent result of the effects of 

irradiation of GCIB for the hard processing materials. Then we will propose the future of this 

technology. 
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The original Center for Irradiation of Materials (CIM) was established as a dynamic and 

progressive Center with a strong commitment to excellence in research, in education and in 

services for the local government, industries and universities. Prof. Daryush ILA, a graduate of 

Tehran University, MIT and U. Lowell (Now U. Mass. Lowell), along with the never ending 

support and encouragement of his colleagues, Prof. L. R. Holland and Prof. R. L. Zimmerman, 

founded the Center for Irradiation of Materials (CIM) in 1991 to fulfill the objectives of a Grant 

from NASA to analyze materials important to the space program. Since then, members of the 

CIM team have supervised over 25 Ph.D. Dissertations and large number of Master's theses in 

the science of materials using the original Pelletron ion accelerator together with added ion 

accelerators and implanters and many additional state-of-the-art optical, electrical, thermal and 

mechanical materials characterization instruments. The center is, internationally, recognized as 

a unique facility with over $20M automated Instrumentation for materials processing, 

characterization and device prototyping center all under one roof and one of its kind in 

University centers in USA. The team secured joint partnership with over twenty countries, with 

over fifty small and large businesses and served as a resource for networking, partnership 

building and problem solving resource for universities, industries and government agencies. The 

team has had over 350 peer reviewed articles with student authorship have been published, 

recently at the rate of 45 per year. Without the state financial support, the Grants secured by the 

team reached to nearly $7M per year, while the total volume of contracts secured reached to 

$5M per year. That is, the acquisitions of research instruments and materials, the maintenance 

costs and the personnel expenses are entirely funded by grants and contracts with government 

and industry. Over 200 students have received summer training and nearly 300 undergraduate 

students have received financial support through the managed activities by the team. Our future 

objectives are to provide a platform for networking, communication, problem solving and 

strategizing among the Ion Beam community, the Materials community and the potential 

customers, as well as provide the students an initiation into significant research with modern 

scientific instrumentation and provide an exceptional research environment working together 

with faculty, staff and internationally known visiting researchers at the frontier of materials 

science. Our missions was to building pipeline of highly trained and talented students and 

transform these students into the future leaders in science and technology, while simultaneously 

serving industry, government and universities who require materials with innovative new 

properties.  
 

Keywords: Ion Beam, Materials, Networking, Industry 
 *    Sponsors: Supported in part by NSF, NASA, DOE and industries.              
 **  Retired  
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Prices of natural rubies are primarily determined by color, clarity, cut and carat (weight). 

The brightest and most valuable "red" called pigeon blood-red, demands a huge premium over 

other rubies of similar quality. Lead glass incorporate treatment has become more frequent in 

recent years. Rubies filling feactures with lead glass dramatically improve the optical properties 

such as transparency, surface luster and enabling the color of the rubies to appear more 

saturated. These low quality natural rubies were undergone local inexpensive treatment by large 

numbers and sizes. Initially the Americans and Japanese resisted these repaired rubies, 

because of non-disclosure of the treatment. Therefore, we have applied our ion beam analysis 

facility, comprising of Particle Induced X-rays Emission (PIXE) and Ionoluminescence (IL) to the 

gemstones treatment. PIXE and IL are efficiency tools as non- destructive character and its 

capability to determine simultaneously major and trace elements. The ion beam techniques give 

an advantage over conventional technique in term of lead content and luminescence detection. 

We have found that untreated natural rubies, conventional heat treated rubies and lead-glass 

filled rubies showed significant differences of lead contents and their ionoluminescence 

mechanism. Thus, role of lead glass incorporation to the appearance of rubies can be explained 

by this manner. Note that lead glass filled rubies contained remarkable high concentration of 

lead and they may be harmful to gem consumers and unsafe for gemstones operators. 

 

 

 

 

 

 

 

mailto:beary1001@gmail.com
http://en.wikipedia.org/wiki/Carat_(unit)


 

 
209 

Tuesday, September 17                              POS.69 

Facilities and New Approaches      
 

Plasma Activated EB-Deposition: Different Modes of Arc Discharge 

and Plasma Characteristics 

 

V. Safonov 
 

National Science Centre „Kharkov Institute of Physics and Technology“, Kharkov, Ukraine 

E-mail: v_safonov@kipt.kharkov.ua 

 

 The cathodic vacuum arc discharge is an efficient plasma source suitable to activate the 

process of high-rate electron beam deposition. 

 At present study, the results of experimental investigations of working parameters of 

non-self-maintained arc discharge at electron beam (EB) evaporation process were presented. 

The evaporated material of discharge cathode was chromium. The cathode heating process 

was performed by scanning sharp focus electron beam. The different construction types of 

discharge systems were investigated. 

 There was shown, that different modes of arc discharge with cathode spot attachment at 

heating zone by sharp focus electron beam and also, with diffuse cathode spot were realized 

depending on power EB. Volt-ampere characteristics of discharge have two maximum – the first 

one caused by discharge initiation and second by transfer from non-self-maintained arc 

discharge to self-maintained arc discharge with cathode heating by ion's bombardment process 

generated from discharge. 

 The ionization degree of vapor flow depending on discharge parameters and discharge 

system construction was in the range 5...70% at constant evaporation rate 140 g/hour and 

electron beam power 6 kW. The ion current value measured by collector at distance 25cm from 

evaporator was 5-12A at arc current conditions 80-160 A. Ion current depends on arc current 

value and intensity of ionizer magnetic field. 

 The chromium plasma generated by non-self-maintained arc discharge is characterized 

by density n=1010 1013 сm-3 depending on arc current and magnetic field strength intensity. The 

average value of chromium ion energy is about Еi = 60,8 eV (at H=0); electron temperature 

meaning Te~0,5 eV. Plasma consists of singly charged chromium ions Cr+. 

 The results demonstrate that specific feature of non-self-maintained arc discharge at 

electron beam evaporation process is characteristics the formation of plasma with low energy of 

ions and singly charged ions. These is the possibility of regulation degree of vapor flow 

ionization combined with high evaporation rate. These is parameters allow to influence on 

structure and performance of coatings and to expand significantly the method technological 

regimes.  

 The proposed scheme of vacuum-arc plasma source with electron beam evaporation 

was developed in industrial set-up AIS-3 for ion plasma coating deposition with high industrial 

productivity. 
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In this paper we present our recent achievements in understanding important 

mechanisms of intense ion beam generation in self magnetically insulated diodes. The 

experiments were carried out with the TEMP-4M accelerator operating in double-pulse mode: 

plasma formation occurs during the first pulse (negative polarity, 300-500 ns, 100-150 kV), and 

ion extraction and acceleration during the second pulse (positive polarity, 150 ns, 250-300 kV). 

For measuring of the energy-density distribution of the beam we have developed the infrared 

imaging diagnostics which proved to be an effective method for quick characterization of the 

beam energy-density profile and was useful for the optimization of diode operation.  

For many of the applications, intense ion beams are used primarily as a heat source to 

ablate or rapidly melt solid targets. Therefore we conducted a study on shot to shot variation in 

the total energy and energy density of ion beam. It was found that the standard deviation of the 

energy and energy density does not exceed 11%, whilst the same variation for ion current 

density was 20-30%, suggesting the presence of neutrals in the beam. We attribute the neutral 

component as being due to charge exchange between accelerated ions and neutral molecules 

from a neutral layer near the anode surface. With the energy of neutrals of 30-50 keV, the 

fluence can reach up to (2-4)1015 cm-2 per pulse. The ability to produce large-pulsed fluxes of 

energetic neutrals may have unique applications of its own and need further investigations. 

Another important parameter of any accelerator from an industrial perspective is the 

diode efficiency. The results of our investigation showed that by using a diode with a new spiral 

geometry grounded electrode, it is possible to increase the efficiency up to 30-40% (compared 

to 5-15% typically achievable with self-magnetically insulated diodes). Self-magnetically 

insulated diodes have an operational lifetime of up to 107 shots, since there is negligible 

degradation of the electrode surface, which make it promising for various technological 

applications. 
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Korea Institute of Materials Science has investigated a closed drift ion source for vacuum 

surface treatments. The closed drift ion source has been used to various surface treatments 

such as steel etching, metal oxidation, polymer cleaning, surface energy modification, and so 

on. For each purpose, we have developed several closed drift ion sources, which are circular 

type, large width linear type, inclined type, and modified anode layer type. Additionally the ion 

sources can generate reactive ion beams using O2, N2, and H2 gases. Thus, the ion sources are 

being applied to bio material and device applications as well as classical vacuum surface 

treatments.  

 

In this paper, we report on the characteristics of the ion sources and the examples of ion source 

applications. Ion current density and ion energy distribution were measured using a Faraday 

cup and a retarding field energy analyzer. In particular, ion beams used frequently such as Ar, 

H2, O2, N2, C2H2 were diagnosed.  And the ion beam treatment applications such as reactive ion 

beam treatment of polymer sheet, metal etching and oxidation, thin-film coating are presented.   
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Nowadays, closed drift type linear ion source has been applied to the plasma treatment and 

deposition source in roll-to-roll system. To optimize the linear ion source for the deposition 

process, modifications are required at electrode design and magnetic field structure. An ion 

energy control and a high density plasma generation are important issues to achieve a film 

densification and a high dynamic deposition rate. 

In this work, two-dimensional particle-in-cell (PIC) simulation was used to predict the 

behaviors of ions and electrons in the linear deposition source. From a traditional structure of 

closed drift linear ion source, the design parameters of anode-cathode electrodes such as an 

aspect ratio, magnetism, and anode structure were investigated in the PIC simulation to predict 

an anode layer formation and electron trapping relating ion accelerations and plasma 

generations, respectively. The simulation showed plasma distributions and the energy 

distributions of emitting ions. 
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Steel companies request the higher performance coating layer, such as Zn-Mg, to give the 

corrosion resistance, durability and so on. Ion beam sputtering process would remove oxide 

layer of steel surface for improvement of adhesion property between coating layer and steel 

surface. To apply to the steel industry, it is required over 22 nm/sec of etching rate at 100 m/min 

moving speed and over 1000 mm of extraction ion beam sizes.  Our group completed the 

development of a prototype high current bucket ion source for pre-treatment of steel surface by 

ion-beam etching. We carried out the high rate etching process (>22 nm/sec) by the resulting 

prototype ion source. The specifications of the developed prototype bucket ion source are 20 

keV of extraction energy, 200 mA of extraction current and 100 ~ 150 mm ion beam size. So we 

are in the devices fabrication that bucket type Ion source with 300 mm ion beam width resulted 

from the developed prototype bucket ion sources. We expect the bucket type ion source of 300 

mm ion beam width would apply for wide ion beam extraction test and the optimization study. 

Our group is developing the large area bucket ion source (>1000 mm) based on the research 

performed with bucket type ion source of 300 mm ion beam width. Detailed experimental result 

will be presented. 

 
 
Keywords: ion beam, wide ion beam, high current ion source 
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This paper is devoted to the studying of the dynamical changes in the density of 

aluminum microparticles on the substrate surface made of stainless steel, immersed in 

vacuum arc plasma, at high-frequency short-pulse negative bias potential. It is shown 

experimentally that the density of aluminum microparticles on the substrate surface is 

decreased dynamically by 2 orders when the treatment time is increased from 15 s to 6-9 min 

at the bias potential –2 kV. A possibility of the application of microparticles unfiltered vacuum 

arc plasma for high-frequency short-pulse plasma immersion ion implantation to form the 

intermetallic layers is discussed. 
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The dynamics of changes in the density of titanium microparticles on the sample surface, 

immersed in vacuum arc plasma, at high-frequency short-pulse negative bias potential is 

investigated in the paper. The influence of several factors including the pulse duration, bias 

potential amplitude and processing time on the decrease of microparticles content and density 

on the potential substrate is defined. The dependence of total current (ion and electron) in a 

sheath versus the negative bias potential amplitude is measured experimentally. The influence 

of substrate electron current on the efficiency of microparticles deceleration and reflection by the 

electric field of sheath is discussed. 
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Adhesive DLC films can be prepared by plasma source ion implantation (PSII) which is also 

suitable for the treatment of the inner surface of a tube. Incorporation of a metal into the DLC 

film provides a possibility to change the characteristics of the DLC film. One source for the metal 

is DC sputtering.  

 

In this study PSII and DC sputtering were combined to prepare diamond-like carbon (DLC) films 

containing low concentrations of Ag on interior surfaces of stainless steel tubes. As a first step 

different gases were implanted by PSII as a pretreatment. Afterwards, a DLC film was deposited 

using a C2H4 plasma with the help of an inner electrode inside of the tube. This electrode was 

then used as a target for the DC sputtering. A mixture of the gases Ar and C2H4 was used to 

sputter the silver. By changing the gas flow ratios and process time the resulting Ag content of 

the films could be varied. 

 

Sample characterizations were performed by X-ray diffractometry, X-ray photoelectron 

spectroscopy, secondary ion mass spectrometry, atomic force microscopy and Raman 

spectroscopy. Additionally, a ball-on-disc test was performed to investigate the tribological 

properties of the films. The corrosion properties of treated 304 stainless steel samples were 

tested by cyclic voltammetry measurements in NaCl solution. The antibacterial activity was 

determined using Staphylococcus aureus bacteria.  
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Demand for the decoration metal like part is increasing. In addition, lightweight of parts is 

important, because of energy issues in the industries latest. A lot of researches have been done 

with conventional PVD methods for the deposition of metal alloy films on the surface of the 

polymer, which are having problems with adhesion properties and large-scale mass production. 

Therefore, there is a need for the development of new metal film deposition method. This study 

is about synthesis of metal alloy thin film on the polymer surface by ion beam sputtering 

deposition (IBSD) using high-current bucket type ion source developed by our group. The 

condition of Argon ion beam sputtering was 20 keV of ion energy and 20 to 100 mA of beam 

current. IBSD system has excellent adhesion properties and deposition rate compare to 

conventional PVD system. It is caused by energy loss of sputtered target ion by IBSD system, 

which is less than the other system. Furthermore, the large area uniformity of metal alloy films 

by the use of high-current ion source could be obtained. Heating issue of the sputtering target 

due to the high current ion beam was solved by development the cooling stage. Detailed 

experimental result will be presented. 

 
 
Keywords: ion beam, sputtering, high current, adhesion 
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In the last few years, bismuth oxides were under intensive research due to their high ion 

conductivity at middle temperatures. Face-centered cubic -Bi2O3 phase is one order of 

magnitude higher conductivity than yttrium stabilized zirconium (YSZ) which is typical electrolyte 

material in solid oxide fuel cell. But -Bi2O3 phase is stable only in high temperature. On the 

cooling, -Bi2O3 phase transforms to - or -phases or their mixture and the ionic conductivity 

decreases drop over orders of magnitude. The aims of this work are to synthesize stabilized 

cubic phase of bismuth oxide with impurities of lead and do not lose high ion conductivity and 

stable properties in working hydrogen ambient. Thermal evaporation is a widespread method for 

a low melting temperature metals because of the high deposition rate, dense and high adhesive 

films and possibility of using commercially available large area deposition systems. Bi and Pb 

have low melting temperature (544 K and 600 K) respectively. In this work a plasma-assisted 

thermal evaporation in O2 partial pressure approach has been explored to synthesize dense, 

amorphous, and nanocrystalline bismuth oxide films. The oxygen plasma increases the 

reactivity and atomic mobility on a substrate. Variations of deposition parameters affect film 

morphologies, compositions and atomic structures of the films. 

 

The crystallographic structure of thin films was investigated by X-ray diffraction. Energy-

dispersive X-ray spectroscopy is used for the elemental analysis of a sample. The transmittance 

and reflectance spectra were collected using a spectrophotometer. The surface morphology 

was investigated by SEM.  

 

The results indicate that there is a possibility to get cubic -Bi2O3 phase thin films formed by 

such method. Bismuth oxide thin film, formed by such method has a nanocrystalline structure. 

The optical result indicate that the direct allowed transition dominates in this bismuth oxides. 

The band gap energy for the direct allowed transition is found to be about 1.9 eV and 2.2 eV. 

SEM picture shows rather flat surface. The structural and optical properties of the films are 

investigated and discussed. And advantages of this method compared with the other methods. 
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This paper presents the experimental results on depositing a multilayer low-e coating with 

oxide-metal-oxide structure on a PET film by magnetron sputtering. The TiO2/ZnO:Ga/Ag/ 

ZnO:Ga/TiO2 coatings were suggested to obtain a high water-resistance and a capability to be 

used outside a sealed double-glazed window. The optimal thickness of the coating layers was 

determined. It allowed obtaining the best transparency in the visible spectrum to reflection in the 

infrared spectrum ratio. It was shown that the low-emission coatings based on Ag have the 

transparency in the visible spectrum of 82% and reflection in the infrared spectrum of 93%. The 

research of prospects for the use of the polymer film with a low-emissivity coating to reduce 

heat loss through the translucent constructions of buildings, as well as heat saving covering 

material in greenhouses was studied. The heat engineering investigation of translucent models 

with the low-emission film was carried out. It showed the growth of resistance to heat transfer up 

to 0.73 m2·°C/W for the windows ОR-15-13.5 with the low-emission film. The resistance to heat 

transfer of the windows without the film was 0.38 m2·°C/W. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 
220 

Tuesday, September 17                              POS.80 

Wood and Organic Materials     
 

Damage profiling of halogen-irradiated PET and PEEK polymers 

 

J. Vacíka, V. Hnatowicza, I. Tomandla, V. Lavrentieva, P. Horaka, R. Fajgarb, P. Stopkac 

 

a Nuclear Physics Institute, Academy of Sciences of the Czech Republic 

  250 68 Husinec - Rez, Czech Republic  
c Institute of Chemical Process Fundamentals, Academy of Sciences of the Czech Republic, 

Rozvojova 2, 165 02 Prague 6, Czech Republic 
   d Institute of Inorganic Chemistry Academy of Sciences of the Czech Republic,  

  250 68 Husinec - Rez, Czech Republic  

 
Neutron Depth Profiling (NDP) and Rutherford Backscattering (RBS) nuclear analytical profiling 

techniques, Atomic Force Microscopy (AFM), Raman spectroscopy and electron paramagnetic 

(spin) resonance (EPR / ESR) spectroscopy were used for study of damage depth and surface 

distributions in selected ion-irradiated polymers (i.e., PEEK - poly-aryl-ether-ether ketone and 

PET - polyethylene terephthalate). The specimens were irradiated with the MeV halogen ions 

(F+, Cl+, Br+, I+) up to the fluence 1015 ions/cm2. The depth profiles of the damaged area (with 

presence of free radicals) in ion-irradiated polymers were traced by the Li or Hg diffusion 

markers (incorporated to the damage areas by exposing of the substrates either to 5 Mol/l water 

solution of LiJ, or to Hg vapours).  

 

Main results: 

(i) The depth distributions of the radiation damage in the inspected specimens were 

found variable; for higher fluences fractioned into two main zones that follow 

electronic and nuclear transfer energy distributions, for lower fluences different for 

different ion bombardment.  

(ii) The profiling techniques were applied for study of damage evolution induced by 

thermal processing of the samples. It has been observed that the thermal annealing 

incites a process of gradual damaged redistribution. This process is dramatically 

enhanced at elevated temperatures around and above the glassy points.  

(iii) The process of damage formation and evolution was examined by AFM, EPR and 

Raman spectroscopy. The data point at the significant change in the surface 

morphologies and their micromechanical properties, free radical concentrations and 

molecular transformations in the process of gradual ion bombardment. 
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This work evaluates the morphology, mechanical and thermomechanical propertiesof 

HDPE composites.  HDPE reinforced with rice husk ashes(80:20 wt%), HDPE reinforced with 

clay (97:3 wt%) and  HDPE reinforced with both ricehusk ashesand clay(75:20:5 wt%) were 

obtained.The Brazilian bentonite chocolate clay was used in this study. This Brazilian smectitic 

clay is commonly used to produce nanocomposites. The composites were produced by melting 

extrusion process and then irradiation was carried out in a 1.5 MeV electron-beam accelerator 

(room temperature, presence of air). Comparisons using the irradiated and non-irradiated neat 

polymer, and the irradiated and non-irradiated compositeswere made. The materials obtained 

were submitted to tensile, flexural and impact tests. Additionally HDT, SEM and XRD analysis 

were carried out along with the sol-gel analysis which aimed to assess the cross-linking degree 

of the irradiated materials.   
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The convergence of two chronological events, the advancing use of plastics and the 

proliferation in radiation environments, has resulted in basically two emergent technologies: the 

development of polymers for use in radiation environments and the use of radiation to develop 

and modify polymer materials for specialized applications. The types of radiation found in 

radioactive environments include energetic photons, thermal neutrons, fast neutrons, light ions 

and heavy ions. Chemical changes are produced in plastics by the ionizing radiation interacting 

with the polymer material resulting in the liberation of electrons from the atoms of the polymers. 

Radiation induces modifying processes in the polymer chains that produce chemical changes in 

the materials' properties. These processes can occur separately or in combination with one 

another and, depending on the nature of the material, one or more can occur simultaneously. 

Molecular excitations may be transmitted through the material as phonons or excitons which 

may cause bonds to break and produce scission, and cross-linking of the polymer chains. In 

many cases, dissociated hydrogen atoms and other small molecules move through the material 

and diffuse out as volatile species are formed. Dehydrogenation or the liberation of hydrogen 

atoms produces dangling bonds which eventually saturate and results in cross-linking. Other 

molecular emission processes, double bond formation, triple bond formation, dipole formation 

and precipitate formation by self clustering of the injected species can also occur. Our studies 

have revealed the effects on the polymers by radiation using energetic ion beams and have 

allowed us to modify the polymers as a result. This is a review paper of our work on the ion 

beam interaction with polymers, published as a chapter in the book, Advanced Functional 

Molecules and Polymers Vol. 4, Gordon and Breach Science, Japan, (2001). 
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In this work, ePTFE samples, which have been used as artificial vein materials, were metal+gas 

hybrid ion implanted to gain antibacterial and superhydrophobe properties. The purpose of the 

thesis was to study some properties of ion implanted expanded-polytetrafluoroethylene 

samples, which are used in cardiovascular surgery, with the purpose of eliminating the problems 

that occur in artificial blood veins. 

 

The work consists of 4 parts; 1) Surface modification of ePTFE samples by Ag+ and Zn + O ion 

implantation, 2) Study of the antibacterial properties of these ion implanted samples by 

antibacterial tests, 3) Contact angle measurements of ion implanted samples, 4) Measurements 

of surface roughness of ion implanted ePTFE surfaces by AFM. 

 

Experimental results showed that superhydrophobicity were obtained by ion implantation. 

Antibacterial tests showed that S.aureus bacteria were decreased whereas E.coli bacteria were 

not greatly decreased after ion implantation. It was observed clearly that the roughness of ion 

implanted ePTFE surfaces decreased. 

 

Key Words: Ion implantation, antibacterial, ePTFE artificial vessels, contact angle. 
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In biomedical applications, the time scale of biodegradation is critical since it has a significant 

limitation for the material’s application area. For example, in the tissue applications, the 

degradation rate of polymeric material must be equal to time of the tissue formation rate of the 

organism. 

 

Chitosan (2-amino-2deoxy-(1→4)-β-D-glucopyranan), a polyaminosaccharide, normally obtain-

ed by alkaline deacetylation of chitin is the principal component of living organisms such as 

fungi and crustacea . The degree of N-acetylation (DA) together with the molecular weight are 

the most important parameters for its characterization. The DA, which is by definition the molar 

fraction of N-acetylated units, is a structural parameter influencing charge density, crystallinity 

and solubility, including the propensity to enzymatic degradation. 

 

With the higher DAs leading to faster biodegradation rates and it has a certain effects on either 

biomedical (scaffolds) or pharmaceutical (drug delivery) applications of this biomaterial. 

 

In this study, we attempted to prepare and characterize the chitosan membrane surfaces 

induced by metal–gas (MEVVA) ion implantation. we investigated the effect of ion implantation 

on the protein adsorption behavior and in vitro degradation of chitosan films before and after the 

ion implantation. 
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The aim of this study was to evaluate the biodegradation kinetics of Mg implanted poly(L-

lactide/caprolactone) copolymer film. In this study, surface modification of poly(L-

lactide/caprolactone) copolymer film is conducted by Mg-ion-implantation using a MEVVA ion 

source. Mg ions were implanted at a dose of 1 x 1015 ions/cm2 and an ion energy of 20 keV. Mg-

implanted copolymer films, as well as control (unimplanted) copolymer films were cut into the 

samples ranging from 1 to 5 milligrams. The in vitro enzymatic degradation of Mg-implanted 

samples was investigated in phosphate buffered saline (PBS) containing 0.01 % (w/v) 

Collagenase (Type IA, Sigma Aldrich) by incubating at 37 °C and 150 rpm. Enzymatic 

degradation rate was examined by mass loss calculation and it is shown that Mg-implanted 

samples lost more than 30% of their weight within 90 days while control samples lost same 

amount of mass in 60 days. The evaluation of the results confirmed that Mg-ion-implantation on 

poly(L-lactide/caprolactone) films decreased the biodegradation rate. 
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Ti has been used extensively as implant material because of  their remarkable mechanical and 

chemical properties such as high strength-to-weight ratio and high corrosion resistance and 

biocompatibility. The biocompatibility of a biomaterial is highly related to the behavior of the cells 

in contact and in particular the cell adhesion to its surface. The surface characteristics of a 

material, including its topography and physical and chemical properties at a micro and nano-

scale, play an important role in osteoblast adhesion on biomaterials. Ion implantation technique 

was identified as a good candidate for modifying the surface properties of dental implants, with 

the aim of improving the osseointegration properties of the implants in  patient’s bone. 

 

In this work, we observed the effects of Zr+O hybrid ion implantation to cp Ti (grade 4) dental 

implants in order to study cell attachment and cell growth. It is aimed  to gain bioactive surfaces 

by  using Zirconium+Oxygen hybrid  ion implantation technique to  contribute to duration of 

treatment of patients who have  low quantity  and low quality alveolar bone or are osteoporosis. 

 

For this aim, we did  Zr + O ion implantation to cpTi (grade-4) dental implants samples with 6 

mm diameter and 3 mm thickness to see hybrid ion implantation effect on cell viability.  We used 

MEVVA Ion Implantation System in Ege University Surface Modification Laboratory.   Zr and O 

ions were implanted simultaneously with extraction voltage of 50kV and fluence of 1x1017 ion/ 

cm2. 

 

Unimplanted and implanted surfaces were analyzed with Energy Dispersive X-ray (EDX) for 

identifying the elemental composition. Surface topography of  the samples were studied by AFM 

and also the wettability of implanted and unimplanted  surfaces were evaluated by contact angle 

tests.    

 

Cell culture tests were performed on Zr+O implanted and unimplanted surfaces as control. 

Samples were incubated with osteoblast cells (SAOS-2) for 12 and 24 hours in culture medium 

at 37C and  visualized with Scanning Electron Microscopy (SEM).  

 

Keywords: Ion implantation, dental implants, cell attachment 
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Networks of defects or voids on the paths of swift heavy ions in dielectrics are called latent 

tracks. In the cases of organic polymers, voids in latent tracks have a size comparable to small 

molecules such as water and gases. Many researches have been carried out on ion 

transportation through PET membranes treated by heavy swift ion irradiation combining with 

chemical etching，however the ion permeation process through irradiated PET membranes 

without etching still reminds unclear. 

 

Recently, we found an unusual process of ion transportation in electrolyte solution through PET 

membranes with pretreatment of swift heavy ions irradiation. The PET membranes are 12 μm 

thick, irradiated by Au ions at energy of 11.4 MeV/u with fluence ranged from 1×107 to 5×109 at 

the UNILAC of GSI, Germany. The transportation process of the electrolyte ions through the 

membranes with latent tracks was investigated by conductivity method (Keithley 6487 

picoammeter) and ICP Spectrum (Inductively Coupled Plasma-Atomic Emission Spectrum). Our 

experimental results show that the ionic current and the amount of the permeated electrolyte 

ions areapproximately in proportion to the dose of swift heavy ions. The most interesting thing is 

that the ionic current is positively correlated with the size of cations, with Li+, K+ and Na+ having 

much high conductivity than other metal ions, especially transition metal ions and heavy metal 

ions.  

 

We think that this type of nanopore may help us understand deeper about the biological ion 

channels, and potential applications could be found in separations of heavy metal ions. 
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Three-dimensional single crystal Ge micro-objects are fabricated by the controlled release of 

extrinsic strained Ge/Ge micrometer-sized layer from Ge(001) substrate. Freestanding rolled-

up microtubes with a diameter of 200-300 μm are demonstrated. This is a new promising 

technique for heterostructure device. 
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Ion implantation has been proved to be a very useful method for synthesis of embedded 

nanoparticles where the implant and the matrix constitutes an immiscible system, for example 

metal ions in targets like SiO2, MgO etc. Irradiation of embedded metal nanoparticles by high 

energy ions (tens of MeV) is often employed for modification of nanoparticles shape, viz., 

elongation in irradiation-direction or formation of satellite nanoparticle structures around a 

primary nanoparticle. Such metal-insulator nanocomposite is attractive for their applications in 

nonlinear optics or optical filters. In this study, we present the shape modification of Au 

nanoparticles embedded in SiO2 by 3.06 MeV Au++ ion beam.   

 

For synthesis of spherical Au nanoparticles in a surface layer we implanted 30 keV Au- ions into 

amorphous SiO2. Subsequent annealing was done at 8000 C for 1 hr in flowing O2 environment 

(150 sccm). Synthesized nanoparticles were irradiated by 3.06 MeV Au beam in an ion fluence 

range from 2x1015 to 2x1016 ions/cm2. The microstructure of the grown and irradiated Au 

nanoparticles was investigated by cross-sectional transmission electron microscopy (XTEM). 

XTEM images of annealed samples reveal formation of spherical Au nanoparticles in a surface 

layer of thickness around 30 nm with diameters mainly in the range 7 to 15 nm. Interestingly, the 

spherical nanoparticles are seen to be transformed into ellipsoidal nanoparticles with their major 

axis, around 50 nm in length, oriented along the ion beam direction. Satellite nanoparticles were 

also observed around the ellipsoids. The UV-Visible optical absorption spectra of the irradiated 

nanoparticles depict a decrease in the surface plasmon resonance (SPR) peak of Au 

nanoparticles at 2.28 eV with ion fluence and small peak shift. Reduction of SPR peak intensity 

clearly indicates dissolution of Au nanoparticles due to ballistic ejection of Au atoms into SiO2 

matrix by nuclear energy release of 3.06 MeV Au2+ beam. So we attempt to understand the 

formation mechanism of such ellipsoidal nanopartcles by combined effect of electronic energy 

loss related thermal effects along the incident ion track and the nuclear energy loss of the 

irradiated ions resulting ballistic ejection of Au atoms from the Au nanoparticles.  
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Photoluminescence (PL) measurements of MeV ion beam treated fused silica are reported.  

Implantation, Irradiation and Annealing were skillfully used to prepare silver and silver-oxide 

nano-particles.  Different treatments included a) sequential oxygen and silver implantation 

followed by silver irradiation; b) silver implantation followed by silver irradiation and c) only silver 

implantation.  The implantation doses were 1x1014 cm-2 and irradiation doses were 1x1013 cm-2.  

For Oxygen implantation, the ion beam energy was 30 MeV; for silver implantation the energy 

was 165 MeV and for silver irradiation the energy was 190 MeV.  The implantation energies 

were chosen such that oxygen and silver ion have the same projected range.  The irradiation 

energy was chosen such that the substantial electronic energy loss takes place in the implanted 

region.  It was observed that the irradiation facilitates the formation of silver nano-particles after 

implantation and the annealing temperature required is just 460 C.  Sequential implantation of 

oxygen and silver ions (after annealing) causes red photo luminescence at 608 nm, which is 

attributed to silver clusters in silver oxide nano-particles. 
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In this study, the structural, electrical and optical properties of Ag nanofilms deposited on 

porous silicon (PSi) layers have been investigated. The PSi layers were formed on n-type (100) 

silicon single crystal wafers (1-10 ohm.cm resistivity) by electrochemical etching in electrolytes 

including different concentration (10%, 20% and 30%) of hydrofluoric acid (HF) and ethanol. 

The galvanostatic etch was carried out in a Teflon cell by using a two-electrode configuration 

under illumination. 

 A platinum rod, as cathode, was placed perpendicular to the Si wafer surface (as 

anode) at a distance of 1 cm. The samples were prepared under 50 mA/cm2 current density for 

an etching time of 60 min. The Ag nanofilms, with thickness of 20 nm, were deposited on PSi 

layers/n-type-Si(100) wafers by thermal evaporation of pure Ag wire (99.99%) with a diameter of 

1.0 mm in a vacuum of 1x10-6 torr. The structural and optical properties of all the samples were 

studied by X-ray diffraction (XRD), scanning electron microscopy (SEM), energy dispersive x-

ray (EDX), Photoluminescence (PL), and Raman spectroscopy, before and after electrical 

resistivity measurements. The sheet resistance (or resistivity) measurements of Ag film/PSi 

nanostructures have been performed in the temperature range of 80-800 K,  using a standard 

four-probe technique with a constant current of 1 mA. SEM images revealed that pore diameter 

of PSi samples decreases with increasing HF concentration. Optical investigations indicated 

that the Raman spectra of the PS is shifted to lower frequencies due to the surface 

enhancement or resonance effect, and that photoluminescence intensity of PSi enhances with 

increasing HF concentration, owing to the quantum confinement of silicon nanocrystallites in 

porous silicon. The resistivity measurements have pointed out that sheet resistance of the 

Ag/PSi samples is lower than that of the as-anodized PSi samples, and decreases with 

increasing HF concentration of electrolyte.  
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Radio frequency (RF) plasma offers a unique route for the surface modification of polymers. 

Several sets of PP membranes were treated with O2 plasma at various treatment durations, 

ranging from 1 to 5 min at 50W.  O2 plasma treated membranes were subsequently coated with 

TiO2 nanoparticles by dipcoating method. Finally, the membranes were washed with distilled 

water and irradiated  by UV lamps for 15, 30 and 60 min. Some characterization techniques viz., 

X-ray diffraction analysis (XRD), ATR –FTIR spectroscopy and contact angle measurement 

were used to study the induced changes of the properties of the membrane. The membrane 

morphology has been studied using a scanning electron microscopy. It was shown that 

nanoparticles appear on the surface of membrane.    
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This paper presents the improvement in oxidation resistance in a IMI834 titanium alloy after 

nitrogen ion implantation and subsequent annealing.  This alloy has been proved to be 

beneficial for aerospace engine part because of its light weight and high strength. 60keV N+ 

ions, upto varying ion doses ranging from 5x1015 to 2x1017 ions/cm2. TiN formation was 

observed using GXRD. Implanted samples were annealed at 300C for three hours. Oxidation 

resistance is studied at 800C. Oxidation resistance measured after 30 hrs was improved from 

2.009 mg/cm2 to 0.5838 mg/cm2 after ion implantation at 60keV having ion dose 1x1016 

ions/cm2. The post-implantation annealing yielded better oxidation resistance of 0.0076 mg/cm2. 

The paper discusses the variations in surface morphology using SEM, EDS and AFM. The 

improved oxidation resistance of IMI834 on ion implantation and subsequent annealing is 

understood in terms of the observed structural features.   

 

Keywords: oxidation resistance, ion implantation, TiN, annealing.  
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Although IMI834 is designed to have high oxidation resistance, its surface can be further 

improved after nitrogen ion implantation or titanium nitride coating. It is well known that oxidation 

resistance can be improved after implantation and coating, but up to what extent, depends a lot 

on the temperature at which it is used. TiN is formed after nitrogen ion implantation in IMI834 as 

confirmed by glancing angle XRD. For comparison between implantation and coating, same 

thickness of TiN equal to that of the nitrogen ion range is deposited on IMI834 and oxidation 

behavior is analyzed at different temperatures. Surface of the samples were analyzed using 

Scanning electron microscope, Rutherford backscattering spectroscopy, compound formation 

using glancing angle XRD and nanohardness was measured using nanoindentor. Oxidation 

resistance of the unimplanted, implanted and coated samples was compared at three different 

temperatures (773ºK, 973ºK &1073ºK). It is observed that oxidation resistance is better for the 

implanted samples at higher temperature whereas oxidation resistance is better for the TiN 

coated samples at lower temperature.  

 

Keywords: oxidation resistance, ion implantation, coating, compound formation.  
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In this Project, Ion Implantation Technology applied medical textile’s and Conventionel 

Nano Textile Technology applied medical textile’s antibacterial abilities were determined against 

a very well-known hospital infection called Staphylococcus aureus.To accomplish this goal, 

some samples of most common used medical textiles of Ege University Hospital which are 

consisted of as %100 alpaka cotton fabric and %75 polyester-%25 cotton mixtion fabric were 

obtained. After this, two company were dealed for project partnership and let them use their own 

Nanotextile Technology to form the antibacterial ability at the relevant medical textiles. 

Moreover, an institute at Russia was dealed to form the antibacterial ability for relevant medical 

textiles by ion beam implantation by using silver and titanium dioxide ions. 

Finally, 15 different medical textiles, which 8 of them are ion implanted medical textiles, 5 

of them are the Nanotextile technology applied medical textiles and 2 of them are non-modified 

medical textiles were collected. These medical textile’s antibacterial abilities were investigated 

by using a specific test method called AATCC 100-1993 by analyzing them before and after 30 

washouts. At the end of the study, it was understood that the nano based technology is more 

resistant against the external effects like washouts and frictions and also the nano based 

technology’s antibacterial efficiency lasts longer. At the end of the study, it was realized that the 

ion implantation technology is much more successful at polyester fabrics. It presented %85,62 

antibacterial efficiency even after 30 washouts.  

Keywords: Ion Implantation, Surface Modification, Nano Textile, Nanotechnology, 

Nanobiotechnology, Nanomedicine, Hospital Infections 
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EmbryonicStemCells (ESCs)  whicharepotentiallymaintain a normal 

karyotypeinfinitely on culture in vitroand can differentiateintoanycelltype [1,2]. 

Inliterature, theirdifferentiationabilityintoneurallineages has beenevaluatedboth in 

vitroand in vivo [2-5]. Thisdifferentiationpathwaymayserve as an invitro model 

forthestudy of earlyhumanneurogenesis. Furthermore it mayenabletodevelopment 

of invitromodels of neurodegenerativedisorders[6]. Anotheruse of ESCsmay a 

source of neuralcellsfortransplantationand gene therapy [7]. 

AllthesepotentialapplicationshavingattentiontoESCsandtheir model experimentsfor 

in vitrostudies. 

In this research work, it has been evaluated  ESCs growth capacity  onC- and 

Au- Ion implanted surfaces. For this aim, we have evaluated and compareboth two 

types of treatment effects on to the surfaces. Resulting materials are promoting cell 

attachments and also providing appropriate environments for co-culture studies.  
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In this work, we explored the suitability of various kinds of ion implantation and of plasma 
deposition for the selective, enhanced growth of neuronal cells on substrates that could be 
applied to human surgical/medical needs for neural regeneration. As necessary components of 
the overall research, we explored several other related fundamental and applied issues, 
including a quantitative survey of the suitability of specific plasma/ion-based surface 
modification parameters on biological aspects, and the fabrication of large neural arrays or in 
experimentally designed patterns which allows to combinatioral approaches with 2D 
lithographical applications. As a result of this, we fabricated patterned neural conduits with 
biodegradable polymers. Our research will thus have both fundamental and applied aspects, 
and it has broad impact to medical technology as well as to several other subfields of 
bioelectronics, plasma and ion beam physics, materials science, and ion beam biotechnology 
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Poly(l-lactide) (PLLA) has attractedincreasingattention in recentyearsbecause it is 

producedfromrenewablerecoursesand is biodegradable. It has 

beenwidelyusedforbiomedicalapplicationssuch as suturesanddrugdeliverydevices as a 

biodegradableandbiocompatiblepolymer. Additionally, PLLA has alsobecome an 

alternativetotraditionalcommodityplasticsforeverydayapplications as an 

environmentalfriendlypolymerduetoitsreasonablepriceanduniquepropertiessuch as highstrength, 

highstiffness, resistancetofatsandoils.   Inthisstudyweexamined metal and metal –

gasionimplantationeffect on thisbiodegradablepolymer. Fort thisaim, PLLA 

sampleswereimplantedwith C and C-N  byusing MEVVA Ionimplantationtechnique [1,2] . An 

extractionvoltage of 30 kVandinfluences in therange of 10
14

- 10
17

ions/cm
2
wereapplied. 

Inordertounderstandtheeffect of ionimplantation on chemicalandthermalproperties of PLLA, 

samplesarecharacterizedbyCharacterizations of theimplantedsampleswith RBS  and ATR – FTIR  

spectrawerecomparedwiththeunimplantedones .  

Implantedandunimplantedsampleswerealsothermallycharacterizedby TGA and DSC. 

ContactAnglealsomeasurements has been done tocomparesurfacehydrophlicity on 

unımplantedandimplantedsamples. Itwasgenerallyobservedthat C–H bondconcentrationseemedto 

be decreasingwithionimplantationandtheresultsindicatedthatthechainstructure of PLLA 

werechangedandcrosslinkdensityandpolymercrystallinitywereincreasedcompared t 

ounimplantedonesresulting in increasedhardness.  

Contactanglemeasurementsshowedthathydrophilicity of samplesincreasedwithionimplantation. 

Resultsshowedthat metal andmetal+gashybridionimplantation has differenteffects on PLLA-

biodegradablepolymers. 
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