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WELCOME
On behalf of the Organizing Committee and with great pleasure, welcome to the 20th
International Conference on Surface Modification of Materials by Ion Beams
(SMMIB-2017), which is taking place in Lisbon, an ancient city built by different cultures
since the dawn of the first civilizations.
This conference will foster a gathering of scientists from all over the world to exchange ideas, and
share new knowledge and future trends of ion beam technologies. It is always a rewarding feeling
when, after all these years, we realize that ion beams are still playing an important role in the design of
the new science and technology road map for the future.
Our Invited speakers will present the frontiers of ion beam research and highlight their major research
achievements on surface modification of materials by ion beams. The conference includes plenary
sessions, keynote lectures and several specialized sessions on various topics related to ion beam
processing of materials, defect engineering, nanoscience and nanotechnology, biomedical and
industrial applications, new accelerator systems, and tools for materials research.
We wish to thank those who helped us to organize SMMIB 2017, and our sponsors for their
contribution to the success of this conference.
Thank you for joining us for the 20th International Conference on Surface Modification of Materials by
Ion Beams which promises to be a memorable and outstanding meeting. We are delighted that you
made it to SMMIB 2017 and to contribute to this enjoyable experience in Lisbon.

Eduardo Alves, Daryush Ila and Wolfgang Einsinger
Conference Chairs
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GENERAL INFORMATION

Venue
ESTeSL - Escola Superior de Tecnologias da Saúde de Lisboa
Av. D. João II, Lote 4.69.01
1990 - 096 Lisbon
GPS 38.776076º N / 9.097441º W
The conference will be held at ESTeSL (Escola Superior de Tecnologias da Saúde) Auditorium. The conference
room is located at the School Campus at the Expo area of Lisbon by the majestic Tagus riverside. The Auditorium
has excellent accessibility, either by underground, bus or train, several hotels and student university rooms are
within 5-10 min. walking distance. The conference site will provide adjacent rooms to the lecture room, for
posters, exhibitions, coffee-breaks, lunch and standard internet facilities (see google maps for address).

Emergency Number: 112
Dialling Code
International dialing code for all countries is 00. Dial 00 followed by the country code and phone
number.

Address & Contacts
Campus Tecnológico e Nuclear
Instituto Superior Técnico, Universidade de Lisboa
Laboratório de Aceleradores e Tecnologias de Radiação
Estrada Nacional 10, 2695-066 Bobadela, Portugal
Email: smmib2017@ctn.tecnico.ulisboa.pt
Tel: +351-21-994 6086 / 6088
Fax: +351-21-994 6285
URL: www.ctn.tecnico.ulisboa.pt/SMMIB-2017

Conference Secretariat
Filomena Baptista (reception and registration)
Ana Faria (administrative support)
Teresa Pires (website)

Registration / Information
The Registration Desk is situated at the Conference Hall for the whole duration of the Conference.
Opening hours:
Sunday: 16:00 - 20:00
Monday to Friday: During conference hours.

Attendance Certificate
The certificate of attendance will be provided upon demand.

Accomodation Organizer
Special prices will be available at a selection of hotels recommended by our partner: Abreu
Events. If you have any special request please contact directly Helena Desidério
(helena.desiderio@abreu.pt ). See on conference website the list of hotels.
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INSTRUCTIONS TO PRESENTERS

Speakers
Technical support will be available every day throughout the conference.
Please bring your presentation on “disk on key” memory stick and load it on the computer at de auditorium.

Instructions for Poster Presentes and Moderators
The Organization will provide boards and materials to fix your poster
Presenters are requested to stand next their poster and are invited to present their work and discuss it with the
audience.
Poster sessions have moderators and provide the opportunity for convivial scientific discussions and exchange.
For further details, please refer to the list of Poster Sessions in the Scientific Programme.
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WELCOME RECEPTION AND SOCIAL EVENTS
Date: Sunday, 09 July
Time: 17.00 – 20.00pm
Venue: ESTeSL (Escola Superior de Tecnologias da Saúde)
A full assortment of appetizers and drinks will be served. The reception is a great
opportunity to catch up with old friends and make new ones.
Conference Excursion & Dinner
Date: Wednesday, 12 July
Time: 14.00 – 23.00pm
On Wednesday afternoon, you will be guided through breathtaking views.
The lovely Arrábida Natural Park, a wonderful open green area to the Atlantic with a Mediterranean charm and
Cape Espichel are unmissable places to visit. We will continue our journey towards São Filipe's Fort built in the
16th century during the Spanish occupation.

Finally, we will arrive at Casa Ermelinda Freitas where visitors
will be welcomed and enjoy the vineyards and winery.
The conference dinner will be held on the evening at Casa
Ermelinda Freitas.
Casa Ermelinda Freitas started his own wine brand in 1997, with
red wine "Terras do Pó tinto". Since then Casa Ermelinda Freitas
bottled excellent wines and won several gold medals in wine
festivals around the world being awarded with the Order of Merit
for Agriculture, Commerce and Industry by the President of the
Republic of Portugal, Aníbal Cavaco Silva.
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SCIENTFIC PROGRAMME

Invited and Oral Sessions
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SCIENTIFIC PROGRAMME
Sunday – July 09
16:00-20:00

Registration – Welcome Reception

Monday – July 10
08:45-09:15

Opening Session

09:15-13:00

Topic: Ion Beam Processing

09:15-10:00

PL-01: Leonard Feldman (USA) - Modern materials and ion beams

10:00-10:30

I-01: André Vantomme (Belgium) - Tailoring the nickel silicide reaction mechanism and texture by ion
implantation

10:30-11:00

I-02: Jani Kotakoski (Austria) - Ion beam manipulation of graphene – from substitutional doping to
amorphization

11:00-11:30

coffee-break

11:30-11:50

11:50-12:10

12:10-12:30
12:30-14:00
14:00-14:30

O-01: Ye Yuan (Germany) - Application of ion
beams to fabricate and modify properties of
dilute ferromagnetic semiconductors
O-02: Kenta Kakitani (Japan) - The interface
between platinum nanoparticle catalysts and an
Ar+ irradiated carbon substrate
O-03: Miguel Sequeira (Portugal) - Swift heavy
ion track morphology in gallium nitride
Lunch
I-03: Andrés Redondo-Cubero (Spain) Modulation of semiconductor surfaces and
interfaces at the nanoscale: from patterning to
intermixing

14:30-14:50

O-07: Andrzej Turos (Poland) - Damage buildup
in ion bombarded ZnO

14:50-15:10

O-08: Nabiha Ben Sedrine (Portugal) - Ion
implantation for tailoring nitride semiconductor
nanostructures towards
optoelectronics nanodevices

15:10-15:30

O-09: Noriaki Matsunami (Japan) Modifications of WNxOy films by ion impact

15:30-15:50
15:50-16:20
16:20-16:40

16:40-17.00

O-10: Adrian Kozanecki (Poland) Backscattering analysis of short period
ZnO/MgO superlattices
Coffee-break
O-15: Alain Claverie (France) - Effect of the
order of He and H ion sequential Implantations
on damage generation
O-16: Jie Lian (USA) - Ion beam irradiationinduced polygonization and gas bubble
formation of U3Si2

17:00-17:20

O-17: Erik Pollmann (Germany) - Ion induced
growth of ultra thin molybdenum disulfide layers
on highly oriented pyrolytic graphite

17:20-17:40

O-18: Kaviyarasu Kasinathan (South Africa) Structural, optical and magnetic properties of Fe
implanted CeO2 nanocrystals

O-04: Jerome Leveneur - Synthesis of multicompound magnetic nanomaterials with
successive ion implantation
O-05: Marika Schleberger (Germany) - Defect
engineering in 2D materials by energetic ions
O-06: Alma Dauletbekova (Kazakhstan) Synthesis of nanoprecipitates in SiO2/Si track
templates by electrochemical depositions
I-04: Tieshan Wang (P.R.China) - Surface and
sub-surface evolution of hydrogen ion-implanted
tungstencorrelating to ion energy, fluence and
flux
O-11: Kaushik Vaideeswaran (Switzerland) Multi-charged ion implantation of nitrogen in
brass alloys for improved tribology
O-12: Takuya Washihira (Japan) - Composite
divertor materials for nuclear fusion reactor
O-13: Marta Dias (Portugal) - Helium and
deuterium irradiation effects in W-Ta
composites produced by pulse plasma
compaction
O-14: Valery Mikoushkin ( Russia) - Formation
of a GaAs1-xNx nanolayer on the GaAs surface
by low energy N2+ ion implantation
O-19: Joyful Mdhluli (South Africa) Modification of ultra-pure type IIa diamond
induced by proton irradiation
O-20: Tan Yang (China) - Tailoring optical
properties of atomically-thin WS2 via ion
irradiation
O-21: Magdalena Krupska (Poland) – 1 MeV Kr+
ion irradiation induced intermixing in
Fe3O4/MgO(001) and Fe3O4/Fe/MgO(001) thin
films
O-22: Giuseppe D'Arrigo (Italy) - Amorphous
Ge2Sb2Te5 mechanical modification properties
induced by Ge ion implantation
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Tuesday – July 11
09:00-12:15

Topic: Theory and Fundamentals

09:00-09:45

PL-02: William Weber (USA) - Functional nanostructures in ceramic oxides using ion beams

09:45-10:15

I-05: Stefan Facsko (Germany) - Nanoscale surface patterning by non-equilibrium self-assembly of
ion-induced defects

10:15-10:45

I-06: Flyura Djurabekova (Finland) - Enhanced emission of Ag nanoclusters from a solid Ar matrix

10:45-11:15

Coffee-break
O-23: Maurizio Dapor (Italy) - Role of the
electron cloud polarization on the radial dose
along proton tracks
O-24: Ezekiel Omotoso (South Africa) Electrical characterization of deep level defects
created by bombarding the n-type 4H-SiC with
1.8 MeV proton irradiations

11:15-11:35

11:35-11:55

11:55-12:15

O-25: Dong-Hai Zhang (China) - Fragmentation
of carbon on elemental targets at 290 A/MeV

12:15-14:00

Lunch

14:00-15:50

Topic: Nano Science &Technology

14:00-14:30

14:30-14:50

14:50-15:10

15:10-15:30

15:30-15:50

I-07: Vladimir Ovchinnikov (Russia) - On the
role of nanoscale dynamic effects under
cascade-forming irradiation
O-29: Kai Nordlund (Finland) - Molecular
dynamics simulations of antiproton transmission
through energy degrading
O-30: Stephan Mändl (Germany) - Dynamic
evolution of secondary electron emission during
ion bombardment
O-31: Pengfei Wang (China) - Ultrafast and
highly selective alkali metal ionic transport
through polymer film with latent tracks
O-32: Nikolay Sobolev (Russia) - Defect
engineering in the technology of Si-based
emitting diodes with luminescence

15:50-18:30

Drinks

15:50-18:30

Poster Session I

19:30-23:00

International Committee Meeting

O-26: Nathalie Moncoffre (France) - Effects of
swift heavy ion irradiation on the structural
modification of nuclear materials
O-27: Guanghua Du (China) - Ion
Transportation and charge inversion in single
conical nanopores
O-28: Isabelle Monnet (France) - From surface
to bulk modifications under swift heavy ion
irradiation of insulating materials

I-08: Jeroen van Kan (Singapore) - Ion source
development for nuclear microscopes: the road
map towards single digit nanometer spot sizes
O-33: Justine Renaud (France) Focused ion
beam technique for controlled fabrication of
nitrogen vacancy center
O-34: Daryush Ila (USA) - Ion beam assisted
production of high volume fraction quantum dots
O-35: Wolfgang Skorupa (Germany) - Ion beam
based methods for materials research and
investigation of pipe organ materials
O-36: Yanwen Zhang (USA) - Structural
modification of concentrated solid-solution
alloys using ion beams
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Wednesday – July 12
09:00-12:15

Topic: Biomedical and Applications

09:00-09:45

PL-03: Giovanni Marletta (Italy) - Ion beams for nanomedicine: driving biosystem at nanostructured
interfaces

09:45-10:15

I-09: Paul Chu (China) - Plasma surface modification of biomaterials

10:15-10:45

I-10: Noriaki Toyoda (Japan) - Enhancement of cell adhesion on PEEK with gas cluster ion beam
irradiation

10:45-11:15

Coffee-break

11:15-11:35

11:35-11:55

O-37: L.D. Yu (Thailand) - Ultra-low-energy
C-ion beam modification effect on DNA
cooperated with Geant4-DNA
O-38: Emel Sokullu (Turkey) - Surface
characterization and bioactivity behavior of
gold implanted poly(L-lactose)

11:55-12:15

O-39: Wolfgang Ensinger (Germany) Sputtering of nanostructured silver coatings
for the preparation of Ag-containing DLC

12:15-14:00

Lunch

14:00-23:00

Social Events and Dinner

O-40: Rantej Bali (Germany) - Ion induced magnetic
phase transitions in B2 alloys
O-41: Sérgio Magalhães (Portugal) - Crystal
damage analysis of Ar implanted Al1-xGaxN (0≤x≤1)
by X-ray diffraction
O-42: Jinglai Duan (China) - Sharp nanoridge
boosted cascaded optical field enhancement in
nanopillar-nanogroove plasmonic hierarchical
architecture for quantitative and ultrasensitive
SERS detection
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Thursday – July 13
9:00-15:50

Topic: Ion Beam and Plasma Processing

09:00-09:45

PL-04: Ronghua Wei (USA) - Overview of plasma surface engineering research at Southwest
Research Institute

09:45-10:15

I-11: Marek Rubel (Sweden) - Ion beam techniques in studies of the modification of wall materials in
controlled fusion devices

10:15-10:45

I-12: Xiubo Tian (China) - High pulsed current glow or arc discharge for plasma based surface
engineering

10:45-11:15
11:15-11:35

11:35-11:55

11:55-12:15
12:15-14:00
14:00-14:30

14:30-14:50

14:50-15:10

15:10-15:30

15:30-15:50
15:50-18:30

Coffee-break
O-43: Bernd Rauschenbach (Germany) Sculptured thin films by low energy ion
beam sputtering
Oral44: Marc Veillerot (France) Modifications of meso-porous silicon under
different ion beams used for SIMS analysis
O-45: Marco Peres (Portugal) - In-situ
optical and electrical characterisation of βGa2O3 during proton irradiation

O-46: Trevor Derry (South Africa) - Allotrope
conversion and surface hardness increase in ion
implanted boron nitride
O-47: Darina Manova (Germany) - High current
nitrogen ion implantation into austenitic stainless
steel
O-48: Yoshihito Tsukagoshi (Japan) - Effects of ion
bombardment on internal stress of sputtered thin
films

Lunch
I-13: Stéphanie Pellegrino (France) JANNUS at Saclay-Orsay, France, a multiaccelerators facility for materials irradiation
O-49: Philipp Schumacher (Germany) - Ionbeam assisted deposition using ion mass
and ion energy selective hyperthermal
nitrogen ions
O-50: Miki Shinooka (Japan) - Effects of
excess energy on thin film formation of Fe
based alloy
O-51: Julien Idé (Belgium) - Glass
properties enhancement by means of ion
implantation: a theoretical study
O-52: Mohamed El Bouanani (USA) Interplay between Ar sputtering and surface
chemistry: work function modification

I-14: Mario Ueda (Brazil) - Recent experiments on
plasma immersion ion implantation (and deposition)
using discharges inside metal tubes
O-53: Luc Pichon (France) - Plasma based ion
implantation of nitrogen in Ni-based superalloy
Haynes®230
O-54: Iñigo Braceras (Spain) - Corrosion preserving
high density plasma treatment of precipitation
hardening steel
O-57: Chunzhi Gong (China) - Effect of ignition
pulse on microstructure and properties of CrN films
using double pulse discharge
O-56: Gennady Remnev (Russia) - Effect of intense
ion irradiation on the microstructure, mechanical
and optical properties of Al-Si-N films

Poster Session II
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Friday – July 14
09:00-12:30

Topic: Nano Science and Technology

09:00-09:45

PL-05: David Jamieson (Australia) - Quantum computer devices built from shallow implanted single
atoms

09:45-10:15

I-15: Kevin O’Donnell (UK) - Hysteretic photochromic switching of Eu-Mg defects in gallium nitridereflections on a classical qubit

10:15-10:40
10:40-11:10

11:10-11:30

11:30-11:50

11:50-12:10
12:10-12:30

Coffee-break
I-16: Jerome Leveneur (New Zealand) Structural and chemical changes of
cellulose and nano-cellulose under ion
implantations
O-57: Robert Harrison (UK) - A new in-situ
dual ion beam system for investigation of
ion implantation and damage
O-58: Vladimir Uglov (Belarus) Compression plasma flows generated by
quasi-stationary plasma accelerators
O-59: Paweł Horodek (Russia) - Application
of positron annihilation spectroscopy in
investigations of the long range effect

I-17: Aliz Simon (Austria) - Cross-cutting materials
science coordinated by the IAEA
O-60: Kulik Miroslaw (Russia) - Dielectric functions
in near region E1 and E1+Δ of CP and chemical
composition
O-61: Jerzy Zuk (Poland) - Structure and optical
properties of SiO2 films with ZnSe nanocrystals
formed by ion implantations
O-62: Micaela Fonseca (Portugal) - Aluminium
depth profiling in implanted AlGaN alloys

Closing Remarks
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ABS #039

PL-01

Modern materials and ion beams
Leonard C Feldman1,2, Torgny Gustafsson1,2 and Viacheslav Manichev1,3
1
Institute for Advanced Materials, Devices and Nanotechnology;
2
Department of Physics and Astronomy;
3
Department of Chemistry and Chemical Biology
Rutgers University, New Brunswick, NJ, USA

Happy 70th birthday to the transistor! Three score and ten is a substantial, full life. Silicon has
been a mainstay of the information revolution for over 60 years. And we are seeing
predictions, prognostications and ingenious research to replace the silicon transistor and also a
share of skeptics. Ion beam technology has been an important contributor to this revolution.
The Si success is based in large part on size scaling- ever smaller, ever faster, ever denser, and
(hopefully) less power for wireless. The silicon model now drives materials research in many
reals of technology from bio to energy. For electronic materials active research is considering
lower dimensional devices, dissipationless transport, nanoscale materials, phase change
materials and quantum computing. Each represents a materials challenge at the prototype
stage, and certainly at the manufacturing stage. Ion beam science keeps up, in fits and starts,
with the development of macro, micro, and nano beams and even single ion technologies. At
Rutgers some of these latest challenges are being explored with a Helium Ion Microscope,
less than 1 nm beam spot. This talk will review the status of materials research, mostly
electronic, and their future. We then describe the potential for nano scale beams to confront
these new technologies and reveal new science. Not surprisingly, experience with a new tool,
the nano-beam, also leads to new areas of application for ion beam science.
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ABS #177

I-01

Tailoring the nickel silicide reaction mechanism and texture by ion
implantation
André Vantomme1, Koen van Stiphout 1, Jelle Demeulemeester1, Annelore Schrauwe1, Filip Geenen2,
Filipe Kremer3, Kristiaan Temst4, Lino M.C. Pereira4, Christophe Detavernier2, Craig M. Comrie5
1
Instituut voor Kern- en Stralingsfysica, KU Leuven, Leuven, Belgium
2
Ghent University, Gent, Belgium
3
Australian National University,Canberra, Australia
4
Instituut voor Kern- en Stralingsfysica, KU Leuven, Leuven,Belgium
5
University of Cape Town, Cape Town, South Africa

Due to the technological importance of NiSi as a contacting material, the reaction of Ni thin
films with Si has been extensively studied over the past decades. The properties of the NiSi
layer, such as its resistivity, texture and thermal stability, are largely determined by the early
stages of the reaction path. In particular, metastable phases which eventually form – despite
being transient – early on, are of crucial importance for the final NiSi.
To disentangle the role of these metastable silicide phases, ion implantation is a powerful
approach to either induce defects or introduce impurities in the Ni film, in the Si substrate or
at the interface. Tuning the specific implantation parameters (ion species, energy, fluence…)
allows for carefully controlling this process. In particular, we have found that the solubility of
the implanted species in the consecutive phases steers the reaction mechanism.
In this talk, we will focus on two metastable nickel silicide phases (which only appear in a
very narrow temperature window for un-implanted samples), and review how these phases
can either be stabilized or destabilized by ion implantation: a hexagonal Ni-rich phase or an
amorphous Ni0.5Si0.5 alloy. Using either N2 or Ar ions (in a fluence range of 1013-1016 at./cm2)
at an energy between 15-80 keV, we will highlight the specific role of the implantationinduced defects and the impurity atoms (i) on the phase formation sequence, (ii) on the
kinetics of the reaction and (iii) to tune the degree of texture in the NiSi film (the latter of
major importance for its stability).
Finally, besides for modifying the reaction mechanism, we have also used ion beams to
investigate the phase formation and growth kinetics during the reaction, i.e. in real time. It
will be shown that this approach is particularly beneficial in order not to miss transient (but
crucial) phases or amorphous phases (which escape detection with X-ray diffraction).
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ABS #061

I-02

Ion beam manipulation of graphene - from substitutional doping to
amorphization
Jani Kotakoski
University of Vienna, Vienna, Austria

Despite its great properties, the two-dimensional wonder-material, graphene, is not directly
suitable for many applications. One way to tune the properties of materials is to manipulate
their atomic structure using ion irradiation. However, as one might expect, this is challenging
to do in the case of a suspended 2D material, which is the thinnest possible membrane known.
Because of this, many studies have been carried out on irradiating graphene on different
substrates. Unfortunately, in such a configuration it is difficult to separate what happens to the
material itself from the effects on the substrate. Moreover, due to the created defects, the
graphene structure is likely to bind to the substrate.
In this contribution, I will give an overview on our efforts to understand how to manipulate
the structure of suspended graphene using particle beams (electrons and ions) at varying
particle energies. I will also show that even a standard focused Ga ion beam setup, operated at
the typical 35 kV voltage, can be used to draw patterns of voids and amorphous patches into
graphene, as confirmed by atomic resolution scanning transmission electron microscopy
images. Further, I will discuss the prospects of using He ion microscopy for carrying out the
patterning to decrease the feature size down to the single-nm range.
Finally, I will present our new experimental setup that combines low-energy ion irradiation of
graphene with subsequent observation of the atomic structure with a scanning transmission
electron microscope in the same vacuum to protect the sample from contamination.
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ABS #002

O-01

Application of ion beams to fabricate and modify properties of dilute
ferromagnetic semiconductors
Ye Yuan, Shengqiang Zhou
Helmholtz-Zentrum Dresden-Rossendorf, Dresden, Germany

Dilute ferromagnetic semiconductors (DFS) have been investigated for more than two
decades due to their potentials for spintronics. Mn doped III-V semiconductors have been
regarded as the prototype of the type. In this contribution, we will show how ion beams can
be utilized in fabricating and modifying DFS. First, ion implantation followed by pulsed laser
melting (II-PLM) provides an alternative to low-temperature molecular beam epitaxy
(LTMBE) to prepare diverse DFS. The prepared DFSs exhibit pronounced magnetic
anisotropy, large X-ray magnetic circular dichroism, anomalous Hall effect and
magnetoresistance [1-9]. Going beyond LTMBE, II-PLM is successful to bring two new
members, GaMnP and InMnP, into the family of III-Mn-V. Both GaMnP and InMnP show
clear signatures of ferromagnetism and an insulating behavior. Second, helium ions can be
used to precisely compensate the holes while keeping the Mn concentration constant [10-12].
For a broad range of samples including (Ga,Mn)As and (Ga,Mn)(As,P) with various Mn and
P concentrations, we observe a smooth decrease of TC over a wide temperature range with
carrier compensation while the conduction is changed from metallic to insulating. We can
tune the uniaxial magnetic easy axis of (Ga,Mn)(As,P) from out-of-plane to in-plane with an
isotropic-like intermediate state. These materials synthesized or modified by ion beams
provide an alternative avenue to understand how carrier-mediated ferromagnetism is
influenced by localization.
[1] M. Scarpula, et al., PRL 95, 207204 (2005)
[2] D. Bürger, et al., PRB 81, 115202 (2010)
[3] S. Zhou, et al., APEX 5, 093007 (2012)
[4] M. Khalid, et al., PRB 89, 121301(R) (2014)
[5] Y. Yuan, et al., JPhD 48, 235002 (2015)
[6] S. Zhou, JPhD 48, 263001 (2015)
[7] S. Prucnal, et al., PRB, 92, 224407 (2015)
[8] Y. Yuan, et al., ACS AMI, 8, 3912 (2016)
[9] L. Li, et al., JPhD 44 099501 (2011)
[10] L. Li, et al., NIMB 269, 2469-2473 (2011)
[11] S. Zhou, et al., PRB 94, 075205 (2016).
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ABS #014

O-02

The interface between platinum nanoparticle catalysts and
an Ar+-ion-irradiated carbon substrate
Kenta Kakitani1, Tetsuya Kimata1, Tetsuya Yamaki2, Shunya Yamamoto2, Tomitsugu Taguchi2, Iwao
Shimoyama3, Daiju Matsumura3, Akihiro Iwase4, Tomohiro Kobayashi5, Takayuki Terai1, Wei Mao1
1
Department of Nuclear Engineering and Management, The University of Tokyo, Tokyo
2
Quantum Beam Science Research Directorate, National Institut, Gunma, Japan
3
Materials Sciences Research Center, Japan Atomic Energy Agency, Ibaraki, Japan
4
The Division of Materials Science and Engineering, Osaka Prefecture University, Sakai, Japan
5
Center for Advanced Photonics, RIKEN, Saitama, Japan

Platinum nanoparticles (Pt-NPs) sputtered on the glassy carbon (GC) substrate pre-irradiated
with Ar+ were recently found to have a higher catalytic activity than those on the nonirradiated one [1,2]. This suggests that irradiation defects in GC would affect Pt-NPs via the
interfacial interaction. In this research, transmission electron microscopy (TEM) and density
functional theory (DFT) calculations were conducted to investigate the effect of the
irradiation defects on the particle growth of the sputtered Pt and the electronic structure of PtNPs.
A GC substrate was irradiated with 380 keV Ar+ at the fluence of 7.5×1015 ions/cm2 and
heated at 400ºC in an N2 atmosphere for 1 h. Pt-NPs were prepared on the irradiated and nonirradiated GC by radio-frequency magnetron sputtering for 60 s. Cross-section specimens for
TEM were prepared by mechanical polishing followed by ion-milling. The adsorption energy
of Pt-NPs on defective GC structures and the electronic structures of Pt-NPs were calculated
based on DFT with the Vienna ab initio Simulation Package.
From the TEM images, the mean sizes of Pt-NPs on the irradiated and non-irradiated GC
substrates were 5.1 and 3.8 nm respectively. This would be attributed to the greater adsorption
energy of Pt-NPs on defective GC than on the pristine one, since the enhanced sticking
probability of the sputtered metal leads to the bigger particle size [3]. As an important
electronic property of Pt-NPs the d band center [4] was calculated, and irradiation defects in
GC were found to lower the d band center. This indicates that the irradiation defects change
not only the particle size but the chemical reactivity of Pt-NPs.
[1] Kimata T., Kato S., Yamaki T. et al., Surf. Coat. Technol. 306, 123-126 (2016).
[2] Kakitani K., Kimata T., Yamaki T. et al., Radiation & Industries 141, 29-32 (2016).
[3] Lopez-Salido I., Lim D.C. and Kim Y.D., Surf. Sci. 588, 6â€“18 (2005).
[4] Hammer B. and Norskov J.K., Surf. Sci. 343, 211-220 (1995).
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Group III-nitrides have been the materials of choice of some of the most important
achievements in the semiconductor industry of the last decades. Applications based on their
wide band gap abound, ranging from light emitting diodes to high-power transistors. More
recently, there has been an increasing interest in understanding the response of this group of
materials to the so-called Swift Heavy Ion (SHI) irradiation. This is mainly due to the fact that
group III-nitrides appear to be strong candidates for radiation hard electronics to be used in
extreme environments such as space or nuclear reactors. Moreover, the possibility of using
SHI for structural modification and bandgap engineering in heterostructures has been studied.
In this work, we aim at understanding the SHI interaction with hexagonal c-GaN using
Molecular Dynamics simulations along with the Thermal Spike model backed by
experimental data. It is shown that, above an energy deposition threshold, at least two phase
transitions can occur, the decomposition into Ga and N2 and its congruent melting. The latter
leads to a partial recrystallization of the initial track. The thermodynamics of this phase
transition is inspected. Furthermore, a study on surface modifications induced by the SHI is
also presented and shown to differ dramatically from the bulk phenomenology.
A comparative study of these simulations with experimental results is also presented. GaN
samples irradiated with various fluences of 185 MeV Au ions are characterized with
Rutherford Backscattering Spectrometry/Channeling (RBS/C). A statistical model for the
lattice damage, taking in consideration the recrystallization effect, is derived and applied to
the RBS/C spectra. The resultant track radius is in very good agreement with the simulation
results. Finally, Atomic Force Microscopy images revealing surface pits are presented and
compared to the simulation predictions.
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Magnetic nanomaterials display unique properties that make such materials of interest in a
range of applications from data storage, to micro- and nano- electro mechanical systems, and
sensors. For instance, the small magnetic domain size could open the door for high density
data storage.[1] Such materials can also exhibit tunneling and giant magnetoresistance which
can be used for magnetic field sensing.[2] There is a continued need for method to
controllably produce such materials.
Ion beam synthesis can be used to precisely integrate such magnetic materials within silicon
microelectronics.[3] Facile synthesis into insulators and semiconductors has been
demonstrated using single elemental implantation of transition metal and rare-earth element
investigated.[2,3] For instance, our team has demonstrated the use of ion implantation of iron
in SiO2 thin films followed by electron beam annealing led to the formation of magnetic
nanoparticles protruding at the surface.[2]
The properties of the nanomaterials resulting from single ion implantation can only be
controlled to a small extent as it is dominated by the intrinsic magnetic properties of the
precipitate. Consequently, we are investigating the use of multiple ion implantation as a mean
to access a wider range of magnetic properties. In this presentation we will discuss the ion
beam synthesis, of SmCo, FeCo and FeNi multi-compound magnetic nanoparticles on SiO2
thin films. Structure and magnetic properties were investigated using transmission electron
microscopy, ion beam analysis and magnetometry techniques.
[1] S. Sun, C. B. Murray, D. Weller, L .Folks, and A. Moser, Science, 287, 1989 (2000).
[2] J. Leveneur, J. Kennedy, G. V. M. Williams, J. Metson, A. Markwitz, Applied Physics Letters 98,
053111 (2011).
[3] P. P. Murmu, J. Kennedy, B. J. Ruck, G. V. M. Williams, A. Markwitz, S. Rubanov, A. Suvorova,
Journal of Materials Science, 47(3), 1119-1126 (2012).
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Two-dimensional (2D) materials are envisaged as a key element for many novel technologies,
such as e.g. energy conversion, opto- and ﬂexible electronics and biomedical applications [1,
2]. A large part of these concepts requires the possibility to tailor the 2D material, in
particular with respect to defects. One of the most powerful tools for defect engineering of
surfaces and bulk materials at the atomic scale is the irradiation with energetic ions [3]. Our
work focusses on material modifications of 2D materials caused by the intense local
electronic excitations generated by ion irradiation. This is achieved by using energetic ions
which may either carry a large amount of kinetic energy (swift heavy ions, SHI) or a high
potential energy (slow, highly charged ions, HCI) which upon impact will deposit their
energy primarily into the electronic system of the target [4,5]. We have investigated the
possibility to use SHI and HCI irradiation for nano-structuring supported and freestanding
ultra-thin samples of 2D materials such as graphene, MoS2, and hBN (see e.g. [6,7]).
Depending on the target material and details of the irradiation parameters a multitude of
defects can be fabricated ranging from nanoscaled features such as hillocks and holes to more
extended defects such as foldings and chains of hillocks.
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Amorphous silicon oxide layer with 600 nm thickness was formed by the thermal oxidation
method of silicon substrate. Latent SHI tracks in SiO2 layer were created by irradiation of Xe
ions (E=200MeV, Φ = 108 - 109 cm-2). After etching of ion tracks in 4% water solution of
hydrofluoric acid (HF) at 300K, a precipitation of Zinc or Tin was performed by
electrochemical (ECD) method at room temperature. Morphology of SiO2/Si structures
surface before and after precipitation was examined on SEM and AFM. Frontal surface and
cross-section studies showed filled nanochannels. The formation regime of nanocrystals and
nanotubes of zinc and tin oxides in the track template is developed. The changes in
luminescence and photovoltaic characteristics of deposited samples were investigated. The Xray diffraction analysis made it possible to monitor the obtained structures.
For a detailed study of nanocrystals synthesis at atomic level, an analysis of absorption
processes of various impurities on the oxides surfaces was carried out using computer
simulation methods. The energy band structure of pure/doping surface was modeled, where
total and partial density of states (DOS) signatures of surface host atoms and impurity atoms
was computed. Also, the effective charges on atoms and chemical bounds have been
estimated using the Mulliken population analysis.
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Ion beams are very powerful techniques for the modification of materials due to the access to
different physical processes, such as implantation, damage, or sputtering. These processes
play important roles in the semiconductor industry for the doping, the intermixing and the
patterning of heterostructures.
In this talk we will describe some applications of ion beams in the keV range, which is the
most suitable for the modification of semiconductors structures. On one hand, we will review
the advantages of ion beam sputtering (IBS) for the production of self-organized nanopatterns
[1], where the control of impurities has become a critical issue [2]. We will present our recent
experimental works at medium energies (20-160 keV) with simultaneous metal incorporation
[3], where we evaluate the relevance of the compositional patterning in the dot (0Âº
incidence) and ripple (60Âº incidence) formation. In both cases, irradiation was carried out in
a high-flux ion implanter, and the samples were characterized by means of atomic force
microscopy, Rutherford backscattering spectrometry, X-ray photoelectron spectroscopy and
high resolution transmission electron microscopy.
On the other hand, ion beams are also useful for modifying buried layers and interfaces, an
essential part for device performance. In this communication we will address the effect of ion
mixing in nanostructures (quantum dots and wells) in GaN-based systems too [4].
Interestingly, the different dimensionality can induce selective intermixing during the ballistic
collisions, an effect that must be taken into account when controlling the smoothening of the
interfaces.
[1] J. Muñoz-García et al., Mater. Sci. Eng. R-Rep. 86, 1 (2014)
[2] C. Madi et al., Phys. Rev. Lett. 101, 246102 (2008)
[3] A. Redondo-Cubero et al., Nanotech. 27, 444001 (2016); Phys. Rev. B 86, 085436 (2012)
[4] A. Redondo-Cubero et al., Nanotech. 24, 505717 (2013); Nanotech. 26, 425703 (2015)
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Tungsten (W) is an important candidate of plasma-facing materials (PFM) in fusion reactors.
The PFM will suffer the violent irradiation of hydrogen plasma and neutrons under extreme
conditions, which will lead to the degradation of its properties. The surface and sub-surface
evolution of W under hydrogen (H) ion implantation is therefore studied in this work. Wellpolished polycrystalline W specimens were implanted by H ions with various energies,
fluences and fluxes. Secondary Ion Mass Spectrometry (SIMS) was used to measure the Hdepth-profile. Scanning Electron Microscopy (SEM) combined with Focused Ion Beam (FIB)
was used for surface characterization. Transmission Electron Microscopy (TEM) was applied
to investigate the sub-surface structures. Blisters with sizes of 0.5-1.5 μm in diameter were
observed on the surface of specimen implanted with 40 keV H+ and a fluence of
2×1017H+/cm2. However, no blister was found when the specimen was implanted with 5 keV
H+ and a fluence (3×1018H+/cm2). This indicates that the ion energy affects to H accumulation
and blister formation. Unlike the surface topography, nanoscale bubbles were observed in the
sub-surface region of the specimen implanted with 5 keV H+ and a fluence of 1×1017H+/cm2.
The bubbles size and density increased with the increase of fluence. The sizes of bubbles had
been changed from ~1 nm to as large as ~2.7 nm after the flux increased from 50μA/cm2 to
100μA/cm2, at the same ion energy and fluence. It implies that flux played also an important
role in bubble formation. The H-depth-profile obtained by SIMS shows also fluence
dependence. In low fluence, the H distribute in near surface region. In the specimen implanted
with 6keV H+ and a fluence of 1×1020H+/cm2, H concentration expended to a depth of 2.5
microns, which is far beyond the implantation range. Based on our results, it is concluded that
the incident energy, fluence and flux affect H retention behavior significantly.
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Defect processes in ZnO single crystals upon 300 keV Ar-ion bombardment were analysed
comprehensively. Two complementary techniques, Rutherford Backscattering Spectroscopy
in channeling conditions (RBS/c) and High Resolution X-Ray Diffraction (HRXRD), were
used, both supported additionally by extended numerical simulations.
RBS/c data were evaluated by means of the McChasy code. This unique code allows separate
determination of depth profiles of randomly displaced atoms and dislocations. The new model
of damage accumulation and subsequent transformations in ion bombarded ZnO has been
developed. It based on the fact that simple defect migration and agglomeration results in the
formation of two types of dislocation loops: basal loops located at the depth corresponding to
the range of incident Ar ions and the pyramidal ones located beyond the ion range. As
identified by HRXRD the driving force for this process is the lattice stress produced by
atomic displacements. Increasing loop concentration produces important growth of the lattice
strain resulting in plastic deformation of implanted layer. The unique complementarity of
RBS/c and HRXRD should be pointed out: whereas lattice distortions produced by basal
loops extending in the direction perpendicular to the c-axis can be easily detected by HRXRD,
RBS/c is completely insensitive to such defects. The opposite situation occurs in the case of
pyramidal loops. However, in the latter case only use of the McChasy code allowed
determination of depth distributions of pyramidal loops. The presented model is with a great
accordance with numerous works of other authors, especially with some TEM observations,
and allows better understanding of their results.
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Group III-nitride semiconductors based on AlxGa1-xN alloys span a wide range of bandgap
energies that could enable the realization of laser diodes in the deep UV spectral range with
interesting applications in the fields of bioagent detection, medical diagnostics, gas sensing,
3D printing and photolithography. For laser diode applications in particular, Favennec et al.
[1] demonstrated that materials with wider bandgaps present lower thermal quenching of rare
earth (RE) luminescence and higher efficiency induced by the RE -optical centers, enabling to
explore the AlN-rich hosts such as AlGaN.
In this work, europium (Eu)-implanted AlxGa1-xN nanostructures are explored in order to
tailor the material’s original properties towards achieving high efficiency nano-devices. These
nanostructures consist of i) AlGaN/GaN short-period superlattices embedded in a diode
structure grown by metal organic chemical vapour deposition on c-plane sapphire substrate,
and ii) AlxGa1-xN nanowires (NW) grown by molecular beam epitaxy on Si (111) substrate.
The as-implanted nanostructures are further submitted to either rapid thermal annealing
(RTA), at 1000 and 1200 °C, or to high temperature and high pressure (HTHP), 1400 °C. The
modified nanostructures are studied in detail by photoluminescence, photoluminescence
excitation, micro-Raman spectroscopy, and scanning electron microscopy. In both types of
nanostructures, Eu3+ luminescence is observed with the most intense emission assigned to the
5
D0-7F2 transition in the red spectral region, indicating that such implantation and annealing
conditions successfully activated the trivalent charge state of Eu ions. In addition to the
efficient above GaN bandgap excitation, excitation below the GaN bandgap is possible for the
Eu-implanted and annealed nanostructures, similarly to previous reports for Eu-implanted
GaN layers [2].
[1] Favennec et al. Electron. Lett. 25, 718 (1989).
[2] Wang et al. Appl. Phys. Lett . 87, 112107 (2005).
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We have investigated ion-induced modifications of electronic- and atomic-structures of
WNxOy films grown on C-plane-cut-sapphire (C-Al2O3) substrate. Rutherford backscattering
spectroscopy (RBS) of 1.8 MeV He+ ions leads to the composition, x=1.1 and y=0.4 within
RBS accuracy of 10 and 20 %, respectively, and the film thickness, typically 40 nm. X-ray
diffraction (XRD) with Cu-Kα radiation shows a strong peak at the diffraction angle (2) at
37º and a weak peak at 78º. These peaks are assigned as WN, referring to JCPDS card data
and the RBS result. No peaks were observed other than WN and C-Al2O3 (2=41.7º) before
and after ion impact.
It appears that the electrical resistivity of unirradiated film (25 mΩ cm) is reduced to 3×10-4
mΩ cm (reduction by a factor of 80) by 100 MeV Xe ion impact at 4×1014 cm-2 and to 2 mΩ
cm by 100 keV N ion at 1016 cm-2, respectively, and that the XRD intensity decreases to
~1/200 of the XRD intensity of unirradiated film by 100 MeV Xe at 1013 cm-2 and 1/5 by 100
keV N at 6×1014 cm-2. XRD intensity remains for further irradiation of 100 keV N.
It also appears that the resistivity of unirradiated film increases with decreasing temperature
from RT to 30 K like semiconductor and irradiated film shows very weak temperature
dependence. Optical absorption monotonically decreases with increasing the wavelength of
200 to 2500 nm, implying that the bandgap does not exist in the visible region and a very
small reduction was observed in the optical absorption by ion impact.
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Interesting physical properties of ZnO, like high transparency in the visible and ultraviolet
(UV) region and a wide range of conductivity, have attracted interest toward application of
ZnO to light emitters and deep UV sensors. Solid solution of ZnO with MgO, MgxZn1-xO
alloy, having larger band gap with possibility of tuning is expected to improve the efficiency
of UV or blue light emitting devices. Unfortunately, MgxZn1-xO alloys have tendency to form
a metastable material. Due to different ZnO and MgO crystallographic structures, beyond the
45% of Mg content MgxZn1-xO films are segregated to hexagonal (ZnO) and cubic (MgO)
phase. Another way to realize the wider band gap ZnO based material is to grow structures in
which ZnO and MgO layers are deposited sequentially creating superlattice (SL)- artificial
ordered alloy. In ZnO/MgO SL would be possible to manipulate with layer thicknesses to
avoid metastability and to get the whole SL in the wurtzite structure. One of the advantages of
SLs is that their band gap (Eg) can be tuned by the thicknesses of the constituent binary layers
allowing modulation of Eg. Further, one may not encounter any problem arising from
alloying, such as alloy scattering.
In this work we present Rutherford backscattering and channelling studies of ZnO/MgO short
period SL grown on ZnO substrates. All structures were grown with Molecular Beam
Epitaxy. ZnO and MgO layers were deposited sequentially and the SLs were composed of 30
- 80 pairs of ZnO/MgO layers. Channelling measurement revealed that in the case of the
thinnest MgO layers the growth of superlattices was coherent, as min of the backscattering
yield for the SL is the same as for ZnO substrate. Angular scans across off-normal axis were
measured to determine strain in the structures. Transmission Electron Microscope imaging
was performed to confirm which structure - SL or alloy was obtained during the growth.
The work was supported by the NCN project DEC-2014/15/B/ST3/04105.
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Multi-Charged Ion Implantation (MCII) enables the simultaneous implantation of ions having
different charges (e.g. N+, N2+, N3+ and N4+ in the case of nitrogen) and consequently different
energy levels, resulting in a uniform penetration of ions over a wide range of depths [1]. Ion
implantation is well known for significantly improving surface properties of materials [2,3],
making it a technology of high interest in applications where wear and friction are of concern.
The effects of ion implantation in free machining brass are relatively less studied. This study
aims at improving the tribological properties of brass parts through MCII process. Two alloy
compositions (CuZn39Pb3 and CuZn37Pb2) were chosen to this end. The latest results
demonstrate that the coefficient of friction of CuZn39Pb3 when measured against a sliding
100Cr6 steel ball is reduced by more than a factor two after implantation of nitrogen through
MCII. SEM micrographs and EDS analyses performed on tribology traces did not show any
spreading of lead. The tribological results discussed are correlated with simulation studies of
the penetration profiles of the ions based on the implantation parameters. Microstructure,
hardness and tribological behavior will be studied systematically and their relation with the
implantation parameters will, thus, be established. The underlying mechanism for surface
hardening will also be explained. This understanding will allow for the optimization of the ion
implantation parameters, and thus improve the coefficient of friction and the wear resistance
of these alloys.
[1] D.M. Gordin, J. Mat. Sc.: Mat. in Med., 2012, 2953-2966
[2] S. Thibault, PhD Thesis, Caen Univ. (France), 2009
[3] C. Pierret, PhD Thesis, Caen Univ. (France), 2012
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The divertor in a magnetic-confinement fusion reactor serves to exhaust the helium ash
generated by the nuclear fusion reaction. Tungsten is a metal with a high melting point, high
thermal conductivity, and good sputtering resistance. Tungsten has also been adopted as a
divertor material because it demonstrates excellent performance in nuclear fusion reactor
systems such as ITER. Continuous impact due to a high neutron load degrades the
thermomechanical properties of tungsten and creates microstructural defects that trap
hydrogen isotopes such as fuel [1]. The subsequent accumulation of hydrogen isotopes in
tungsten leads to blister formation, pitting, corrosion, and cracks. Fuel occlusion and its
stagnation phenomenon are extremely important issues for the economical and safe operation
of nuclear fusion reactors. In this study, we propose a novel complex-type divertor
mechanism that can perform fuel separation and fuel recovery using hydrogen storage
materials.
Tungsten-based hydrogen storage materials (tungsten–titanium composites, W/Ti, and
tungsten–tantalum composites, W/Ta) were exposed to deuterium plasma generated by a
TPD-Sheet IV divertor simulator, and their deuterium absorption properties were measured
via a thermal desorption analysis. The deuterium absorption of the W/Ta composite material
was two orders of magnitude greater than that of pure tungsten. Dissociation of diatomic
deuterium gas molecules is necessary for deuterium gas chemisorption on metal surfaces. This
reaction step is able to pass through with deuterium ions in the plasma. Results demonstrated
that tantalum may be useful as a hydrogen storage material for separation and recovery of fuel
particles in the divertor. The composite divertor mechanisms with hydrogen storage materials
for fuel cycle could be designed to handle the considerable flow of hydrogen isotopes with
high flexibility and reliability.
[1] Tokitani M. and Ueda Y., J. Plasma Fusion Res., 87, 596-598, (2011).
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Tungsten-tantalum composites have been envisaged for first-wall components of nuclear
fusion reactors, however, changes in their microstructure can be expected from severe
irradiation with helium and hydrogenic species.
In this study, composites were produced from ball milled W powder mixed with 10 at.% Ta
fibers and consolidated by pulse plasma compaction. Implantation was carried out at room
temperature with He+ (with an energy of 30 keV) or D+ (with an energy of 15 keV) or
sequentially with He+ and D+ using ion beams with fluences of 1021 at/m2. Microstructural
changes and deuterium retention in the implanted composites were investigated by scanning
electron microscopy coupled with focused ion beam and energy dispersive X-ray
spectroscopy, transmission electron microscopy, X-ray diffraction, Rutherford backscattering
spectrometry and nuclear reaction analysis.
The composite materials consisted of Ta fibers dispersed in a nanostructured W matrix with
Ta2O5 layers at the interfacial regions. After He+ implantation all phases exhibited surface
blisters with sizes increasing in the following order: W < Ta < Ta2O5; furthermore,
subsequent D+ implantation worsened the blistering behavior in all regions. Swelling was
pronounced at the Ta2O5 surfaces where large blister cavities exhibited an internal nanometersized fuzz structure. Transmission electron microscopy revealed an extensive presence of
dislocations in the metallic phases while a relatively low density of defects was detected in
Ta2O5 after the sequential implantation. This behavior can be justified by the shielding effect
of the surface swelling/fuzz. The tungsten peaks in the X-ray diffractograms were notably
shifted after He+ implantation, and even more so after the sequential implantation, which is in
agreement with the increased D retention inferred from nuclear reaction analysis.
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Since the first observation of the GaN nanolayer creation by low energy N2+ ion implantation
of the GaAs surface, this process has been considered to be an attractive way for passivation
and insulation of the surface of GaAs-based semiconductor structures [1]. Recently, ion
implantation has become topical for creation of a buffer GaN nanolayer on the GaAs surface
for subsequent epitaxial growth of crystallographically perfect GaN layers. Though different
impurity chemical phases were distinguished when the chemical shift between GaN and
GaAsN in XPS spectra was measured [1].
We report here implantation conditions for fabrication of a layer of GaAsN alloy which is
known to be a narrow bandgap semiconductor being interesting for infrared optoelectronics.
Dilute alloys GaAs1-xNx (x < 0.03) have been fabricated for decades mainly by growth
methods and by middle energy (30 – 160 keV) ion implantation [2]. Unfortunately, obtaining
alloys with higher nitrogen concentration and narrower bandgap proved to be a problem.
Results of this work have been obtained with the help of in situ quantitative diagnostics of
chemical composition developed for nitrided nanolayers on the basis of high resolution
photoelectron spectroscopy with using synchrotron radiation. We have revealed that, by
varying the implantation conditions, it is possible to transform a mainly GaN layer into a
GaAsN one through the nanocluster system GaN/GaAsN having the main attribute of a
quantum dot system. Finally, a 4 - 6 nm nanofilm consisting virtually of the GaAs1-xNx alloy
with high nitrogen concentration x ~ 0.09 was fabricated on the GaAs surface under in situ
Auger control.
This work was supported by the Russian Science Foundation (Project N 17-19-01200).
[1] Mikoushkin V.M., Chapter 9 in the book "Ion Implantation", Ed. Mark Goorsky, InTech, 2012.
[2] Dilute Nitride Semiconductors, Ed. M. Henini, Amsterdam: Elsevier Ltd., 2005, 640 p.
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Hydrogen and helium “eco-implantation” (actually sequential implantations) is nowadays
used to efficiently transfer thin Si layers and fabricate silicon on insulator (SOI) wafers for the
microelectronic industry. The synergy between the two implants which is reflected through
the dramatic reduction of the total fluence needed to fracture silicon has been reported to be
strongly influenced by the implantation order. Contradictory conclusions on the mechanisms
involved in the formation and thermal evolution of defects and complexes have been drawn.
In this work, we have experimentally studied in detail the characteristics of Si samples
sequentially implanted with He and H of various energies, comparing the defects which are
formed following each implantation and after annealing. We show that the second implant,
when implanted at the same depth or deeper than the first one, always ballistically destroys
the stable defects and complexes formed after the first implant and that the redistribution of
these point defects among new complexes drives the final difference observed in the samples
after annealing.
When H is implanted first, He precipitates in the form of nano-bubbles and agglomerates
within H-related platelets and nano-cracks. When He is implanted first, the whole He fluence
is ultimately used to pressurize H-related platelets which quickly evolve into micro-cracks
and surface blisters. We provide detailed scenarios describing the atomic mechanisms
involved during and after sequential implantations and annealing which well-explain our
results and the reasons for the apparent contradictions reported at the state of the art. The
influence of the relative energies of the two implants will be emphasized.
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U3Si2 combining with advanced cladding is considered as a leading form of accident tolerant
fuels for light water reactors due to its excellent thermal conductivity and higher fissile
element density. Ion beam irradiation-induced amorphization was previously reported for
uranium silicide with a low critical temperature of 250 oC. However, limited data is available
on the radiation response of U3Si2 under relevant reactor temperatures. In this work, U3Si2
was irradiated by 300 keV Xe+ at 350 °C close to the operation temperature of light water
reactors, and the microstructure evolution upon intensive ion beam irradiation is characterized
by in-situ transmission electron microscopy observation. U3Si2 is sensitive to radiationinduced amorphization at room temperature with a low critical amorphization dose (less than
0.6 dpa). Radiation-induced polygonization and grain subdivision occurs in U3Si2 irradiated
by 300 keV Xe at 350 oC. The polygonization begins at a low dose ~0.8 dpa and completes
above 48 dpa. The radiation-induced polygonization leads to the formation of high density of
nanoparticles which experience grain coarsening with radiation dose up to ~20 nm.
Xe bubbles form in Xe irradiated U3Si2 and a radiation-induced bubble coaelescence is also
identified. Due to extreme high susceptibility to oxidation, uranium silicide nanoparticles
upon grain subdivision are oxidized during in-situ TEM irradiation, eventually leading to the
formation of UO2 nanocrystals stable up to 80 dpa. These results indicated that at relevant
reactor operation conditions, uranium silicide as the leading candidate of ATFs is stable
against radiation induced amorphization, but likely experiences a grain subdivision and
possible a rim structure, similar to oxide fuels.
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Ion induced growth of ultra thin molybdenum disulfide layers on
highly oriented pyrolytic graphite
E. Pollmann, L. Madauß, P. Ernst, M. Schleberger
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Van der Waals heterostructures are material systems composed of different 2D materials such
as graphene, h-BN or MoS2. By combining their properties, new future devices could be
developed. The potentially best way to produce van der Waals heterostructures for
applications is the direct growth of one 2D material onto another one by chemical vapour
deposition. Obtaining layers of uniform quality and controlling their growth are a challenging
task. MoS2 layers on HOPG represent a model system for the MoS2-graphene interface and
have been studied by e.g. Koos et al. [1]. The aim of our work is to understand the growth
mechanism of MoS2 on this graphene-like surface in order to exploit the obtained knowledge
to grow MoS2 directly on graphene itself. We could show that MoS2 layers are more likely to
grow at HOPG edges, one-dimensional defects, which act as growth seeds.
Since the quality of grown graphene is improving, the absence of step edges and defects
would constitute a disadvantage for the growth. Therefore, an HOPG crystal was irradiated by
highly charged ions to induce controllable quasi zero-dimensional defects [2] before the
chemical vapour deposition of MoS2. First results obtained from the growth at these artificial
seeding defects will be presented.
[1] A.A. Koós et al. Carbon 105, 408-415 (2016)
[2] J. Hopster et al. 2D Materials 1, 1011011 (2014)
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Cerium oxide is one of the most intriguing metal oxides and remains a very promising
material as an oxygen ion conductor and as a mixed ionic electronic conductor for use in a
variety of devices such as solar cells, sensors and intermediate temperature fuel cells. A key
feature of cerium oxide is its tolerance to doping. Recent studies have highlighted the need for
better understanding on the effect of doping on the amount, mobility, and distribution state of
oxygen vacancies in CeO2-based materials [1]. Fe ions ions were implanted with 40 keV
energy into hydrothermal grown Cerium(IV) oxide nanocrystals with different atomic
percentage; 1%, 3% and 5%. RBS-channeling measurements were carried out to determine
doped Fe concentrations and the location of the dopants. XRD and Fe edge spectra confirmed
the formation of mixed, Fe metallic and oxide phases in the implanted CeO2 nanocrystals. To
analyze the effect of Fe implantation on the valence state of Ce ions systematically, XPS
spectra at the Ce edge have been investigated. They display strong emission at around 1.5 nm,
due to quantum confinement, and a very large photoluminescence (PL) excitation cross
section [2].
The PL intensity and decay rate temperature dependences provide evidence for a large energy
splitting fine structure of the emitting exciton ground state, presumably due to the complex
Ce-Fe electronic band structure. We have observed some significant changes effectively in the
Ce edge spectra with increasing Fe concentrations, indicating that valence state of Ce is
affected by the Fe implantation. The room temperature hysteresis measurements demonstrate
the competing nature of magnetic interactions between Fe metallic and Fe oxide nanophases.
[1]. N. Ishikawa, Y. Chimi, O. Michikami, Y. Ohta, K. Ohhara, M. Lang, R. Neumann, Nucl. Instr.
Meth. B 266 (2008) 3033.
[2]. G. Szenes et al, Phys. Rev. B 51, 8026 (1995).
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We investigate the effects of ion induced modification of ultra-pure type IIa diamond.
Diamond was irradiated with high energy protons of 2,2 MeV with fluence 5.0*1017 ions/cm2
at UAM (Universidad Autónoma de Madrid) using the 5 MV Tandem accelerator at the
Centre for Microanalysis of Materials (CMAM). Pre- and post-irradiation measurements were
performed using the SQUID-magnetometry system at CSIC (Consejo Superior de
Investigaciones Científicas). The structural properties of the irradiated region were
characterized using micro-Raman spectroscopy.
Further analysis were performed using the AFM/MFM technique to measure the magnetic
signal produced by the irradiated area. SQUID-magnetometry results indicated that there is a
change in the net magnetization of the sample after irradiation. The overall contribution of the
signal from the sample was paramagnetic but superparamagnetic and ferromagnetic
contributions were observed. Raman spectroscopy indicated the formation of a graphitized
layer over the irradiated region which is a mixture of sp2 and sp3 orbitals. MFM
measurements revealed a magnetic signal detected over the graphitized region.
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Tailoring optical properties of atomically-thin WS2
via ion irradiation
Tan Yang
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Two-dimensional transition metal dichalcogenides (TMDCs) exhibit excellent optoelectronic
properties. However, the large band gaps in many semiconducting TMDCs make optical
absorption in the near-infrared (NIR) wavelength regime impossible, which prevents
applications of these materials in optical communications. In this work, we demonstrate that
Ar+ ion irradiation is a powerful post-synthesis technique to tailor the optical properties of the
semiconducting tungsten disulfide (WS2) by creating S vacancies and thus controlling
material stoichiometry.
First-principles calculations reveal that the S-vacancies give rise to deep states in the band
gap, which determine the NIR optical absorption of the WS2 monolayer. As the density of the
S-vacancies increases, the enhanced NIR linear, fluorescence and saturable absorption of WS 2
is observed, which is explained by the results of first-principles calculations. We further
demonstrate that optical properties of WS2 can be well tailored by using the ion irradiation,
opening thus new avenues for tailoring the optical response of TMDCs by defect-engineering
through ion irradiation.
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An increasing interest is focused on the iron oxide surfaces in particular magnetite (Fe3O4),
since they play a crucial role in catalysis, spintronics and biomedicine [1-3]. In particular a
large attention is paid to magnetite films due to the fact that they are promising candidates for
spintronic devices with possible tailoired interfacial spin polarization. In this work, we study
the ion beam mixing effect in the Fe3O4 films with the single- and bi-layer structure and with
different layer sequences and different layer thicknesses under 1MeV Kr+ ion irradiation. We
concentrate on underlining the film stability and the interface stoichiometry and properties
under external conditions.
The layer structure and composition of the films and of the interfaces were characterized by
the X-ray Reflectometry (XRR), Rutherford back-scattering (RBS) and RBS Channeling
(RBS-C). 1MeV Kr+ ions with different ion fluences in the range 1015-1016 ions/cm2 have
been used for irradiation experiments.
The obtained results indicate that the ion fluence of 0.841016 Kr/cm2 was enough to destroy
the stoichiometry of the Fe3O4 layer of the single-layer Fe3O4/MgO(001) film. As a
consequence of Fe-Mg intermixing, the film consists of the spinel (Fe,Mg)3O4 composition.
The stoichometric Fe3O4 surface layer as well as the bi-layer structure of the bi-layer
Fe3O4/Fe/MgO(001) films were well preserved after Kr+ ion irradiation at low damage levels,
although the strong intermixing implied the formation of the wüstite (FexOy) and (Fe,Mg)Ox
layer at the interfaces. The high ion fluence of 3.841016 Kr/cm2 induced a complete
oxidization of the Fe layer, but the stoichiometry of the Fe3O4 layer on the film surface was
remained, indicating its high stability.
[1] G.S. Parkinson, Iron oxide surfaces, Surf. Sci. Rep. 71 (2016) 272-365.
[2] V.E. Hendrich, P.A.Cox, The surface Science of Metal Oxides, Cambridge Univ. Press (1994).
[3] H.H. Kung, Transition Metal Oxides: Surface Chemitry and Catalysis, in: Studies in Surface
Science and Catalysis, vol. 45, pp 1-277, Elsevier (1989).
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The chalcogenide materials were extensively optically and electrically studied for their
properties in the scaling prospective beyond silicon technology. They are considered a viable
alternative material for non-volatile memories application, namely Phase Change Memory.
The working principle of these new devices resides in the substantial change of the electrical
resistance between the amorphous and the crystalline phases of chalcogenide materials,
induced by short electric pulses. The transition, between the crystalline and the amorphous
phases, is induced by a high current pulse able to melt the cell active volume; its subsequent
fast quenching (time from 1 to 10 ns) determines the crystal-to-amorphous transformation [1].
The iterative transformation between the crystalline and the amorphous phases produce not
only an iterative transformation on film Sheet Resistance but also produce an iterative
transformation in mechanical characteristics, Young Modulus and Hardness. Moreover the
physical iterative transformation, introduces a swelling and de-swelling effect of material. In
this work we consider the mechanical characteristics of as-sputtered amorphous Ge2Sb2Te5,
and the mechanical modification introduced by ions implantation. In particular, the
characterization of the mechanical parameters modifications is an important aspect for
predicting the thermo-mechanical reliability behavior of the whole system. The modifications
were monitored by two different approach: by Nano-indentation measurements [2] and by
using resonance measurements on amorphous-GST/SiliconNitride cantilevers [3]. Both
techniques evidence a Young modulus increase after ions implantation, indicating the
formation of different order reconfiguration obtained by ion-implantation technique.
[1] M. Wuttig et al. Nature Materials 6, 824 - 832 (2007).
[2] W.C. Oliver et al. Journal of Materials Research 7 1564–1583 (1992).
[3] R. Anzalone et al. Physica Status Solidi a 209, No. 11, 2235–2240 (2012).
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Interactions of energetic ions with solids results in inelastic energy loss to electrons and
elastic energy loss to atomic nuclei. The coupled effects of these energy loss pathways on
defect production, nanostructure evolution and phase transformation in ceramics are complex
and not well understood. Using experimental and computational approaches, we have
investigated the separate and combined effects of nuclear and electronic energy loss on the
response of ceramics to ion irradiation over a range of energies. Experimentally, ion mass and
energy are used to control the amount of energy deposition and the ratio of electronic to
nuclear energy loss. Large scale molecular dynamics simulations, which include ballistic
collision processes and inelastic thermal spikes, are used to model these effects. We have
demonstrated: 1) additive effects of nuclear and electronic energy loss on damage production;
2) competitive effects via ionization-induced dynamic recovery; and 3) synergistic effects
between pre-existing defects and electronic energy loss on damage production. The present
study focuses on the coupled effects of nuclear and electronic energy loss on the formation of
functional nanostructures in ceramic oxides. This work advances the understanding on the
role of defects in electronic energy dissipation and electron-phonon coupling. The knowledge
gained provides insights for creating novel interfaces and nanostructures with controlled
morphologies, multiple phases and local strain, which can be employed to engineer
functionalized thin film structures with tunable electronic, ionic, magnetic and optical
properties on the nanoscale. These results also have significant implications for the response
of materials to extreme radiation environments, dynamics of ion-irradiation effects, and
modification of materials using ion beams.
This work was supported by the U.S. Department of Energy, Office of Basic Energy Sciences,
Materials Sciences and Engineering Division.
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Various self-organized nanoscale surface patterns can be produced by low- and mediumenergy ion beam irradiation [1], depending on the irradiation conditions. Hexagonally ordered
dot or pit patterns, checkerboard patterns, as well as periodic ripple patterns oriented
perpendicular or parallel to the ion beam direction are formed spontaneously during the
continuous surface erosion by ion sputtering. On amorphous surfaces, the formation of these
patterns results from an interplay of different roughening mechanisms, e.g. curvature
dependent sputtering, ballistic mass redistribution, or altered surface stoichiometry on binary
materials, and smoothing mechanisms, e.g. surface diffusion or surface viscous flow.
An additional surface instability arises above the recrystallization temperature of the material.
In this case, ion induced bulk defects are dynamically annealed and amorphization is
prevented. The diffusion of ion-induced vacancies and ad-atoms on the crystalline surface is
now affected by the Ehrlich-Schwoebel (ES) barrier, i.e. an additional diffusion barrier to
cross terrace steps. Vacancies and ad-atoms are trapped on terraces and can nucleate to form
new extended pits or terraces, respectively [2].
For the mathematical description of the pattern formation and evolution in the reverse epitaxy
regime, a continuum equation can be used which combines the ballistic effects of ion
irradiation and effective diffusion currents due to the ES barrier on the crystalline surface. By
comparison with experimental studies of pattern formation on Ge and GaAs surfaces at
different angles and temperatures, we will show that the pattern evolution is determined by
the surface instability due to the ES barrier, surface diffusion, and ballistic effects of ion
irradiation.
[1] A. Keller and S. Facsko, Materials 3, 4811 (2010).
[2] X. Ou, K.-H. Heinig, R. Hübner, J. Grenzer, X. Wang, M. Helm, J. Fassbender, and S. Facsko,
Nanoscale 7, 18928 (2015).
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Effect of ion sputtering finds different applications in materials research, including materials
at nanoscale. Recent advances in nanotechnologies impose high demands for production rate
of nanoparticles. To enable the industrial use of gas-phase synthesized nanoclusters, their
production must be controllable and the production rate of the clusters must be increased to
levels of a few mg an hour, which is three order of magnitude higher than in conventional
cluster beam sources. "Matrix Assembly Cluster Source" is a new type of source aims scaling
up the production rate to industrial levels. The method is based on Ar ion sputtering of a
cryogenic solid Ar matrix containing embedded metal atoms. We show what is the possible
mechanism of emission of Ag nanoclusters from a solid Ar matrix, which we find out by a
combination of experiment and principal computational methods. We show by molecular
dynamics simulations that the cluster growth mechanism can be described as "thermal spike
enhanced clustering" together with multiple sequential ion impact events. The metal cluster
emission is shown to be due to a combination of interface boiling and a matrix spring force
effect. An analytical model is developed to describe the size-dependent cluster emission,
which could lead to more precise control of nanoclusters in experiments without losing the
high production rate.
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The ionization yield of ion tracks in polymers and bio-molecular systems reaches a maximum,
known as the Bragg peak, close to the end of the ion trajectory [1]. Along the path of the
protons in the materials, many electrons are generated. They produce a cascade of further
ionizations and, consequently, a shower of secondary electrons. By following in detail the
motion of all these secondary electrons, we can find the radial dose of the energy they deposit
in the material along the proton track [2].
In this work we present the results of our numerical investigation of the radial dose arising
from proton impact ionization of PMMA [3], based on the Monte Carlo code SEED
(Secondary Electron Energy Distribution) [2,4].
The assumption of a rigid static potential is responsible for the very small elastic mean free
path provided by the Mott theory at very low energies. Actually, the polarization of the target
atom electron cloud has to be properly taken into account in order to correct the calculation of
the Mott elastic scattering cross section at very low electron energies. An empirical way to
deal with this problem has been proposed by Ganachaud and Mokrani [5]. It is based on the
multiplication of the elastic scattering cross sections, calculated by the partial wave expansion
method, by a “cut-off” function.
In the present work we investigate the dependence on such a “cut-off” function of the radial
dose in PMMA.
[1] D. Schardt, T. Elsässer, D. Schulz-Ertner, Rev. Mod. Phys. 82, 383 (2010)
[2] M. Dapor, I. Abril, P. de Vera, R. Garcia-Molina, Eur. Phys. J. D 69, 165 (2015)
[3] P. de Vera, R. Garcia-Molina, I. Abril, A.V. Solovyov, Phys. Rev. Lett. 110, 148104 (2013)
[4] M. Dapor, Transport of Energetic Electrons in Solids, Second Edition, Springer Tracts in Modern
Physics 257, Springer International Publishing AG 2017
[5] J.P. Ganachaud, A. Mokrani, Surf. Sci. 334, 329 (1995)
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We have characterized the deep level defects present before and after proton irradiation and
annealing of n-type, N-doped, 4H-SiC using deep level transient spectroscopy (DLTS). The
bombardment of the sample was carried out at fluence of 1.0×1012 cm–2. The suitability of
Schottky barrier diodes (SBDs) was tested before and after proton irradiation and annealing
by current–voltage (I-V) and capacitance–voltage (C-V) carried out at room temperature. I-V
and C-V results revealed a degradation of the (SBDs) properties after proton irradiation.
Rectification properties of the SBDs were restored gradually after annealing in flowing argon
at temperatures varies from 125 to 625 °C. Presence of four electron traps (Ec – 0.10, Ec –
0.13, Ec – 0.18 and Ec – 0.69 eV) were observed in as-grown diodes. Deep level defects, Ec –
0.42 and Ec – 0.76 eV, were revealed after annealing the proton-irradiated SBDs up to 225 °C,
while Ec – 0.42 eV later annealed out at 425 °C which led to changes in the spectrum shown
in Fig. 1. The disappearance of Ec – 0.42 eV also probably led to the appearance of two
electron traps (Ec – 0.31 and Ec – 0.62 eV) at annealing temperature of 425 °C. We speculate
that the defect Ec – 0.42 eV has a link or relationship with defects Ec – 0.31 and Ec – 0.62 eV,
respectively. The defects, Ec – 0.31 eV, remained up to high temperature annealing, has a
similar energy with defect Ec – 0.32 obtained after electron irradiation, though unstable, which
has been attributed to a carbon interstitial.
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The total charge-changing reaction cross-sections and the partial cross-sections of projectile
fragments(PFs) production for the fragmentation of 12C on C, Al, Cu, Pb and CH2 targets at
the highest energy of 290 MeV are investigated. It is found that the total charge-changing
cross-sections and the partial cross-sections of PFs production for the fragmentation is
independent of the beam energy, and increase with increase of mass of target for the same of
beam energy. The total charge-changing reaction cross section is the same as the prediction of
Bradt-Peters semi-empirical formula[1], PHITS and NUCFRG2 models[2]. The partial cross
section of PFs production increases with the increase of the mass of target, and it is the same
as the prediction of NUCFRG2 models. The average scattering angle of beam particle is less
than the mean emission angle of PF, and the width of scattering angle distribution of beam
particle is less than that of emission angle distribution of PF. The mean emission angle of PF
increases with the mass of target for the same beam energy and charge of PF.
[1]. Bradt, H L., Peters, B., Phys. Rev., 1950, 77, 54-70.
[2]. Zeitin, C., Gueterslosh, S., Heilbronn, L., et al., Phys. Rev. C, 2007, 76, 014911.
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We propose to present a comparison of the effects of ion irradiation induced by swift heavy
ions into three different materials of well-known interest in the nuclear energy field. These
materials are namely, graphite which was the moderator used in the CO2-cooled nuclear
reactors such as UNGG (Uranium Naturel-Graphite-Gaz), the first generation of french
nuclear reactors, boron carbide, the ceramic foreseen for the control rods of the sodium fast
reactors (SFR) which are proposed in the future nuclear reactors of Generation IV and
uranium oxide which is the nuclear fuel of Pressurized Water Reactors. Sulfur and iodine ions
in the 60-200 MeV incident energy range (velocity between 0.5 and 3.1 MeV.u-1) were
chosen, in order to create intense electronic excitation (Se). A fine characterization of the
irradiation induced microstructural modifications was performed thanks to the Raman microspectrometry and Transmission Electron Microscopy analytical techniques. The ion ranges
being of the order of magnitude of a few micrometers, it allows performing Raman mapping
and thus following damage evolution as a function of depth, from the surface up to the end of
the irradiated zone. The effect of temperature in these damage processes is also discussed.
Results show that the induced damage, above a given Se threshold, can lead to amorphisation
in materials such as B4C.
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Ion transportation and charge inversion in single conical nanopores
Guanghua Du, Yaning Li, Junzhe Wei, Jinlong Guo
Institute of Modern Physics, CAS, Lanzhou, China

Latent track in solids and ion lithography induced by heavy ion irradiation have been widely
used in the manufacture of nanomaterials and nano-devices in the last two decades. To study
the ion transportation through nanopores, nanopores in polyethylene terephthalate (PET) film
were prepared by chemical etching after irradiation with single heavy ions at Lanzhou
Interdisciplinary Heavy Ion Microbeam (LIHIM) facility. The current-voltage (I-V)
characteristic was measured in LiCl, NaCl, KCl, MgCl2, CaCl2 and CrCl3 solutions at
different concentrations. The measured I-V curves showed that the conical nanopores have
rectified transportation of these cations at the applied voltage of between +2 V to -2 V.
The rectification coefficient γ of the mono- and divalent ions is dependent on the valence of
the ions and the electrolyte solution. The measurements showed reversible surface charge
inversion in bivalent and trivalent ion solutions, which resulted in the negative rectification of
the nanopore. A theoretical model using effective surface charging with coulomb adsorption
and geometric asymmetry was proposed to explain the change of the rectification and the
charge inversion observed.
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From surface to bulk modifications under swift heavy ion irradiation
of insulating material
Isabelle Monnet, Clara Grygiel, Henning Lebius, Brigitte Ban d'Etat,
Emmanuel Gardes, Delphine Marie
CIMAP, CEA-CNRS-ENSICAEN-Normandie Université, Caen, France

Swift heavy ions are known to induce modifications at the surface of the material and in the
bulk by electronic energy loss process. This could lead to latent track formation along the ion
path and to features emerging at the surface. The nanostructures created at the surface are
commonly characterized by atomic force microscopy (AFM) in terms of numbers,
dimensional sizes and shape (pit or hillock or chains of these previous). The surface effects
are linked to the material characteristics which are also strongly affected by irradiation in the
bulk where defect formation, phase transitions and microstructure evolutions might be
observed. These bulk effects are commonly studied by optical absorption for the color centre
formation, by transmission electron microscopy (TEM) for the individual latent track
formation and X-Ray diffraction (XRD) for structural and microstructural evolutions.
In our study, we try to bridge the gap between surface modifications, near surface and bulk
modifications due to swift heavy ions by using two methods making sensitivity to the surface:
normal irradiation with in-situ analysis in grazing geometry, and grazing irradiation with exsitu analysis in normal geometry. The second method is the grazing irradiation of surfaces
with ex-situ analysis in normal geometry. The grazing irradiation studies are a strong activity
of CIMAP laboratory [2]. A complementary tool for this characterization is also a bulk
technique made sensitive to the surface: it is the Focused Ion Beam (FIB) technique
associated to TEM which allow to pick-up and to observe a nano-size area of sample, for
example a hillock chain just beneath the surface produced by grazing SHI irradiation.
References:
[1] C. Grygiel et al, Rev. Sci. Instrum. Volume 83, Issue 1, 013902 (2012).
[2] E. Akcaltekin et al, Nature Nanotechnology 2, 290 (2007).
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On the role of nanoscale dynamic effects under
cascade-forming irradiation
Vladimir Ovchinnikov
Institute of Electrophysics, Ural Branch, Russian Academy of of Sciences, Yekaterinburg, Russia

The report is a generalization of our latest results on nanoscale dynamic (nonmigration)
effects (see review [1]) under irradiation of metals and alloys with neutrons, ions, and fission
fragments. These are unique experiments in which the temperature of thermal spikes (zones of
dense cascades of atomic displacements) was measured in pure metals, such as Fe, W, Zr, Ti,
Al [2] and FIM images of point defects in platinum (surviving in these zones) after neutrons
and ion irradiation were analized.
TEM images demonstrating the effect of Ar+ and Xe+ ions (20 keV) on metal nanowires [3]
are given, which indicate the formation of thermal spikes partially splashed out from the
metal. The effects of deformation and cutting of nanowires are observed, as a consequence of
the impact of post-cascade shock waves.
Nanoscale dynamic effects are used to create the following technologies: instantaneous (for a
few seconds) cold radiation annealing of moving aluminum alloy strips; the reduction of
magnetic losses required for the reversal magnetization of soft magnetic materials by 10-35%,
and others.
[1] Ovchinnikov V.V. Physics-Uspekhi 51 (9) 955-974 (2008);
[2] Ovchinnikov V.V., Makhin'ko F. F., Solomonov V.I. Journal of Physics: Conference Series. 2015.
652 012070.
[3] Bedin S.A., Makhin'ko F. F., Ovchinnikov V.V. at all. IOP Conference Series: Materials Science
and Engineering. 2017. Vol. 168. 012096.
This work was supported by the Russian Scientific Foundation, Project no 15-19-10054.
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Ion source development for nuclear microscopes:
the road map towards single digit nanometer spot sizes
Jeroen A. van Kan, Xinxin Xu, Rudy Pang, P. Santhana Raman, Anjam Khursheed*
Centre for Ion Beam Applications, Physics Department NUS, Singapore, Singapore
*Department of Electrical and Computer Engineering, NUS, Singapore, Singapore

Microscopy has been an integral part of scientific development and miniaturization has
spurred development in many fields. Microscopy using fast protons has several advantages
over traditional forms of microscopy. A fast incoming proton mainly interacts with substrate
electrons. Due to the mass mismatch between protons and electrons a proton beam practically
follows a straight path in material. In proton-electron collisions the substrate electrons just get
enough energy to break bonds within a range of ~1 nm. Current proton microscopes are
typically very large and are not user-friendly. The main weak point in a proton microscope is
the ion source, which is typically several million times less in brightness compared to
competitive beam sources.
The success of a next generation proton microscope depends on two main components: a
stable high brightness source of MeV protons and a high quality focusing lens system. We
have demonstrated 9.3×32 nm2 proton beam focus and have written 19 nm wide (100 nm tall)
lines in HSQ resist. To address the limited source brightness we are developing a new ion
source based on electron impact ionization. Recent tests with “on chip ion sources” have
shown spectacular reduced ion source brightness of 104 A/(m2SrV) [1]. This data suggest that
in the near future the ion beam brightness can be improved by a million times. In this
presentation I will give an update on the current performance of this new ion source and
discuss several applications in the field of proton beam writing, DNA nanofluidics and nano
replication.
We kindly acknowledge NRF-Singapore for their support NRF-CRP13-2014-04.
[1] X. Xu, R. Pang, P. Santhana Raman, R. Mariappan, A. Khursheed, and J. A. van Kan, MEE, 2016
doi.org/10.1016/j.mee.2016.12.009
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Molecular dynamics simulations of antiproton transmission
through energy degrading
Kai Nordlund, Flyura Djurabekova, Daniel Martinez Zambrano*, Dage Sundholm, Pekka Pyykko*
University of Helsinki, Helsinki, Finland
*CERN, Geneva,Switzerland

The production of stable antihydrogen atoms relies on the slowing down of antiprotons with
initial energies of the order of MeV's or keV's to thermal energies. In particular, the antiproton
storage ring ELENA currently under construction at CERN will produce a 100 keV antiproton
beam, that should be further slowed down to energies of 0 - 5 keV to enable antihydrogen
production. This makes it important to know the low-energy stopping power of antiprotons in
materials.
While there have been numerous studies of the electronic stopping power of antiprotons, there
were none for the nuclear one. We have now used quantum chemical methods to calculate
interparticle potentials between antiprotons and different atoms, and show that these are
attractive at all interatomic distances. Using scattering calculations with the obtained
potentials, we further derive the nuclear stopping power of antiprotons in solids. The results
show that the antiproton nuclear stopping powers are much stronger than those of protons.
Moreover, contrary to the case of protons, the antiproton nuclear stopping stopping can be
stronger than their electronic one.
Using the obtained interparticle potential and experimental electronic stopping powers, we
simulate with molecular dynamics (MD) the transmission and capture probability of 100 keV
antiprotons in thin foils. The simulations show that after slowing down to keV energies, the
antiprotons have a high probability of being captured in a bound orbit with sample atoms.
Since the antiproton-atom interaction at small distances is essentially a purely attractive 1/r
potential, comparable to the gravitational potential, the antiprotons can even end up in Keplerlike elliptical orbits. Finally, we determine the optimal film thickness of Si foils for the
production of 0 - 5 keV antiprotons. The results show that an a-Si film thickness of 1500 nm
produces a maximal 0-5 keV antiproton transmission yield of about 27%.
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Dynamic evolution of secondary electron emission
during ion bombardment
Stephan Mändl1, Fabian Haase2, Holger Kersten2, Darina Manova1
1
Leibniz-Institut für Oberflächenmodifizierung, Leipzig, Germany
2
Institut für Experimentelle und Angewandte Physik, University of Kiel, Germany

Plasma based deposition processes are commonly used in industry to guarantee high quality
coatings with versatile properties. Modern technologies including magnetron sputtering and
HIPIMS crucially depend on the plasma and electrode properties by secondary electron
emission due to impinging ions as an essential intermediate step in these PVD processes.
Using a plasma immersion ion implantation (PIII) setup where positive ions are accelerated
towards a negatively biased substrate and secondary electrons are accelerated through the
plasma sheath in the opposite direction, it is possible to selectively enhance the energy flux
correlated with these electrons. Thus, a passive calorimetric probe is sufficient to detect the
flux of secondary electrons as function of plasma composition, pulse parameters and surface
condition.
The experiments were performed using different substrate materials - e.g. Al, Mg and steel
alloys, and metals such as Cu, Zn or Ti - to obtain an overview of their secondary electron
emission yield under ion bombardment for identical experimental conditions. Especially, the
time evolution during removal of a native or artificial oxide layer by argon ions was
investigated by in-situ measurements. Furthermore, additional effects have been observed in
some cases. For example, a secondary effect observed for low melting point materials is the
enhancement of the plasma density due to sublimation of material at elevated temperatures.
Another side effect which was found for some materials is a continuously strong increase in
the surface roughness during repetitive oxidation-sputtering-nitriding-sputtering cycles where,
as a result, the thermal oxide is becoming non-contiguous and thinner with time, as seen in the
secondary electron emission data. Hence, the surface condition of target or electrode materials
and their temporal evolution can lead to changes in discharge properties and subsequent
deposition processes.
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Ultrafast and highly selective alkali metal ionic transport
through polymer films with latent tracks
Pengfei Wang, Mao Wang, Feng Liu, Siyuan Ding and Yugang Wang
School of Physics and State Key Laboratory of Nuclear Physics & Technology, Peking University,
Beijing 100871, China

Nanopores have attracted quite a few sights these years because of their selective ion transport
property and potential applications in separation or filtration of electrolyte ions. Recently,
polymer nanopores were fabricated in 12μm thick polyethylene terephthalate (PET) films by
irradiation with GeV heavy ions and subsequent 4 h exposure to UV radiation. These
nanopores show novel ionic transport selectivity spanning more than 6 orders of magnitude:
the order of the transport rate is Li+>Na+>K+>Cs+>>Mg2+>Ca2+>Ba2+ and heavy metal ions
such as Cd2+ and anions are blocked [1]. However, their use in ion sieving and desalination
technologies is limited by the transport rates of the alkali metal ions, which are never high
enough for practical use. Thus, how to get much larger transport rates of alkali metal ions and
keep their good selectivities at the meanwhile becomes a challenge before us. Our recent
study just achieves this. Firstly, in our research, we discovered that after heating these PET
films in the aqueous solution, the transport rates were increased by about two orders of
magnitude and the alkali metal transport order is reversed as Cs+>K+ >Na+ >Li+. Besides, for
2μm thick Mylar membranes without chemical etching, they also exhibit an excellent ionic
selectivity of the alkali metal ion over the heavy metal ions, and an alkali metal transport
order of Cs+>K+ >Na+>Li+. Notably, the transport rates of the alkali metal ions exceed a value
of 10 mol/h×m2, which is much greater than those through the well-known graphene oxide
membrane [2]. These ion-selective nanopore systems will have great potential in
ultrafiltration, desalination, energy conversion, and many other applications.
[1] Wen Q, Yan D, Liu F, et al. Advanced Functional Materials, 2016, 26(32): 5796-5803.
[2] Joshi R K, Carbone P, Wang F C, et al. Science, 2014, 343(6172): 752-754.
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Defect engineering in the technology of Si-based emitting diodes with
luminescence
Nikolay Sobolev, Anton Kalyadin, Konstantin Karabeshkin, Elena Shek, Konstantin Shtel’makh,
Pavel Aruev, Vladimir Zabrodskiy
Ioffe Institute, St. Petersburg, Russia

The photoluminescence (PL) properties of the rod-like {113} defects in Si have been of
interest due to their potential applicability in fabrication of Si-based light-emitting diodes
(LEDs) [1]. The {113} defects produced by Si ion implantation have been studied [2]. We
have observed the PL line with a wavelength of 1370 nm associated with the {113} defects
(R-line) in Cz-Si upon oxygen ion implantation [3]. In the present study, we examine the
transformation of electroluminescence (EL) spectra in LEDs in relation to the conditions of
oxygen ion implantation, subsequent annealing and formation of LEDs. We also report results
concerning the effect of a current excitation and a measurement temperature on the main (an
intensity, an energy positions and half-width) parameters of the R-line.
The EL properties of the rod-like {113} defects induced in Cz-Si structure after implantation
by oxygen ions with an energy of 350 keV at doses of 3.7x1014 cm-2 and annealing at
temperature of 700ºC for 0.5-2 h are studied. The LEDs are fabricated by CVD of poly-Si
layers doped by boron and phosphorus with a high concentration. The EL spectra are
measured at a current density of 0.1-0.9 А/сm2 and a temperature of 30-170 K.
Independently on the conditions of the formation of the LEDs, the R-line dominates in the
luminescence spectra. The temperature dependence of the R-line intensity is characterized by
the areas of an intensity enhancing at low temperatures and of an intensity quenching at
higher temperatures. With increasing temperature, the R-line moves to the long-wave side, its
peak position corresponds to the motion of the band gap and their half width increases.
[1] G.Z. Pan et al., J. Non-Cryst. Solids 352, 2506 (2006).
[2] S. Coffa et al., Appl. Phys. Lett. 76, 321 (2000).
[3] N.A. Sobolev et al., Phys. Solid State 58, 2499 (2016).
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Focused ion beam technique for controlled fabrication
of nitrogen vacancy center
Justine Renaud1, Margarita Lesik2, Olivier Salord1, Jocelyn Achard3, Alexandre Tallaire3, Anne
Delobbe1, Jean-François Roch2
1
Orsay Physics, Fuveau, France
2
Laboratoire Aimé Cotton, Orsay, France
3
Laboratoire des Sciences des des Procédés et des Matériaux, Paris, France

Focused Ion Beam (FIB) technology is widely used in the semiconductor industry to perform
failure analysis and nanofabrication processes. FIB columns are also a versatile tool which
can address new applications, like the engineering of point defects in solids based on ion
implantation. Compared to standard ion beams, a FIB column will have an intrinsic superior
spatial resolution. It can also be combined with a scanning electron microscope which will
provide the associated image of the implantation target.
As an example, the nitrogen-vacancy (NV) center in diamond, which consists of the
combination between a substitutional nitrogen impurity with a nearby vacancy in the carbon
atom lattice. This defect center is a quantum system which can be addressed and manipulated
at the single level. The NV center has remarkable optical and spin properties which lead to
applications as an efficient and practical single-photon source [1], or as an atomic-scale
magnetic sensor [2].
NV centers in synthetic diamond can be generated directly during the growth of the sample,
e.g. by introducing a controlled amount of nitrogen gas in the plasma used for the CVD
growth of diamond. However, this technique is hardly compatible with the spatial positioning
of this atom-like which is for instance required to achieve strong optical coupling with a
photonic bandgap structure.
We will describe our recent work relying on the coupling of a micro-Electron Cyclotron
Resonance (ECR) plasma source, which can be operated with a wide variety of gases
including nitrogen, with a focused ion beam [3]. We will report the efficient creation of NV
centers using this system, in an ultrapure diamond slabs.
[1] Beveratos A. et al., Physical Review Letters, 89, 187901 (2002).
[2] Rondin L. et al., Reports on Progress in Physics 77, 056503 (2014).
[3] Sortais P. et al., Review of Scientific Instruments. 83, 02B912 (2012).

61

ABS #067

O-34

Ion beam assisted production of high volume fraction quantum dots
Daryush Ila
Fayetteville State University (FSU), Fayetteville, U. S. A.

The history of ion beam assisted fabrication of metal quantum dots into silica goes as far as
three decades ago. Various groups have tried to control the size, shape, distribution, and
concentration of nanocrystals on and inside substrate by ion beam. We have developed a
process [1] to produce high volume fraction of mono and bi-element nanocrystals in order to
infer the creation of pseudo-quantum dot lattices which have been shown in a series of
research work initiated during the past decade. Theoretically, A. Balandin and O.
Lazarenkova have shown the enhancement of the thermoelectric figure-of-merit in regimented
quantum dot super lattices which require high volume fraction. We will report our in house
developed process using simple systems of metals such as gold and/or silver in silica (SiO2),
where the process takes advantage of two techniques such as; 1) Ion Beam Assisted
Deposition, using argon beam, and 2) post bombardment by 5 MeV Si ion beam. Using these
two methods, we produced highly dense nanocrystals of Au and/or Ag in SiO 2 where the
interactions between these nanocrystals cause the increased electrical, reduced thermal
conductivity, and increased square of the Seebeck coefficient, thus increased figure of merit.
Producing a thermoelectric materials (TEM) with high figure of merit means we produced
highly efficient thermoelectric material which our measurements indicates operations at room
temperatures and at temperatures as high as 973K [2, 3].
During this lecture we will review the results from past decades, present our most recent
findings, and present the in house developed process which resulted in production of
thermally high insulating but electrically high conductive materials with high Seebeck
coefficients.
[1] D. ILA, Method for production of high figure of merit TEM materials, USPTO No. US 9,537,077
B2 (Jan. 3, 2017)
[2] D. ILA, High eff. TEM Dev., USPTO No. US 8841539 B2 (Sept. 23, 2014)
[3] D. ILA, Appl. Surf. Sc. Vol. 310, 217 (2014)
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Ion beam based methods for materials research and
investigation of pipe organ materials
Wolfgang Skorupa1, Bernadetta Pelic1, Helmut Werner2, Dirk Eule2
Helmholtz-Zentrum Dresden-Rossendorf, Institute of Ion Beam, Dresden, Germany
2
Hermann Eule Orgelbau GmbH, Bautzen, Germany

1

Pipe organ instruments contain mostly a considerable number of metallic pipes (flute and reed
types), which are sometimes prone to heavy corrosion attack, resulting finally in a loss of their
voice. Under certain conditions, the atmospheric corrosion of reed pipe tongues as well as
flute pipe foots consisting of Cu-Zn alloys (brass) and PbSn-based alloys, respectively, is
strongly enhanced by traces of volatile organic compounds (especially acetic acid vapor) and
other corrosive gases.
Experiments have been undertaken to explore the corrosion resistance of CuZn and PbSnbased alloys against vapour from an aqueous solution containing high acetic acid
concentration (2 - 5 v/v%), by deposition of protective films of either Al2O3 or Al on the
nanoscale using pulsed laser deposition (PLD) and magnetron sputtering (MS). Afterwards, in
order to improve the adhesion between the deposited layer and the substrate as well as to
perform a kind of nitridation of the coatings, the samples were implanted with nitrogen ions
using the plasma immersion ion implantation (PI3) process. Such a nanoscale coating (~50
nm) is then able to withstand stresses and vibrations due to sound generation in organ pipes.
Moreover it produces a barrier to volatile organic acids and water vapour. The laboratory
corrosion test of the applied protective treatment for lead-tin and brass samples were
combined with the field work studies to approach the best conditions for the samples research
in real environment.
Moreover, ion beam analysis with the Rossendorf external beam facility was used to
determine corrosion products on extremely valuable organ pipes from the early 18th century
of the famous organ builder Gottfried Silbermann.
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Structural modification of concentrated solid-solution alloys
using ion beams
Yanwen Zhang1, Ke Jin1, Haizhou Xue2, Chenyang Lu3, Mohammad W. Ullah1,
Shijun Zhao1, Hongbin Bei1, Dilpuneet S. Aidhy4, German D. Samolyuk1, Lumin Wang3,
G. Malcolm Stocks1, Ben C. Larson1
1
Materials Science and Technology Division, Oak Ridge National Laboratory, USA
2
The University of Tennessee, Knoxville, USA
3
University of Michigan, Ann Arbor, USA
4
University of Wyoming, Laramie, USA

Performance enhancement of structural materials in extreme environments has been actively
investigated for many decades. Recently developed single-phase concentrated solid solution
alloys (CSAs) exhibit significant chemical disorders and unique site-to-site lattice distortions.
While it has long been recognized that specific compositions of traditional alloys have
enhanced radiation resistance and impact on structural modification, it remains unclear how
the atomic-level alloying affects defect formation, damage accumulation, and microstructural
evolution. Alloy complexity in CSAs having both an increasing number of elements and
altered concentrations of specific elements can lead to orders-of-magnitude reductions in
electron mean free paths that greatly reduce effectiveness in energy dissipation. Such
localized electron-electron interactions lead to local increases in temperature along the ion
path and in the vicinity of the collision cascades, and therefore have a substantial impact on
defect dynamics and structural stability. Increasing compositional complexity in CSAs can
significantly suppressed void swelling, by two orders of magnitude at elevated temperatures,
ranging from a few nanometers to a few hundred nanometers. Recent advances of intrinsic
chemical effects on defect dynamics and structural modification in CSAs will be discussed.
Understanding how materials properties can be tailored by alloy complexity and their
influence on defect dynamics and structural stability may pave the way for new design
principles of materials with unique functionalities or radiation - tolerant structural alloys.
This work was supported as part of the Energy Dissipation to Defect Evolution (EDDE), an Energy
Frontier Research Center funded by the U.S. Department of Energy, Office of Science, Basic Energy
Sciences.
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Ion beams for nanomedicine: driving biosystem at
nanostructured interfaces
Giovanni Marletta, Grazia Maria Lucia Messina
University of Catania and CSGI, Catania, Italy

Ion beam technology is more and more employed to achieve the manipulation of critical
material properties with nano-scale precision. In this framework, a special emphasis deserve
its application to nanomedicine. Indeed, the key challenge in this field is to succeed in
understanding and control the nature of the basic interactions between nanostructures at the
surfaces and the nanometric-facets of biological events, whose satisfactory unraveling is
mandatory to build new tailored bio-functional materials, able to drive the proper setting of
the biological environment and, in turn, the formation of biological tissue. With respect to this
strategic task, the use of ion beams as elective nanotechnology tools offers relevant
advantages for identifying and tailoring surface factors which are intrinsically relevant to
biological processes at nanoscale, i.e., the basic elements of the cell–material communication
code.
In this context, the present Lecture will present and discuss the current state of research on the
use of ion beams to tailor the desired nanometer-scale material properties, including
topography, confined biological cues, mechanical and electrical properties, in view of their
application to drive strength and nature of the cell–material interactions.
Finally, the possibility to develop multifunctional bioactive platforms, integrating different
possible biological actions, will be outlined in connection with the concepts of “cell
instructive” and “programmable” surfaces.
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Plasma surface modification of biomaterials
Paul Chu
City University of Hong Kong, Kowloon, Hong Kong

Biomaterials interact with biological tissues and fluids depending on the surface properties of
the biomaterials and induced biological responses. Many types of biomaterials possessing
desirable bulk properties such as strength, hardness, sturdiness, and surface chemistry may
not induce the proper and pre-designed biological functions and therefore, surface
modification is commonly adopted to improve selective chemical, physical, and biological
properties of the biomaterials to cater to the biological environment. Plasma technology offers
the unique capability that certain surface properties can be modified to address specific
biological requirements and the favorable bulk attributes of the biomaterials such as those
mentioned above can be preserved. In particular, plasma immersion ion implantation and
deposition (PIII&D) is one of the widely used plasma-based surface treatment techniques for
biomaterials and biomedical implants. Being a non-line-of-sight technique, it is particularly
suitable for biomedical devices and implants with a complex shape including orthopedic and
dental implants, scoliosis correction rods, cardiovascular stents, and artificial heart valves. In
this invited presentation, recent research conducted in the Plasma Laboratory of City
University of Hong Kong related to plasma treatment of biomaterials and biomedical devices
will be described. Examples will include biocompatibility of nanostructured coatings, biofunctionalized surfaces, biodegradable metals, antimicrobial properties, and osteogenesis.
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Enhancement of cell adhesion on PEEK with gas cluster ion beam
irradiation
Noriaki Toyoda, Yuki Uozumi
University of Hyogo, Himeji, Japan

Polyether ether ketone (PEEK) is one of the super engineering plastics. It has attracted
attentions as biomedical material because of chemical resistance, superior mechanical
properties such as wear resistance and fatigue resistance and so on. However, there are many
issues on cell adhesion on PEEK surface in order to use it for biomedical applications. In
general, in order to improve the cell adhesion of PEEK, ultraviolet irradiation or plasma
treatment had been demonstrated. Although these methods showed improvement of the
wettability and cell adhesion, a heavy damage on the substrate may induced.
We have been developing gas cluster ion beam (GCIB) process as an extremely low energy
ion beam. In this study, we investigated surface modification of PEEK with GCIB irradiation.
As GCIB induces high energy density on the irradiated surface, only surface layer is
physically or chemically modified without introducing damages in the bulk substrate. In this
work, GCIB irradiation on PEEK surface was conducted at various irradiation conditions, and
surface characterization and cell adhesion tests were performed.
From the contact angle measurement of water on PEEK, it decreased with increasing the
acceleration voltage of oxygen GCIB. XPS and AFM measurements showed that this increase
of hydrophilicity could be explained by increase of hydrophilic group and micro-structure on
PEEK surface by oxygen GCIB irradiations. Preliminary experiments of cell (mouse
osteoblasts) adhesion tests on PEEK with 20kV oxygen GCIB irradiation showed 25 %
increase of cell adhesion compared to pristine PEEK substrates. These results suggest that
increase of hydrophilic group and formation of micro-structure by high-energy oxygen GCIB
irradiation is beneficial for surface functionalization of polymers for bio-materials.
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Ultra-low-energy C-ion beam modification effect on
DNA cooperated with Geant4-DNA
L.D. Yu1, P. Thopan2, P. Nimmanpipug2, V.S. Lee3, U. Tippawan2
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In exploring physical fundamentals involved in ion beam effects on biology, we carried out a
series of experiments of ultra-low-energy ion beam bombardment of naked DNA to study the
final stage of interaction between energetic ions and biological living materials. In this
experiment, heavy carbon-(C-)ion beam (which is the ion species usually used for cancer
therapy) at ultra-low energy of 50, 100 and 300 eV, realized by ion beam deceleration,
bombarded naked plasmid DNA pGFP to fluences of 1×, 2×, and 4×1015 ions/cm2. DNA
modification subject to ion bombardment in terms of the topological form change was
investigated using gel electrophoresis. Existence of ion beam threshold conditions for
occurrence of the linear form that indicated double strand break (DSB) of DNA, which is the
dominant course for cell mutation or lethality, was found. C-ions at the lowest ion energy, 50
eV, with the fluence of 4×1015 ions/cm2, or at the higher energy of 100 or 300 eV with the
lowest fluence of 1×1015 ions/cm2 could result in DNA DSBs. The experimental investigation
was cooperated with simulation study using the Geant4-DNA extension of the Monte Carlo
Geant4 simulation toolkit for understanding of relevant fundamentals involved in the ionDNA interaction. C-ion irradiations at different ultra-low energy on pGFP, poly-AT, and
poly-CG double strands of DNA in A form were simulated and ion conditions leading to
DSBs were analyzed. It was found that critical ion conditions to induce DNA DSBs indeed
existed and interestingly the DSB was base-site-preferential, instead equal to all sites.
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Surface characterization and bioactivity behavior
of gold implanted poly(L-lactose)
Emel Sokullu1, Fulya Ersoy2, Ahmet Oztarhan3, Ian G. Brown4
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Material technologies give scientists the opportunity of adding and engineering new
characteristics. Materials can be modified either during the fabrication phase or after
fabrication via surface modification techniques. Ion implantation is one of the most stable
methods for the surface modification and provides durable surface characteristics. In this
study, gold was chosen as an ion source. Ion doses were applied from 1014 to 1017 to the
poly(L-lactide/caprolactone) surfaces and the ion energy of 20 keV was applied. While
examining the surface characteristics, FT-IR spectroscopy, Raman spectroscopy and Atomic
Force microscopy imaging were performed.
These analyses showed that Au implantation made surface rougher, which is a required aspect
for the cell attachment. The bioactivity effect of gold were investigated using neural cell line
and during 7-day cell culture and results showed that cell response was enhanced. Increased
bioactivity was seen on the ion-implanted surfaces and initiated neural proliferation was
observed. In this work, biodegradation kinetics examined using enzymatic method and results
showed that biodegradation rate was increased twice compared to unimplanted samples. As a
conclusion Au implantation has positive affect on the both material properties and cell
proliferation

69

ABS #045

O-39

Sputtering of nanostructured silver coatings for the preparation
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One way to prepare silver-containing diamond-like carbon (Ag-DLC) films is the
combination of Plasma Immersion Ion Implantation (PIII) to deposit an amorphous carbon
film with the co-sputtering of silver. The size of the silver particles within the Ag-DLC film
depends on the silver concentration. Usually, the particle size and particle distance of metal
incorporations in DLC films increase with metal content.
The silver targets normally used for sputtering are pieces of bulk silver. It could be shown,
however, that the sputtering of a nanostructured surface coating results in higher sputter rates
as compared to the use of a bulk silver sputter target [1]. Nanostructured silver coatings were
prepared on steel substrates by electroless silver plating baths based on silver nitrate and
tartrate [2]. The coatings that formed on the surface were characterized regarding the surface
morphology and the presence of remnants from the plating process. The nanostructured silver
targets were mounted in a magnetron sputter source and pure silver films as well as PIII AgDLC films were deposited on silicon substrates. As comparison, films were prepared under
the same experimental conditions using normal bulk silver sputter targets. Film properties
such as silver content and atomic bonding were investigated.
The use of nanostructured silver coatings in sputtering leads to higher deposition rates, for a
given sputter power, and thus to higher silver concentrations within the Ag-DLC films.
Comparing films with the same silver concentration, larger silver particles can be found when
nanostructured sputter targets are used. Also, the DLC structure is influenced, as shown by
the Raman ID/IG-ratio. The paper discusses the results and possible film formation
mechanisms.
[1] Flege S., Hatada R., Kaiser T. et al., Materials Letters, 164, 196-199 (2016).
[2] Muench F., Juretzka B., Narayan S. et al., New Journal of Chemistry, 39, 6803-6812 (2015).
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Ion induced magnetic phase transitions in B2 alloys
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Magnetic data-storage, spintronic and magnonic devices have driven the need for producing
well-defined nanoscale magnets of complex geometries. We show how ion-beams can be used
to generate nanomagnets in thin films of certain alloys such as B2 ordered Fe60Al40 and
Fe50Rh50.[1,2] In these materials a large increase of the saturation magnetization is achieved
by inducing subtle atomic displacements caused by collision cascades of penetrating light
ions. The ions knock atoms from their ordered sites, generating antisite defects and causing an
increase of the Fe-Fe nearest-neighbour interactions which are linked to the increasing
magnetization. For instance, a weak magnetization of 0.04 μB per Fe-atom in B2-Fe60Al40 can
be increased to 1.67 μB per Fe-atom by the irradiation of light noble gas ions such as He+ or
Ne+. Furthermore, ion-irradiation offers a method to systematically disorder B2 thin films and
study the disorder by spectroscopic methods.
Patterning can be performed either by irradiation through lithographed masks, or by a direct
writing process using the highly focused ion-beam of a Gas Field Ion-Source.[1] Lateral
magneto-resistive devices and magnetic arrays produced by ion-irradiation will be described.
Insights gained so far, into the mechanism of disorder induced ferromagnetism will be
discussed.
[1] S. Cybart, R. Bali et al., Focused Helium and Neon Ion Beam Modification of High-TC
Superconductors and Magnetic Materials. G. Hlawacek and A. Gölzhäuser Eds. Helium Ion
Microscopy, Springer International Publishing (2016), 415-445.
[2] A. Heidarian et al., Nuclear Instruments and Methods in Physics Research Section B: Beam
Interactions with Materials and Atoms (2015) 358 251.
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Crystal damage analysis of Ar implanted Al1-xGaxN (0≤x≤1) by X-ray
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In this work we used the dynamical theory of Bragg X-ray diffraction (XRD) to derive the
strain field generated from Ar ion implantation into Al1-xGaxN (0≤×≤1) compounds from
the experimental XRD curves. The Al1-xGaxN layers were implanted with an energy of
200 keV Ar ions and fluences between 5×1013at/cm2 and 2×1016/cm2. The incorporation
of the Ar ions was performed 7° titled with respect to the sample normal to prevent ion
channeling. The implanted region is divided into several sub-layers with uniform strain
state and Debye-Waller factor. The experimental data is well described when using a
model of bimodal strain profile with elevated strain at the sample surface and in the
bulk. On one hand, the induced strain reaches into deeper regions for samples with low
GaN contents, as expected from Monte Carlo simulations of the defect profile. On the
other hand, maximum deformation at the surface increases with increasing GaN content
while it decreases close to the end of range of the implanted ions. Although the
deformation increases as function of the fluence it is manifested in similar sample
volumes. Results by X-ray diffraction are compared to damage profiles deduced from ion
beam analysis [1]. Limitations of the dynamical theory formalism for X-ray diffraction
applied to highly distorted crystals are discussed.
[1] Faye et al. J. Phys. Chem. C 120 (2016) 7277.
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Sharp nanoridge boosted cascaded optical field enhancement in
nanopillar-nanogroove plasmonic hierarchical architecture for
quantitative and ultrasensitive SERS detection
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Diverse fields which are close to our daily life, including biochemical sensing, human health
care, food safety, pollution monitoring, homeland security, appeal for developing detection
techniques that possess ultrahigh sensitivity. One such technique is surface-enhanced Raman
spectroscopy (SERS) which can realize an ultrasensitive detection even down to singlemolecule level. In this work, we theoretically propose a first-ever plasmonic hierarchical
nanoarchitectures for improved cascaded optical field enhancement (CFE) boosted by sharp
nanoridges. Theoretical simulations reveal that the magnitude of EM field of the sharp
nanoridge enriched hierarchical nanoarchitecture is significantly improved in comparison with
the similar nanoarchitectures of same nominal structural parameters with moderately sharp
ridges and no ridges, unveiling that sharp nanoridges are efficient and effective boosters for
improved CFE. We further show that such state-of-the-art plasmonic hierarchical
nanoarchitectures with sharp nanoridges was experimentally accomplished by “top-down”
etching of dense ion tracks in polymer and self-assembly of nanogrooves through physical
vapor deposition (CVD). Additionally, we also demonstrate that the sharp nanoridge enriched
hierarchical nanoarchitectures possess combined advantages in cost-effective and large-area
fabrication, signal uniformity and reproducibility, mechanical flexibility, and multidirectional
responsivity. We expect that such intriguing hierarchical nanoarchitectures open up
possibilities for real-world SERS applications, especially those at complex working
conditions.

73

ABS #167

PL-04

Overview of Plasma Surface Engineering Research at Southwest
Research Institute
Ronghua Wei
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This presentation presents an overview of the research currently conducted at Southwest
Research Institute (SwRI). Since the early 1990s, SwRI has been developing plasma surface
engineering technologies with the emphasis on practical applications. SwRI started with high
energy (40GPa) nanocomposite coatings have been developed for severe solid particle
erosion, sand abrasion and heavy load sliding applications mainly used for aerospace engines,
gas turbine, and pumps and valves in the oil/gas fields. For the PIID technology, thick (~30
µm) and hard (20 GPa) DLC coatings have been developed for large scaled deposition of 3-D
components for piston rings of automotive. Using the PIID technology a large number of long
pipes (>2500 pieces) up to 24 m long have been coated on the inner surface for anti-scaling,
anti-waxing, anti-icing and anti-corrosion applications in the oil/gas fields. SwRI is also
developing atmospheric plasma to form super-hydrophobic and super-oleophobic surfaces for
industrial applications.
In this presentation, we will review the SwRI surface engineering program, discuss the
principles of the technologies and present examples of their practical applications.
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Ion beam techniques in studies of the modification of
wall materials controlled fusion devices
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First wall materials in controlled fusion devices undergo serious modification by several
physical and chemical processes arising from plasma’s wall interactions. Materials eroded
from the wall are ionised, transported along the magnetic field lines in the vacuum vessel of a
tokamak and then re-deposited in another location than the place of origin. This leads to the
formation of mixed-material layers which contain both eroded species and hydrogen isotopes,
i.e. fuel atoms such as deuterium and tritium. Consequently, the list of isotopes of interest
encompasses a broad spectrum of masses from low-Z species (H,D,T), via He, light wall
materials (Li, Be, C) to medium (steel) and heavy metals such as W and Re. The effectiveness
of material migration studies is enhanced by tracer techniques based either on the exposure
marker PFC tiles or injection of a rare isotope gas (e.g. N-15 molecules,C-13 labeled
methane) or a volatile compound of a high-Z metal, e.g W or Mo hexafluorides. As a result,
conclusive characterisation of PFC requires a number of methods among which ion beam
analysis techniques plays a prominent role.
The aim of this contribution is to provide an overview of experimental procedures and results
obtained in the examination of materials from JET and TEXTOR tokamsk and ASDEXUpgrade. The role of 3He-based NRA, RBS, PIXE (standard and micro-size beam) and
HIERDA in fuel retention and material migration studies is presented of especially using
tracer techniques with rare isotopes (e.g. C-13, N-15, O-18) or marker layers on wall
diagnostic components. The application of ion beams in the modification of diagnostic
components (so-called first mirrors) will be presented and the development of equipment to
enhance research capabilities and issues in handling of contaminated materials are addressed.
**See the author list of “Overview of the JET results in support to ITER”, X. Litaudon et al., in press
Nucl. Fusion, Special issue: 26th Fusion Energy Conference (Kyoto, Japan, October 2016).
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High pulsed current glow or arc discharge for plasma based surface
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Vacuum arc or glow discharge has usually been utilized for ion implantation, nitriding, PVD
and PECVD, etc. The microstructure and properties of treated surfaces are determined by the
plasma density, working temperature, pressure, gas species, substrate bias (DC or Pulse),
target power (or current), rotation speed of turntable, etc. Of them, the plasma is one of the
most important factors. A high-density plasma achieved by high pulsed current discharge is
very critical for optimizing the microstructure and properties of the fabricated coatings or
treated surface, and widening the processing window.
Our work has proven that a high pulsed current glow or arc discharge is relatively effective in
the reduction of macroparticles in vacuum arc, the enhancement of ionization rate in
magnetron sputtering and the production of high-density plasma by specially-designed
cathode discharge.
The paper will present some results on novel discharge mode and applications in our lab. A
super thick (150 µm) DLC film has been achieved. The specially fabricated TiN films by
vacuum arc are featured by the hardness of 40 GPa (much higher than that achieved by
conventional PVD technique) and the adhesion of over 100 N between the film and substrate.
The size of macropartices during arc deposition of CrTiAlN is less than 1um. The deposition
rate of HiPIMS has been increased by a factor of 3 based on hybrid high-current pulse
discharge. The enhanced discharge and superior microstructure and surface properties of
deposited coatings or treated surfaces achieved by high current pulse will be reported in this
talk
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The glancing angle sputter deposition technique (GLAD) is an efficient physical vapor
deposition method to sculpt free-standing, separate nanostructures of complex shapes. In the
deposition process the particle flux reaches the substrate under a highly oblique angle
(typically >80° as measured to the substrate normal). Thus, the growth is dominated by a
shadowing mechanism on the atomic scale, leading to the formation of separated columns that
are inclined towards the particle source. This thin film bottom-up deposition method, coupled
with an appropriate substrate rotation scheme, enables to sculpt a multitude of structures
including chevrons, vertical columns, spirals or screws. In this presentation, the growth
nanostructures on non-pattered and regularly arranged nanostructures and the growth
conditions are discussed and some applications of such three-dimensional nanostructures are
demonstrated. Regular arrays of nanostructures are grown on several substrates (Si, sapphire,
SiO2, etc.) by patterning with Au dots using self-assembled mono- and double layers of
polystyrene nano-spheres as evaporation mask or electron beam lithography. Two-fold
chevrons as well as three- and four-fold spirals have been made by growing the first arm of
the structure, followed by a 180° (or, respectively, 120° and 90°) substrate rotation, growing
the second arm, and then rotating again 180° (alternatively 120° or 90° for the three- and fourfold spirals) for the third arm and so on. In the application-oriented part of this presentation
recent technological developments related to GLAD are summarized. Nano-sculptured thin
films were found to give higher sensitivity as surface plasmon resonance sensors, ultrahigh
enhancement of different spectroscopic techniques such as fluorescence and Raman
scattering. Sensing of proteins, single bacteria, and hemoglobin is demonstrated. Also the
application of such structures as thermoelectric device in the car industry is shown.
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Modifications of meso-porous silicon under different ion beams used
for SIMS analysis
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Secondary Ion Mass Spectrometry (SIMS) is a well-known and widely used material
characterization technique, based on the analysis of the secondary ion emission resulting from
a primary ion bombardment. It provides valuable chemical information both for surface and
bulk of materials in many fields (microelectronics, automotive, biology, …) and for different
material categories (semiconductors, glasses, polymers, …). It is then used as helpful support
for the development of nanotechnology. However, when applied to nanomaterials it has been
demonstrated that despite moderate primary beam energy in the keV range, substantial
material modification can be induced, as observed for nanoparticles [1].
For new nanotechnology applications, porous silicon (p-Si) offers very attractive industrial
perspectives as optoelectronic devices, gas sensors, or insulating layers etc., in consideration
of its rather simple preparation process [2]. It is obtained by electrochemical dissolution of
silicon wafers in aqueous hydrofluoric acid solution. The resulting layer is a high specific
surface area solid, composed of dendritic patterns, the typical size scale of the meso-porous
structure is about tens of nm.
In this work, a set of p-Si samples with varying porosity is analysed by a Time of Flight
(ToF)-SIMS instrument. Different type of primary sputtering species (Cs+, Xe+, O2+ ) have
been used considering different impact energies, ranging from 500 eV to 2keV and surface
modifications induced by primary ion bombardment are studied.
Supplemented with SEM observations, the impact of the different sputtering species is
compared and found to differ significantly according to the sample overall porosity and
primary impact energy.
[1] Yang, L., et al. The Journal of Physical Chemistry C, 2013. 117(31): p. 16042-16052.
[2] Xifré, Pérez, E. PhD; 2007, Universitat Rovira i Virgili.
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β-Ga2O3 is a wide band gap semiconductor with Eg~4.9 eV. The typical emission spectra are
characterized by the presence of different bands designated as UV, blue and green bands [1].
However, similar to other oxides, the nature of the defects and the radiative recombination
processes involved in these different broad bands are still matter of controversy. Ion beam
based techniques have a huge potential not only as a characterization technique but also as a
modification technique to study the nature and the recombination processes involved in these
emission bands. At LATR/IST ion beam laboratory we recently upgraded the micro-probe
characterization chamber installed at the Van de Graaff accelerator that now allows
simultaneous measurements of Rutherford Backscattering Spectrometry (RBS), Particle
Induced X-ray Emission (PIXE), Iono-Luminescence (IL) and electrical measurements.
This work exploits the potential of this new setup to study, in real time, the irradiation effects
of a 2 MeV proton beam on the β-Ga2O3 UV band and the surprising luminescence quenching
effect (LQE) of the UV band observed when an electrical current is applied. During the
irradiation, when no current is applied, it is observed by IL that the β-Ga2O3 UV band
intensity decreases. When applying a current above a certain threshold the UV band is
completely quenched. When the current is stopped a recovery of the UV band intensity
occurs, to intensities similar to those measured before the irradiation. In this work we discuss
the luminescence decrease with irradiation time, which is usually attributed to the defects
created by the nuclear and electronic interactions of the ion beam with the material, as well as
the luminescence recovery after applying an electrical current, considering different
recombination models.
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Previously we have shown that the implantation of hexagonal boron nitride with light ions
(e.g. He+, Li+, B+) produces a surface layer produces a surface layer containing nanoparticles
of the much harder cubic form, as revealed by Raman, X-ray diffraction and electron
microscopy. We now show that that the irradiated layer is measurably harder when
interrogated by micro-indentation which probes a layer comparable to the ion range.
The hardness value increases reproducibly with the ion fluence, confirming that the latter is
responsible for it. There are possible implications for the surface hardening of BNcomponents
after they have been configured in the easily machinable hexagonal form. Some aspects of the
hardening mechanism are discussed.
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High current nitrogen ion implantation into
austenitic stainless steel
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Formation of expanded austenite following high fluence nitrogen ion implantation into
austenitic stainless steels or CoCr alloys is a well established phenomenon employing either
plasma based ion implantation or low energy ion implantation. Thus, a fluence between 1018
and 1019 nitrogen atoms/cm2 can be provided at temperatures between 300 and 500 °C in a
short time. While the excellent mechanical and tribological advantages of the expanded phase
are known, rather little information about the initial phase formation is available, restricted by
the very short time allowed for the transition between the native steel and the expanded phase.
Using a high current beamline ion implantation system at 40 - 70 keV without additional
heating, nitrogen fluences between 0.75 and 4.0×1017 cm-2 can be achieved for implantation
times between 45 and 150 minutes at sample temperatures of 300 - 500 °C after an initial
heating phase of 15 - 30 minutes. By varying the ion current density, the temperature can be
controlled. Though typical plateau-like nitrogen profiles followed by a sharp decline towards
the bulk have been obtained, the absolute nitrogen concentration varies between 7.5 and 22.5
at.%, depending on the ion fluence and sample temperature. The maximum concentration is
observed for high fluences and moderate temperatures where a large nitrogen supply
encounters a slow transport inside the steel. At the same time, very small lattice expansions of
1 - 3.5% have been measured, which are lower than normally observed for these nitrogen
contents. These results point to a fast formation of the nitrogen rich expanded austenite phase
even at low lattice expansions. Further implications for the validity of existing diffusion
models will be discussed.
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Characteristics of a sputtered thin film change substantially depending on an internal stress of
the film. The internal stress of thin films is affected by deposition conditions and ion
bombardment during sputter deposition. The internal stress of sputtered thin films is
generated during the thin film formation. In the existing studies, Hoffman et al. reported that
the effect of ion bombardment on the internal stress was affected to the impingement ratio
(i/a); incident of ion and vapor particles on substrate [1]. On the other hand, Windishmann
reported the internal stress of sputtered thin films depend on ion energy [2]. In previously, as
a means of expressing the effect of ion bombardment, we proposed an ion bombardment
parameter Pi based on the magnitude of the ion momentum pG+ and impingement ratio gas
ions to metal particles iG+/aM [3]. In this study, the internal stress in sputtered thin films was
evaluated by the changes in sputtering gases (Ar or Xe) and substrate bias.
Single crystalline Si (100) was used as a substrate. Sputtering gases were using Ar (99.999
vol%) or Xe (99.995 vol%). The substrate temperature was kept at the range from 350 ±5 K.
Substrate biases of ground potential had been applied for the experiment condition as
following −30 V, −60 V, −90 V and −120 V.
Ion bombardment parameter Pi was increased with the increasing of substrate bias. Thin films
showed larger compressive stress with increasing the ion bombardment parameter Pi. In
conclusion, it can be suggested that the evaluation of Pi could be highly advantage in
designing thin film properties.
[1] Hoffman D.W., Gaerttner M.R., J. Vac. Sci. Technol, 17.1, 425-428 (1980).
[2] Windischmann H., J. Vac. Sci. Technol., A 9, 2431-2436 (1991).
[3] Toyoda R., Toya S., Miyata S., Hashimoto M., Iijima T., Tonegawa A., Matsumura Y.,
ACTUATOR14, 30, 545-547 (2014).
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The Joint Accelerators for Nanosciences and NUclear Simulation (JANNUS) project was
started in France in 2002 in the frame of collaboration between the French Alternative
Energies and Atomic Energy Commission (CEA) and The National Center for Scientific
Research (CNRS). Due to the scientific skills developed for a long time, two experimental
sites were considered: (1) at Saclay, three electrostatic accelerators, one 3 MV and one 2.5
MV Pelletron machines and a 2.25 MV tandem, are coupled and (2) at Orsay, a 2 MV tandem
and a 190 kV ion implanter are coupled together with a 200 kV transmission electron
microscope to allow simultaneous co-irradiation and observation.
The main purpose of this triple beam facility is to simulate high-energy neutron damage
expected in future nuclear reactor components. These simulation experiments are used to
study the evolution of defect structures of specimens simultaneously bombarded by heavy
ions and helium and/or hydrogen ions. The heavy ions create atomic displacements while the
gas ions simulate the effects of transmutation gases, helium and hydrogen.
In addition, several pieces of equipment are associated with the irradiation platform. Among
them, an ion beam analysis line connected to the 2.5 MeV Pelletron is equipped with a
chamber for PIXE, RBS, NRA and ERDA experiments. A multipurpose chamber coupled to
the 3 MV Pelletron is devoted to specific irradiation and to heavy-ion ERDA.
This multi-irradiation facility is available for single, dual or triple ion beam irradiations in
different nuclear and non-nuclear application fields and for national and international projects.
Call for beam time is done every year through the French network EMIR (Études des
matériaux sous irradiation) and in the past through the European project SPIRIT (Support of
public and industrial research using ion beam technology).
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Plasma immersion ion implantation (PIII) of nitrogen inside metallic tubes of different
diameters and configurations were attempted recently. PIII tests in practical size metallic
tubes, ranging from 1.1 to 16 cm diameters and length of 20 cm, were carried out as a
continued effort in our lab, to explore PIII inside tubes. Tubes in laying down positions and
configurations including metallic lid in one side or both sides open were used, as well as,
plane sample support placed 10 cm far from the tube mouth and without bias, taking
advantage of plasma flowing out the tube. In particular, argon PIII was tested for tube inner
wall sputtering and deposition, running PIII system in the last configuration of sample support
detached from the tube. During the ion implantation runs in other cases, it was found that the
final temperature of the tubes and the plasma turn-on voltages were both inversely
proportional to the dimensions of the tubes. High voltage glow and hollow cathode discharges
were produced inside the tube, either alternately, during the pulse or independently,
depending on the tube geometry and pulser used (LIITS, a current controlled source or RUP4, a voltage controlled one). In the case of smallest diameter of 1.1 cm, both tubes of SS304
and Ti6Al4V were tested using lower power pulser (RUP-4), at its maximum capability of 1.2
kW. In both cases, very bright plasmas were formed, mainly inside the tube but resulted in
higher temperature for the first case (700 ºC). Nitrogen uptake was superior for higher
temperature PIII treatments (>700 ºC), combining ion implantation and thermal diffusion,
which allowed the formation of TiN and Ti2N on the Ti alloy samples inside tubes with
diameters of 4 cm. In this paper, detailed discussion of results of above cited PIII tests with
diversified tubes and configurations will be presented, together with the analysis of the
corresponding treated surfaces of the samples inside, outside and on the support detached
from the tube.
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Ion-beam assisted deposition (IBAD) is a frequently applied technique to synthesize highquality thin films [1]. It is characterized by the presence of two separately controllable
material fluxes, one of them consisting of highly energetic particles, which facilitate the
control of thin film properties. IBAD can be conducted with kinetic ion energies in the keV
range or with lower, hyperthermal energies (few eV - few 100 eV). Consequently, broadbeam ion sources are an essential constituent of any IBAD equipment. In most cases, ion
sources are used, which create a blend of ion species, each of them possessing a certain
distribution of kinetic energy. This hinders independent investigations of the influence of ion
mass and ion kinetic energy on growth processes in IBAD. In order to enable such
investigations, a setup for the deposition of GaN thin films by ion-beam assisted molecular
beam epitaxy (IBA-MBE) with a constricted glow-discharge plasma source [2] has been
equipped with a custom quadrupole system including ion optics.
In this presentation, this novel setup is presented in detail. It is demonstrated, that the
separation of monoatomic and polyatomic nitrogen ions is achieved. The ion kinetic energy
can be selected within the range of hyperthermal energies. The characteristics of the ion beam
are presented and it is shown, that mass and energy selective hyperthermal IBA-MBE of
epitaxial GaN thin films on single-crystalline substrates like 6H-SiC(0001) and Al2O3(1-102)
is accomplished. Reflection high-energy electron diffraction, x-ray diffraction as well as
atomic force microscopy are applied to analyze the crystalline structure, epitaxial
relationships and surface topography of the GaN films.
[1] Gonzalez-Elipe A.R., Yubero F. and Sanz J.M., Low energy ion assisted film growth, Imperial
College Press, 2003.
[2] Anders A. and Kühn M., Rev. Sci. Instrum. 69, 1340 (1998).
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Magnetostrictive thin films have been developed as potential materials for various types of
microactuators. Rare-earth transition metal alloys that are used as giant magnetostrictive
materials are brittle and can get easily corroded. Recently, Clark et al. reported that Fe-17 at%
Ga (Fe-IIIB group element) single crystals have high magnetostrictive constants, indicating a
good magnetostrictive response, corrosion resistance, and toughness [1].
In the previous study, Fe-based super-saturated solid-solution alloy thin films were prepared
using an ion-plating process with dual vapor-sources, which can introduce excess energy into
the deposited film. The excess energy of the metal vapor particles is dependent not only on
the kinetic energy of the metal vapor ions but also on the ionization rate as the impingement
rate of ions on the substrate. It is well known that a hot-filament electron emitter may be used
to increase the ionization rate. In this study, the effects of excess energy from a hot-filament
electron emitter on thin-film formation in the ion-plating process were discussed.
The excess energy introduced during thin-film formation was measured via plasma
diagnostics using a Langmuir probe, a Faraday cup, and a multi-grid analyzer (MGA) as an
ion-energy analyzer.
In X-ray diffraction analysis, crystal structures of Fe-Ga film samples were shown to be α-Fe
bcc structures of a Fe solid-solution alloy. With the hot-filament electron emitter, the
ionization rate increased to three times of that obtained when the electron emitter was not
used. The solid solubility limit increased as the current of the hot-filament electron emitter
increased. The ion-plating process can control the solubility limit of the Fe-alloy and regulate
the nanostructure of Fe alloy thin films.
[1] Clark A. E., Restorff J. B., Wun-Fogle M., Lograsso T. A., Schlagel D. L., IEEE Trans. Magn, 36,
3238-3240 (2000).
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Glass properties enhancement by means of ion implantation:
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The modelling of a glass is a complex task as it is a disordered material typically
characterized by a rich chemical composition (mixture of oxides). Its disordered aspect
imposes to work with large simulation cells, and to reproduce its composition is challenging
as it requires setting up the methods at both quantum-chemistry (basis sets and pseudopotentials) and force field (force field parameters) levels. Modelling a glass implanted by ion
implantation is actually even more delicate. In the case of nitrogen implantation, for a typical
dose of 1016 ion/cm2 and a tension of 35 keV, the surface composition is greatly modified up
to 300 nm in depth, where nitrogen species are still detected. Thus, modelling a system with
such a long range concentration profile is very challenging as it would impose to work with
huge 2D simulation cells. Moreover, as the charged state of the implanted species after
implantation is unknown, these simulation cells would have to be treated at the quantum
chemical level that can account for charge fluctuations.
To get insight on the effect of nitrogen implantation on the electronic structure and hardness
of a glass, we first focus on silicon dioxide (SiO2) as a model case. We investigated the effect
of ion implantation on the density of states and stiffness coefficients of crystalline and
amorphous SiO2, varying the implantation site (substitutions/insertions), as well as the net
charge of the system (0, +1, +2, +3) to simulate the implantation of different charged species
(N, N+, N++, N+++). Then we investigated the effect of the surface composition of implanted
and non-implanted soda lime glasses on the hardness of the material. Our calculations support
the hardness enhancement observed experimentally by our industrial partner (AGC).

87

ABS #224

O-52

Interplay between Ar sputtering and surface chemistry:
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Indium Thin Oxides (ITO) are used in many device applications as transparent conducting
oxides. They known to have Sn-rich surfaces and the excess Sn is present at the surface in the
form of SnO4. Hydrocarbon surface contamination is also present and has a detrimental effect
in lowering the work function of ITO. A combination of UV-Ozone irradiation and Ar
sputtering is used to study the effects of hydrocarbon removal and the induced subsequent
surface chemistry modifications. X-ray photoelectron spectroscopy (XPS) and Ultraviolet
photoelectron spectroscopy (UPS) were used for the systematic study of ITO samples that
were subjected to UV ozone treatment and 1 KeV Ar+ irradiation/sputtering with for variable
doses. The Sn-rich surface is confirmed by Angle resolved XPS (ARXPS).
While Ar+ sputtering removes hydrocarbon contaminants, it also modifies the Tin-rich surface
of ITO and leads to a reduction of the oxidation state from Sn4+ to Sn2+. The measured
decrease in the work function of ITO is directly correlated to the decrease of Sn rich top
surface layers and the reduced oxidation state of surface Sn.
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In order to improve the durability of nickel based superalloys under mechanical, wear or
erosion sollicitations, various nitriding processes were studied. Mainly composed of a γ phase,
a FCC austenitic-like structure of nickel with various alloying elements (Cr, W, Mo…) for
solution hardening and corrosion protection, some of these alloys are moreover reinforced by
structural precipitates (e.g. γ’ Ni3(Al, Ti) or γ” phases Ni3Nb). By nitriding at moderate
temperature (typically under 450°C), the γ phase can incorporate up to 25-30 at.%, giving rise
to the metastable expanded γN phase (also called S-phase). Compared to the similar γN phase
produced by nitriding austenitic stainless steels (ASS), the γN phase obtained in nickel based
superalloys seems to decompose more easily to nitride precipitates (CrN mainly) and a Crdepleted γ phase.
To provide a better control of the nitrogen incorporation in the γ phase of Ni-based
superalloys, plasma based ion implantations of nitrogen were here performed on
Haynes®230, a nickel based superalloy only composed of γ phase (and a low proportion of
Ni3W3C and M23C6 carbides). Plasma immersion nitriding of material was realized with
different conditions of treatment, by varying: the N2 / H2 ratio and the total pressure of the
reactive gas, the temperature, the duration, the ion energy and use of additional/sequential
ageing. At 400°C, with low nitriding potential conditions, another phase in addition to γN and
CrN can be evidenced by XRD in the obtained nitrided layer: it may be attributed to a Ni 4N
phase. However it was demonstrated that, at this temperature, longer durations or higher
nitriding potential conditions lead to a generalized CrN formation because of the
decomposition of the metastable γN and Ni4N phases. Therefore nitriding were realized at
lower temperature to check the stability of metastable γN and Ni4N and the use of accelerated
ions was discussed to promote an efficient nitriding.
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Specialty alloys such as precipitation hardening stainless steels are routinely used in critical
applications requiring high strength and corrosion resistance, e.g. in aeronautics and the
biomedical field. Nonetheless, their tribological properties remain poor, while the application
surface treatments results in loss of corrosion resistance. Therefore, typically a not fully
satisfactory compromise must be adopted [1-3].
In the present work, the improvement of tribological features without loss of corrosion
resistance of 15-5PH steel has been explored with the use high density plasmas. The work has
focused on long cylindrical geometries, close to those of real applications.
The microstructure, composition and hardness of the treated surfaces were studied and the
corresponding corrosion resistance stablished. The characteristics of the high density plasmas
as well as the sample disposition were key factors in the outcomes, which ranged from fully
corroded, to pitting corrosion and corrosion resistant surfaces. Results also showed in certain
cases, the high density plasmas causing surface cracks followed by local corrosion.
Additionally tribological studies demonstrated improvement in wear resistance, and ECR
(Electrical Contact Resistance) was found a good indicator of the of the wear phenomena
occurring along the tests. Actually ECR could be a useful and simple way of monitoring the
surface and assist in assuring safe and dependable operational lives. As part of the study,
simulation of the experimental data was performed and equivalent electric circuits proposed.
In conclusion, treatment conditions of cylindrical 15-5PH have been defined, which provide
with an improved tribological performance, preserving corrosion resistance, with ECR a
useful performance monitoring parameter.
[1] Lo KH et al. Mat Sci Eng R 65 (2009) 39-104
[2] Brühl SP et al. Surf Coat Tech 204 (2010) 3280-86
[3] Pinedo CE et al. Surf Coat Tech 308 (2016) 189-94
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As one of high power magnetron sputtering (HIPIMS) technologies, new double pulse
discharge HIPIMS technology is proposed which utilizes much higher ignition pulse as well
as conventional work pulse. The former is beneficial to excite high density plasma, and the
latter may maintain plasma discharge, at the same time reduce the effect of target attracting
ions due to the lower voltage. Compare to traditional HIPIMS technologies, it could be
expected to improve high power deposition rate at the same time retain the high ionization
rate of the high power.
CrN films are synthesized on HSS by the new double pulse HIPIMS technique. The influence
of the ignition pulse voltage on the microstructure and mechanical properties of CrN coating
has been investigated. In the study, the double pulse HIPIMS runs with a work pulse of 450
V, superposed with a ignition pulse of 600-690 V at pulse frequency of 500 Hz and pulse
width of 150 μs and 20 μs respectively.
The results have demonstrated that the deposition rate is about 5-6 times higher than the
traditional HIPIMS. The microstructure becomes denser and micro hardness has been
increased to 1300 HV due to high ionization rate. Also the CrN films grow with (111) of
preferential orientation, and nucleation and the crystalline of the films are affected by the
ignition pulse voltage. The double pulse HIPIMS technique has improved the tribological
performance. The friction coefficient will decrease from 0.6 to 0.4 with the ignition voltage
increasing. And grinding crack width will decrease from 320 μm to 270 μm accordingly.
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This article reports on influence of intense ion irradiation on the microstructure, mechanical
and optical properties of nanocomposite Al-Si-N films. Al-Si-N films deposited by reactive
magnetron sputtering exhibit enhanced hardness, good optical transparency in visible range,
high flexibility, crack resistance and high-temperature oxidation. Furthermore, these
nanocmposite films are promising as a radiation protective coating due to the large volume
fraction of grain boundaries that acting as a sinks for radiation induced defects. The purpose
of the work was to research the radiation resistance of the nanocomposite Al-Si-N films and
to study the effect of radiation exposure by a pulsed intense ion beam on the properties of
these coatings. The ion irradiation parameters were follows: ion type  carbon ions and
protons, ion energy  200-250 keV, current density  up to 10 A/cm2, pulse duration at halfheight of accelerating voltage  90 ns, radiation absorbed dose - up to 1000 Mrad. Due to the
impulse action of the ion beam, leading to rapid heating and cooling of the surface layer,
regimes of the radiation annealing of defects were achieved under certain current densities.
The microstructure and morphology of the Al-Si-N films was researched by X-ray diffraction
analysis, transmission and scanning electron microscopy. Mechanical properties of the films
were examined by nanoindentation testing. Optical properties were researched by absorption
spectroscopy in the 1.6-3.6 eV range of photon energy.
The work is supported by the Russian Science Foundation, Grant No. 16-19-10246.
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Quantum computer devices built from shallow
implanted single atoms
David Jamieson
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The new field of quantum technology is being driven by recent major initiatives including the
Quantum Manifesto of the EU, the National Strategic Innovation Agenda of Australia to
include building a quantum computer device, along with other initiatives worldwide. We have
developed methods to fabricate devices which exploit the internal quantum degrees of
freedom of single atoms in the solid state. These devices bridge the foundations of modern
information technology based on silicon into the future of ultra-scaled devices where quantum
mechanics offers new functionalities for sensing, information storage, information processing
and secure data transmission guaranteed by the laws of Physics. Our method employs shallow
ion implantation, within 20 nm of the surface, which is compatible with the process flow for
the fabrication of single atom semiconductor devices with the standard tools of the industry.
Our work with ion implanted phosphorus atoms in isotopically pure silicon devices have
driven a sequence of discoveries reporting exceptionally long coherence times for the P
nuclear spin quantum bit (qubit) with coherence times longer than 30 s. In our devices a small
number of P atoms are implanted at 14 keV, range 20 nm, into a nano-scale construction site
on an isotopically pure 28-Si substrate that is later surrounded by nanocircuitry for
programming and read-out of the qubit. A significant near-term challenge in silicon is to
fabricate deterministically implanted arrays of single atoms registered to control gates in a
monolithic quantum device. This presentation shows how these challenges are being
addressed with near-term plans to halve the implant energy for shallower implants and
improved precision from less straggling. New device architectures based on this technology
could form the building blocks of a future CMOS quantum computer fabricated with the
standard tools of the semiconductor industry.
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The first systematic experiments on rare earth ion (REI) doping of semiconductors were
carried out in the late 1980's. Early trials suggested that a wider band gap would lead to
improved high-temperature performance of light-emitting devices, hugely favouring the wide
gap III-nitrides. However it was not until the present century that III-N semiconductors,
grown epitaxially on sapphire substrates, attained the high sample quality required to test this
concept. While attempting to improve the emission efficiency of europium-doped light
emitting diodes by implanting Eu into p-type GaN templates, the Strathclyde group, working
in collaboration with the Universities of Cambridge and Lisbon, and with Unipress in
Warsaw, discovered hysteretic photochromic switching (HPS) in doubly doped GaN(Mg):Eu.
HPS reveals itself in an anomalous temperature dependence of the photoluminescence (PL)
spectrum. The switching reveals two spectral configurations, Eu0 and Eu1(Mg), of the same
Eu-Mg defect. At a fixed temperature, this (nano-mechanical) switching becomes temporal
with a hyperbolic dependence on illumination time.
Under 355 nm excitation, close to the GaN band edge, the sample temperature and the
incident light intensity tune the characteristic switching time over many orders of magnitude,
from less than a second at 12.5 K, ~100 mW/cm2 to several hours at 50 K, 1 mW/cm2 [1].
Linking the distinct Eu-Mg defect configurations with the shallow transient and deep ground
states of the Mg acceptor in the Lany-Zunger model, we determine the energy barrier between
the states to be 27.7(4) meV, in good agreement with theoretical predictions [2]. The
experimental results further suggest that at low temperatures, holes in deep ground states are
localized on N atoms axially bonded to Mg acceptors. An intermediate Eu spectrum that
appears during switchdown with an intensity that mirrors the product of the Eu0 and Eu1(Mg)
intensities, encourages speculation on the classical qubit formed by the 2 stable and one
metastable states of the Eu-Mg defect.
Our recent work aims therefore to promote the science of REI-implanted III-N beyond the LED into
the realm of quantum infotech- a field of endeavour that we call QuantREIonics.
[1] A.K. Singh, K. P. O’Donnell, P. R. Edwards, K. Lorenz, M. J. Kappers & M. Boćkowski Scientific
Reports | 7:41982 | DOI: 10.1038/srep41982 (2017)
[2] S. Lany and A. Zunger Appl. Phys. Lett. 96, 142114 (2010).

94

ABS #205

I-16

Structural and chemical changes of cellulose and nano-cellulose
under ion implantations
Jerome Leveneur1, Alina Rajan2, John McDonald-Wharry2, John Kennedy1, Kim Pickering2
1
GNS Science, Lower Hutt, New Zealand
2
Faculty of Science and Engineering: University of Waikato, Hamilton, New Zealand

The interest in using cellulose fibres for various applications is growing rapidly. Today, many
applications uses cellulose fibre-reinforced biocomposites in aerospace, infrastructure and
packaging applications. Known for its excellent mechanical strength and biodegradability,
cellulose fibres are a suitable candidate for future 3D printing applications. The rapid
development of 3D printing techniques enable cellulose materials to be 3D printed in the form
of composites or by itself for all kinds of applications. However, these materials present
challenges including: poor thermal stability, poor fibre-matrix interface adhesion, moisture
absorption etc. These challenges can be resolved by employing surface modification
techniques. In particular, ion beam modification of organic materials is known to trigger
durable changes to the structure and chemistry of polymer and organic materials [1,2].
In this presentation we will report the structural and chemical changes occurring during low
energy ion implantation of Ar and C in cellulose materials. The ion beam modification of the
samples showed significant changes at the surface. The samples were treated to three different
ions at various fluences and energies. Characterization methods including: SEM, AFM, FTIR, Raman and UV-Visible spectroscopy were carried to evaluate the results of the ion
bombarded samples. Results found a threshold and beyond this threshold various microscopic
changes were seen at surface such as: carbonization, discolouration, pitting and fusing of
fibres.
[1] Costantini, J. M., Couvreur, F., Salvetat, J. P., & Bouffard, S, Nuclear Instruments and Methods in
Physics Research Section B: Beam Interactions with Materials and Atoms, 194(2), 132-140 (2002).
[2] Nathawat, R., Kumar, A., Kulshrestha, V., Vijay, Y. K., Kobayashi, T., & Kanjilal, D. Nuclear
Instruments & Methods in Physics Research Section B-Beam Interactions with Materials and Atoms,
266(21), 4749-4756 (2008).
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There are many fields of research and technology which require the use of materials and
devices working in harsh radiation environments, for example, in high energy physics
facilities, nuclear power (fission and fusion devices) and research reactors, radiation therapy
systems etc. In view of the continuous demand related to the design and engineering of these
advanced systems, the IAEA is coordinating international research projects related to crosscutting support and harmonisation of particular R&D initiatives to study radiation effects,
radiation hardness, wear and tear etc. in solids.
Ions from accelerators have a prominent role in testing and developing electronic materials
and detectors due to their capability in introducing controlled damage based upon the
possibility to define with high accuracy the ion fluence, determine the damage profile and
localize the damaged region. Both immediate effects of radiation induced damage on material
and device electrical properties and also the longer term accumulation of damage which can
limit the useful lifetime can be characterised. Direct experimental access to study the
dynamics of radiation induced defects, from femto-seconds to seconds, makes it possible to
design materials with tailored responses to radiation, from radiation hardness to the
engineering of desired defects.
Neutron-induced damage to materials can be very detrimental for nuclear power reactors and
other high neutron flux environments like research reactors, or future fusion reactors, and
spallation neutron sources. The IAEA coordinates development in the field of high dose
radiation effect on core structural materials in advanced nuclear systems by using various
neutron and ion beam techniques for characterization, testing and qualification of materials
and components produced or under development for applications in the nuclear energy sector.
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Ion beams are used extensively for doping and band-gap engineering of semiconductor
materials and can also simulate radiation damage in potential nuclear materials. Although
impacts with both ions and neutrons will cause displacement damage, replication of radiation
damage in structural and nuclear waste materials may be more complex than that which can
be reproduced by irradiation with a single ion beam. During in-service conditions, structural
nuclear materials experience displacement damage from neutron bombardment coupled with
build-up of He and H gas from transmutation reactions. These gases combine with defects
such as vacancies and accumulate at grain boundaries and elsewhere and may have an adverse
effect on the thermal and mechanical properties of the irradiated materials. Similarly, nuclear
waste storage materials which contain nuclides that undergo alpha-decay also experience
displacement damage from both alpha-particles and the recoil nuclei, which can lead to He
bubble nucleation that can then cause swelling and failure of the storage capsule.
A £3.5 million world-class facility, funded by the UK Research Council, EPSRC, and
consisting of a transmission electron microscope (TEM) coupled to two ion beams is in the
final stages of construction at the University of Huddersfield. The unique facility (MIAMI*-2)
will be able to perform simultaneous ion-irradiation of materials with both heavy and light
ions, better emulating radiation damage in nuclear materials. MIAMI-2 also allows (dual) ion
beam modification of materials under a range of conditions (e.g. low/high temperature,
gaseous environment) and includes elemental and chemical analysis spectroscopies. The
facility is due to be fully operational by summer 2017. The specifications, capabilities and
experimental possibilities of the MIAMI-2 facility as well as some preliminary experimental
results will be presented.
*Microscopes and Ion Accelerators for Materials Investigations.
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Wide opportunities for materials surface modification are opened up by using compression
plasma flows (CPF) generated by quasi-stationary plasma accelerators of a new generation.
Such accelerators operate in the ion-current transfer mode and provide the ion-drift
acceleration of magnetized plasma. The physical bases of CPF in such systems are presented.
The interest to these systems is connected with their applications in plasma technology for
enhancement of performance characteristics of various metals and alloys, semiconductor and
others by means of substantial modifications to the surface microstructure and morphology,
phase and structure transformations under the action of CPF, which is beyond capabilities of
other techniques.
The main factors ensuring the implementation of surface-plasma metallurgy are the following
i) the rapid heating of the surface due to kinetic energy thermalization; ii) melting of both
doping elements and a substrate; iii) liquid phase mixing under plasma flow pressure; iv)
keeping the temperature and pressure at necessary levels during long time until the
completion of physicochemical transformations in the surface layer; v) the fast cooling and
crystallization of the molten layer.
The present work focuses on the CPF application for modification of biomedical implants
based on titanium alloys. The technology of CPF treatment provides the redistribution of
elements in the sub-surface layers of Ti-6Al-4V alloy which is the most common material for
the implants production. It allows to reduce the quantity of toxic elements (Al, V) in the
surface layer (up to several micrometers) saving the strength parameters in the bulk structure.
Another possibility of the CPF impact results from melting and mixing effects which allow to
synthesis of surface alloys with controlled composition. In the present work the formation of
thin layer (several micrometers) of biocompatibility alloy with a shape memory effect
(titanium nickelide) is demonstrated.
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Ion implantation is used as an important tool to evaluate the tolerance of materials to extreme
radiation environments and to modify the physical and chemical properties of surfaces.
According to theoretical calculations, e.g. using SRIM/TRIM code [1] the depth occupied by
the radiation-induced defects should be comparable with the implanted one. However, there
are a lot of papers reporting the existence of “the long range effect” (LRE). [2,3] According to
this effect defects, especially dislocations appear at the depths of a few times deeper as the
implanted area. The nature of LRE and reasons of its existence has not been explained so far.
Within this presentation the actual state of knowledge about LRE and results of positron
lifetime studies of LRE will be shown. Positron Annihilation Spectroscopy is not a commonly
used method in this topic. We are going to report experimental investigations of pure Fe, Cu,
Ag and Ti exposed to heavy ion implantation. The 167 MeV Xe26+ irradiation with doses in
the range between 1012 and 1014 ions/cm2 was performed at IC-100 cyclotron at FLNR, JINR.
The positron lifetimes measured in etching experiment give information about kind of defects,
their distribution and existence of LRE. Only in the case of one metal this effect was
confirmed.
[1] Ziegler J.F., The stopping and range of ions in solids, Pergamon, New York, 1985.
[2] Lu Ch., Jin K., Béland L.K., et al., Sci. Rep. 6:19994, 1-10 (2016).
[3] Mazzoldi P., Mattei G., Ravelli L., Egger W., et al., J. Phys. D: Appl. Phys. 42, 115418 (2009).
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Surfaces of the crystalline semi-isolating (SI) (100) GaAs have been irradiated with ions
beams of Ne+ and Kr+. Fluences of these implantations were in the range form 1x1013 cm-2 to
1x1016 cm-2 and the energy the beams were 90 keV and 250 keV respectively. The implanted
near surface layers of these samples were examined by two the methods spectroscopic
ellipsometry (SE) and X-ray photoelectron spectroscopy (XPS). Pseudo-dielectric functions
real and imaginary paths and were obtained in the range of wavelength from 250nm to
950nm. Two models were used in the study. The first pseudo dielectric functions was used in
the investigations for the samples implanted with lower fluence than 1x1014 cm-2, and the
effective medium approximations (EMA) model was worn out for the descriptions of other
samples. The bought methods description very well of the, near the critical points CP E1 and
E1+1. It was noticed the intensity and half width of these bands and these area changed at the
same time as the fluence increase. It found that values of these parameters are different for the
optical spectra collected for sample irradiated with Ne+ and Kr+. These effect can be
explained by different amorphisation of the near surface layers. Additionally XPS spectra
were collected for the virgin and the all implanted samples in two regions of the energy near
the As3d and Ga3d bands. Each of these spectra parts were deconvoluted for two or one bands.
These bands can be make deconvolution on sub bands which are connected with the atoms
Ga, As and the compounds GaAs, Ga2O3, As2O3 and As2O5. It was assumed that the area if
the bands are proportional to the quantity other the atoms are chemical compounds. It was
found that the quantity of atoms and chemical compounds of As decrease with the grow of Kr
fluence. This effect can be explained to evaporation of As during the implantation.
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Structure and optical properties of SiO2 films with ZnSe nanocrystals
formed by ion implantations
Jerzy Zuk1, Fadey Komarov2, Irina Parkhomenko2, Maksim Makhavikou2, Oleg Milchanin2, Ludmila
Vlasukova2, Elke Wendler3, Olga Korolik2
1
Maria Curie-Skłodowska University, Lublin, Poland
2
Belarusian State University, Minsk, Belarus
3
Friedrich-Schiller University, Jena, Germany

ZnSe nanocrystals were fabricated in 300 nm SiO2 matrices by sequential implantation of 150
keV Zn+ and 170 keV Se+ ions (or in reverse order) at RT and 500°C. The ion energies were
chosen to achieve overlapping depth profiles. The 4×1016 ions/cm2 fluence was used for both
ions. After implantation the samples were annealed at 1000°C for 3 min using RTA.
Structural and optical properties of the films were analyzed depending on implantation
temperature and order of implanted species. Raman spectra of the 500°C implanted samples
exhibit a band at ~252 cm-1 associated with LO phonons of c-ZnSe. The absence of this band
in RS spectra of the samples implanted at RT is due to amorphous structure of synthesized
ZnSe clusters. RS data show ZnSe nanocrystals formation in RT implanted SiO2 films after
RTA. It should be noted that the intensity of ZnSe band is higher for the samples implanted in
order (Zn+Se) than for the samples implanted in order (Se+Zn). The as-implanted samples
exhibit a strong PL blue band with a maximum at 430–450 nm and PL green band at ~550
nm. The intensity of these bands is higher for RT implanted samples. The annealing results in
decrease of blue emission for the samples implanted at RT. Besides, RTA leads to a
complicating spectral shape in the blue range. In this case, the blue band can be approximated
by three Gaussians peaked at 412, 443 and 465 nm. The blue PL band can be assigned to near
band edge emission of ZnSe nanocrystals due to bound excitons and donor-acceptor pairs
(DAP). The PL bands in long wavelenghts show a red shift after annealing and have 580 and
640 nm components. Deep defect-related emission at 550 nm is attributed to recombination of
DAPs involving Zn vacancies and interstitials, and surface emission. Broad defect-related
band at 650 nm is most likely formed by many closely spaced emission lines due to
recombination of DAPs with large separation between them.
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Aluminium depth profiling in implanted AlGaN alloys
Micaela Fonseca1,2, Rodrigo Mateus3, Hugo Silva1, Luís Martins1, Djibril Nd. Faye3, Elke Wendler4,
Max Döbeli5, Hélio Luis3, João Cruz2, Eduardo Alves3, Katharina Lorenz3, Adelaide P. Jesus1
1
Laboratório de Instrumentação, Engenharia Biomédica e Física da Radiação (LIBPhysUNL), Departamento de Física, FCT/UNL, Monte da Caparica, Portugal
2
Universidade Europeia, Laureate International Universities, Estrada da Correia, Lisboa, Portugal
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4
Institut für Festkörphysik, Friedrich-Schiller Universität Jena, Jena, Germany
5
Ion Beam Physics, ETH Zurich, Zurich, Switzerland

The ternary AlxGa1-xN system is attractive for optical and electronic applications, being ion
implantation a powerful tool to control the doping and conductivity of the materials.
Nevertheless and depending of their radiation resistance, it may also induce radiation damage
leading to significant modifications in the lattice and, at higher fluences, in the elemental
composition of the pristine alloys.
Despite the higher displacement energies of AlN compared to those of GaN alloys, recent
studies evidenced that the implantation of energetic 200 keV Ar+ or 300 keV Xe+ ions at room
temperature up to fluences of 2×1016 ion/cm2 does not affect the elemental depth distribution
in samples with lower AlN molar fractions (0x0.53), while a segregation mechanism of N
towards the irradiated surfaces is observed at the same irradiation conditions in targets
presenting high AlN contents (0.7x1) [1].
While heavy ion elastic recoil detection analysis clearly revealed changes in the N depth
profile, the Al-profiling remained inconclusive and techniques with higher sensitivity need to
be implemented to identify the complementary stoichiometric changes.
For Al-profiling, the ERYAProfiling code was used, which was developed for quantitative
analysis/depth profiling of light elements by a standard‐free PIGE technique [2] in samples
with inhomogeneous concentrations across the depth.
[1] Faye D. Nd. et al., J. Phys. Chem. C, 120, 7277 (2016).
[2] Mateus R., Jesus A. P., Ribeiro J. P., Nucl. Instrum. Methods Phys. Res. B, 229, 302–308 (2005).
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Damage accumulation and structural modification in various
GaN crystallographic orientation
Adéla Jagerová1, Anna Macková1, Petr Malinský1, Zdeněk Sofer1, Kateřina Klímová1, David
Sedmidubský2, Markus Pristovsek3, Martin Mikulics4, Roman Böttger5, Shavkat Akhmadaliev5,
1
Nuclear Physics Institute, Academy of Sciences of the Czech Republic, Czech Republic
2
Department of Inorganic Chemistry, Institute of Chemical Technology, Prague, Czech Republic
3
Cambridge Centre for Gallium Nitride, Department of Material, University of Cambridge, UK
4
Peter Grünberg Institut (PGI-9), Forschungszentrum Jülich, Jülich, Germany
5
Institute of Ion Beam Physics and Materials Research, Helmho, Dresden, Germany

GaN is the most actively studied wide band gap materials, relevant in fields such as shortwavelength optoelectronic devices, high electron-mobility transistors, and semiconductor
lasers. The crystallographic orientation of the implanted crystal can significantly influence the
optical properties of the implanted layer, reflecting the rearrangement of the crystal matrix
after the annealing. The luminescent properties of rare-earth (RE) doped insulators have been
thoroughly investigated, since they have been successfully applied to practically use
fluorescent substances and magnets. The annealing procedure influencing dynamic recovery,
point defect diffusion and large defect stabilization, depending on the GaN crystal orientation
and the used ion implantation parameters, is still an important issue to be studied. We have
studied the structure and composition changes of the GaN epitaxial layers (0001) and (11-20)
orientations grown by MOVPE and implanted by Gd+ and Kr+ ions using the ion energy of
400 keV and ion fluencies 5x1014 cm-2, 1x1015 cm-2 and 5x1015 cm-2, with subsequent
annealing at 800°C. Dopant depth profiling was accomplished by Rutherford Back-Scattering
spectrometry (RBS). Structural and optical changes during subsequent annealing were
characterized by RBS/C, Raman spectroscopy, and photoluminescence measurements. Postimplantation annealing induced a structural reorganization of GaN structure in the buried
layer depending on the introduced disorder level, i.e. depending on the ion implantation
fluence, ion mass and on the crystallographic orientation.
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Experimental studies of channeling implantation of Al ions
into 4H-SiC
Alexander Suvorov1, Kenneth Irvine,
Wolfspeed a CREE Company, Durham, USA

Ion implantation under channeling condition into the crystal is an attractive process for
several reasons: a deep projected range, less damage density, lower sputtering yield [1] and
formation of a flat doping distribution. Silicon carbide is a good candidate for power and RF
devices, however low experimental data for channeling implants make it difficult to realize all
the advantages of this process. Some studies done for Al channeling implant with energy of
60keV at different doses into 4H-SiC were performed for different directions and confirmed
low damage and deep penetration [2].
In this study we focus on penetration depth of implanted Al ions with channeling conditions
into 100mm diameter 4H-SiC wafers–depending of energy (50-900keV), dose (1E121E13cm-2), incident angle along C-axis (from 0.0 to 4.0 degrees toward [11-20]), and wafer
temperature during implantation in the range of 25 to 500oC. According to our study the
critical angle for Al implant at 600keV into 4H-SiC is about ± 0.2 degrees. Wafer temperature,
increased dechanneling but still contained a large portion of channeled Al ions even at 500oC.
For such a range of doses we got a flat distribution of implanted Al concentration in the range
of 1E16 to 1E17 cm-3 to a depth of up to 3 microns. CV data after annealing of the implanted
wafers shows the electrical activation of implanted aluminum to about 90 – 100%.
[1] Wahl U., Vantomme A., Wu M.F., Pattyn H., Langouche G., Nuclear Instruments and Methods in
Physics Research B, 127/128, 311-315 (1997).
[2] Wong-Leung J., Janson M.S., and Svensson B.G., Journal of Applied Physics 93, 8914 (2003).
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The oscillations of magnetization and derivative of microwave
absorption in Hg0.76Cd0.24Te implanted with Ag+ ions
Alexei Shestakov1,2, Il’shat Fazlizhanov1,2, Ivan Yatsyk1,2, Mariam Ibragimova1, Rushana
Eremina1,2
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Kazan E.K. Zavoisky Physical-Technical Institute, Kazan, Russia
2
Kazan Federal University, Kazan 420008, Russia
The mercury chalcogenide Hg0.76Cd0.24Te (HCT) in the zinc-blende structure belongs to
semimagnetic semiconductor. The sample was grown by continuous feeding of the melt, had
n-type conductivity. The crystal was subjected to ion implantation by Ag+ ions on ILU-3
accelerator, later it was annealed in a sealed quartz tube in a saturated mercury atmosphere at
a temperature of 300o C for 20 days. After this annealing the conductivity was inverted to ptype.
We investigated the HCT:Ag+ by ESR method on spectrometer Varian E12 at 4.2-80 K.
Strong oscillations were observed in the derivative of microwave absorption (DMA) in the
magnetic field up to 20 kOe, are known as the De Haas–van Alphen and Shubnikov–de Haas
effects. We observed oscillations magnetization using PPMS-9 equipment at temperature 5 K
and in the magnetic field up to 30 kOe. The dependence of the oscillations period of the DMA
and magnetization corresponds to the transverse magnetoresistance [1] and is described by
formula: ∆H=∆H0(1+k·H2), where H - external magnetic field, which connected with
resistivity dependencies from magnetic field.
The implantation of silver ions leads to increase of carrier concentration on surface and to the
appearance the quantum oscillations in magnetization and in DMA of the monocrystal
HCT:Ag+. Quadratic dependence of the oscillation period on the magnetic field, concentration
and effective mass of the collectivized charge carriers on the surface were determined.
[1] Veynger A. et al., Phys. and Tech. Semicond, 32, 557 (1998).
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Joint influence of steered vacuum arc and negative repetitively
pulsed bias on titanium nanoparticle assembling
Alexey E. Shevelev, Alexander I. Ryabchikov, Peter S. Ananin, Sergey V. Dektyarev, Denis O. Sivin
National Research Tomsk Polytechnic University, Tomsk, Russia

The paper presents the results of experimental study of titanium macroparticles accumulation
on a negatively biased substrate immersed in DC vacuum arc plasma generated by evaporator
with axial magnetic field and steered arc evaporator. It was shown that using of steered arc
with a tangential magnetic field strength 200 Gs reduces the generation of macroparticles 5fold compared to a plasma source with axial magnetic field. Application of repetitively pulsed
negative bias significantly decreases macroparticle assembling on a substrate surface for both
evaporator designs. After 20 minutes of ion-plasma treatment with negatively pulsed bias (–2
kV, 7 μs, 105 p.p.s.) and steered arc, the observed macroparticle surface density appears 2
orders of magnitude smaller than after vacuum arc plasma deposition at anode potential with
evaporator with axial magnetic field. The possibility of high–frequency short–pulse plasma
immersion ion implantation by implementing DC vacuum arc plasma is discussed.
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Implantation in copper based high entropy alloys
André Ruza1, Marta Dias1, A. Galatanu2, M. Galatanu2, Norberto Catarino, Eduardo Alves
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The electric power generated in a nuclear fusion reactor depends on the efficiency of the heat
collection through the first wall components. Tungsten has been chosen as the plasma facing
material, due to its high melting point, high sputtering threshold and low tritium inventory [1].
The weakness of tungsten is its high ductile-brittle transition temperature [1], meaning that
elevated temperatures are favorable not only for a higher thermal efficiency but also for the
greater performance of the tungsten. In order to dissipate the radiated heat on the first wall,
the choice is carried out by the CuCrZr alloy due to its high conductivity and strength. The
downside of this alloy is its low service temperature relative to the required temperatures for
tungsten [2].
High Entropy Alloys demonstrates interesting properties such as high hardness, high thermal
stability, and low thermal diffusivity for certain compositions that form homogenous materials
and simple structures. In this work, high entropy alloys were prepared with the composition
CuxCrFeTiV (x=5; 10; 20 at.%) by spark plasma sintering during 5 minutes at 905ºC with a
pressure of 65 MPa. To simulate radiation damage, the equiatomic sample (Cu20CrFeTiV) was
implanted with Ar+ ion beam at room temperature, a fluence of 3×1019 at/m2 and energy of
300 keV. The samples were studied by scanning electron microscopy coupled with energy
dispersive X-ray spectroscopy and X-ray diffraction. Results shows that the samples are very
heterogenous microstructures and multiphasic with BCC and FCC structures. After Ar+
implantation the samples revealed erosion throughout the sample mainly in Cr and V rich
regions, and the XRD pattern revealed amorphization of the surface.
[1] Zhang X.Yan Q.Lang S.Xia M.Liu X.Ge C.J.Nucl. Mater.,455,537–543,(2014).
[2] Stork D.Agostini P.Boutar J.L.Buckthorpe D.et al. J.Nucl.Mater.455,77–291, (2014).
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The perpendicular magnetic anisotropy (PMA) is the basis of the perpendicular magnetic
tunnel junction (pMTJ), a promising device for developing a new generation of magnetic
memories based on the spin-transfer-torque effect (STT-MRAM) [1].
In a typical pMTJ, the PMA can be provided by the interface between the FeCoB and MgO
layers. As a strategy to increase the free-layer volume, and thus the thermal stability of the
recorded state, while maintaining the PMA, two FeCoB/MgO interfaces are used instead of
one, usually separated by a thin metal spacer layer, such as W [2].
Besides improving the thermal stability, efforts are focused on improving power consumption
and switching speed of pMTJ, something which can be achieved by misaligning the
magnetization between the fixed and free layers. For instance, a free layer with an intrinsic
easy-cone state would provide the initial misalignment for the STT switching, without having
to rely on thermal fluctuations or external fields which would be detrimental for the device
performance. Such an easy cone stems from periodic fluctuations of the PMA field [3] and is
observed within a narrow range of thicknesses separating the transition from out-of-plane to
in-plane magnetization orientation [4].
Our study shows that post-deposition corrections to the magnetic anisotropy can be attained
through the modification of the FeCoB/MgO interfaces in MgO/FeCoB/X/FeCoB/MgO (X =
W or Ta) free-layer stacks by means of ion implantation. We propose that different Ar ion
flunces may be used to intentionally influence the PMA in order to effectively manipulate the
magnetic anisotropy and lead to a transition from easy-axis regime to the desired easy-cone.
[1] S. Ikeda et al., Nat. Mater., 9, 721 (2010)
[2] J. H. Kim et al., Sci. Rep., 5, 16903 (2015)
[3] B. Dieny, A. V. Vedyayev, Europhys. Lett., 25, 723 (1994)
[4] A. A. Timopheev et al., Sci. Rep., 6, 26877 (2016)
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lamellar crystals
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Molybdenum Oxide is a wide band gap semiconductor with orthorhombic crystal structure.
This phase has an anisotropic layered structure parallel to the (0 1 0) planes, that has been
gathering increasing attention for multiple applications such as solar cells, gas sensors and
lithium ion batteries.
The concentration of oxygen vacancies plays a very important role, since a change in the
oxygen stoichiometry will create intermediate states in the band gap, therefore changing the
electrical and optical properties of the material. The formation of oxygen defects has been
studied primarily through annealing treatments in reducing atmosphere.
This work focuses on the formation of vacancies in MoO3 lamellar crystals by ion
implantation with different fluences of oxygen. Subsequently, ex-situ electrical
characterization and structural characterization using X-ray diffraction were performed.
Experimental results from X-ray diffraction and electrical (I-V curves) measurements show a
lattice expansion in [0 1 0] direction, accompanied by an increase in the conductivity. In order
to evaluate the material's response to a 2 MeV proton beam exposure, preliminary in-situ
electrical characterization was performed and will also be reported here.
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Low-energy immersion ion-plasma nitriding in the plasma of nonself-sustained arc discharge with hot filament and hollow cathodes
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This paper presents the results of low-energy immersion ion-plasma nitriding of AISI 5140
steel. The plasma generation was realized by means of plasma source based on non-selfsustained arc discharge with hot filament and hollow cathodes [1, 2]. Immediately before
nitriding, the surface of each specimen was cleaned and activated by bombardment with
accelerated argon ions generated by the plasma source at a negative substrate potential of 700
V. During the bombardment, the specimen surface was heated to 600 °C. Ion-plasma nitriding
was carried out in technically pure nitrogen at the following parameters: negative bias voltage
Ub = 280 V, duty factor γ = 85%, gas pressure pN2 = 0.5 Pa, arc current Ip = 130 A. The
distance between specimen and outlet aperture of plasma source was about 200 mm. The
duration of ion-plasma nitriding was 45 min and specimen temperature T = 600 °C.
The results of hardness research showed that the hardness of steel surface was increased by 3
times compared with that in an initial state. The depth of nitrided layer based on the
distributions on the specimen depth is about 300 μm. The hardness distribution has an
exponential falling-down character. It was established by the elemental composition analysis
that the maximal concentration of nitrogen is 9 at.% in surface layer with thickness of 25 nm.
The increase of penetration depth leads to non-linear decrease of the nitrogen concentration
up to the depth of nitride layer. It was revealed that low-energy immersion ion-plasma
nitriding in the plasma of non-self-sustained arc discharge with hot filament and hollow
cathodes is a perspective for hardening of extended surface layer of tool and structural steels.
[1] Vintizenko L.G., Grigoriev S.V., Koval N.N., Tolkachev V.S., Lopatin I.V., Schanin P.M., Russian
Physics Journal, 44, 9, 927-934 (2001).
[2] Lopatin I.V., Akhmadeev Yu.H., Koval N.N., Review of Scientific Instruments, 86, 103301 (2015).
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Nanostructuring of semiconductor surfaces with sputter-threshold
energy Ar+ ion irradiation
Debasree Chowdhury and Debabrata Ghose
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Now-a-days, ordered patterns in the nm range on semiconductor surfaces possess immense
technological applications [1]. To fabricate nanopatterns in large scale within short time, ion
irradiation on solid is well-known, but, the formation process is still not completely clear.
Linear BH model, which is most widely accepted among other existing continuum models so
far, explains ion beam induced nanopatterning as a complex interplay between curvature
dependent ion erosion and diffusion-based surface relaxation [2]. But recently, Madi et al. [3]
showed that mass redistribution of near-surface adatoms dominates rather than curvature
dependent ion erosion. Here, we investigate Si, Ge and GaAs surfaces irradiated by 30 eV Ar+
ions because at such low energy, sputter-erosion is negligible and the adatom yield is
significantly high. So, this study helps to get a deeper insight of the involved mechanism.
Irradiated Si surfaces show parallel and perpendicular ripples within angular region 55-70°
and at 85° respectively at room temperature. On the other hand, Ge and GaAs surfaces
respectively show checkerboard patterns and ripples at normal incidence and at elevated
temperatures [4, 5]. Pattern formation by such ultra-low energy ion irradiations indicates the
dominant role of adatoms and vacancies rather than the sputter-erosion. The interface
morphology at high temperature also follows the dynamics of diffusion-bias induced growth
process.
[1] Chan W. L. et al., J. Appl. Phys., 101, 121301 (2007).
[2] Bradley R. M. et al., J. Vac. Sci. Technol. A, 6, 2390–5 (1988).
[3] Madi C. S. et al., Phys. Rev. Lett., 106, 066101 (2011).
[4] Chowdhury D. et al,Vac., 107, 23-27 (2014).
[5] Chowdhury D. et al., Phys. Stat. Sol. B, 252, 811–815 (2015).
[6] Ehrlich G. et al., J. Chem. Phys., 44, 1039-1049 (1969).
[4] Schwoebel R. L. et al., J. Appl. Phys. 37, 3682-3686 (1966).
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As compared to the conventional ion-cut technology based on single H-ion implantation, coimplantation of He and H ions has been demonstrated to be effective in reducing the
implantation fluence and the thermal budget needed for the Si layer transfer process.
However, the co-implantation method involves complicated process parameters such as ion
energy and implantation sequence that should be investigated to clarify the synergistic effects
caused by co-implanted ions. Therefore this study is to investigate the dependence of He-ion
energy on the blistering characteristics in H/He and He/H co-implanted Si.
N-type (100) Si wafers were sequentially implanted with H and He ions, and vice versa in
implantation sequence. The accelerated energy of H ions was fixed at 40 keV, while that of He
ions was varied in 30, 50, and 70 keV. Both the implantation fluences of H and He ions were
11016 ions/cm2. The as-implanted specimens were annealed by non-isothermal and
isothermal methods to determine the threshold temperatures for blister and crater formation
and to examine the thermal evolution of blistering and exfoliation. The results revealed that
the threshold temperatures for blister and crater formation are highly correlative to the He-ion
energy and the implantation sequence. Higher He-ion energy is preferable to blistering for the
specimens first implanted with He ions, but the opposite is true for the reverse sequence. This
statement is supported by the mean size and covered-area fraction of blisters and craters and
the activation energy levels needed for blister and crater formation obtained from kinetics
analysis. The SIMS-measured depth profiles also evidenced that the hydrogen diffusion can
be enhanced by the interaction of implantation-induced vacancies and recoiled Si atoms. In
addition, the Raman spectra indicated a noticeable transformation of hydrogen-related defect
complexes from VH3 to Si(100)-H bonding configuration due to the blistering emergence.
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Electronic structure of nanoscale structures are created
on the basis of silicon
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This work is devoted to the evaluation of critical dimensions nanofilms and nanocrystals
BaSi2/Si and CoSi2/Si(111), at which there is a noticeable change in their electronic
properties. Ion implantation, thermal and laser annealing, as well as to study the composition
and structure of the samples was carried out on the same experimental device in an ultrahigh
vacuum (P = 10-7 Pa). Implanted Co+ and Ba+ ions in the energy range E0 = 0.5-5 keV at dose
D = 1014-1017 cm-2. In this work, based on analysis SEM pictures and Auger electron spectra,
we have tried to build a model of the surface of Si, implanted barium ions with different
energies and doses.
Cluster phases had a shape close to a circle with a diameter d = 10-15 nm, the distance
between them is ~ 30-35 nm. Increasing the dose to D = 2 × 1015 cm-2 leads to compaction of
the atoms (molecules) in the cluster phases and increasing their sizes in the surface 1.5-2. This
near surface completely amorphing. With increasing doses, along with a slight increase in the
size of the phase, occurs the appearance of new phases. Already at D = 1016 cm-2, there is
overlap of the individual phases of cluster boundaries. At D = 4 × 1016 cm-2 occurs equally
throughout the surface alloying and enriching the surface of Ba atoms. Further increase in the
dose does not lead to a noticeable change in the surface composition.
Particular attention is given to research of the electronic properties of nanostructured CoSi2/Si
phases, since their lattice parameters are close to each other.
Collaborative analysis SEM and HEED images suggested that nanocrystals of metal silicide
BaSi2, CoSi2 and their film crystallizes in a cubic lattice. Thus nanocrystals have a cylindrical
shape (surface - a circle).
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Group-III-nitride semiconductors have been investigated intensively in the last two decades as
a material for (opto-) electronic devices due to their wide and direct band gap. Moreover
GaN-based nanowires (NWs) are attracting research interest as material for efficient light
emitters and sensors. Incorporation of rare earth ions into GaN, namely Praseodymium (Pr),
promotes emission in the red spectral region [1,2]. Doping GaN NWs during growth can alter
the structural and morphological properties of the NWs, thus ion implantation is an attractive
technique for doping. However, the formation mechanisms of correlated damage need to be
studied.
GaN NWs were grown by molecular beam epitaxy and GaN thin films grown by metal
organic chemical vapour deposition served as comparison. Ion implantation was carried out
with 150 keV Pr ions to fluences ranging from 1x1013 to 3x1015 at.cm-2.
X-ray diffraction 2 scans reveal the deformation induced by implantation defects. GaN
thin films show a strong expansion of the c-lattice parameter as previously observed for ion
implanted GaN. In comparison, strain introduced into GaN NWs is much lower suggesting
efficient strain relaxation mechanisms in these nanostructures. Thermal annealing efficiently
removes the residual strain and optically activates the Pr3+ ions. Room temperature
cathodoluminescence (CL) spectra of the NWs show strong near band edge (NBE) emission
while MOCVD layers are dominated by an intense yellow band. This native luminescence is
quenched with increasing ion fluence and at the same time CL reveals intense red emission at
651 nm from the 3P03F2 intra-ionic transition. For the lowest fluence, it was noted that a
small quenching of the defect band occurs with increasing electron irradiation time
accompanied by an increase of Pr3+ emission peak. This effect is more pronounced in NWs
than in thin films but it becomes negligible for higher implantation fluences suggesting that
defect complexes become more stable.
[1] K. Lorenz et al. Acta Materialia 61 (2013) 3278
[2] J. Rodrigues et al. RSC Adv., 4 (2014) 62869
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Pyrolytic graphite surface structural transformations after treatment by nitrogen and argon
plasma on air were studied by means of a Quanta 2002D scanning electron microscope with
thermal emission. Plasma device generated a cold atmospheric plasma flame with 1 cm
diameter in the flow of various plasma forming gases including nitrogen and argon at average
discharge current of about 100 mA. Circular form craters with a diameter of 1 to 10 μm were
found out on the pyrolytic graphite surface after irradiation by nitrogen plasma in which there
were particles of irregular shape ranging in size from 10 to 100 nanometers. After irradiation
by argon plasma ellipsoid carbon particles were formed on the bottom of craters.
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Intense pulsed ion beam (IPIB) is regarded as a material surface treatment technology due to
its energy compression in temporal and spatial scales. Material surface properties will be
modified due to the change of microstructure such as grain size and phase distribution which
resulted from IPIB irradiation. Therefore, analyzing the influence of grain size to the surface
modification is obviously beneficial to understand the microstructure changing process of
material under IPIB irradiation. In this purpose, we prepared two kinds nickel alloy samples
with different grain sizes using additive manufacturing and traditional pouring respectively.
The results showed that the surface grain of the traditional pouring sample would refined.
With the increase of energy density, the depth of grain refinement layer would also increase.
Comparing the surface morphology of these two kind samples, it was found that the size and
density of craters is directly affected by the grain size of substrate.
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Chemical etching of the polymer films irradiated with heavy ions leads to the formation of
ion-track membranes with nanoscale pores in conical shapes. After depositing platinum onto
those pores as the electrode layer, we successfully prepared metallic nanocones by
electroplating [1]. However if the pores have a high aspect ratio, the electrode layer cannot
cover all the area of pores and therefore nanocones cannot be prepared. To overcome this
problem, we carbonized the near-surface region of polymers by the ion implantation method
[2], because a carbonized polymer is conductive and expected to work as the electrode layer.
In this study, we prepared the conductive layer on polyimide (PI) ion-track membrane by the
Ar ion implantation.
Three stacked PI films (Kapton, thickness: 12, 25, 25 µm) were irradiated by 560 MeV Xe
ions with the fluence of 3×107 ions/cm2. The PI ion track membranes with conical pores were
then prepared by etching in the aqueous sodium hypochlorite solution at 60°C. The PI iontrack membranes were implanted by 100 keV Ar ions with the fluence of 7.6×1016 ions/cm2.
The surface and cross-section of the samples were observed by scanning electron microscopy
(SEM). The SEM images indicated that the conical pores had 960 nm in the base diameter and
13 µm in the depth, and the same shapes of the pores could be seen after the ion implantation.
The surface resistivity of the samples was measured by the four point probe method. As the
fluence of Ar ions increases, the surface resistivity of the carbonized layer decreases, reaching
the lowest value of 1.1 MΩ/cm2 at 7.6×1016 ions/cm2. In conclusion, the Ar ion implantation
of PI ion-track membranes prepared the conductive layer on the surface of deep inside the
pores.
[1] Koshikawa H., Sato Y., Yamamoto Y. et al., 26th annual meeting of MRS-Japan, D3-P21-016
(2016).
[2] Terai T., Kobayashi T., Nucl. Instrum. Meth. Phys. Res. B, 166-167, 627 (2000).
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The stability of chemical bonds at the molecule-metal interface is fundamental for majority of
applications based on organic materials, unfortunately at the same time it remains extremely
difficult to be accessed by experimental and theoretical methods.
Detail analysis of static SIMS (S-SIMS) data obtained in this study for homologous series of
20 different Self-Assembled Monolayers (SAMs) reveals very systematic changes in the
energetics of the molecule-metal interface induced by the substitution of the molecule binding
atom (S→Se) and, independently, the metal substrate (Au→Ag). Surprisingly, despite using
high energy projectiles (30 keV Bi+ ion beam) for probing structure of thin organic films, our
results show that ion beam induced emission of a given molecular fragment is correlated with
the stability of the respective chemical bond which has to be terminated to allow for this
particular emission. Such correlation leads to unique observation of positional oscillations in
the stability of consecutive chemical bonds in the vicinity of the molecule-metal interface and
its dependence on the type of substrate and molecule binding atom. Importantly, this
information, has not been obtained so far by any other technique.
Thus, present experimental results [1, 2, 3] conducted for a very broad and systematically
modified group of SAMs not only reveal very general mechanisms of the molecule-metal
interface stability but also constitute S-SIMS as a new and very unique tool for such analysis
providing a consistent approach towards purposeful design of SAMs.
[1] Ossowski et al., Angewandte Chemie – International Edition, 54, 1336-1340 (2015).
[2] Ossowski et al., ACS Nano, 9, 4508-4526 (2015).
[3] Ossowski et al., Journal of Physical Chemistry C, 121, 459-470 (2017).
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Very high fluence implantation of nitrogen ions is a well-known and effective solution for
enhancing the lifetime and improving the performance of metallic tools. Rutherford
Backscattering Spectrometry (RBS) is an analytical technique often applied to study the
nitrogen retained fluence and its depth distribution in the metallic substrate [1].
Since backscattered yields from implanted nitrogen ions can hardly be observed because they
are hidden by the yields of metals with a heavy mass (RBS sensitivity is proportional to the
square of the atomic number), the deficiency method is applied, i.e., the nitrogen depth profile
is extracted from the reduction of the backscattered yields from host metal atoms. When the
concentration is above stoichiometry, nitrogen bubbles are formed beneath the surface, but
RBS spectra are fitted considering a homogeneous nitrogen distribution [1].
Very recently, Mayer and Silva [2] showed that identical mean atomic concentrations but
different lateral arrangement of materials may yield different shapes for the backscattered
spectra thus giving erroneous information about elemental content and depth distribution. In
order to test this effect on implanted targets, nitrogen-14 was implanted (E=20 keV, fluence =
1018 at/cm2) on thin Ti and Zr films (350 nm thick) sputtered on Be foils, thus giving a clear
nitrogen signal in the RBS spectra. Thin (60 nm thick) TiN and ZrN films were also sputtered
on Be foils. RBS analysis performed on these targets shows that for the implanted targets it is
not possible to fit simultaneously the nitrogen and the metallic backscattered signals if we
consider a homogeneous nitrogen distribution. It means that the deficiency method gives
inaccurate results, which can be related with the presence of nitrogen bubbles.
[1] Fujihana T., Okabe Y., Takahashi K., Iwaki M., Nucl. Instr. and Meth. B 144 669-672 (1990).
[2] Mayer M., Silva T.F., Nucl. Instr. and Meth. B (2017) in press.
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The uniformity of electrical properties of asymmetric track-etched
single nanopores
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Single asymmetric channels of nanopores, i.e. these in track membranes, have been widely
used in sensor technology, nanofluidics and information processing. It is known that the ion
transport asymmetry is directly related to the geometrical asymmetry of pores. The fabrication
of pores with identical shape and size is a prerequisite of uniformity of the membranes with
regard to their electrical properties. In this work the reproducibility of the electrical
characteristics of asymmetric bullet-like single nanopores prepared in two types of Hostaphan
polyester foils (RN and RNK) was studied. The RN samples were irradiated with Au ions at
the UNILAC accelerator (GSI, Darmstadt). The RNK samples were bombarded with Xe ions
at the IC-100 cyclotron (FLNR, Dubna). The Au and Xe ion beam energies were 11.4 and 1.2
MeV/u, respectively. Single-ion tracks in samples were obtained by using a set of small
diaphragms placed in front of the irradiated foil. The ion-irradiated samples were subjected to
ultraviolet radiation and then chemical etching in sodium hydroxide solution. The desired
asymmetric shape of pores was obtained by adding an anionic surfactant to the etchant. The
procedure for manufacturing single nanometer-sized pores was described in detail in [1]. The
registration of the current-voltage characteristics of single pores in KCl solutions allowed us
to conclude that the investigated nanoscale objects exhibit high ion current rectification (ICR).
Nanopore parameters such as effective pore diameter and rectification ratio have been
calculated from the electrical conductance. It was found that individual single nanopores
differ from one another in both effective diameter and ICR ratio. These differences result from
variations in the tip size and the shape of nanopores. The correlation between the morphology
and electrical behavior of nanopores is discussed.
[1] Olejniczak K., Orelovich O.L., Apel P.Y., Nucl. Instr. Meth. Phys. Res. B, 365, 646-650 (2015).
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We utilise a new technology band edge modification (BEM) of rare earth (RE) optical
transitions in silicon. BEM refutes previous asumptions on the interaction of REs with
semiconductors and other hosts [1]. This approach opens up a route to efficient, fully-siliconbased, optoelectronic devices across the near and mid-IR. Intrinsic RE transitions are internal
to the RE and do not contribute directly to carrier conduction in the bands of the host.
Consequently, this makes them of limited use for optical detectors. The band edge modified
RE levels exampled here interact directly with the silicon bands and so offer the possibility of
extrinsic photovoltaic or photoconductive detectors.
Silicon detectors and cameras currently completely dominate the UV, visible and very near-IR
regions - however they do not work beyond 1.2 microns. We have used ion implantation to
introduce Eu, Yb and Ce into silicon photodiodes; also produced by ion implantation. We
show that, remarkably, silicon photodetector responsivity can be extended from 1.2 microns,
at the silicon band gap, out to the mid-IR region. Experimentally the responsivites and
detectivities of these devices now offer a real challenge to existing detector materials and
devices in the 2 to 6 microns range currently dominated by more exotic and expensive
materials such as mercury cadmium telluride and indium antimonide. Replacing these
materials with silicon based detectors would offer enormous benefits in cost, reliability,
performance and integration with the silicon microelectronics for detection and imaging, as
well as using much less toxic materials and production processes. Low leakage currents
achievable in silicon based photodiodes mean that the further development of this new silicon
based technology could lead to thermoelectrically cooled or even room temperature detectors.
[1] Lourenço, M. A. et al, Adv. Funct. Mater., 26, 1986-1994 (2016).
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A High Power Pulsed Sputtering (HPPS) magnetron discharge is the method of generating
ionized metallic plasma by applying negative voltage pulses with high power, low duty ratio
and low repetition rate to the sputter target. The metallic plasma consists of the metallic ions
sputtered from a sputter target and the noble gas ions generated by ionization sputtering gases.
We consider the HPPS magnetron discharge metallic plasma is suitable for Plasma Based Ion
Implantation (PBII), because the metallic plasma diffuses in the vacuum chamber at the low
pressure less than 1 Pa.
We tried aluminum ion implantation in the metallic plasma generated from aluminum sputter
target in ambient argon gas of 0.7 Pa. A T-type substrate holder was set up at the distance of
80 mm from the 2 inch magnetron sputter source. The sample holder consisted of a top plate
(w20 x h115 x t4) and a body plate (w30 x h 80 x t5). The top plate faced to the sputter target.
It was visually confirmed that the body plate was out of the sputter target's line. The silicon
substrates were placed on the top plate and the body plate. A HPPS power source was
connected to the magnetron sputter source with an aluminum target. To the substrate holder, a
negative high-voltage source was connected.
We applied the HPPS voltage pulses with the pulse duration of 0.02 ms, the amplitude of -700
V and the repetition rate of 1 kHz to the sputter target. The target current linearly increased
with time and reached 14 A. After 0.04 ms from turn-off of the HPPS voltage, we applied the
negative high voltage with the pulse duration of 0.005 ms and the amplitude of -1 kV to the
substrate holder. The holder current reached 4 A at the turn-on time and 2 A at the turn-off
time. Aluminum constituents were detected from the substrates on not only the top plate but
also the body plate. This fact indicated that the aluminum ion implantation and deposition
process rather than the sputter etching by argon ions was dominant.
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Halogen containing diamond-like carbon (DLC) films combine a hydrophobic surface with
corrosion protection and a low friction coefficient. The use of iodine is of interest because of
its influence on the band gap and hence on the optical properties of the film. So far, solid
iodine was used for this purpose [1,2].
In a plasma process such as plasma source ion implantation (PSII) a different approach is
feasible. Iodine and fluorine containing DLC films can be prepared with a mixture of
trifluoroiodomethane (TFIM) and acetylene as plasma gas. Films with a thickness up to 240
nm were prepared using the following experimental conditions: acetylene flow of 6 sccm,
TFIM flow of 1-2 sccm, pressure of 1 Pa and use of a pulsed high voltage (-14 kV, 100 Hz
pulse repetition rate, 100 µs pulse length) for the plasma generation. Sample properties like
fluorine and iodine content with film depth, atomic bonding, hardness and surface roughness
were determined. The contact angle of a drop of distilled water on the surface was measured.
Further properties, e.g. the friction coefficient and the corrosion protection, were evaluated as
well and compared to the performance of pure DLC films.
The influence of the preparation conditions on the film properties was determined. Results are
compared with earlier ones of films that were prepared with a higher voltage (-16 kV).
[1] Omer A.M.M., Adhikari S., Adhikary S. et al., Diamond, 13, 2136-2139 (2004).
[2] Umeno M., Noda M., Uchida H. et al., Diamond, 17, 684-687 (2008).
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We report on our study of the effect of swift heavy ion (SHI) irradiation of an MgO single
crystal substrate implanted with 50 keV 57Fe ions to a fluence of 1.0  1016 cm-2 (4 at. %).
Conversion electron Mössbauer spectroscopy (CEMS) measurements were conducted on the
as-implanted sample and after annealing the sample up to 1000 K.
The CEM spectrum of the as-implanted sample was dominated by two quadrupole split
doublets with large isomer shifts and line broadening characteristic of Fe2+ located in a region
with extended lattice damage. Annealing above 700 K resulted in strong healing of the lattice
damage. The spectrum after annealing at 1000 K consisted of two doublets D1 and D2,
whose respective isomer shift and quadrupole splittings of 1 = 0.34 mm/s, EQ1 = 0.69 mm/s,
and 2 = 0.30 mm/s, EQ2 = 1.1(1) mm/s, indicate the formation of Fe3+ nanoclusters with
bimodal size distribution, as observed previously [1]. The area fractions of D1 and D2 were
30% and 70%, respectively.
The CEMS measurements were repeated after irradiating the sample with 1.0 ∙ 1015/cm2 18
MeV 86Kr13+ ions, followed by annealing in air at 1000 K. The spectrum displayed an increase
in the population of component D1 to 66% (with a corresponding decrease in D2), indicating
a strong morphological change of the embedded Fe clusters due to the SHI process.
Formation of the Fe nanoclusters was confirmed from isothermal magnetization
measurements on the annealed sample which manifested a superparamagnetic behaviour
satisfying the Langevan function over the temperature range 2K < T < 20K .
[1] C. J. McHargue et al., Nucl. Instrum. Meth. B 218 (2004) 227
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The named ion beam gem-technology (IBGT) is a novel ion beam technology, competitive to
traditional heat treatment of gemstones, applied to gemological modification and analysis of
gemstones. The technology has recently emerged internationally and rigorously developed in
Thailand where the gemstone and jewelry industry plays an important role in the national
economic development. Gemstone is a kind of special solid crystal materials requiring
particularly high quality optical appearance to add the value on the stones. Energetic ion
bombardment of gemstones can alter the atomic and electronic structures of the crystals and
hence modify and improve the optical properties involved. Ion beam can also analyze
gemstones to provide information of the target such as elemental composition, concentration
and distribution and even crystalline structure. Chiang Mai University, Thailand has been
developed as a center of the Thai IBGT equipped with various ion accelerators/implanters. In
ion implantation treatment of gemstone for gemological modification, we normally used
nitrogen or oxygen ion beams at energy of 20 to 120 keV to fluences in a range of 1017 to 1019
ions/cm2. In ion beam analysis of gemstone, the techniques involved Rutherford
backscattering spectrometry (RBS), non-Rutherford backscattering spectrometry or elastic
backscattering (EBS), particle-induced X-ray emission (PIXE), and ionoluminescence (IL).
After ion implantation treatments, the gemological properties and thus qualities of gemstones
were found improved, such as changes in colors and tones, enhancements in transmittance,
glittering and brilliance, homogenization of color distribution, and removal of inclusions and
flaws. Ion beam analysis of the gemstones classified origins of the stones, detected impurities
in the gems and characterized samples. IBGT has advantages over conventional heat
treatments, such as fast treatment, low temperature, and localized modification.
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We present our investigations of the surface stability of Fe, Pd and (Fe,Pd) thin films grown
on Si subtrates in three states; as-grown state, upon a fast annealing and after irradiation by
1 MeV Ar+ or Kr+ ions.
The films with the thickness in the range of 10-50 nm have been prepared by a thermal
evaporation method. The layer structure and composition of the films in the as grown state
and after irradiation with 1MeV Ar+ and Kr+ ions were characterized by a combined analysis
of the X-ray Reflectometry (XRR) and Rutherford back-scattering (RBS). For the RBS data
evaluation, a program SIMNRA has been use. Atomic Force Microscope (AFM) and highresolution Scanning Electron Microscope (HSEM) have been used to study the surface
topology of the films.
A good agreement was obtained between XRR and RBS. For Fe/SiO2/Si film, a thin FeOx
layer was present on the film surface in the as-grown state indicating that the film surface was
oxidized. For the Pd/SiO2/Si, no surface oxidation was revealed. The rapid annealing at 600°C
for 90s has induced changes in the surface morphology. The microstructure studied by AFM
and HSEM revealed a granular film with a grain size of 30-50 nm (for the Fe/SiO2/Si) and
150-300nm (for the Pd/SiO2/Si). Irradiation by 1 MeV Kr+ or Ar+ ion beam implied a strong
Fe-Si and Pd-Si mixing leading to a formation of the interfacial layers revealed by a large
non-zero background between the Fe/Pd peak and the Si edge in the RBS spectra.
Aknowledgement
The authors express their thanks to prof. Marta Wolny-Marszałek and her group for film preparations
with required thickness suitable for our Ion Beam Modification experiments.

136

ABS #064

P-25
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The realization of light emission in silicon has potential applications, including the 1.5
microns region for optical communications. The 2 microns region is also of considerable
interest because of medical applications, and also gas sensing and free space optics. 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. Here we report and compare the luminescence in the near-IR of a wide range of
REs (Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm and Yb) doped silicon light emitting
devices. The REs are introduced using ion implantation into standard n-type silicon wafers
pre-implanted with boron to form both the p-n junction and an engineered dislocation loop
array. The dislocation engineering approach [1], based on the controlled introduction of
dislocation loops into the silicon lattice, has been shown to reduce or suppress the thermal
quenching.
We observed sharp emissions, corresponding to REs internal transitions, in samples doped
with Dy, Ho, Er and Tm. A dominant broad spectrum, not characteristic of a RE internal
transition, was observed in Nd, Gd, and Tb doped samples, probably due to heavy ion
implantation related defects and/or RE-boron complexes. The REs Eu, Yb and Ce have their
lowest energy internal transitions above the silicon bandgap and therefore emission due to
these REs should not occur in silicon. Remarkably, emission due to Eu, Yb and Ce states is
observed but dramatically red-shifted. This is attributed to charge transfer of carriers in silicon
to the RE manifolds. This assumption is corroborated by crystal field analysis [2], which
shows that the observed emission lines originate from the implanted REs.
[1] Ng W. L et al, Nature, 410, 192-194 (2001).
[2] Lourenco, M. A. et al, Adv. Funct. Mater., 26, 1986-1994 (2016).
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Rare earth doping of III-nitride semiconductors has been investigated due to its suitable
properties for optoelectronic applications. Ion implantation is a powerful modification
technique that enables control of dopant profile without the restriction of solubility limit. The
process, however, generates structural defects which are detrimental for the optical activity of
the implanted ions. In this context, the impact of implantation parameters on the damage
accumulation is studied, namely the study of the effect of the implantation temperature on the
structural properties of the AlGaN.
In the present work, the AlxGa1-xN (x=0.20, 0.50, 0.63) films grown on (0001) sapphire
substrates by metal organic chemical vapor phase deposition were implanted with Tb ions at
150 keV and a fluence of 7x1014 Tb.cm-2. The implantation was carried out with the beam
aligned with the c-axis and the implantation temperature varying from RT to 550 ºC. The
effect of rapid thermal annealing at 1200 ºC during 120 s is also investigated. Rutherford
backscattering spectrometry/channeling measurements show that two damage regions are
forming and the damage is not decreasing monotonically with the increase of temperature.
While the bulk damage shows the same trend for all AlGaN compositions, the surface damage
reveals distinct behavior. The strain evolution with depth derived from symmetric (0002) 2θω X-ray diffraction scans follows the same trend as the defect accumulation obtained from
RBS/C which is also preserved after thermal annealing. Transmission electron microscopy
results of selected samples showed the suppression of basal stacking faults after implantation
at 550 ºC, while a large density of basal stacking faults is observed with the implantation at
100 ºC. However, the increase of defect diffusion at high temperature results in the higher
extension of the profile of defect clusters with displacements along the c-axis.
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A facile approach for the mask-less production of pattern on graphene oxide foil was tested
under impact of a stream of alpha particles with energy of 5 MeV delivered by Ion Micro
Beam system at Nuclear Physics Institute in Rez (Czech Republic).
Different beam fluencie were applied to obtain sharp edge profiles with little damage of the
graphene oxide matrix. The control of designed pattern was performed by a software written
in Lab View and implemented in our laboratory.
The changing of both morphological and compositional changing investigated by Rutherford
Backscattering Spectrometry and Scanning electron microscopy analyses are reported.
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Recently, great efforts have been devoted to the study of modification of the internal surface
of metal tubes due to their possible applications in high performance tubing’s for oil
companies, chemical and food industries, as well as for fuel pipes of fluids or corrosive gases.
Surface treatments can be performed in batch process mode for orthopedics and space related
components, as well. In this work, surface treatments have been carried out using hollow
cathode as the plasma source for better plasma confinement and higher density. Stainless steel
tubes with different diameters (11.0, 4.0 and 1.1 cm) were utilized as the hollow cathode with
one closed end in the plasma immersion ion implantation (PIII) of nitrogen. Samples of
stainless steel SS304, Ti-6Al-4V and silicon wafer (type p) were treated by nitrogen PIII
aiming at their better surface properties. They were also used as monitors for tube internal
wall treatments. The hardness of the samples was measured using the quasi-continuous
stiffness measurement (QCSM). The formation of expanded austenite, -Fe2-3N and CrN was
observed for SS304 samples and for Ti-6Al-4V samples, the formation of TiN, Ti2N and VO
was observed. Hardness increased from 4 GPa (bulk) to 16 GPa for treatments performed in
SS304 tube (1.1 cm diameter). In Ti-6Al-4V samples, the hardness varied from 5.5 GPa
(bulk) to 9.5 GPa (in tube with 4 cm diameter). With respect to the bulk (214 GPa), in all the
treatments on SS304 samples, the elastic modulus reached a maximum value of 410 GPa,
resulting in a significant modification of the modulus. For Ti-6Al-4V samples the elastic
modulus decreased to 141 GPa, which is below the bulk value of 192 GPa. The plasma
density exhibited a tendency of being inversely proportional to the tube diameter, for a
determined applied power. PIII tests also showed an increase of the tube temperature, by
decreasing its diameter.
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Samples were subjected to pulsed ion beams impact on the ion pulsed accelerator. Irradiation
was carried out by beam pulses containing 70% of carbon ions and 30% of hydrogen ions.
The beam energy was 250 keV, the pulse duration was ~100 ns, and the current density in a
pulse was 150–200 A/cm2. The energy density on the sample surface under the impact of a
single pulse varied from 0.5 to 3.0 J/cm2.
The surface topography was checked by a Quanta 200 3D scanning electron microscope with
thermal emission and a Quanta 600 FEG with field emission.
Traces of the ion beam impact in the form of a topographical feature, mainly concentric, were
observed. Recesses of a crater form with more or less clear circular structure appear on the
surface with the increase in the energy density to 1 and 3 J/cm2.
The average size of craters at the energy density of 1 and 3 J/cm2 is ~20 ± 2 and 25 ± 2 μm,
the density of craters (on irradiated surface) has made the order of 5•104 sm-2. Features of
generated which structure (a drop phase, formation of crosspieces ) are formed testify to
course of processes of melting and fast crystallization. At an irradiation of VT6 by 1 pulse of
beam ( density of energy 1 J/cm2 ) on a surface of the sample forms microcraters with the
average diameter about 2-3 μm and depth 2-3 μm too.
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The properties of thin films materials are strongly dependent on the material micro/nanocrystalline structures and their thermal stability. A judicious combination of both ion
irradiation and thermal processing at suitable temperatures and environments are used to
control the degree of crystallization in Ruthenium and Hafnium silicates thin films. We
present two examples of fundamental and systematic studies correlating (a) the degree of
crystallization in Hafnium Silicates and carbon/hydrogen impurities defects trapping and (b)
Crystallization/Amorphisation of Ruthenium based thin films and their diffusion barrier
properties.
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Ion beam sputtering (IBS) is a widespread technique that can be used for the production of
nanopatterns in a large range of materials and scales [1]. Most of the experimental work in the
last years has been focused on monoelemental targets such as silicon, or some binary
semiconductors such as GaSb, InP, InAs, InSb. In spite of major progress over the field in the
last two decades, the most suitable energy-angle-fluence combination for each ion-target pair
still remains an open question. The formation of patterns in some binary materials, such as
GaN or ZnO, has been proven difficult to achieve despite the role of preferential sputtering.
Thus, the existing reports mainly refer to focused ion beams or laser ablation processes as it is
the case of ZnO [2,3]. Only recently, some works reported ripple formation on ZnO when
implanting with 10 keV O+ ions [4].
In this work we present the main results of IBS performed on ZnO bulk substrates. We
demonstrate that the bombardment of the surface with medium energy (20-150 keV) Ar+ ions
at oblique incidence (60º) does create ripple patterns, with an asymmetric shape.The
morphology of the surface (roughness and wavelength) is investigated by means of atomic
force microscopy and X-ray reflectivity, whereas the damage is evaluated by Rutherford
backscattering spectrometry in channeling mode and medium energy ion scattering.
Noticeable damage-induced changes on the near-band-edge photoluminescence spectra are
observed at cryogenic temperatures (14 K), in accordance with previous reports on ionimplanted ZnO [5]. For specific energies (20 and 40 keV) the evolution of both the damage
and the roughness with the fluence (1E16-2E18 cm-2) was analyzed by spectroscopic
ellipsometry.
[1]Muñoz-García etal.Toward Functional Nanomaterials,323(2009).
[2]Qian etal.J.Phys.D:Appl.Phys.42,105304(2009).
[3]Jia etal.Opt.Lett.35,8,1248(2010).
[4]Bhattacharjee etal.Appl.Surf.Sc.257,6775(2011).
[5]Monteiro etal.J.Appl.Phys.93,8995(2003).
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Pure Tungsten (W) will be used in plasma facing components in fusion devices due to its high
melting point, good thermal conductivity and low sputtering yield. However, its structural
applications as plasma facing component (PFC) are still restricted by its low fracture
toughness associated with the high ductile transition temperature for brittle. An attractive way
to solve this problem involves the development of W alloys with other refractory metals,
which always present low neutron activation. Titanium has been used as a sintering activator
because of its extreme corrosion resistance and high strength.
In the present study tungsten-titanium alloys (W-Ti) were produced by Ti implantation at
room temperature with a constant fluence of 2×1021 at/m² with an energy of 100 kV. In order
to gain a better understanding of the fundamental mechanisms which govern the behavior of
defect dynamics in tungsten under reactor conditions, W-Ti materials were implanted at room
temperature with 10 keV of He+ with a constant fluence of 5×1021 at/m² and 5 keV of D+
with fluencies 0.1×1021 - 5×1021 at/m² range. The materials were studied by scanning electron
microscopy (SEM) coupled with energy dispersive X-ray spectroscopy (EDS), X-ray
diffraction (XRD), Rutherford backscattering spectrometry (RBS) and nuclear reaction
analysis (NRA).
The microstructure observations revealed that after Ti implantation the W evidenced surface
damage, and a more severe effect is observed after D implantation. In addition blistering was
observed in W-Ti plates implanted with He. The NRA analysis shows that D retention in the
W-Ti alloys is higher after sequential He and D implantation than for single D implantation.
The diffractogram of W-Ti alloys implanted with He evidenced the presence of broadened W
peaks associated with the high volume fraction of the bubbles that may cause internal stress
field giving birth a considerable defects as self-interstitial-atoms and dislocations.
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Using Monte Carlo simulation, each event, interaction position, emission angle and energy
were determined by using a random sampling procedure after each collision. The variation of
the electronic energy loss with the incident heavy ions energy has been studied. Electronic
energy losses were evaluated. To complete this study, we compare our simulated data with
those obtained by other authors using theoretical methods.
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Complex metallic alloys, and especially quasicrystalline phases inherent in them, draw
significant attention owing to their extraordinary properties imposed by the structural
complexity. Along with the bulk alloys, interest is growing recently in thin films formed by
structurally complex phases.
We report on the synthesis of Al64Cu20Co16 complex metallic alloy thin films up to 1 μm in
width, prepared by magnetron sputtering deposition of alternating layers of Al-Cu-Al-Co on a
(100) silicon substrate and subsequent MeV ion beam irradiation at elevated temperatures up
to 600°C. Formation mechanisms were studied of both, the original fine sandwich-type
microstructure and as-annealed spheroidised microstructure consisting of grains of more
coexisting phases. Influence of deposition parameters (sputtering time, width and arrangement
of layers) as well as irradiation parameters (ion energy, fluence, temperature and time of
annealing), on microstructural features and selected properties of the resultant thin films was
investigated.
This work was supported by the European Regional Development Fund, Research and Development
Operational Programme, project No. ITMS: 2622022079, the Slovak Research and Development
Agency under contract No. APVV-15-0049, the Grant Agency VEGA under contract No. 1/0018/15,
and the Ministry of Education, Science, Research and Sport of the Slovak Republic under contract No.
003STU-2-3/2016.
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The 500 keV He+ ion irradiation with various fluencies was successfully used as an efficient
tool for modification of graphene oxide electrical and optical properties. The surface
chemistry and morphology of materials are essential factors influencing properties of
modified samples and ion irradiation is one of the promising methods for surface properties
enhancement. The elemental composition modification of the GO foils after He+ ion
irradiation was investigated using Rutherford Backscattering Spectrometry and Elastic Recoil
Detection Analysis. The chemical composition, structural changes and optical properties of
the GO foil surface were characterized by spectroscopy techniques including XPS, ATRFTIR, UV-Vis and Raman spectroscopy. Change of the electrical properties and surface
morphology were studied by using C-AFM and standard two points method for electrical
resistivity measurement. Although ion beam analysis indicate no significant change in the
bulk of GO foils after ion irradiation; the XPS, ATR-FTIR and Raman spectroscopy revealed
about the removing of oxygen functionalities and reduction on the surface of graphene oxide.
This reduction leads to the surface resistivity decrease after ion irradiation in dependence on
the ion fluence.
The research has been carried out at the CANAM (Center of Accelerators and Nuclear Analytical
Methods) infrastructure (LM2015056) and has been supported by the project GAC No. 16-05167S.
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Energy production from renewable sources and energy efficiency are two critical issues in
modern life, for which the development of new technologies is essential. A major problem in
energy conversion relies on the fact that the highest energy conversion efficiency of current
solar cells is located near its cut-off wavelength, corresponding to the semiconductor bandgap
energy. The photons with energies below the band gap are lost and the excess energy of those
above is wasted. However, these photons could be absorbed introducing suitable doping using
rare earth ions to promote the up- or down- conversion of the solar photons, increasing the
efficiency of the cells.
In our work, we have used sol-gel methods to grow different types of films, including
alternating low/high refractive index materials to produce Bragg mirror-like multilayer
structures. Both titania and alumino-silicate glass films with varying thicknesses were
deposited on silicon wafers. After deposition, the films were annealed at 1100 oC for 30 s to
remove residual volatile species. The films were then implanted with Er3+ and Yb3+ ions in
order to study the efficiency of the up-conversion process in these systems.
Ion beam analysis and XRD was used to study the structural properties of the implanted
samples and photoluminescence and Raman spectroscopies were performed to assess their
optical behaviour. The energy of the ions was selected to obtain the overlap of the profiles and
ratios of 1Er:5Yb and 1Er:10 Yb were selected. The up-conversion emission of Er3+ (green
and red) was excited at 980 nm via the Yb3+ ions using the “antenna effect”. The results will
be discussed and compared with in-situ doping.
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During operation of fusion devices, like the international thermonuclear experimental reactor
(ITER), the plasma strongly interacts with facing components (PFC) leading to the erosion of
the exposed surfaces, redeposition of impurities and eroded material, and trapping of fuel as
well as isotopic products (He-4) of the D-T reaction [1].
Tungsten (W) is the chosen material for the divertor in ITER and will trap impinging plasma
particles like He [1]. Other re-deposited impurities as oxygen (O) leading to the formation of
oxides are commonly observed in tokamaks [2]. To assess these processes, coatings with
morphologies and compositions resembling redeposited W can be exposed to He ions fluxes
in dedicated experiments, in order to predict the properties and life-time of the PFC.
In this work porous and nanostructured W-O coatings, produced by pulsed laser deposition
(PLD) and resembling redeposited W with different morphologies [3], were loaded by He
with multiple ion implantation stages making use of successive incident energies of 150 keV,
100 keV and 50 keV under a total fluence of 5 x 1017 ion/cm2 [4]. The microstructure and
composition of the as-deposited and as-implanted samples were investigated by means of
scanning electron microscopy (SEM), energy dispersive X-ray spectroscopy (EDS), X-raydiffraction (XRD), Rutherford (RBS) and elastic backscattering (EBS) and by time-of-flight
elastic recoil detection (TOF-ERDA). The results show that W nanostructure significantly
influences He retention. In fact a large amount of He is stored and released from irradiated
porous samples, compared with nanostructured ones. They will be compared with laser
induced breakdown spectroscopy (LIBS) measurements, proving the importance of laboratory
studies to validate physical processes taking place in fusion machines.
[1]
[2]
[3]
[4]

Kleyn A.W., Cardozo N.J.L., Samm U., Phys. Chem. Chem. Phys., 8, 1761-1774 (2006).
Maffini A., Uccello A., Dellasega D., Passoni M., Nucl. Fusion, 56, 086008 (2016).
Dellasega D., Merlo G., Conti C, Bottani C.E., Passoni M., J. Appl. Phys., 112, 084328 (2012).
Ziegler J.F., Ziegler M.D., Biersack J.P., Nucl. Instrum. Methods Phys. Res. B, 268, 1818-1823
(2010).
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Ion-beam-induced damage on silicon crystals has been observed and studied in the past years
as silicon is a basic material used for ionizing radiation detection technology and
microelectronics. The deteriorating effects of ion irradiation on crystalline structure or
beneficial effect of ion implantation is very interesting from the fundamental point of view
and from the application potential of Si modified by irradiation. A silicon-on-insulator
materials (SOI) were irradiated by ion fluencies 1×1014 and 1×1015 cm-2 of 3 and 5 MeV
4
He2+ and 7Li2+ ions during channelling ion energy losses measurement in silicon and
consequently we realized the detailed structural study of irradiated silicon layers in synergy
with the discussion of our previously obtained energy stopping data. The relative number of
disordered atoms in the surface irradiated layer and the sub-surface displacement atoms depth
profile were extracted from RBS spectra of the irradiated SOI. The discussion of the structural
changes in 4He2+ and 4Li2+ ion irradiated Si layers in connection to the previously found
differences of ion energy stopping powers and its explanation as consequent gradual structural
modification of crystalline layer was provided. MC simulations of 4He2+ and 7Li2+ ion beam
transferring silicon crystal were provided containing ion flux maps in the gradually modified
Si describing the penetration of the investigated ions through the modified crystalline Si layer.
The very sensitive method for the crystalline defect identification was successfully used the
photo-luminescent measurement. The photo-luminescent measurement show decrease of the
intensity for samples irradiated with fluence 1.0×1015 at cm-2. RBS-C measurement show as
that the ion irradiated samples do not exhibit significant increase of the disorder (less than
1%) after irradiation by 3 and 5 MeV 4He2+ and 7Li2+ ions at ion fluence of 1×1014 and less
than 2 % at ion irradiation fluence 1×1015 cm-2.
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Ni-Ti shape memory alloys are materials of particular interest for biomedical applications.
The shape memory effect and superelasticity of Ni-Ti assure the recovery of the original
shape even after large deformations and the maintenance of a constant applied force in
correspondence to significant displacements.
Plasma-immersion ion implantation (PIII) technique was employed to modify and improve
the superficial region of a superelastic (at body temperature) Ni-Ti alloy (~50.4 at.% Ni). The
use of coatings in order to modify the surface characteristics of a material is a widely used
approach but PIII technique allows the formation of a diffuse interface between the bulk
material and the modified layers, reducing the tendency for delamination.
Oxygen PIII experiments were performed with a working pressure of 0.2 Pa, in a chamber
equipped with an RF plasma source operating at a power of 350 W. High voltage pulses of
either 20 or 40 kV were applied to the samples using a frequency of 400 Hz. The sample
holder was not intentionally heated (T < 125 C).
The depth profiles of the elemental distribution in the alloy surface region, obtained by Auger
electron spectroscopy, show the presence of a Ti-rich oxide layer and of a Ni-depleted fraction
for experiments performed with 40 keV. The results prove that it is possible to tailor the
properties of the Ni-Ti alloy top layer, especially its barrier function against the out-diffusion
of Ni ions from the bulk material.
Synchrotron radiation-based X-ray diffraction data acquired in transmission mode show that
the PIII technique only changes the structure of the Ni-Ti alloy top layer preserving
superelastic behaviour at body temperature. Techniques like thermal oxidation and nitriding
also lead to an improved corrosion resistance and Ni-depleted Ni-Ti surface but require high
processing temperatures leading to modification of the phase transformation characteristics
and loss of specific mechanical properties.
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Transition metal-doped titanium oxide is a class of materials with promising applications in
photo-catalysis, gas sensing, diluted magnetic semiconductors etc.[1,2] However, the wide
band gap of TiO2 has limited its efficient utilization of visible light. Recently, many
researchers have explored different methods to improve visible-light response of TiO2, such as
dye sensitization. Cr has been widely used as dopant since Cr doping can narrow the band gap
and extend the photo response to the visible-light range [3]. In the present study, our aim is
to improve the optical and structural property of Cr-doped TiO2 by changing its electronic
structure by swift heavy ions.
In the present work, we have prepared the 65 nm thick Cr doped TiO2 thin films using pulsed
laser deposition on Si(100) substrate. It has been irradiated by 100 MeV Au+ ions with
different ion fluences. The film thickness reduces as a function of ion fluence while surface
roughness increases. From the optical measurements, it reveals that the band gap energy of
the film has been reduced as a function of ion fluence as well as it has been shifted towards
visible range. To understand its electronic structure, we have measured core level and
valence band photo electron spectroscopy measurements. From the X-ray photoelectron
measurement, one may observe that the ion irradiation reduces the relative intensity of the
Ti4+ peak and the intensity of the Ti3+, Cr+3 peak has been increases. It suggests that the ion
irradiation modifies the oxidation state of Ti. The detailed analysis of electronic structure
with its optical properties will be discussed.
[1] Z. Hua, J. Shi, L. Zhang, M. Ruan, J. Yan, Adv. Mater. 14 (2002) 830.
[2] Z. Zhang, C.C. Wang, R. Zakaria, J.Y. Ying, J. Phys. Chem. B 102 (1998) 10871
[3] Yamashita H. et.al. J. Synchrotron Radiation 6 (1999) 451.
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In the present work we were interested in determining the effective charge parameter of
Lithium and oxygen ions in the energy range 0.4 MeV/u - 4 MeV/u, through Aluminium,
Silver, Gold, Polypropylene and Makrofol films. The effective charge of Li and O ions are
calculated using the experimental data of stopping power taken from Helmut Paul [1].
We have compared the data of the effective charge with different data using the stopping
power tables ICRU 49+73, MSTAR, CASP 5.2 and also the effective charge theory of Brandt
and Kitagawa[2].
[1] H. Paul, Stopping Power for Light Ions; Collection of Graphs, Data and Comments.
http://www.uni-linz.ac.at/ fak/TNF/atomphys/STOPPING/welcome.htm.
[2] W. Brandt and M. Kitagawa, Phys. Rev. B 25 (1982). 5631.
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In the paper [1] it was shown that the irradiation of the zirconium ceramics using high power
pulsed ion beam leads to the modification of its surface layers. The purpose of this work is the
analysis of the effects involved in the modification of surface layers of alumina ceramics
under irradiation by a high-power beam of accelerated carbon ions.
Irradiation was performed with an ion beam accelerator “Temp” at the Tomsk Polytechnic
University. The samples were irradiated with accelerated carbon ions at a residual pressure of
10-4 Torr. Energy of accelerated ions was 200 keV. The current density per pulse was varied
between 40 - 150 A/cm2. Phase and structural changes in the irradiated surface ceramics
layers were studied with use of X-ray diffraction analysis and scanning electron microscopy,
respectively.
It was shown that powerful pulsed ion beam treatment of alumina ceramics leads to the
melting of the surface layer. Its crystallization is accompanied by the formation of
microstructures in it which is sufficiently different from the initial state. Significant changes
in the phase composition and microstructure were observed.
We analyzed the effect of ion treatment on mechanical properties of the surface layers of
ceramic. It was found that treating ceramics by powerful ion beam leads to a noticeable
change in the numerical values of the mechanical characteristics of the surface layers of
materials such as microhardness, nanohardness and Young's modulus.
Acknowledgements
The research was supported by the Ministry of Education and Science of the Russian Federation in
part of the “Science” program.
[1] Ghyngazov S.A., Vasil’ev I.P., Surzhikov A.P., Frangulyan T.S. and Chernyavskii A.V., Technical
Physics, 60, 1, 128–132 (2015).
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Diamond-like carbon (DLC) films have attracted much attention because of their excellent
mechanical properties. However, the properties strongly depend on the microstructure of the
films. In chemical vapor deposition (CVD), the deposited films usually contain much H
because of the use of hydrocarbon as a source gas. The incorporation of H affects the
microstructure and the mechanical properties are not always enough for the practical use. To
improve the properties, the addition of other elements, such as Si and N, are sometimes
carried out using various source gases. On the other hand, plasma based ion implantation and
deposition (PBIID) involves ion bombardment process which may improve the mechanical
properties. It is expected that the properties are also improved by the addition of other
elements in PBIID. However, it is not always clarified about the effects of different source
gases. In this study, different source gases, such as toluene, tetramethylsilane (TMS) and N 2,
are used to deposit DLC films, and the microstructure and mechanical properties are
examined by Raman spectroscopy and nanoindentation. DLC films are prepared by a bipolartype PBIID developed at AIST-Chubu. To find out the trend of the structure and property
changes, the deposited films are compared with that prepared using toluene only. For all
samples, graphite (G) and disorder (D) peaks appear in Raman spectra. The results of Raman
analysis show that the use of TMS causes G peak shift to lower wavenumbers, which suggests
that sp2 C may be decreased due to Si incorporation. The use of N2 causes the intensity ratio
of D to G peaks (I(D)/I(G)) increase. This suggests that sp2 C clusters are increased in the
films. On the other hand, the results of nanoindentation indicate that the hardness of the films
prepared using toluene is 18.6 GPa and tends to be reduced to approximately 14 GPa using
TMS and N2 gases. This suggests that the density of the films may be decreased by Si and N
incorporation.
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Turn on/off the high-temperature ferromagnetism in Si1-xMnx thin
films through Mn-ion implantation
Parul Pandey1, V.V. Rylkov2, Ye Yuan1, A.S. Semisalova1, V.A. Mikhalevskiy3, O.A. Novodvorskii3,
V.V. Tugushev2, M. Helm1, Shengqiang Zhou1
1
Helmholtz-Zentrum-Dresden-Rossendorf, Institute of Ion Beam Physics and Materials
Research, Bautzner Landstraße 400, 01328 Dresden, Germany
2
National Research Centre ‘‘Kurchatov Institute’’, Moscow, Russia
3
Institute on Laser and Information Technologies RAS, Shatura, Moscow Region, Russia

Silicon based alloys with Mn-ion are the potential candidate for the spintronics applications as
they exhibit complex electric and magnetic phenomenon which can be effectively utilized as
the integrated-circuit elements in the contemporary microelectronic technology. Though the
Si1-xMnx alloys shows high-temperature ferromagnetism at low Mn concentration ~ 0.05 –
0.1. But, the less solubility of Mn-ion in Si leads to the formation of MnSi1.7 nanoparticles,1
which drives the system in the inhomogeneous phase and makes it irrelevant for the
technological application. However, the high Mn concentration in the Si1-xMnx alloys
screened the precipitation of different inhomogeneous magnetic phases with high Curie
temperature ‘TC’.2 In this context, a set of thin films of Si1-xMnx (x = 0.44 – 0.57) alloy were
prepared by the pulsed laser deposition technique on Al2O3 (0001) substrate. We have found
room temperature ferromagnetism and large magnetic moment for the Si0.43Mn0.57 film as
compare to the rest of samples. But, surprisingly, the TC (as well as the moment) of
Si0.43Mn0.57 film drastically decreases from 300 K to ~ 40 K as the Mn-ion concentration was
increased in the film through the ion implantation process. In contrast, the stoichiometric film
Si0.5Mn0.5 exhibits a huge increase in the magnetic moment by one-order in magnitude after
Mn-ion implantation. The TC of stoichiometric film also increases from 50 K to 300 K with
the increase in the Mn-ion concentration.
[1] S. Zhou, K. Potzger, G. Zhang, A. Mücklich, F. Eichhorn, N. Schell, R. Grötzschel, B. Schmidt,
W. Skorupa, M. Helm, J. Fassbender, and D. Geiger, Phys. Rev. B 75, 085203 (2007).
[2] V. V. Rylkov, E. A. Gan’shina, O. A. Novodvorskii, S. N. Nikolaev, A. I. Novikov, E. T. Kulatov,
V. V. Tugushev, A. B. Granovskii and V. Ya. Panchenko, Euro. Phys. Lett. 103, 57014 (2013).
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X-ray conductivity of AgGaS2 single crystals
S.N. Mustafaeva1, S.M. Asadov2
Azerbaijan National Academy of Sciences
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2
Institute of Catalysis and Inorganic Chemistry, Baku, Azerbaijan

Single crystals of the AgGaS2 compound belong to the class of wide-band-gap
semiconductors with a high specific resistance. AgGaS2 is a multifunctional highphotosensitive semiconductor in the visible range of spectrum and may be used as active
material for creation of solar cells and various optoelectronic devices. The rather large values
of the effective atomic number and the energy gap make AgGaS2 a suitable material for the
fabrication of X-ray detectors. The aim of this work was to study the X-ray dosimetric
characteristics of AgGaS2 . Therefore, the fabrication of AgGaS2 crystals and the experimental
studies of their X-ray conductivity at room temperature became our priority direction.
The X-ray intensity was controlled by varying the current in the tube at each value of the
applied accelerating voltage (Va). During the measurements the effective radiation hardness
was Va = 25-50 keV and interval of dose rate E = 0.75-78.05 R/min. All measurements were
taken at T = 300 K. It is found that the X-ray sensitivity coefficients of AgGaS2 crystals are
1.310-11–1.410-10 (Аmin)/(VR) at effective radiation hardness Va = 25-50 keV and dose
rate E = 0.75-78.05 R/min. The dependence of the steady X-ray-induced current in AgGaS2 on
the X-ray dose is described by linear law. It was shown that the roentgen current in AgGaS2
crystals does not relax with time. Thus, it can be concluded that studied AgGaS2 single
crystals are highly sensitive to X-rays and can be used for fabrication of fast-response X-ray
detectors, which do not require cooling.
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Self-organized semiconductor surface patterning of pure and
compound semiconductors
Stefan Facsko, Roman Boettger, Wolfgang Pilz, Lothar Bischoff, Karl-Heinz Heinig
Helmholtz-Zentrum Dresden-Rossendorf, Dresden, Germany

Irradiation of solids by heavy polyatomic ions (e.g. Aunm+ or Binm+) can cause localized
melting at the ion impact point due to the enhanced energy density in the collision cascade of
a polyatomic heavy ion impact [1,2]. Former studies demonstrated the formation of high
aspect ratio, hexagonal dot patterns on Ge, Si or GaAs after high fluence, normal incidence
irradiation using a mass separated FIB system choosing a suited combination of energy
density deposition (i.e. poly- or monatomic ions) and substrate temperature, which facilitated
transient melting of the ion collision cascade volume [2-5].
This study underscores the universality of this ion impact-melting-induced, self-organized
pattern formation mechanism probing the compound semiconductor GaSb under polyatomic
Aunm+ ion irradiation with various irradiation conditions in particular, ion species, fluence,
energy/atom, temperature and angle of incidence.
Calculations of the needed melting energies per atom (Emelt) for different materials show,
that among others GaSb is a preferring candidate for a successful surface patterning by monand polyatomic heavy ions whereas i.e. the surface of SiC remains stable under the given
conditions. Furthermore the surface modification behavior under Aunm+ and Binm+ heavy
ion impact should be compared.
HRSEM, AFM and EDX analysis of irradiated surfaces reveal that for compound
semiconductors, additional superstructures are evolving on top of the regular semiconductor
dot patterns, indicating superposition of a second dominant driving force for pattern selforganization.
[1]
[2]
[3]
[4]
[5]

C. Anders et al., Phys. Rev. B 87, 245434 (2013).
L. Bischoff et al., Nucl. Instr. Meth. Phys. Res. B 272, 198-201 (2012).
R. Böttger et al., J. Vac. Sci Technol. B 30, 06FF12 (2012).
R. Böttger et al., Phys. Stat. Sol. RRL 7, 501-505 (2013).
L. Bischoff et al., Appl. Surf. Sci. 310 154-157 (2014).
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1

An environmental-cell is small chamber for enabling observation under ambient of gases or
liquid in an equipment system requiring an ultra-high vacuum such as transmission electron
microscope (TEM) and X-ray electron spectroscope (XPS) [1, 2]. The diaphragm is the most
important component of the environmental-cell system because it both maintains the pressure
difference between the vacuum and the reaction gas and allows a prove beam and a signal to
pass through it. Especially, diaphragms for environmental-cell TEM (E-TEM) is required to
be high hardness, chemical inert, no electron diffraction contrast (amorphous), and low
electron scattering (consist of light element). We previously reported diaphragms for the Ecell made from nitride films deposited on triacetylcellulose (TAC) film using by pulse plasma
enhanced chemical vapor deposition method and low-energy ion beam induced chemical
vapor deposition method [3, 4]. After deposition of the nitride, TAC film was removed by
acetone to transmit electron in the nitride film only. In here, the surface of TAC was modified
by irradiating nitrogen ions to form a diaphragm without using some deposition methods.
The procedure used to fabricate the diaphragm is described below. First, a 150-nm-thick TAC
film was formed on a glass slide by dipping the slide into a TAC solution. The TAC film was
peeled off from the glass slide and placed on a Cu grid (diameter: 3.5 mm; thickness: 1 mm;
hole diameter: 100 m). The TAC film was irradiated by nitrogen ions accelerated at 1.5 kV.
In the present experiment, an electron impact type ion source was used for the ionization of
nitrogen. The ions were irradiated with varying ion dose from 6 to 12 ×1016 ions/cm2. Finally,
the TAC film was etched by acetone. After the etching, a hole part of Cu grid was observed by
optical microscope to check formation of film. The pressure resistance test on the film was
performed to investigate whether the film can be used as a diaphragm. The films were
characterized by XPS and TEM. Formations of a continuous film were confirmed with ion
dose higher than 6×1016 ions/cm2. Although the nitrogen concentrations of the films were
about 1%, C1s XPS spectra of films (main peak at 284.3 eV like a graphite) changed
drastically from that of TAC (main peak at 290 and 292.5 eV). Film thicknesses of films were
19 to 30 nm at ion dose of 6 to 12 ×1016 ions/cm2. The pressure resistance of all samples was
maintained at around 3×105 Pa. These films were transparent to an electron beam accelerated
to 300 kV and were stable under electron beam irradiation. In addition, images of the film
exhibited no blurring due to charge up. The diffraction image showed halo patterns, indicating
that these films were amorphous. It is considered that these films can be sufficiently used as a
diaphragm.
[1] K. Ueda, T. Kawasaki, H. Hasegawa, T. Tanji, M. Ichihashi, Surface and Interface Analysis, 40
1725 (2008).
[2] A. Kolmakov, D. A. Dikin, L. J. Cote, J. Huang, M. K. Abyaneh, M. Amati, L. Gregoratti, S.
Günther, M.Kiskinova, Nature Nanotechnology, 6 651 (2011).
[3] K. Yamasaki, T. Matsutani, N. Imaeda, T. Kawasaki, Vacuum 122 332 (2015).
[4] T. Matsutani, K. Yamasaki, N. Imaeda, T. Kawasaki, Nuclear Instruments and Methods in Physics
Research B 365 150 (2015).
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by on-wafer forward diode current mapping
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Gallium Nitride (GaN) is an ideally suitable material for applications in high power, high
frequency, and high temperature devices[1]. Ion implantation is a widely used doping
technology for Si MOSFETs[2], but there have been few reports that demonstrate the
formation of p-type GaN layer[3-4]. We have succeeded to make the p-n junction by
implanting Mg ions into n-type GaN layer [5], but Mg implanted layer showed inhomogeneity
including p and n-type regions. We demonstrate evaluation methods of homogeneity of Mg
ion implanted GaN layer by mapping technique using current-voltage characteristics.
Mg ions were implanted into the n-GaN epitaxial layer on GaN substrate at two different
energies of 30 keV and 60 keV at doses of 3.5×1013 cm-2 and 6.5×1013 cm-2. After implanting
Mg, 50 nm thick SiN films were deposited at the top and bottom of substrate as annealing
protection layer. The samples were annealed at 1230°C for 1min in N2 gas ambient. Verticalstructure p-n diodes with mesa structure were fabricated by depositing circular Pd electrodes
(60-400 μm in diameter) on the surface of the Mg-implanted GaN layer and Ti/Al electrodes
at the bottom of the GaN substrate. After Pd electrodes of the diodes were removed, I-V
characteristics between Mg ion implanted layer and GaN substrate were measured at the
points of every 10 micron steps on the wafer by using Cascade Semi-Auto Prober.
Measurement results at the mesa bottom showed shottkey barrier diode characteristics and
that at the top of the mesa regions showed composite characteristics of pn junction and n-type
conduction. Two-dimensional mapping of the forward diode current at a forward voltage of 4
V was illustrated. From the mapping, it was found that Mg ion implantation layer has almost
homogeneous p-type region and a part of which was n-type regions. On-wafer Forward Diode
Current Mapping measurement methods are very useful for evaluating of homogeneity of ion
implantation layers.
[1] A. Wakejima, T. Nakayama, K. Ota, Y. Okamoto, Y. Ando, N. Kuroda, M. Tanomura, K.
Matsunaga, and H. Miyamoto, Electronics Letters, 42, 1349-1350 (2006.)
[2] A. Nishida, E. Murakami and S. Kimura, IEEE Trans. Electron Devices, 45, 701-709 (1998).
[3] B.N. Feigelson, T.J. Anderson, M. Abraham, J.A. Freitas, J.K. Hite, C.R. Eddy, F.J. Kub, Journal
of Crystal Growth, 350, 21–26 (2012).
[4] T. Narita, T. Kachi, K. Kataoka, T. Uesugi, Applied Physics Express 10, 016501 (2017).
[5] T. Oikawa, Y. Saijo, S. Kato, T. Mishima, T. Nakamura, Nuclear Inst. and Methods in Physics
Research Section, B, 365, 168-170 (2015).
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Computer 3D analysis of the field ion microscopy images of platinum
irradiated with Ar+ ions (E = 30 keV)
V.V. Ovchinnikov, V.A. Ivchenko, K.V. Shalomov
Institute of Electrophysics, UB RAS; and Yeltsin Ural Federa, Yekaterinburg, Russia

The field ion microscopy images of the surface atomic layers of metals and alloys, which
were taken from needle emitters subjected to a damaging irradiation, include the image of
thousands of atoms, which are located in both the sites of a regular lattice and regions with
radiation defects.
This report presents the results of the application of a specially developed algorithm and a
computer program for the analysis of field ion microscopy images to study the effect of Ar+
ions (E = 30 keV) on the structure of the surface atomic layers of pure platinum.
The coordinates, the brightness and the sizes of atom images, were determined. The curves of
the distribution of the brightness and atomic radii were built. It is shown that the width of the
distributions significantly increases as the distance to the exposed surface decreases. The
number of atoms in the field ion microscopy images increases with the distance from the
irradiated surface.
Field ion microscopy images with only those atoms whose brightness (or radius) is in certain
range were taken. These atoms can be highlighted in color in the ionic field microscopy
images. The zones where irradiation-induced changes in the field microscopy images are
mostly pronounced were determined. They are zones of the passage of the dense cascades of
atomic displacements. Damaged zones include images of atoms with both abnormally low
and abnormally high radii. surface
The work presents the layer-by-layer images of the irradiated platinum (from 1st to 5th and
more distant layers). The possibility of reconstruction of the 3D-picture of the irradiated metal
at a temperature of liquid nitrogen (T ~ 77 K) is shown.
This work was performed as part of State Task No. 0389-2014-0002 and it was supported in part by
RFBR Grant No. 16-08-00615 and it was supported by the Act 211 of the Government of the Russian
Federation (Agreement No. 02.A03.21.0006).
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Atomically clean surface of the commercially important semiconductor GaAs is known to be
extremely active chemically [1]. Therefore it gets oxidized even in high vacuum, being
covered by a mixture of the gallium and arsenic oxides (Ga2O3, As2O3, As2O5) [1-3]. The
oxidation process develops for months permanently enhancing the layer thickness [1,3]. We
present here the effect of selective and total decay of the arsenic oxides in the GaAs native
oxide layer under an Ar+ ion beam which transforms the mixture of different oxides into a
layer of single Ga2O3 oxide preventing extra oxidation.
A sample of the n-GaAs wafer with native oxide layer naturally grown due to long keeping in
air was slightly irradiated with Ar+ ions of energy Ei = 2500 eV and studied by synchrotronbased photoelectron spectroscopy. The As3d photoelectron spectrum revealed a complete
absence of the oxide lines and presence of only the line of elementary arsenic (Aso) at binding
energy EB = 41.9 eV. At the same time the Ga3d spectrum showed single line of the Ga2O3
oxide at EB = 20.5 eV. Analysis of the elemental composition showed essential enrichment of
the layer with gallium ([Ga]/[As] = 2.9). This ratio corresponds to 80 at% content of the
dominant Ga2O3 phase with 20 at% admixture of the elementary arsenic permanently
diffusing away even at room temperature. Released oxygen quickly departs the thin layer
having no chance to repeatedly oxides Aso or the GaAs substrate.
This work was supported by the Russian Science Foundation (Project N 17-19-01200) and the
German-Russian Laboratory at BESSY-II of the Helmholtz Zentrum Berlin.
[1] Surdu-Bob C.C., Saied S.O., Sullivan J.L., Appl. Surf. Sci. 183, 126 (2001).
[2] Feng L., Zhang L., Liu H. et al., Proc. SPIE 8912, 89120N (2013).
[3] Ishikawa T., Ikoma H., Jpn. J. Appl. Phys. 31, 3981 (1992).
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Wide usage of the ion etching method for surface cleaning makes topical research of the
properties of etched surfaces. Etching of the GaAs surface by keV-energy Ar+ ions has been
known to enrich the surface layer with gallium due to preferential sputtering of arsenic atoms
[1,2].The effect can provide a high gallium to arsenic ratio ~1.45 [1]. This research has shown
how the Ga-enrichment effect modifies the electronic structure of the irradiated layer and
results in imparting to the layer the p-type conductivity even if initially it was n-conductive.
A commercial GaAs(100) n-type (n ~ 1018 cm-3) wafer was studied before and after irradiation
by Ar+ ions with energies Ei = 2500 eV and dose Q ~ 1016 ions/cm2 directly in the highvacuum preparation chamber of the photoelectron spectrometer SPECS Phoibos 150 at the
German-Russian beamline of the BESSY-II electron storage ring (Berlin). A photoelectron
spectrum of the valence band (VB) of the irradiated sample has shown that the VB edge
virtually merges with the Fermi level, locating only 0.1 eV below it. This means that the
irradiated layer has gained the p-type conductivity. The type conversion is connected with
enrichment of the irradiated layer with gallium followed by creation of the Ga antisite p-type
centers. Simultaneously, the concentration of light doping atoms (Si) diminishes due to
preferential sputtering.
This work was supported by the Russian Science Foundation (Project N 17-19-01200) and the
German-Russian Laboratory at BESSY-II of the Helmholtz Zentrum Berlin.
[1] Gnaser H., Heinz B., Bock W., Oechsner H., Phys. Rev. B 52, 14086 (1995).
[2] Mizuhara Y., Bungo T., Nagatomi T., Takai Y., Surf. Interface Anal. 37, 343 (2005).
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Characterization of surface layers created in silicon diode structures
by argon
Vladimir Kozlov1, Darya Mitina2, Mikhail Kudoyarov2, Mikhail Kozlovski2, Iren Shulpina2, Vladimir
Eremin2, Elena Verbitskaya2, Valentin Ratnikov2
1
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2
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Nowadays, ion implantation of semiconductors with light ions(proton and alpha-particles)
became a popular tool for correction of the power diode parameters. This technology allows
optimization of trade-off between dynamic and static characteristics of power diodes due to
controllable formation of radiation defects in local layers of the diode body [1]. Position of
such modified layers and their electrical and structural properties depends on a proper chose
of ion type,energy and implanted dose.Heavy ions are now also the subject of practical
interest for their application to modification of power semiconductors. In this paper the results
of characterization for Si-layers modified in silicon structures by argon ion implantation are
presented and discussed in aspects of their practical application for diode parameter
correction. Investigation of Ar modified Si layers was performed on planar p+nn+ diode
structures fabricated by shallow boron diffusion in n-type float zone or epitaxial silicon
wafers with resistivity ranging from 1 Ohm*cm to 2000 Ohm*cm. The diodes were
implanted from p+ anode side by 53.5 MeV argon ions to fluencies ranging from 1E10 to
1E13 cm-2. Projected range of implanted Ar ions was about 14 micron and was much deeper
compared with depth of shallow boron p-n junction. Tested structures were investigated after
Ar implantation only and subsequently annealed as well.
Different techniques for modified Si layer characterization and diode parameter testing were
used: Deep Level Transient Spectroscopy,X-ray Topography and Diffractometry, Electrical
Sheet Resistivity Probe Analysis, Open Circuit Voltage Decay Method, I-V Characterization,
Turn-of Diode Dynamic Analysis etc. It was shown that Ar ion implantation has several
advantages compared with classical light ion technology for industrial production of planar
power diode structures.
[1] Kozlov V. and Kozlovski V.,Semiconductors,35,735-761(2001)
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Ion beam sputter coating is a well-known process for coating temperature-sensitive substrates
with films of high quality. However, ion beam based methods suffer from an intrinsic
drawback: they are so-called line-of-sight techniques. This renders coating of 3-dimensional
objects, such as rings and tubes difficult. When they are to be treated, sophisticated
manipulation of substrate or ion beam or even both is required. Despite these problems, under
certain circumstances it is nevertheless possible to apply ion beam techniques for
treating/coating 3-D objects. When ion beam sputter coating is used, the sputter target, i.e. the
source of the material to be deposited, is usually flat. With such a sputter target, a ring or a
tube can hardly be coated uniformly. However, when the sputter target is formed according to
the substrate shape, a very effective coating can be achieved. In the present contribution, a
method is described which allows to coat rings and the inner surfaces of tubes completely
with protective films. For coating rings by ion beam sputtering, the sputter target used has a
rotational symmetric shape. It consists of a convex cone-tip inside with a concave cone
around, leading to the shape of the letter W in cross-section. The coating process is carried out
in two steps. First, the ring is coated from one side, thereafter it is turned around and then it is
coated from the second side. In case of tubes, a conical sputter target is moved through the
rotating tube while an ion beam is guided along the tube axis and hits the sputter target.
As an example, results on steel and aluminum rings and tubes coated with nano- and submicron films of CrN and DLC are described. Such films hardly change the workpiece
dimensions. Adhesion measurements and both electrochemical and immersion corrosion tests
show that well adhering coatings with a certain corrosion protection effect could be obtained,
despite the low process temperature and the minor film thickness.
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RbTiOPO4 is widely applied in nonlinear optics with such excellent properties as low
dielectric constant, high nonlinear optical coefficient and optical damage threshold. Planar
and channel waveguides, “barrier” and “barrier+well-enhanced” waveguides in RbTiOPO4
crystals have been reported. For better applications in optical waveguide, nuclear and
electronic energy loss induced damage, lattice expansion and strain of RbTiOPO4 crystal
during irradiation with energetic particles is necessary.
In this work, we report on the lattice damage in RbTiOPO4 induced by carbon ion
implantation at fluences range of 2×1013 to 5×1013 ions/cm2. The lattice expansion induced by
ion implantation in the channel waveguide was investigated by atomic force microscopy. The
samples were analyzed by means of Rutherford backscattering channeling spectrometry using
both 1.4 MeV and 3.0 MeV He+ ions at a backscattering angle of 170 to investigate the
damage induce by electronic and nuclear energy loss, respectively. Elastic strain of RbTiOPO4
samples with different fluencies were calculated from the high resolution X-ray diffraction.
The RbTiOPO4 waveguides remain perfectly transparent from the transmission spectrum,
indicated that few point defects occurred in the ion implanted region. Surface indices nx, ny
and nz of the samples as a function of ion fluence were investigated.
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Preparation of colloidal Ag nanoparticle solution by cavitation bubble
plasma sputtering
Yoshihiro, Tomoya Kuroshima, Mitsuyasu Yatsuzuka
University of Hyogo, Himeji, Japan

Solution plasmas of in-liquid low-temperature were generated by applying high-repetition
high-voltage pulses between electrodes [1]. Synthesis of metal nanoparticles by solution
plasma sputtering has attracted attention in recent years for its advantages of a short reaction
time, control-free of pressure and temperature, and use of minimum chemicals [2]. A
cavitation bubble plasma device was developed to synthesize a large quantity of colloidal
nanoparticle solution at faster processing time than conventional solution plasmas. In this
device, cavitation bubbles generated by a swiftly moving rotor enabled high efficient
processing.
In this study, colloidal Ag nanoparticle solution was prepared by cavitation bubble plasma
sputtering. The initial pH of the processing solution was changed with NaOH solution from
10 to 11. Electrical conductivity of the processing solution was adjusted with NaCl to be 300
μS/cm for a constant plasma generation rate. The synthesizing time of colloidal Ag
nanoparticles was 1 minute. The colloidal color of the processing solution with an initial pH =
10 was transparent and gradually varied from transparence to yellow with an increase in
initial pH. The measurement of absorption spectra of the colloidal solution by the ultravioletvisible spectroscopy showed that the absorption peak was observed around 400 nm, indicating
the optical property of Ag nanoparticles based on localized surface plasmon resonance. By
transmission electron microscope observation, the form and size of Ag nanoparticles were
found to be spherical and about 20 nm in diameter, respectively.
[1] Takai O., Pure and Applied Chemistry, 80, 2003-2011 (2008).
[2] Mizutani T., Ogawa S., Murai T., Nameki H., Yoshida T., Yagi S., Applied Surface Science, 354,
397-400 (2015).
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1
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RIKEN, Tokyo, Japan

Industrial nano and micro fabrication techniques have some important problems. One of the
significant problems was sticking interface between mold surfaces and imprinting or
processing material. In this study, these problems were solved by modification of nano
imprinting mold using carbon or fluorine ions implantation. After ions implantation, the anti
sticking layer was appeared on nano and micro imprinting mold surface. After ion
implantation the mold that made from the Pyrex glass and TiALN ceramics film was
fabricated by focused ion beam lithography. Patterns were composed of two pairs of parallel
three lines that crossed 90 degrees each other. The line widths were 500nm, and pattern
pitches were 500nm. All line depth was about 200~300nm. Depths of implanted carbon ions
were about 100nm.
After imprinting, the resin was removed from mold by mechanical lift-off process.
Transferred pattern was observed and confirmed by the Scanning electron microscope (SEM).
Then the pattern transfer from mold to resin was succeeded.
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As widely observed in previous studies, the surface morphology of metallic materials may
exhibit significant change after irradiation of intense pulsed ion beams (IPIB), surface defects
such as micro craters may also occur. These effects are crucial for surface treating
applications and may limit the application of IPIB in some cases. In present work, taking 304
stainless steel as an example, the evolution in microstructure near the surface region after
IPIB irradiation was studied. Compared with the evolution in surface morphology, a model of
surface morphology change is proposed. The local uneven distribution of thermal resistivity
formed by grain boundary may lead to local evaporation and crater is thus formed with a rise
in surface roughness under irradiation of initial pulses. As grain refinement or metallic glass
state may be formed after irradiation of succeeding pulses, the local evaporation by grain
boundaries may be weaken and the surface is smoothened by the hydro effects of the molten
surface.
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Redox response of Lu2-xCexTi2O7 pyrochlores under irradiation
Yuhong Li, Yue Xia, Dongyan Yang
Lanzhou Universiy, Lanzhou, China

The pyrochlores with formula A2B2O7 (A=Rare earths, B=Zr, Ti, Hf, Sn) are promising
ceramic host phases for immobilization of actinides. Ce is used as a surrogate for Pu because
they have similar physical and chemical properties. In this study we report the ion irradiation
effects of Ce doped Lu2Ti2O7 pyrochlores, Lu2-xCexTi2O7, with 400 keV Ne2+. To characterize
the damage layers of the irradiated samples, the grazing incident X-ray diffraction technique
(GIXRD), X-ray photoecletron spectroscopy (XPS) were applied. The results show that a
redox behavior comes up in the irradiated Lu2-xCexTi2O7 layer. As the dose increased, Ce goes
through a valence state variation, from trivalent state to tetravalent state, with the valence
state of Lu decreased slightly. By contrast, the valence state of Lu keeps unchanged in
Lu2Ti2O7 under irradiation. The increase of the charge of cerium in Ce-doped Lu2Ti2O7, Lu2xCexTi2O7, under irradiation indicates its damage accumulation process is distinct from that of
the un-doped Lu2Ti2O7. The study is important for predicting the potential matrices with
pyrochlore structure to immobilize the high level radioactive wastes.
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Rutherford backscattering study on high dose Mg-ion implanted
GaN bulk single crystal
Y. Torita1, K.Kushida2, K. Ikeda1, T. Nishimura1, K. Kuriyama1 and T. Nakamura1
College of Engineering and Research Center of Ion Beam Technology, Hosei University, Koganei,
Tokyo, Japan
2
Department of Arts and Sciences, Osaka Kyoiku University, Kashiwara, Osaka, Japan

1

The characterization of p-n junction by Mg-ion implantation into GaN has been reported by
several research groups [1,2], but the formation of p-type by Mg-ion implanted GaN is very
difficult. In this study, the evaluation of lattice displacement before and after annealing for the
high dose Mg-ion implanted GaN with 5.0×1015 cm-2 and 1.0 × 1016 cm-2 was performed by
Rutherford backscattering spectroscopy (RBS). The Mg-ion implantation into the GaN bulk
single crystals was performed at room temperature with implantation energy of 150 keV.
Samples were annealed at 1230 oC for 1 min in a nitrogen atmosphere. From the aligned
spectra for the c-axis of GaN, displacement of Ga was observed near the GaN surface. The
minimum yield χmin for the dose of 5.0×1015 cm-2 is 14 % for the as-implanted GaN and 7 %
for the annealed ones. The displaced Ga atom concentrations estimated from the χmin values
were 5.8×1021 cm-3 for the as-implanted GaN and 2.7×1021 cm-3 for the annealed ones,
whereas χmin for the dose of 1.0 × 1016 cm-2 is 50 % for the as-implanted GaN and 22 % for
the annealed ones. The displaced Ga concentrations were 2.2×1022 cm-3 for the as-implanted
GaN 9.3×1021 cm-3 for the annealed ones. From the angular width at the half minimum, ,
of the channeling dip, the average displacement of Ga atoms from the c-axis for the dose of
5.0×1015 cm-2 was 0.041 Å for the as-implanted GaN and 0.040 Å for the annealed ones. On
the other hand, the  value for 1016 cm-2 Mg-ion implanted GaN without annealing was
wide, showing the polycrystallinity near the surface. This situation is similar to the channeling
in Si overlaid with Al film [3]. In photoluminescence measurements using He-Cd laser in 16
K, the band edge emission for un-implanted GaN was observed at 358nm, but this emission
was not observed for as-implanted GaN. Furthermore, the emissions around 390nm and the
strong yellow luminescence at 528nm appeared in the annealed GaN together with the very
weak band edge emission. As a result, the high dose Mg-ion implanted GaN such as 1.0 ×
1016 cm-2 remains the lattice displacement in the implanted layer under the present annaeling
condition.
[1] T. Oikawa, Y. Saijo, S. Kato, T. Mishima, T. Nakamura, Nucl. Instrum. Method Phys. Res. B,
365, 168-170 (2015).
[2] B. N. Feigelson, T. J. Anderson, M. Abraham, J. A.Freitas, J. K.Hite, C. R. Eddy, Phys. Status
Solidi A, 1-4 (2015).
[3] E. Rimini, E. Lugujjo, J. W. Mayer, Phys. Rev. B , 718-728 (1972).
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Ion-dose dependence of laser annealing effects for
Mn+-implanted GaAs
Yury Danilov1,2, Henry Boudinov3, Alexey Kudrin1,2, Alexey Parafin4, Sergey Pavlov4, Olga
Vikhrova1, and Anton Zdoroveishchev1
1
Physico-Technical Research Institute, Lobachevsky State University, Nizhny Novgorod 603950,
Russian Federation
2
Faculty of Physics, Lobachevsky State University, Nizhny Novgorod 603950, Russian Federation,
3
Instituto de Fisica, Universidade Federal do Rio Grande do Sul, 91501-970 Porto Alegre, Brazil,
4
Institute for Physics of Microstructures, RAS, 603950 Nizhny Novgorod, Russia Federation

The technique of nanosecond pulsed laser annealing (PLA) is promising for recovering the
crystal structure and impurity activation in heavily doped ion-irradiated semiconductors [1].
Formation of ferromagnetic semiconductors (FMS) was demonstrated during PLA of
semiconductors irradiated with transition element ions (firstly, for Mn in GaAs) [2, 3]. It was
established [3], that the threshold laser pulse energy for activation of manganese atoms in
GaAs is equal to 230 mJ/cm2. However, the dependences of the parameters of formed layers
on the Mn+ ion dose were not studied.
Wafers of i-GaAs (100) were used as initial samples. The irradiations with 200 keV Mn+ ions
were performed at room temperature. Implantation doses (DMn) were varied in the range of
1·1013 - 5·1016 cm-2. Pulsed laser annealing was carried out using LPX-200 excimer laser
(KrF) with a wavelength of 248 nm, pulse duration of 30 ns, and energy density up to 500
mJ/cm2. It was found that there is a threshold ion dose DMn ≈ 1∙1015 cm-2 for p-type
conductivity formation upon annealing of ion-implanted GaAs:Mn samples by one pulse with
an energy of 200 – 300 mJ/cm2. The sheet hole concentration monotonically increases from
3.7∙1013 to 7.7∙1015 cm-2 at rise in Mn+ ion dose from 1∙1015 to 5∙1016 cm-2. The sheet
resistance Rs shows temperature dependence with maximum at Tm, increased with ion dose up
to 120 K. Magnetic field dependence of the Hall effect had the hysteresis loop up to Tm.
Implantation dose dependences of hole concentration, value of Tm and temperature for
disappearance of hysteretic Hall effect and negative magnetoresistance are similar.
[1] Nastasi M., Mayer J.W. Ion Implantation and Synthesis of Materials. Berlin: Springer, 2006.
[2] Zhou Y.Y., Liu X., Furdyna J.K., Scarpulla M.A., Dubon O.D., Phys. Rev. B, 80, 224403 (2009).
[3] Zhou S., J. Phys. D: Appl. Phys., 48, 263001 (2015).
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Brittleness modification of synthetic quartz glass surface
by ion beams
Yutaka Inouchi
Nissin Ion Equipment Co., Ltd., Shiga, Japan

Flexible displays have received much attention in the past decade due to their remarkable
characteristics such as thin, lightweight, flexible and unbreakable. Backplanes for these
display devices are multilayer structures comprising a thin polymer substrate on which several
functional layers are deposited. In the case of inorganic layers (oxides, nitrides) used as
insulator, passivation and diffusion barrier coatings, the mechanical failure of thin film
transistor devices was analyzed by previous studies [1].
We are interested in the brittleness of inorganic layers. For the past ten years, new method
which toughened glass surfaces was introduced [2]. This method utilizes ion beams and we
confirmed that the brittleness of soda lime glass was changed with the use of our ion doping
tools which have been developed for advanced displays using Low Temperature Polycrystalline Silicon Thin Film Transistor (LTPS-TFT) [3]. The projection range of ions
implanted at the energy from 10 to 100 keV is around 100 nm which fits the thickness of
inorganic layers. We expect that this method improves the crack onset strain. Ion doping tools
are not cheap but almost display suppliers using LTPS processes already have doping tools.
At a first step, we are applying this method to synthetic quartz glasses. We prepared samples
doped with several conditions and compared with non-doped glasses. The Vickers indenter
tests were carried out. The energy of 20 - 30 keV was used and the dose was about 1E16
ions/cm2. In this study, PHx ions were doped.
The results varied but the averaged crack initiation load of doped samples showed above 5 N
while non-doped glasses showed about 3 N.
[1] Y. Leterrier et al., Engineering Fracture Mechanics, 77, 660-670 (2010).
[2] S. Tanaka, BULLETIN OF THE CERAMICS SOCIETY OF JAPAN, 50, 950-952 (2015).
[3] Y. Inouchi et al., Proc. of 21th International Conference on Ion Implantation Technology IIT2016,
203-208 (2016).
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Influence of Deposition Parameters on the Tilt-angle of TiN nanocolumns Grown at Oblique Angle Deposition: kMC simulations vs.
experiments
Cédric Mastail1, Boudjemaa Bouaouina1, Florin Nita1, Aurélien Besnard2, Anny Michel1
and Grégory Abadias1
1
Institut Pprime, Département de Physique et Mécanique des Matériaux, Université de Poitiers-CNRSENSMA, SP2MI, Téléport 2, 86962 Chasseneuil-Futuroscope, France
2
Ecole Nationale Supérieure d'Arts et Métiers, LaBoMaP - Equipe IMS Rue porte de Paris,
Cluny, France

During the past years Oblique Angle Deposition (OAD) has received an increasing popularity
as it has allowed to tailor unique film microstructure. However, predicting the film
microstructure remains a challenging problem as the influence of the process parameters is
not well understood in the case of sputter-deposition. In particular, the role of temperature,
working pressure, angular and energy distribution of the impinging particles on the resulting
microstructural attributes, such as the tilt angle of the column with respect to the normal of
substrate but also the crystal structure, texture and growth defects, remains to be
systematically explored.
For titanium nitride (TiN) films synthesized by reactive magnetron-sputter deposition, the
resulting film morphology is usually columnar, even at normal incidence. Investigations on
TiN film morphologies obtained at OAD remain scarce. In this framework, a kinetic Monte
Carlo kMC code has been developed [1], to mimic real deposition conditions, and gain
insights on understanding for competitive columnar growth and texture evolution. In order to
reproduce competitive columnar growth an accurate model of the adatom diffusion anisotropy
on (111), (100) or (110) surfaces coming from DFT calculations has been implemented.
We present some simulation results of the developed code for reactive magnetron sputterdeposition of TiN at OAD. The influence of the most important experimental parameters
(substrate temperature, deposition pressure, incident angle and deposited energy of some
incoming particles) will be discussed regarding the resulting thin film morphology (porosity,
surface roughness, column tilt angle, column width, layer density). The results will be
compared with some experimental measurements on sputter-deposited TiN films at oblique
angles of 5°, 35°, 65°, 75° and 85°, in the 0.3-0.5 Pa and 300-750 K range, as well as kMC
results obtained from Simul3D software.
[1] F. Nita, et al., Phys. Rev. B 93, (2016)
[2] D.G. Sangiovanni et al. / Surface Science 624 (2014) 25–31 and 627 (2014) 34
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Surface morphology of aluminium oxide irradiated by high energy
heavy ions
Abdirash Akilbekov1, Vladimir Skuratov2, Jacques O'Connell3, Alma Dauletbekova1, Culnar
Aralbayeva1, Maxim Saifulin2, Maxim Zdorovets4
1
L.N.Gumilyov Eurasian National University, Astana, Kazakhstan
2
Joint Institute for Nuclear Research, Dubna, Russia
3
Nelson Mandela Metropolitan University, Port Elizabeth, South Africa
4
Institute of Nuclear Physics, Astana, Kazakhstan

Large amount of energy deposited due to electronic excitation in the wake of high-energy
heavy ions can generate significant changes in the surface topography in a variety of
materials. Among materials where surface effects of dense ionization are less studied are the
radiation-resistant ceramics and oxide crystals, like Al2O3 and MgO, having a relatively high
threshold of specific ionizing energy loss for structural disorder enhancement. Because these
insulators are considered as candidates for inert matrix fuel hosts for fission reactors, highenergy heavy ion irradiation simulating a fission product’s impact is of considerable practical
interest due to the large number of fission track recoils in reactor fuel.
In this report we present and discuss the results of complementary atomic force microscopy
and high resolution transmission electron microscopy examination of hillock morphology on
surface of single crystalline Al2O3 irradiated with swift (E >1 MeV/amu) Kr, Xe and Bi ions.
It was found that hillocks are crystalline in nature. At the same time the hillocks overlapping
may trigger amorphization process in irradiating material.
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High intensity, low ion energy implantation
of nitrogen in AISI 5140 alloy steel
Alexander Ryabchikov1*, Nikolay Koval2, Denis Sivin1, Peter Ananin1, Ivan Shulepov3, Ilya Lopatin2,
Olga Korneva1
1)
National research Tomsk polytechnic university, Tomsk, Russia,
2)
Institute of High Current Electronics, Siberian Branch, Russian Academy of Sciences, Tomsk,
Russia
3)
Institute of Strength Physics and Materials Science, Siberian Branch, Russian Academy of Sciences,
Tomsk, Russia

This paper presents the results of deep modified layers formation of AISI 5140 alloy steel
using high intensity repetitively pulsed nitrogen ion beam with current density up to 1 A/cm 2.
The arc generator with the hot cathode provided a dc nitrogen plasma formation. A plasma
immersion approach was used for high-frequency short-pulse very intense nitrogen ion beam
formation. A grid hemisphere with radii of 7.5 cm was immersed in a plasma. Negative bias
pulses with an amplitude in the range of 0.6–1.5 kV, pulse duration in the range of 2–6 μs, and
pulse repetition rate of 105 pulse per second were applied to the grid. The substrates were
implanted at varies temperatures 400–850 °C using a very high current density of 0.1–1
A/cm2 ion beams. The nitrogen distribution profiles were determined using Auger electron
spectroscopy and Energy Dispersive X-ray. The work explores the surface morphology,
elemental composition, and mechanical properties of deeply modified AISI 5140 alloy steel
after 45 min of low ion energy, very high intensity nitrogen ion beam implantation.
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Depth profiles of aggregate centers and nanodefects in LiF crystals
irradiated with MeV energy Kr, Ar and C ions
A. Dauletbekova1, V. Skuratov2, N. Kirilkin2, I. Manika3, J.Maniks3, R. Zabels3,
A. Akilbekov1, A. Volkov2, M. Baizhumanov4, M. Zdorovets5
1
L.N. Gumilyov Eurasian National University, Astana Kazakhstan
2
FLNR, JINR, Dubna, Russia;
3
Institute of Solid State Physics University of Latvia, Riga, Latvia
4
Shakarim University Semey, Semey, Kazakhstan
5
Institute of Nuclear Physics, Astana, Kazakhstan;

Nanohardness and photoluminescence of F2 and F3+ centers depth profiles in LiF crystals
irradiated with 12 MeV C, 56 MeV Ar and 34 MeV Kr ions to fluences 1010 - 1015 сm-2 have
been studied using laser confocal scanning microscopy, microluminescence and
nanoindentation techniques. The room temperature irradiation experiments were performed at
DC-60 cyclotron (Astana, Kazakhstan). It was found that the luminescence intensity of both
aggregate color centers across the irradiated layer correlates with electronic stopping profiles
at low ion fluences, reaches maximum at around 1013 сm-2 for F2 centers (the maximum for
F3+ centers is shifted towards lower fluences) and then strongly decreases. Suppression of the
luminescence is associated with radiation damage formed due to overlapping of single ion
track regions. At ion fluences 5x1013 сm-2 and higher the luminescence signal is registered in
the end of range area only where F2 and F3+ centers are formed in elastic collisions.
Nanoindentation tests on the frontal surface show a significant hardening effect in irradiated
LiF crystals. The effect increases with the fluence and reaches the saturation at fluences above
1014 cm-2. The depth-resolved nanohardness measurements have evidenced that highest
radiation hardening level is observed in regions with dominant contribution of defects formed
via elastic scattering.
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The effects of nitrogen on the structure, morphology and
electrical resistivity of the tantalum
Amir Hoshang Ramezani1 and Amir Hosain Sari2
Department of Physics, West Tehran Branch, Islamic Azad University, Tehran, Iran
2
Plasma Physics Research Center, Science and Research Branch, Tehran, Iran

1

In this paper, samples of tantalum with purities of 99% (0.58 mm thickness) have been
implanted by nitrogen ions. In our research, the ions’ implantation process was performed at
the energy 30 keV and at the wide doses range between 1 × 1017 to 1 × 1018 ions/cm2.
Meanwhile, the electrical characteristics of tantalum nitrides and Ta structures have been
investigated by current–voltage (I–V) diagram. Furthermore, the samples’ surface topology
has been studied through the atomic force microscopy (AFM). After ion implantation, the
microstructure of the modified surfaces obtained through the application of the x-ray
diffraction technique (XRD) and the formation of tantalum nitride confirmed by XRD results.
Our experimental results indicate that the formation of hexagonal tantalum nitride (TaN0.43),
increases. After nitrogen implantation, it is found that, the electrical resistivity of the tantalum
increase with ion doses. Our experimental data demonstrated that the changes in nitrogen ions
were found to be responsible for the variation of resistivity values. In addition, different
nitrogen dose in the ion beam powerfully affect microstructure, phase formation, surface
topoligy and resistivity of the tantalum and the obtained electrical resistivity values displayed
a significant role for the tantalum with increasing nitrogen ions.
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Surface microstructure and trapping after high flux He-D plasma
exposure of tungsten
Anastasiia Bakaeva1, Andrii Dubinko1, Dmitry Terentyev1, Thomas Morgan2
1
SCK-CEN, Mol, Belgium Wouter Van Renterghem,
2
FOM Institute DIFFER, Eindhoven, The Netherlands

Due to its advantageous thermal properties, tungsten (W) will be used as the plasma-facing
material for the ITER divertor. Bombardment of W with low-energy high flux plasma ions,
such as deuterium, tritium and helium, leads to surface modifications (e.g. blistering,
swelling) which depend on irradiation conditions. A synergy in He-H interactions results in
the formation of sub-surface bubbles and suppresses the diffusion of H isotopes deeper into
the bulk. Hence, understanding of the mutual interaction of He with H-isotopes and
subsequent evolution of the microstructure is an important subject to study.
In this work we investigate the retention and microstructural evolution under high flux (i.e.
1024 ions/m2/s) deuterium-helium plasma exposure while varying the content of He in a wide
range. Thermal desorption spectroscopy (TDS) measurements were performed to reveal the
main release stages and the role of plastic deformation on the release under pure He and Heseeded exposures. By comparison of the results obtained in the mixed exposures with the ones
obtained for pure D exposures, we aim to single out the impact of He and the role played by
He-seeding in the mixed plasma beam. Therefore, high resolution TDS was used to clarify the
features of simultaneous release in the exposures made using the reference samples, while a
standard quadruple mass spectrometer calibrated using a D2 leak was used to study the impact
of plastic deformation on the release of D after mixed and pure D exposure.
In addition to TDS investigations, Transmission Electron Microscopy (TEM) examination of
the sub-surface layer was made to reveal the impact of the plasma exposure on the
microstructure. Plasma shots were found to result in the localized plastic deformation, seen as
dense dislocation lines, and in the formation of nano-metric cavities of high density.
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Characterization of microstructure and nano-hardness of ITER
specification tungsten under annealing up to 1800 ºC
Andrii Dubinko1,2, D. Terentyev1, A. Bakaeva1,2 , M. Hernández-Mayoral3,
K. Verbeeken4, Thomas Pardoen5
1
Institute for Nuclear Material Sciences, SCK•CEN, Mol, Belgium
2
Department of Applied Physics, Ghent University, Ghent, Belgium
3
Division of Materials, CIEMAT, 28040 Madrid, Spain
4
Department of Materials Science and Engineering, Ghent University, Ghent, Belgium
5
Institute of Mechanics, Materials and Civil Engineering, Université Catholic de Louvain, Belgium

We present a systematic study of the nano-structure and nano-hardness of the ITER
specification tungsten grade under thermal annealing ranging from 1000°C up to 1800°C. The
present study is inspired by a recent assessment of the operating conditions in the ITER
divertor by Hirai et.al [1], which emphases that the surface of tungsten monoblocks may
exceed recrystallization temperature during slow transient events. Excessive heat loads may
subsequently induce progressive grain growth and evolution of the initial dislocation
microstructure of the surface layer due to thermally (and stress) activated processes.
Here, we present a combined assessment of the evolution of the (sub-)surface microstructure
and micro-mechanical properties of tungsten caused by high temperature annealing in the
range 1000-1800°C. The investigation is performed by using transmission and scanning
electron microscopy, nano-indentation and micro-hardness tests. The results demonstrate that
annealing up to 1300°C causes progressive removal of bulk dislocations, while annealing
above 1500°C leads to the removal of low-angle grain boundaries. The impact of the
reduction of dislocation density on the hardness is rather moderate, while the removal of the
low-angle grain boundaries emerges significant softening of the material. The obtained results
are discussed on the basis of currently available model for tungsten recrystallization.
[1] T. Hirai, et.al. Nuclear Materials and Energy 0 (2016) in press.
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Today, one of the hot topics is the nuclear fragmentation in heavy-ion collisions at
intermediate energies, both in experiment and theory. The nuclear fragmentation can help us
to understand nuclear structure effects by interactions of heavy ions. The study of
nuclearfragmentation has been applied to astrophysics and medical treatment.
Previously, we have analyzed the fragmentation of the 20Ne projectile on different targets[1,
2]. The study showed that the odd-even effect of partial cross sections is observed both in
experiment and in theory, and the odd-even effect mainly from the fragments with TZ =0, (?)
± 0.5.
Now, the odd-even effect is investigated for stable isotopes of 36Ar and 40Ar on C, Al, Cu, and
Pb targets at 400 A MeV by the ImQMD model[3] together with the GEMINI statistical decay
model[4]. The isotopic distributions and isospin distributions suggest that the odd-even effect
is dependent on the projectile nuclei. For a 36Ar projectile with TZ = 0, the partial cross
sections appear an obvious odd-even effect, and the isotopic distributions show that the
maximal cross sections for the even-Z isotope are larger than that for the neighboring odd-Z
isotope. However, the fragmentation cross sections and the isotopic distributions for the 40Ar
projectile have not shown these characteristics. The isospin distributions show that the oddeven effect of fragments from the TZ = 0 projectile is stronger than that from the TZ = −2
projectile.
[1] Cheng J X, Zhang D H, Yan S W, Li J S, Wang L C, Li Y J and Yasuda N, Chin. Phys. C 36, 37-42
(2012 ).
[2] Cheng J X, Jiang X, Yan S W and Zhang D H, J. Phys. G: Nucl. Part.Phys. 39, 055104 (2012).
[3] Wang N, Li Z X, Wu X Z, Tian J L, Zhang Y X and Liu M, Phys. Rev. C 69, 034608 (2004).
[4] Charity R J, Jing K X, Bowman D R, McMahan M A, Wozniak G J and Moretto L G, Nucl. Phys.
A 511, 59 (1990).
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The measurement of elastic cross sections between protons and light elements [1-4] at
forward angles is a tricky task due to: separation of scattering peaks in spectra, presence of
more than one isotope per element, presence of unwanted nuclear reactions, high angular
sensitivity at low scattering angles.
The production of thin implanted and evaporated targets or both becomes important since it
allows the introduction of one or more elements in a thin substrate. The choice of the substrate
is an important task since it must withstand a high dose during implantation process [5] and
must show no noticeable deterioration with beam interaction. To minimize the uncertainties of
these measurements is also relevant to have a heavy element in the target in order to
normalize the charge collection, excluding this uncertainty from the measurement.
In this work, we present targets production and characterization for isotopes of two light
elements: 6,7Li and 10,11B. The quantification of the elements present in the targets was done
with the following Ion Beam Analysis techniques: RBS (Rutherford Backscattering
Spectrometry), NRA (Nuclear Reaction Analysis) and PIGE (Proton Induced γ-Ray
Emission).
We also show forward scattering spectra for these elements with different targets and a
comparison between the different methods. Cross section measurement method is discussed.
[1] M. Haller et al., Nuclear Physics A 496 (1989) 189.
[2] W. D. Warterset al., Physical Review 91 (1953) 917.
[3] J. C. Overley et al., Physical Review 128 (1962) 315.
[4] R. E. Segel et al., Physical Review 139 (1965) 818.
[5] H. Silva et al., Nucl. Instrum. Methods B (2017) to be published.
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There are a number of papers devoted to questions on the interaction of graphene with
individual atoms and molecules. However, in these papers, defect-free graphene is usually
considered, as, for example, in [1]. In our work, a computer study of the influence of
vacancy and divacancy on sputtering of graphene was carried out.
Computer model of defect-free graphene of rectangular form, consisting of 112 carbon atoms
in the planar hexagonal packing, was built with imposition of periodic conditions on boundary
atoms along the plane of the structure. In this and subsequent simulations Brenner potential
second generation [1] was used. By method of energy minimizing models of defective
graphene having defects of a vacancy or a divacancy type was constructed. Then, by
molecular dynamics, the minimum kinetic energy Emin for sputtering of a defect-free
graphene at a normal fall of the carbon atom was determined, and this energy is 22.5 electron
volts. Then we changed the angle of incidence and determined the corresponding Emin.
The same sequence of actions for the case of the defective graphenes was carried out. The
obtained results are presented in the form of graphs and are discussed.
[1] Ehemann R., Krstić P., Dadras J., Kent P., Jakowski J., Nanoscale Research Letters, 7:198 (2012).
[2] Brenner D., Shenderova O., Harrison J., Stuart S., Ni B., Sinnot S., J. Phys: Condens. Matter, 14,
783-802 (2002).
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It is well established that swift heavy ions induce structural and chemical changes in the
materials. The nitride semiconductors, GaN and InN, display optical and electronic properties
which can be modified by swift heavy ion irradiations [1]. InN and GaN specimens were
irradiated at Ganil facility with 950 MeV Pb while InGaN quantum well samples were
irradiated at the Australian National University with 185 MeV Au.
Disorder induced in the InN and GaN layers was observed by transmission electron
microscopy technique [2]. High resolution TEM investigations were performed in order to
identify the structural order of ion tracks and the strain induced in the lattice neighboring the
ion tracks. Chemical investigations were carried out by STEM - Electron Energy Loss
Spectroscopy and Energy Dispersive X-ray Spectroscopy techniques so as to localize the
elements in the materials and to check the fluctuation rate of each element across an ion track.
InN is the most sensitive and displays partial decomposition inside the track. High resolution
TEM evidences a strong oxidation inside the tracks with the formation of In2O3.
Discontinuous tracks are observed in GaN samples and a density fluctuation around the track
was evidenced by STEM haadf analysis. Chemical profiles plotted across the tracks reveal a
decrease of nitrogen and gallium rate within the ion track while higher density of gallium is
clearly observed outside the track.
[1] Ackermann J, Angert N, Neumann R., et al. Nucl Instrum Methods Phys ResB, 1996, 107,1811842.
[2] Sall, M., Monnet, I., Moisy, F., et al. Journal of Materials Science, 2015, vol. 50, no 15, p. 52145227.
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Durango apatite was irradiated with Cr, Kr, Pb, Bi and U ions of total energy a few GeV. The
sample surfaces were characterized by Atomic Force Microscopy (AFM) and confocal Raman
spectroscopy. In this study, the damage evolution in apatite was analyzed as a function of
irradiation fluence and electronic energy loss. It gives evidence of vibrational changes for
fluences below 5×1011 ions/cm2 but becoming dominant when increasing the fluence to
1×1012 ions/cm2. It showed that at a fluence of 1×1012 ions/ cm2, a new peak ascribed to
phonons emerges at 949 cm-1, becoming pronounced at 8×1012 ions/cm2. The decrease of
symmetric vibration modes is due to increasing amorphization and thus distortion of the PO4
tetrahedra. These radiation effects are directly linked to the formation of amorphous tracks
and the fraction of amorphized material increasing with ion fluence.
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Carbon has several allotropes viz. graphite, diamond, amorphous carbon and synthetically
produced allotropes such as pyrolytic carbon, glassy carbon, fullerenes and carbon nanotubes.
Although a brief review of these different allotropes will be presented, more attention will be
given to glassy carbon, pyrolytic carbon and graphite and their microstructural and surface
behaviour under ion bombardment and annealing.
A review will be given of how ion bombardment changes the microstructure and the surfaces
of pyrolytic carbon and glassy carbon. The microstructural changes have been characterised
by Raman spectroscopy, TEM, SEM and XRD. Annealing studies combined with RBS
analysis have shown that many implanted elements segregate towards the surface of glassy
carbon at high temperatures. The temperature at which the segregation occurs, is element
specific. This segregation effect can result, for some elements, in conglomeration of the
element on the glassy carbon surface as detected by HR-SEM. The TEM results combined
with AFM showed densification of glassy carbon due to ion bombardment. This densification
result agrees with reported RBS results combined with SRIM calculations. Models will be
given of how radiation damage occurs in graphitic carbons and how that is reflected in
changes in the D, G and T peaks of the Raman spectra. Multi-wavelength Raman
spectroscopy have also been used to characterise the effect of vacuum annealing at
temperatures up to 2000 °C on bombarded glassy carbon samples. These results show that the
radiation damage in glassy carbon is hard to anneal out. Only at annealing temperature of
about 2000 °C is the damage annealed with recovery of the typical microstructure of glassy
carbon.
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Thermo elastic tension formation in a sample under the action
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Nowadays, the material modification under the action of pulsed high-intensity ion beam
(PHIIB) attracts the interest of many groups. The interest is determined by the possible to
modify the pre-surface layer of sample. The typical value of the transferred energy current of
the PHIIB is the 107-108 W/cm2. As a result of the action of the PHIIB the temperature
gradient can be observed in depth of sample.
Our report is devoted to investigation of PHIIB-action on the sample with the thin coating.
Within the framework of the investigation it has performed the matching of the theoretical and
the experimental results which were obtained by using of the accelerator TEMP-4. The silicon
samples with AlSiN-coating various thicknesses were employed. Of course, substrate and
coating have different termophysical characteristic. Than under the action of PHIIB the
temperature difference inside the substrate and coating leads to the appearance of temperature
stresses. If value of temperature stresses is higher than elastic limit then the relaxation
processes both substrate and coating can be caused the defect formation which may be leads
to the detachment of the coating.
Within the framework of the computer modeling we have investigated the conditions of
detachment of the coating under the action of PHIIB. The conditions are formulated by means
of the calculation of the temperature fields and the temperature stresses in the sample. As a
result of theoretical investigation the maximum value of current density in which there is no
detachment of coating from substrate is calculated. The results of modeling have compared
with the experimental data. The influence of ballistic mixing on the thermo elastic tension
formation is also discussed.
The research was supported by RSF (project No. 16-19-10246).
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Chemical vapour deposition technique was employed to grow zirconium carbide on graphite
substrate at 1200 to 1500 °C. at atmospheric pressure. The deposition time was varied from
0.5 to 2.5 hours. ZrCl4 and CH4 were used as zirconium and carbon source respectively in the
presence of hydrogen gas. Argon was used to sweep ZrCl4 vapour to the reactor. The
influence of substrate temperature, deposition time and argon partial pressure on structure and
growth behaviour of ZrC coatings was investigated.
X-ray diffraction (XRD), energy dispersive spectroscopy (EDS), scanning electron
microscopy (SEM) and Raman spectroscopy were used for characterisation of the samples.
The XRD results indicate that polycrystalline ZrC has been grown. The results of this study
showed that the growth of ZrC is influenced by temperature, time and argon partial pressure.
The reaction apparent activation energy was found to be 360 kJ/mol. The preferred orientation
of the deposited ZrC coatings varied with different deposition conditions. The free carbon in
the deposited layer increased with increase in deposition temperatures but decreased with
increase in deposition time and argon partial pressures. The size of the polycrystalline ZrC
grains becomes dense and more uniform as the substrate temperature, time and the partial
pressure increased.
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Muscovite mica sheets with a thickness of 12 μm were irradiated with Kr and Bi ions supplied
by Heavy Ion Research Facility in Lanzhou (HIRFL) with electronic energy loss (dE/dx)e of
5.9 keV/nm and 31.5 keV/nm, respectively. The applied ion fluences were 5×1011 ions/cm2
for Kr ions and 1×1012 ions/cm2 for Bi ions. Stability of the latent tracks created by SHI
irradiation is firstly studied by transmission electron microscopy (TEM) and scanning
transmission electron microscopy (STEM). Mica pre-irradiated by SHIs was exposed to
enormous electrons from TEM to investigate the dynamic evolutions of the size and
morphology of the tracks in situ. Latent tracks caused by SHIs present nearly circular shapes
in the planar view and are continuous in the cross section according to the TEM micrographs.
The cross section morphology of the latent tracks is not expected straight but with slightly
twists and turns which suggested that the latent track profile in mica is not dramatically
uniform but with slightly fluctuations at similar (dE/dx)e. Morphology and size of the latent
tracks are modified by electron bombardments during TEM and STEM observations. The
structure in the track halo is unstable compared with the perfect crystalline far around the
track. Point defects due to electron bombardments have priority of gathering around the
tracks, leading to the track diameter increased. Electron bombardments during TEM
observations have important influences on taken perfect HREM images of ion tracks in mica.
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Swift heavy ion-irradiation on Ce:Lu2SiO5 crystals: near-surface
structure
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Cerium doped lutetium oxyorthosilicate (Ce:Lu2SiO5, Ce:LSO), is attracting attentions as
scintillator served for medical and scientific imaging. With excellent luminescence properties,
it has been widely applied as detection parts on computerized tomography, positron emission
tomography and high-energy physics [1,2]. However, as it often worked in irradiation
environments, it’s essential to investigate the irradiation properties of Ce:LSO crystals, and
moreover, other optical properties of Ce:Lu2SiO5 crystals have rarely been reported.
The optically polished 10×8 mm2 surfaces of Ce:Lu2SiO5 sample was irradiated by 220 MeV
Ar ions with beam fluences of 1×1012 ions/cm2. The damage behavior of Ce:Lu2SiO5 samples
were characterized using techniques of X-ray diffraction (XRD) and Raman spectroscopy.
The photoluminescence spectra of samples were measured at room temperature. Based on
SRIM code, the nuclear and electronic energy loss profiles induced by 220 MeV Ar ions was
simulated. Otherwise, optical waveguide structure was observed with the sample, and we use
prism coupling and end-face coupling method to measure the properties of the waveguide
structure, and discussed through reflectivity calculation method (RCM) and finite difference
beam propagation method (FD-BPM).
[1] Xie J., Shi Y., Fan L., et al. Opt. Mater., 35, 744-747 (2013).
[2] Zavartsev Y.D., Koutovoi S.A., Zagumennyi A.I., J. Cryst. Growth, 275, 2167-2171 (2005).
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In large-scale ion accelerators, screens of scintillator materials are used for beam guiding and
monitoring. They show the beam position and shape. For this purpose, materials are required
that yield a bright light emission upon ion irradiation on hand, and are stable against ion
induced damage on the other hand. Standard scintillator materials such as Ce-doped YttriumAluminum-Garnet (YAG:Ce) cannot be used since their radiation hardness is not sufficient.
The contribution shows results on ionoluminescence of different oxides and nitrides (Al2O3,
Al2O3/ZrO2, MgO/ZrO2, a-SiHfN, h-BN) with CCD-camera- and UV-Vis spectrometer-based
measurements of light emission intensity and the emission spectrum under irradiation with
MeV heavy ions generated in a tandem accelerator. Both beam heating and radiation damage
lead to emission quenching, i.e. the screens become considerably darker upon ion
bombardment.
Among the investigated materials, pure alumina turned out to be the most suitable one.
Different types of radiation-based colour centers (F, F+, F2, F2+) formed upon ion
bombardment were identified. Microstructural radiation damage was investigated by means of
X-ray diffraction and Raman spectroscopy. The measurements indicate bond fracture,
degradation of crystallinity, reduction in grain size, and evolution of intrinsic stress. Heating
experiments reveal that the original light emission intensity can be recovered when the
alumina screens are heat-treated after irradiation. In situ heating leads on one side to
considerable emission quenching, however, on the other side to a stable light emission. Based
on these results, for application different operational modes are suggested.
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Subsurface excitation following surface impact with a heavy atomic ion or cluster projectile
results in dense (interacting) collision cascades, thus fast evolving from the collisional to the
thermalization stage. It is usually assumed that the timescale for thermalization is around
1psec (or higher). For large polyatomic/cluster projectile ions (as compared with atomic ions)
the energy deposition is quite shallow, within the few topmost nanometers of the target, and
transition to the thermalized stage may therefore be even faster. The detailed molecular
dynamics (MD) simulations of the evolution of thermodynamic conditions within the cascade
volume following surface impact with a large polyatomic ion is the subject of this
presentation.
Recently, we have reported on a new mechanism for the sputtering of solids by a large
−
polyatomic projectile (14 keV, 𝐶60
ion) [1] resulting in the sputtering of large clusters with
nearly the same velocity for all cluster sizes. The kinetic energy distributions of the sputtered
clusters were well reproduced by a shifted Maxwellian, described by a single pair of
parameters for a complete clusters family, e.g. 𝐴𝑔𝑛+ (𝑛 = 1 − 9). The results were rationalized
in terms of emission of the clusters from a superhot precursor species (moving with some
center of mass velocity) already at the very early phase of the spike (well below 1psec). Here
we present the results of MD simulations of the time scale for thermalization (and transition
−
from the collisional phase) of the cascade nano-volume in collision of 𝐶60
with a Au (001)
target at keV kinetic energies. We show that indeed thermalization (as manifested by the time
dependent energy distributions of the impact excited target atoms) is already achieved on a
deep sub-psec time scale.
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Monocrystalline plates of zinc oxide have been implanted by high-fluence (1,5∙1017 cm-2) of
transition metal Mn+, Fe+, Co+ and Ni+ ions with energy of 40 keV at ion beam current density
of 4,0 µA/cm2 to modify their electron-transport properties. The numerical estimations with
the SRIM code shown that for the used implantation conditions projected range is about 40
nm. Temperature dependence of resistance in the temperature range T = 300 – 2,5 K, as well
as DC and AC electrical characteristics have been measured in the frequency range from 25
Hz to 1 MHz at T = 300 К.
Temperature coefficient of resistance in a whole temperature interval is negative for Mn+, Fe+
and Ni+ implanted samples and it is positive for Co+ implantation, i.e. transition from
insulating to metallic regime of conductivity have been observed at cobalt ions implantation
only. At low temperatures on the insulating side of the insulator-to-metal transition (IMT)
charge transport is determined by electrons tunneling through fluctuations of conduction band
in heavily disordered modified layer of zinc oxide. The dependence of phase shift of the
voltage drop across the sample and current on frequency is negative for all samples which are
on the insulating side of the IMT and it is approximately equal to zero for cobalt implanted
samples, confirming the transition from insulating to metallic regime of conductivity when
capacitive character of impedance changes to inductive. On the metallic side of the IMT when
temperature lower 20 K size-dependent processes of weak localization and electron-electron
interactions are dominate. Mechanisms of electrons transport on both sides of the IMT as well
as its absent at Mn+, Fe+ and Ni+ implantation are discussed.
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High intensity metal ion implantation with low ion energy at elevated temperature represents
a very perspective method for deep dopant containing layers formation and materials
properties modification. This paper presents the first results of high intensity macroparticle
free metal ion beam application for low ion energy implantation. A DC vacuum arc was used
to produce aluminium plasma flow. A repetitively-pulsed macroparticle-free high-intensity
aluminium ion beam was formed using a plasma immersion ion extraction combined with ion
beam focusing. A nickel substrate was implanted with (1.5–2.6) keV aluminium ions using a
very high current density of 0.5 A cm−2 ion beam. It was shown that after 1-hour implantation
of aluminium ions in nickel at elevated temperatures in the range of (400–800) °C the
thickness of the ion-doped layers exceeded ten micrometers. The results of the modified layer
investigations including element composition, microstructure, morphology and surface
properties are described.
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Zirconium (Zr) and titanium (Ti) are well known for their biocompatibility properties and has
great success in use as a material for making medical prostheses. The cost of whole product
totally made of these metals are much higher than the analog made of food stainless steel. It is
advisable to create thin protective films that have the necessary properties to lower the total
cost.
In the present paper, Zr and ZrN coatings were obtained by vacuum plasma deposition
method. A different bias (50…250 V), system of plasma filters and variety of feeding modes
were tested to find the optimal deposition algorithm. The microstructure of the obtained
samples was analyzed. The obtained coatings were studied in a quasi-physiological sodium
chloride solution for long-term stability under human body conditions.
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Chitosan has been studied for various practical applications because of functions such as
biodegradability, low toxicity, and acceleration of fibroblast formation in animal body,
acceleration blood clotting, drug delivery, antimicrobial activity and high solubility in water.
In this study, we attempted to prepare and characterize the chitosan membrane surfaces
induced by metal–gas (MEVVA) ion implantation.
Chitosan membranes were prepared in two different microstructures to investigate the
structure effects on the protein adsorption and in vitro degradation. Dense and asymmetric
chitosan membranes prepared by dissolving in acetic acid solution. For dense membrane
production, solvent casting method was used. For asymmetric membrane preparation dry/wet
phase separation method was used by using 20 minutes pre treatment time. By changing this
time pore size and thickness of the membrane is changed that also effects the membrane
properties like diffusion ratio, water absorption, degradation time etc. Chitosan membranes
then were implanted by C and C+N ions by using MEVVA ion implanter. As a result of these,
we investigated the effect of ion implantation on the protein adsorption behavior, in vitro
degradation and cell attachment properties of chitosan films before and after the ion
implantation. Characterization studies of these membranes were performed by using Scanning
Electron Microscopy (SEM), Fourier Transform Infrared Spectroscopy (FTIR), and
Differential Scanning Calorimetry (DSC).
The ion implantion effect on ion beam modified chitosan membranes for neural cell
attachment (B35) is also examined for different dose and energy parameters of the beam. As a
result of that, surface modification by ion implantation with 1016cm-2 dose, and 1 pps
frequency, 20 kV acceleration voltage were the most appropriate values in order to neural cell
attachment and neurite extension capability with chitosan membranes.
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Stainless steels, especially the austenitic grades, present a good corrosion resistance but poor
mechanical properties. Nitriding can increase the surface hardness but typically at the expense
of corrosion resistance. Besides, nitriding of inner surfaces is not straight forward, as control
of the plasma there is challenging.
This work has focused on the development of active screen plasma nitriding processes of
inner geometries of the widely used AISI 316L austenitic stainless steel, with preservation of
the corrosion resistance. The structure and composition of the nitrided surfaces were studied
and corrosion resistance of the inner surfaces was assessed. As a result of the study, a relation
has been established between plasma treatment parameters (treatment duration and
temperatures, voltages, diameter of inner geometries, gas mixture, etc.) and phases present in
the resulting nitrided surfaces. Moreover their relation with the corrosion resistance has been
established, identifying those leading to good corrosion resistance preservation. Additionally,
electro-tribological studies have been performed. It has been observed that wear resistance
improved and that ECR (Electrical Contact Resistance) is a good indicator of the wear
phenomena occurring along the test and potentially could be a useful and simple monitoring
tool of the status of the surface and assist in defining safe and dependable operational lives.
As part of the study, simulation of the experimental data was also performed, proposing
equivalent electric circuits.
In conclusion, treatment conditions for AISI316L inner tube surfaces have been defined, with
corrosion resistance preservation and improved tribological performance, while ECR
monitoring has been found insightful and informative of the evolution of the later.
[1] Lo KH et al. Mat Sci Eng R 65 (2009) 39-104.
[2] Hoshiyama Y et al. Surf Coat Tech 307 (2016) 1041-44.
[3] Li Y et al. App Surf Sci 298 (2014) 243-50.
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Cr42Mo4 steel (AISI 4140) is the material of choice in many applications (flanges, actuator’s
cylinders,…) because of its mechanical resistance and cost. Nevertheless it shows a poor
corrosion resistance and tribological performance. Plasma treatment can be a cost efficient
technique to improve these features. In this work, active screen plasma treatments of different
species have been explored (N2, O2, CH4). The tribological performance of such surfaces has
been evaluated in erosive (against AISI 52100 steel) and adhesive (against aluminum) wear
conditions. Moreover, the tribological studies have been carried out both at room temperature
and at high temperature (150 ºC). Corrosion resistance has been assessed by salt spray tests.
Results showed that including oxygen in the treatment is not necessarily good to improve the
corrosion resistance of Cr42Mo4, though in certain conditions it causes it to improve
remarkably. On the other hand, while oxygen did not improve the tribological performance,
CH4 did, significantly.
In conclusion, a sequential N2, O2, and CH4 treatment might improve Cr42Mo4 steel
performance significantly. Alternatively, depending on the application specifications, if either
corrosion resistance or tribological performance is required, N2 + O2, or N2 + CH4 treatments
can be more adequate respectively.
The work has been completed with the application of the treatment on real parts for the automotive
industry, and their evaluation.
[1] J. Wu, H. Liu, X. Ye, Y. Chai, J. Hu. Journal of Alloys and Compounds 632 (2015) 397–401.
[2] J. Wu, H. Liu, J. Li, X. Yang, J. Hu, Journal of Alloys and Compounds 680 (2016) 642-645.
[3] M. Ulutan, O.N. Celik, H. Gasan and U. Er. J. Mater. Sci. Technol., 2010, 26(3), 251-257.

203

DEFECT ENGINEERING, NANO-SCIENCE AND TECHNOLOGY
ABS #184

P-25

Localized reduction of graphene oxide by swift heavy-ion irradiation
Andrzej Olejniczak1,2, Vladimir A. Skuratov2, Miroslaw Kulik2,3 and Jerzy P. Lukaszewicz1
1
Faculty of Chemistry, Nicolaus Copernicus University, ul. Gagarina, Torun, Poland
2)
Joint Institute for Nuclear Research, Dubna, Russia
3
Institute of Physics, Maria Curie-Sklodowska University, pl. M. Curie Skłodowskiej, Lublin, Poland

One of the most important transformations of graphene oxide (GO) is its reduction to reduced
graphene oxide (rGO). Due to the restored pi-network, the electrical conductivity of rGO is
substantially improved, thus making the material attractive for modern electronic applications.
Herein we report the formation of nanometer-sized rGO spots by swift heavy-ion
bombardment. Such structures are considered graphene quantum dots embedded in a nonconducting matrix.
The specimens were characterized by the X-ray photoelectron and Raman spectroscopies. The
electrical properties of the specimens were evaluated by conductive-AFM, in-situ two-contact
resistance, and ex-situ Hall effect measurements.
The degree of deoxygenation determined for the ions of different energy was found to scale
well with the deposited electronic energy density. Both the number density and the diameter
of the rGO spots can be tailored by a suitable choice of irradiation parameters (i.e., ion type,
fluence, and energy). The typical diameters of the rGO spots were 4.5 and 6.2 nm for the 46MeV Ar and 167-MeV Xe ions, respectively. The resistance of the samples decreased
nonlinearly with increasing ion dose and, at fluences above 1013 ions/cm2 was orders of
magnitude lower than the initial value. The Raman spectra of the low-dose-irradiated
specimens showed little or no change in the disorder parameter, whereas those of the samples
irradiated in the track overlapping regime (>1012 ions/cm2) revealed amorphization. For the
167-MeV Xe ions, characterized by the highest electronic stopping power, amorphization was
accompanied by the formation of sp-hybridized carbon chains of both the polyyne and
cumulene types.
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Optical properties of Infrasil silica after implantation by
localized high fluence MeV Au and MeV Ag ions
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We have studied the changes in the optical absorption properties of silica Infrasil 301 before
and after implantation by localized high fluence (high dose) MeV Au ions and/or MeV Ag
ions before and after annealing. Point-by-point high dose implantation allowed us control the
lateral distribution of implanted species. The objectives of this work is to understand the
effect of point-by-point high dose implantation approach on the optical properties of the
Infrasil host and learn how it differ from traditional raster-scan implantation. In this work we
used the following techniques; A) Absorption Photo Spectrometry (APS) in order to monitor
the nanocrystal growth and the interaction among the nanocrystals (if any), B) Rutherford
Backscattering Spectrometry (RBS) in order to confirm the implantation parameters, such as
implanted species, ion range, and total fluence, C) Stopping & Range of Ions in Matter
(SRIM) Simulation was used in order to select implantation energy for Au and for Ag ions
such that they have the same implantation range, D) Rutherford Universal Manipulation
Program (RUMP) Simulation in order to complement RBS results for all samples before and
after annealing. The implantation energies, 1.45 MeV for Au and 785 keV for Ag, were
selected in order to produce metallic nanoclusters at about 344nm depth. The optical
absorption properties of the implanted Infrasil were measured before and after annealing (900
o
C to 1150 oC for one hour) for coupons implanted with either Au or Ag to verify the
formation of nanoclusters. We then measured the properties of coupons which were first
implanted by Ag, subsequently annealed at 1150 oC, and then implanted by MeV Au, and
finally annealed again at 1150 oC. Our results indicates spontaneous clustering at high fluence
implantation even before annealing, and surface plasma coupling due to formation of Au and
Ag nanoclusters in Infrasil.
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Potential technological applications of periodic nanostructure arrays range from photovoltaics
[1] to biomolecule detection using plasmonic signal enhancement [2] and information
technology based on magnonic crystals [3]. Industrial-scale fabrication of such devices
requires nanopatterning processes which are cost-effective, scalable, and highly reproducible.
These demands can be met by a versatile bottom-up approach based on ion irradiation of
semiconductor surfaces and well-established thin film deposition techniques.
Reverse epitaxy, i.e. the self-assembly of vacancies and ad-atoms under ion irradiation, leads
to nanoscale surface patterning with well-defined lateral periodicity on semiconductor
substrates [4]. Among these, GaAs(001) and InAs(001) surfaces exhibit regular faceting and
thus lend themselves to transferring this pattern regularity to other materials. The nanofaceted
surfaces can for instance be employed as substrates for molecular beam epitaxy under grazing
incidence, producing periodic arrays of nanowires, periodically corrugated thin films, or
combinations thereof by geometrical shading. They can also induce long-range chemical
ordering in diblock copolymer thin films, which may then serve as highly ordered chemical
templates for metal nanostructure growth in a variety of pattern morphologies [5].
Furthermore, separated semiconductor nanostructures can be fabricated by introducing an
interlayer before ion irradiation.
In this contribution, we outline the reverse epitaxy mechanism and present examples of how it
can be employed in the fabrication of large-area nanostructure arrays. We hope to stimulate
discussion of further applications by emphasizing the simplicity and versatility of this bottomup approach.
[1] H.A. Atwater and A. Polman, Nature Materials 9 (2010)
[2] J. Vogt et al., Phys. Chem. Chem. Phys. 17 (2015)
[3] D. Grundler, Nature Physics 11 (2015)
[4] X. Ou et al., Nanoscale 7 (2015)
[5] D. Erb et al., Science Advances 1 (2015)
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GaN wires, grown by Metal Organic Chemical Vapour Deposition (MOCVD) and with
diameters between 1 and 2 mµm, were used to fabricate radiation sensors by electrically
connecting their extremities using photolithography. The photocurrent behaviour of single and
multiple wire sensors were studied under visible and UV illumination and under irradiation
with protons. The most important parameters to analyse are the gain, the response time and
decay time of the sensors. As GaN has a bandgap of 3.4 eV a very low gain for radiation with
lambda > 365 nm is expected and a high gain for more energetic radiation. The response of
the sensors to proton irradiation will be compared to the photoconductivity results and an
analysis will be presented regarding the ion beam induced defects and the influence of surface
states.
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implantation on stoichiometric Ge2Sb2Te5
G. D’Arrigo1, M. Calabretta1,2, G. Favaro3, A. Sciuto1, E. Marascia4, M. Calì4,
M. Oliveri4, and E. Rimini1
1
CNR-IMM Catania Headquarters, VIII Strada, Italy
2
SSC, Scuola Superiore di Catania, Via Valdisavoia, Catania, Italy
3
Anton Paar TriTec Sa, Rue de la Gare 4 Galileo Center, Peseux, Switzerland
4
Electric, Electronics and Computer Engineering Department, University of Catania, Catania, Italy

Phase Change Memory (PCM) operation relies on the reversible transition between two stable
states (amorphous and crystalline) of a chalcogenide material, mainly of composition
Ge2Sb2Te5 (GST). The working principle of a Phase Change Memory (PCM) is based on the
reversible transition from a crystalline to an amorphous phase and vice versa, both transition
induced by electric pulses of different magnitude and duration[1]. The two phases are
characterized respectively by a high (SET) and a low (RESET) conductive state. The iterative
transformation between the crystalline and the amorphous phases produce not only an
iterative transformation on film Sheet Resistance and Reflectivity but also produce an
iterative transformation in its mechanical characteristics, i.e. Young Modulus and Hardness.
Moreover the physical iterative transformation between crystalline and amorphous phase
transformation introduces a swelling and de-swelling effect. This is one of the key failure
mechanism that is limiting the reliability of the final integration of the PCM system. In this
work we study the mechanical modification of a Ge2Sb2Te5(UMICORE) stoichiometric target
sample, 2mm thick, treated by ion implantation technique. A multistep Ge ions implantation
process was implemented with doses in the range 1×1013 - 1.5×1014 ions/cm2 and energy in
the range 0.2 - 1.4 MeV, with a corresponding Displacement per Atom from the 0.1 up to the
1.4 value. The mechanical characterization was also performed after a progressive
recrystallization thermal process, using temperatures from 100 °C up to 350 °C with 50 °C
step. The modification were monitored by Nanoindentation[2] measurements using an Anton
Paar system with maximum applied loads of 2 and 10 mN. The used technique show a good
sensitivity to monitor the mechanical modification after each processing steps.
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Preparation of TiO2 coated carbon nanotube-based electrode
for energy storage
Hoje Kwon
Advanced Radiation Technology Institute, Korea Atomic Energy Research Institute,
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Electrochemical capacitors (ECs) have been attracting significant interest because they can
provide a higher power density than batteries and a higher energy density than conventional
dielectric capacitors. Such outstanding properties make them excellent candidates for
applications in hybrid vehicles, computers and mobile electric devices [1]. As a well-known
allotrope of carbon, carbon nanotubes (CNTs) have been intensively studied as electrode
materials of the ECs owing to their very high surface area, high conductivity, good corrosion
resistance, high-temperature stability, and percolated pore structure [2,3]. However, their low
capacitance has led to the synthesis of carbon-based composites such as various types of
carbon-metal oxides, which have significantly improved the energy performance of storage
devices.
Herein, a new approach to prepare TiO2-coated CNT-based electrodes is proposed by using a
low-energy proton irradiation and the subsequent liquid phase deposition (LPD). The
synthesized CNT thin films from a mixture of CNTs and binders were functionalized by
adopting the ion irradiation technique and the following LPD process was exploited to coat
TiO2 nanoparticles on the surface of the functionalized CNTs. The fabricated TiO2-coated
CNT films were characterized by means of field-emission scanning electron microscopy, xray photoelectron spectroscopy, x-ray diffraction analysis, and energy-dispersive x-ray
spectroscopy. The electrochemical performance of the films was also investigated by
analyzing cyclic voltmmograms and galvanostatic charge/discharge curves.
[1] Chen Z., Qin Y., Weng D. et al., Adv. Funct. Mater., 19, 3420-3426 (2009).
[2] Basirico L., Lanzara G., Nanotechnology, 23, 305401 (2012).
[3] Yao F., Pham D.T., Lee Y.H., ChemSusChem, 8, 2284-2311 (2015).

209

ABS #147

P-31

NiO-Coated graphite sheets with hierarchical
and porous structures
Hoje Kwon, Chan-Hee Jung, Seungho Yu, Yeong Heum Yeon
Advanced Radiation Technology Institute, Korea Atomic Energy Research Institute,
Jeongeup, Republic of Korea

Supercapacitors are one of the most promising energy storage systems because of their fast
charge/discharge capability, high power density, notable stability and cycle life [1,2].
Electrode materials for supercapacitors are various carbon materials including carbon-metal
oxide composites, and designing carbon electrode materials with reasonable surface areas and
porosities is very important to improve the ion-diffusion process, particularly in the case of
supercapacitors [3]. A mesoporous structure can enhance the surface area and the
macroporous structure can serve as a transport route to the interior of the carbon network. In
addition, current collectors connect the electrodes with the supercapacitor’s terminals and
metal foils such as copper are usually utilized.
Herein, a strategy to synthesize a graphite sheet with hierarchical and porous structures was
suggested through the irradiation of low-energy argon ions with fluences of 0.5×1018 to
2.5×1018 ions/cm2. The modified graphite sheet was then coated with nickel, followed by heat
treatment for oxidation. For each procedure, variation of the surface morphology was
characterized using field-emission scanning electron microscopy, x-ray diffraction analysis,
and energy-dispersive x-ray spectroscopy. The electrochemical performance of the
synthesized material was investigated through the analysis of cyclic voltmmograms and
galvanostatic charge/discharge curves.
[1] Xiong Q., Zheng C., Chi H. et al., Nanotechnology, 28, 055405 (2017).
[2] Naoi K., Kurita T., Abe M. et al., Adv. Mater., 28, 6751-6757 (2016).
[3] Yao F., Pham D.T., Lee Y. H., ChemSusChem, 8, 2284-2311 (2015).
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Magnetic nanomaterials display unique properties that make such materials of interest in a
range of applications from data storage, to micro- and nano- electro mechanical systems, and
sensors. For instance, the small magnetic domain size could open the door for high density
data storage.[1] Such materials can also exhibit tunneling and giant magnetoresistance which
can be used for magnetic field sensing.[2] There is a continued need for method to
controllably produce such materials.
Ion beam synthesis can be used to precisely integrate such magnetic materials within silicon
microelectronics.[3] Facile synthesis into insulators and semiconductors has been
demonstrated using single elemental implantation of transition metal and rare-earth element
investigated.[2,3]. For instance, our team has demonstrated the use of ion implantation of iron
in SiO2 thin films followed by electron beam annealing led to the formation of magnetic
nanoparticles protruding at the surface.[2]
The properties of the nanomaterials resulting from single ion implantation can only be
controlled to a small extent as it is dominated by the intrinsic magnetic properties of the
precipitate. Consequently, we are investigating the use of multiple ion implantation as a mean
to access a wider range of magnetic properties. In this presentation we will discuss the ion
beam synthesis, of SmCo, FeCo and FeNi multi-compound magnetic nanoparticles on SiO2
thin films. Structure and magnetic properties were investigated using transmission electron
microscopy, ion beam analysis and magnetometry techniques.
[1] S. Sun, C. B. Murray, D. Weller, L .Folks, and A. Moser, Science, 287, 1989 (2000).
[2] J. Leveneur, J. Kennedy, G. V. M. Williams, J. Metson, A. Markwitz, Applied Physics Letters 98,
053111 (2011).
[3] P. P. Murmu, J. Kennedy, B. J. Ruck, G. V. M. Williams, A. Markwitz, S. Rubanov, A. Suvorova,
Journal of Materials Science, 47(3), 1119-1126 (2012).
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The MAX phases, and more particularly Ti3AlC2, combine the properties of metals with those
usually attributed to ceramics，such as excellent mechanical properties and high-temperature
stability (>1000 oC). These properties, arising from their specific structure composed of
ceramic octahedral (i.g. TiC8) and a single intercalated metallic layer (i.g. Al layer), make
them ideal for applications under extreme radiation conditions. Therefore, it may be used as
not only the first-wall candidate material in the fusion reactor (ITER) but also the structural
material in the fission programmes (ADS and Gen IV).
The studied Ti3AlC2 samples were obtained with a hot isostatic pressing (HIP) method. And
irradiation experiments with C4+ of 1.0 MeV were performed at different temperatures and
influences under 320 kV multi-discipline research platform in the Institute of Modern Physics,
Chinese Academy of Sciences, Lanzhou. All the samples were characterized by low-incidence
X-ray diffraction and Positron Annihilation Spectroscopy, respectively.
The observed diffraction patterns revealed apparently the formation of new phases such as
TiCx and Ti3Al within the matrix caused by irradiation. Moreover, the change in peak
broadening was also indicative of the presence of a disordered phase, but the amorphous
phase didn’t occur in all the irradiated samples even at the fluence of 1.0×1018 ions/cm2.
Besides, an expansion of the hexagonal close-packed lattice along the c axis increases with
the influence at the same temperature. In addition, for the sample irradiated by C4+ with a
fluence of 3×1017 ions/cm2，S parameter was higher than that for all the other samples
including the virgin one, which clearly indicates that positrons detect the presence of vacancytype defects generated during irradiation of C in Ti3AlC2. Meanwhile, the recovery
phenomenon of defects was evidently at high temperatures. Possible mechanisms of
irradiation resistance were discussed briefly.
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Amorphous alloy (also known as metallic glass) is a kind of new alloy material synthesized
by using modern rapid solidification metallurgical technology, owning excellent mechanical,
physical and chemical properties that general metal and glass have. The unique glassy
structure makes metallic glass have some high performances such as high strength, corrosion
resistance, great ductility, and having a wide supercooled liquid region, etc. which usually
belong to the high-quality magnetic functional materials, and hence showing enormous
potential for development and application in the fusion reactor. In this work, SHI irradiation
as a kind of special non-equilibrium and exogenous energy deposition process will be applied
to the study on modification of the structural and magnetic properties of the amorphous
alloys.
Amorphous FeSiNbZrB alloy ribbons were prepared by melt spinning, and then the
amorphous ribbons were irradiated at RT with 2.01 GeV Kr26+ ions for fluence range from
1×1011 to 1×1014 ions/cm2 on the materials research terminal of the HIRFL-SSC (IMP,
Lanzhou). X-ray diffraction (XRD), transmission electron microscopy (TEM), vibrating
sample magnetometer (VSM), superconducting quantum interference device (SQUID) and
mössbauer spectra (MS) were used to measure the structural and magnetic properties of the
pristine and irradiated samples.
It’s obviously that before and after SHI irradiation, such amorphous FeSiNbZrB alloy systems
do not have a long-range order in atomic arrangement and exhibit only a short-range order.
Under SHI irradiation at RT, local crystallization phenomenon of amorphous FeSiNbZrB
alloy ribbons has been confirmed and formation of finer α-Fe(Si) phases precipitations with
diameter of 1-2 nm has been observed. In addition, after irradiation, magnetic anisotropy
considerably changes from its original in-plane direction. Possible mechanism of structural
and magnetic properties modification after SHI irradiation is discussed briefly.
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Tungsten and its alloys have been extensively studied in order to be used in plasma facing
components for future fusion nuclear reactors such as ITER and DEMO. In this work, an
evaluation of nano-hardness and microstructure, using nano-indentation and electron
backscatter diffraction (EBSD) techniques, was performed. The investigated materials were
ultra-fine grain tungsten and ITER-specification tungsten, taken as reference in the asreceived and annealed (at 1573K for 1 hour) conditions. Three ultra-fine grain tungsten grades
were produced under different spark plasma sintering conditions, namely: 2273K and 70MPa;
1973K and 80MPa and, finally, 2073K and 80MPa. EBSD provides very relevant data as it is
known that the crystallographic orientation determines some of the surface characteristics
caused by plasma exposure. The present results will serve as a reference for future studies that
will be carried out using exposed samples in order to correlate the observed damage with the
microstructural characteristics.
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Yttria Stabilized Zirconia (YSZ) is one of the most commonly used ceramic materials in
nuclear power plants. For example it is widely used as a ECP sensor to measure water quality
in nuclear power plant [1]. For this reason it must be tested at near operating conditions,
mimicking natural environment of work. The best way to achieve it is to irradiate specimen
with neutrons. However, neutron irradiation in Research Reactor is very limited and materials
treated in such way are strictly controlled. The solution to this problem is the ion implantation
of the samples and post-mortem analysis [2]. The impact of ion beam damages surface layer,
changing its structure and in consequence, related mechanical properties like hardness and
Young modulus. Structural properties of ion modified layers can be studied by X-ray
diffraction technique and Raman spectroscopy. It has been proved that XRD is an accurate
and efficient tool allowing to identify the structure of the sample. Investigation of the ion
irradiated layers by using XRD methods can potentially provide data on which directions
individual peaks are shifted in the damaged layer, which could be related to variation of
mechanical properties [2]. Shifts in diffractogram can additionally be a source of information
on differences between pure and irradiated oxides. Presented work exhibits benefits from the
use of nanoindentation, Grazing Incidence X-ray diffraction crystallography (GIXRD) and
Raman spectroscopy in measuring structural and mechanical properties of YSZ single crystals
grown in [100], [110] and [111] directions. An attempt to compare mechanical and structural
properties of implanted zirconia single crystals have been presented.
[1] K. Nakano, H. Yoshizaki, Y. Saitoh, N. Ishikawa, A. Iwase, Nuclear Instruments and Methods in
Physics Research B 370 (2016) 67
[2] L. Kurpaska, J. Jagielski, Nuclear Instruments and Methods in Physics B 379 (2016) 107.
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Due to its promising properties, Ferritic Oxide Dispersion Strengthened (ODS) steels are one
of the best candidate materials for future nuclear applications, such as structural components
of IV-gen reactors [1]. Uniqueness of ODS is an effect of the presence of certain elements
(Y-Ti-O or Y-Al-O nanoparticles), high dislocation density and fine-grain microstructure [12]. Presence of nanoparticles proved to be advantages for mechanical properties of ODS
steels. However, these elements make technological manufacture process very complicated.
Due to the extremely poor solubility and wettability of nanoparticles in liquid steel, ODS
steels are currently fabricated by using different mechanical alloying and powder metallurgy
processes.
The effects of consolidation process and low-energy ions (Ar+) irradiation on mechanical
properties of 12%Cr ODS steel were investigated. Three types of samples, fabricated with
different methods: Spark Plasma Sintering (SPS), Hot Isostatic Pressing (HIP) and Hot
Extrusion (HE) were studied. The microstructure of specimens were characterized by using
HR-SEM and EBSD techniques. Each material was submitted to low energy (160keV) Ar+ ion
irradiation with fluences: 1014, 1015 and 1016 [at/cm2]. Mechanical properties were evaluated
by using Vickers micro-hardness HV0.1, Small Punch Test and nanoindentation. Conducted
experiments shows that manufactured with SPS and HIP methods samples exhibit similar
mechanical properties, although the first technique results in slightly higher Young modulus
values.
[1] C. Heintze, M. Hernandez-Mayoral, A. Ulbricht, F. Bergner, A. Shariq, T. Weissgärber, H.,
Frielinghaus, Journal of Nuclear Materials 428 (2012) 139
[2] C.-L. Chen, A. Richter, R. Kögler, M. Griepentrog, P. Reinstädt, Journal of Alloys Compounds
615 (2014) S448.
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Germanium is compatible with the standard complementary metal-oxide-semiconductor
(CMOS) technology, but it is an indirect-gap semiconductor, which limits its application in
optical detection and lasing fields. Tensile strain can be availably decreased the energy barrier.
Many methods have been applied to induce tensile strain in germanium. The most popular
way of induced tensile is the use of plane stressor layers and mechanical tensile strain.
Nevertheless,these methods need complicated semiconductor technology or suitable stressor
assisted. Theyare not convenient means to introduced controllable biaxial strain directly on
semiconductor.
We report a new way to create biaxial strain bubble array in germanium by H+ implantation.
Firstly, we grow a layer of Si3N4 on the Ge substrate as a buffer layer, then open array of
circular windows by the lithography. The most important step is H+ implantation, so
implanted influence and energy can observably influence strain in germanium dot. Finally,
remove the photoresist and buffer layer and anneal at high temperature. The hydrogen will be
trapped and induced blister on the “windows” at high temperature. The strain state and
distribution of the strainedbubbles are investigated by micro-Raman scattering; TEM test is
performed toobtain the state in the bubble.The implanted ion influence, energy and annealed
temperature would be flexibly adjusted to get broad biaxial strain. The method without
stressor and complicated semiconductor technology can open an efficient way in strain
engineering.
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The interaction of materials with radiation is interesting from theoretical and experimental
points of view. The changes induced by irradiation are irreversible at the atomic level and
affect significantly material properties. Due to the fact that during irradiation a great number
of point defects is created, the positron annihilation techniques are suitable for studies of such
irradiated materials.
Within this presentation we report experimental studies of pure Iron (Fe) exposed to Xe26+
irradiation. Implantation using 167 MeV ions to fluencies 1012, 1013, 5×1013, 1014 ions/cm2
and the dose 5×1013 ions/cm2 with various energies were performed at IC-100 cyclotron at
FLNR, JINR. Radiation damages were investigated with variable energy positron beam
(VEP). Doppler broadening spectroscopy (DB) was applied and the line shape S parameter of
annihilation line was extracted. The analysis of S parameter profiles gives information about
the presence of open volume defects in irradiated samples. The positron diffusion length
extracted from the profile decreases with the dose increase and energy decrease in the
investigated depth equal 1.3 µm. It points out the increase of defects concentration.
The complementary measurements of positron lifetimes were performed using fast-fast
spectrometer.
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The preparation of α-Fe2O3 hollow spheres
and its gas sensing properties
Shuyi Ma, Hengming Yang, Xiaoli Xu
Key Laboratory of Atomic and Molecular Physics & Functional Materials of Gansu Province,
College of Physics and Electronic Engineering, Northwest Normal University, Lanzhou, China
1

Hematite (α-Fe2O3) hollow spheres were prepared by a one-step hydrothermal reaction
without template and used to fabricate the gas sensors. Structure and morphology of the
products were characterized by X-ray diffraction, scanning electron microscopy and
transmission electron microscopy. The results indicated that the as-prepared samples were αFe2O3 hollow spheres with an average diameter of 250 nm, which were constructed by small
particles with smooth surface and the diameter around 50-70 nm. The sensor based on αFe2O3 hollow spheres exhibited excellent sensing performance to methanol at 280°C, and the
response can be reached at 25 when the concentration as low as 10 ppm. In addition, sensing
mechanism of the sensor towards α-Fe2O3 hollow spheres was investigated.

α-Fe2O3:（a）SEM，
（b）enlarged SEM，
（c）TEM α（d）HRTEM

[1] Sun LN, Cao MH, Hu CW. Solid State Sci. 2010; 12: 2020–2023.
[2] Yan W, Fan HQ, Zhai YC, Yang C, Ren PR, Huang LM, et al. Sens. Actuators B: Chem. 2011; 160:
1372–1379.
[3] Zhou X, Liu JY, Wang C, Sun P, Hu XL, Li XW, et al. Sens. Actuators B: Chem. 2015; 206: 577–
583.
[4] Cui HT, Liu Y, Ren WZ. Adv. Powder Technol. 2013; 24: 93–97.
[5] Wang Y, Cao JL, Yu MG, Sun G, Wang XD, Zhang ZY, et al. Mater. Lett. 2013; 100: 102–105.
[6] Nang LV, Kim ET. Mater. Lett. 2013; 92: 437–439.
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The surface structural modification analysis of W thin film deposited
on 6H-SiC due to annealing in argon, hydrogen and vacuum
using AFM technique
T. T. Thabethe, T. T. Hlatswayo, E. G. Njoronge and N. B. Malherbe
Physics Department, University of Pretoria, Pretoria, South Africa

Tungsten (W) film was deposited on bulk single crystalline 6H-SiC substrate and annealed in
Argon (Ar) ambient, hydrogen (H2) ambient and vacuum at temperatures ranging from 700 to
1000 ºC for 1 hour. The resulting surface morphology was investigated by atomic force
microscopy (AFM) analysis technique. The AFM 2D image of the as-deposited sample
showed fairly flat surfaces with tiny grains evenly distributed. Samples annealed in vacuum
and Ar indicated a crystal surface with islands, while the H2 annealed sampled showed
increase in the granular surface structure. The 3D images for the vacuum, Ar and H2 annealed
samples had irregular hillocks and valleys which grow with increase in annealing temperature,
but were more pronounced for the Ar annealed samples. This was due to the surface crystals
growing larger with increase in annealing temperature and due to the surface diffusion taking
place. The RMS for the samples annealed in Ar was larger when compared to the samples
annealed in Vacuum and H2 (RMS Ar ˃ RMS vacuum ˃ RMS hydrogen). It was evident that
annealing in argon results in high surface roughness and large crystal formation, while
granular like surface structure was observed for samples annealed in H2. The samples
annealed in vacuum and H2 samples are less rough when compared to the samples annealed in
Ar.
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Ion track-etched polymers as templates for electroless fabrication of
metal nanotube arrays
Torsten Walbert, Falk Muench, Wolfgang Ensinger
Department of Materials Science, Darmstadt University of Technology, Darmstadt, Germany

An indirect but very versatile nanotechnological application of ion beams for materials’
fabrication is the creation of ion damage tracks in polymer foils that are chemically etched to
high aspect ratio nanochannels, i.e. with diameters smaller than 100 nm at lengths typically
larger than a few micrometers. These can be used as templates for the fabrication of
nanotubes. The tubes are formed by redox-chemical deposition of thin films onto the
nanochannel walls. After dissolution of the polymer template, freestanding nanotubes are
obtained. If the ion beams are crossed, the nanotubes are interconnected, leading to
mechanically stabilized nanotube networks (NTNWs).
The contribution gives an overview of the whole process, from ion irradiation via chemical
ion track etching to the electroless nanotube growth.
As an example, the fabrication of an array of Pt nanotube networks is shown. Their
dimensions and microstructure were investigated with Scanning Electron Microscopy. They
were tested as a current collector in Li-ion batteries. Half-cell battery measurements vs. Li,
using LiCoO2 as an active material, show that the nanotube arrays exhibit a higher capacity
than a common 2D Pt film with the same geometric surface. Thus, use of 3D nanostructured
materials can increase specific surface area but also retain mechanical stability, resulting in a
better battery performance.
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Ion beams to study mixed cation/mixed halide perovskite layers
Victoria Corregidor1, Luís C. Alves2, Maria Jose Brites3, Joana V. Pinto4, Manuel J. Mendes4,
Alexandra Barreiros5
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3
Laboratório Nacional de Energia e Geologia, LEN/UES, Lisbon, Portugal
4
CENIMAT-I3N, Faculdade de Ciências e Tecnologia, UNL, Caparica, Portugal
5
Laboratório Nacional de Energia e Geologia, LEN/UES, Lisbon, Portugal

Increasing research on perovskite materials for solar cells and the need of a better
manufacturing control fostered the pursuit for a more in-depth understanding of this
photovoltaic material using advanced characterization surface techniques. This becomes even
more important in compositional engineering studies of mixed cation/mixed halide
perovskites, which comprise effective strategies to achieve record efficiencies. By changing
the cation and/or the halide, structure and band gap can be modified and chemical stability
increased. In this sense, caesium formamidinium lead mixed-halide perovskite
(FA0.83Cs0.17PbI1.8Br1.2) with improved photostability and a bandgap of 1.74 eV has recently
been identified as a suitable material for perovskite/c-Si tandem solar cells. Different
techniques concerning elemental composition and structural-optical properties were used to
study these structures to overcome the main difficulties in the tricky task of perovskite
preparation.
Proton and helium micro-beams were used to assess lateral and in-depth chemical
inhomogeneities, in the order or microns, produced during the manufacturing process [2]. It
was also possible to obtain the stoichiometry and compare with the expected theoretical
composition. These data are crucial since small variations in composition can be responsible
for changes in the structural, optical and electrical properties of the layers.
[1] D. P. McMeekin et al., Science, 351, 151-155 (2016).
[2] M.A. Barreiros et al., Nucl. Instr. Meth. B (2017), http://dx.doi.org/10.1016/j.nimb.2017.01.019 .
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Blister formation in ZrN/SiN multilayers after He irradiation
V.V. Uglov1,2,3, G. Abadias4, S.V. Zlotski1, N.T. Kvasov1,2, I.A. Saladukhin1
1

Belarusian State University, Minsk, 220030, Nezavisimosti ave., Belarus
2
Tomsk Polytechnic University, Tomsk, 634028, Lenina ave., Russia
3
National Research Nuclear University “MEPhI” (Moscow Engineering Physics Institute), Moscow,
115409, Kashirskoe highway, Russia
4
Institut Pprime, Université de Poitiers-CNRS-ENSMA, Dpt. Physique et Mécanique des Matériaux,
SP2MI, Chasseneuil-Futuroscope cedex, France

Deposited layers can exhibit a susceptibility to blistering that is dependent on the layer
structure and composition, as well as on the presence of interfaces. Zirconium and silicon
nitrides are possible candidates for inert matrix fuel host for fast reactors or accelerator-driven
sub-critical systems. The current study was performed on nanoscale ZrN/SiNx multilayers
with different thickness of elementary layers grown at Ts=300°C by reactive magnetron
sputter-deposition from Zr and Si3N4 targets.
In the present work SEM and AFM investigations of the surface structure and mechanisms of
blister formation in ZrN/SiNx multilayers after irradiation with He ions (30 keV, 1017 cm-2)
and subsequent annealing (up to 1000°C) were carried out. The irradiation was carried out at
еру room temperature. Both the multilayer periods (10 – 45 nm range) and ZrN thickness
ratio (0.33 – 0.96 range) were varied. It has been found that irradiation by He ions leads to the
formation of helium bubbles in amorphous SiNx layers of ZrN/SiNx multilayers.
AFM studies of films after He ions irradiation and subsequent annealing at 600°C revealed
large number of blisters formation on the surface. Thus, the open blisters (about 4.5 – 5 µm
diameter) formation prevails for the amorphous SiNx film. A significant increase (in 10 times)
in the blisters number (diameter 1 µm) was found for the crystalline ZrN film.
The formation of blisters in the ZrN/SiNx (2 nm/5 nm) multilayer after irradiation by He ions
and annealing at 600 0C was revealed. It has not been found any blisters for the ZrN/SiNx
multilayer system with 5 nm crystalline ZrN layer. Irradiation by He ions and subsequent
annealing at 600 0C leads to the destruction and delamination of the ZrN/SiNx (10 nm/5 nm)
film up to the depth corresponding to ion range of helium. The mechanisms of blisters
formation depending on the thickness and the crystalline and amorphous layers number are
discussed in the paper.
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Features of microstructure of zirconium and silicon nitrides
multilayers irradiated by xenon ions
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The current study was performed on nanoscale ZrN/SiNx multilayers with different thickness
of elementary layers, grown at Ts = 300° C by reactive magnetron sputter-deposition from
zirconium and silicon nitride targets. In the present work TEM and HRTEM investigations of
microstructure features after Xe irradiation (360 keV and 51016 cm-2) of ZrN/SiNx multilayers
were carried out. Both the multilayer period (8 and 10 nm) and ZrN thickness ratio (0.375 and
0.5) were varied. The obtained results of TEM and HRTEM investigations of multilayer films
indicate the formation of alternating layers of nanocrystalline ZrN and amorphous SiNx with
distinct boundaries.
Results of HRTEM study of ZrN film, irradiated by ions of Xe, have shown that this film
seems to be almost unaffected by the implantation. Only a small amount of damage is
observed. The SAD pattern suggests that the film is nanocrystalline in nature. In the SiNx
film, irradiated by Xe ions, many large and small bubbles were found. And the SAD patterns
suggest that this film is amorphous. It was revealed the accumulation implanted xenon
(formation of large bubbles) on the depth of maximum radiation damage. The irradiation of
ZrN/SiNx multilayered film with xenon ions leads to formation of Xe bubbles in amorphous
sublayers in the area of the implanted ions distribution and to a smearing the boundaries of
crystalline ZrN-amorphous SiNx layers in zone of the maximum energy release for implanted
ions. It found that the layers close to the implantation range have been intermixed due to
implantation damage for multilayer. A decrease in 2 times of Xe bubble size in the irradiated
multilayered ZrN/SiNx film with a layer thickness of 5 nm compared with Si 3N4 film was
found.
The paper discusses the mechanisms of interaction of the generated radiation defects with
implanted xenon and especially the distribution of xenon in nanocrystalline ZrN and
amorphous SiNx.
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Effects of MeV Cu+ ion irradiation on MoSe2 nanostructure
Xiao-Fei Yu, Hong-Lian Song, Mei Qiao, Tie-Jun Wang, Jing Zhang and Xue-Lin Wang
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and Particle Irradiation (MOE), Shandong University, Jinan, P. R. China

Recently nanostructured MoSe2 materials have drawn much attention to the potential
applications in solar cells, sensors, field effect transistors and light emitting diodes due to
some exotic properties such as large binding energies of excitons, an indirect to direct band
gap transition in monolayers [1,2]. Ion irradiation techniques have been widely used to
modify the surface properties of materials because of the accurate control of dopant
composition and structure modification. However, there are few reports that investigate the
influence of Cu ion irradiation on the microstructure and optical properties of twodimensional (2D) nanostructured MoSe2 materials.
In this paper, we reported the influence of Cu ion irradiation on the microstructure and optical
properties of two-dimensional (2D) MoSe2 nanostructure for the first time. We also studied
the influence of Cu ion irradiation on the microstructure and optical band gap in
nanostructured MoSe2 materials with different substrates. MoSe2 nanostructures were
synthesized by chemical vapor deposition (CVD) on sapphire and quartz substrates. We used
different methods to characterize the MoSe2 nanostructure. Atomic force microscopy (AFM)
was used to analyze the thickness and morphology of the samples. In addition, a UV-Vis
spectrometer was used to investigate the optical properties of the samples. Structural analysis
was performed using X-ray diffraction (XRD) and Raman spectroscopy. The intensities of all
peaks of irradiated samples are higher than those of the un-irradiated sample, indicating an
enlargement of the lattice spacing in a direction normal to the interface.
a

b

Figure 1: The XRD spectra for nanostructured MoSe2 materials before and after Cu ion irradiation，
(a) quartz substrate; (b) Al2O3 substrate.

[1] Balasingam, S. K.; Lee, J. S.; Jun, Y. Dalton transactions, 44, 15491-8 (2015).
[2] Xu, W.; Zhao, Y.; Shen, C.; Zhang, J.; Xiong, Q. Acta Chimica Sinica, 73, 959 (2015).
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Ion energy distribution from laser-generated plasma at 1010 W/cm2
Giovanni Ceccio and Lorenzo Torrisi
Dipartimento di Fisica-MIFT, Università di Messina, Messina, Italy

A ns Nd:YAG laser operating at 1010 W/cm2 intensity is employed to irradiate Al/Au bilayered targets in high vacuum. The laser-generated plasma is analysed using an Ion Collector
and an Ion Energy Analyser, which is based on electrostatic ion deflection and fast Secondary
Electron Emission detector. The ion spectra were acquired in time-of-flight configuration,
their energy distributions are in agree with the Coulomb-Boltzmann-Shifted function.
The maximum Al ion acceleration is about 1.4 keV while the maximum Au ion acceleration is
about 5.0 keV. The plasma temperature was evaluated from the Boltzmann distribution width
and ranges from about 50 eV up to 300 eV for pure Al to Al covered by 750 nm Au film,
respectively. The possibility to inject such ions in RFQ accelerator will be presented and
discussed.
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Radiation tests for space-dedicated materials at
Liege SANA Ion Beam Facility
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K. Fleury-Frenette2, D. Strivay1
1
SANA, Spectroscopie Atomique et Nucleaire, Archeometrie, Université de Liège, Liege, Belgium
2
Surface Micro & Nano Engineering Laboratory, STAR Space Science, Liege, Belgium

Since few years, IPNAS-SANA laboratory has initiated several collaborations with different
research groups of the Centre Spatial de Liège to develop set-ups suitable to test spacededicated materials and components behavior and thus, under space environment specific
conditions. During long flights in space, expected interactions and damages in exposed
materials, are mostly due to energetic electrons and protons. As SANA irradiation facility
hosts several accelerators therefore, covering a broad range of particle/energy conjunctions
(0,3-20MeV for protons), it represents an ideal set of irradiation tools for materials testing
campaigns.
This paper reports the development and most recent studies performed on two new irradiation
set-ups: first one located on a 30° beam line of the 2,5MV Van de Graaff (0,1-2,5 MeV) and
second one on a 40° beam line of a variable energy CGRMEV 520 cyclotron (2,5-20 MeV) .
Goals, radiation test plans applied, and typical results obtained, in the framework of different
projects will be exposed here to highlight both specific needs and features developed on these
vacuum chambers, to perform adequate radiation tests:
First will be presented methodology and results obtained within the SIDER project aiming at
the improvement of the radiation shielding behavior of composite materials exhibiting low
strength-to-weight ratios and considered as potential alternatives to state-of-the-art aluminum
used to shield sensitive electronics. As for a second example, the results obtained during
mirrors optical coatings radiation test qualification campaign led in the framework of the
COPERNICUS Initiative and the development of Sentinel-4 UVN spectrometer will be
detailed to emphasize specific care taken for the design of suitable irradiation set-ups and
protocols.
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Setups of ion beam induced luminescence in Beijing Normal
University and their applications for ion irradiation effects study
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Ion beam induced luminescence (IBIL) is a very sensitive technique for identifying structural
changes in insulators and semiconductors during ion irradiation[1,2]. For study of ion
irradiation effects, three setups of ion beam induced luminescence were established in Beijing
Normal University. One is a 20 keV negative-ion induced luminescence set-up[3,4] at the
injector of the GIC4117 21.7 MV Tandem accelerator. Second is a MeV IBIL set-up with a
variable temperature ( -196℃ to 600℃) target hold at the PIXE vacuum chamber of the
Tandem accelerator. Another is 30~200keV IBIL set-up at a 200keV ion implanter.
With above set-ups, IBIL spectra of silica glass and lithium fluoride during H+ irradiation with
different energy or during 20 keV H- irradiation were performed. Experimental results were
also discussed in this paper.
[1] P.D.Townsend, M.L.Crespillo, Physics Procedia 66(2015)345-351.
[2] M.L. Crespillo, J.T. Graham, Y. Zhang, W.J. Weber, Journal of Luminescence 172 (2016) 208-219.
[3] Menglin Qiu, Yingjie Chu, Guangfu Wang, et. al., Radiation Measurements 94(2016)49-52.
[4] Yingjie Chu, Guangfu Wang, Menglin Qiu, et. al., CHIN. PHYS. LETT., Vol. 33,
No.10(2016)106101.
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Micro-AMS analysis of low dose Pt implantation in Si
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The use of isotopic pure materials, eliminating the inhomogeneous isotope broadening
observed in natural samples, has resulted in large improvements of the spectral resolution of a
number of impurity and defect spectroscopies. In highly enriched 28Si the no-phonon
transitions can become so sharp that centers having different numbers of specific isotopes can
be resolved as ‘isotopic fingerprints’, showing not only that a given element is involved but
also how many atoms of that element are present in the binding center.
In this study, pure 28Si isotope single crystals were implanted, at energies of 150 and 300 keV
with different Pt isotopes (194Pt and 198Pt), being the nominal dose for each of the isotopes
around 1×1014 atms/cm2. A natural Pt target was used for the implantation and despite the
mass selection, some isotopic contamination is expected. Due to the low fluences implanted
the determination of the implanted isotopic ratios requires an analytical technique with high
sensitivity such as Accelerator Mass Spectrometry. The Microbeam AMS, or Micro-AMS,
present at CTN, was used in this study as it allows the measurement of the in-depth profile
distributions of the 194Pt, 198Pt isotopes as well and any eventual contaminations, by using its
fast bouncing system, without any kind of chemical preparation of the implanted samples.
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SIMPLE – Single ion multispecies positioning at low energy:
a single ion implanter for quantum technologies
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Quantum technology devices based on solid-state quantum objects are not currently as
advanced as those involving atoms trapped in vacuum because of the much stronger
interaction with the environment. However the advantages of solid state devices in that they
provide strong microelectronic integration (e.g. shallow donors in semiconductors like Si:P
allowing electrical readout etc). A number of techniques have been demonstrated to construct
solid state quantum devices including the use of AFM/SPM for single atom manipulation.
These have demonstrated the potential of such devices but are very limited in their flexibility
and ability to scale-up. Single ion implantation has less precision and creates damage that has
to be annealed, but offers both flexibility and scale-up. A new single ion implanter is being
built at Ionoptika that aims to implant single ion species to within 20nm of each other with an
ability to detect each impact with a greater than 95% success rate. A liquid-metal ion source
capable of delivering C, P, Si, S, Se, Bi and Er ions will be used and a separate gas source for
N ions will be used. The single ion impact detection system will be described and some
preliminary results provided. The overall equipment specification and design will be
described and preliminary results from the finished instrument will be given.
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Exploration of the use of intermediate energy light ion beams for the
study of reactors
Steven Jepeal and Zachary Hartwig
Massachusetts Institute of Technology, Cambridge, Massachusetts, USA

Future fusion and advanced fission reactors will require structural and functional materials to
withstand high levels of radiation damage. It is estimated that structural materials in advanced
fusion reactors would be exposed to up to 200 dpa [1, 2]. A lack of data for material properties
at high damage levels motivates the use of ion beam irradiation to emulate neutron-induced
radiation damage [3]. As a result of technology limits on traditional university-scale
accelerators, present techniques employ low energy light ions (< 3 MeV) and heavy ions (<
10 MeV) to damage materials. Such ions only damage the near-surface layer (few microns or
less), requiring the use of microscopic post-irradiation evaluation techniques, (e.g TEM and
nanoindentation) to study the irradiation induced changes in material properties [4]. These
microscale measurements must then be extrapolated over several orders of magnitude to
predict engineering-scale properties. Recent advances in accelerator technology have resulted
in ultracompact superconducting cyclotrons that produce intermediate energy (10 MeV - 50
MeV) light ion beams and can be installed and operated at university-scale facilities [5].
These ions induce reasonably uniform damage to depths on the order 0.1 - 1.0 mm and enable
direct macroscopic testing (e.g. tensile testing) post irradiation. We present a preliminary
exploration on the use of intermediate energy ion beams in radiation damage material science
and our near-term experimental plans to use the newly commissioned Ionetix ION-12sc
superconducting proton cyclotron (12.5 MeV protons, 20 µA CW beam current) at the MIT
CSTAR Laboratory.
[1] R. Aymar, J. Nucl. Mater. 307–311 (2002) 1.
[2] L.K Mansur et al., J. Nucl. Mater. 329–333 (2004) 166.
[3] G.S Was, et al., J. Nucl. Mater 300 (2002) 198.
[4] C. Heintze, F. Bergner, et al., J. Nucl. Mater. 472 (2016) 196.
[5] V. Smirnov, et al., Nucl. Instr. and Meth A, 763 (2014) 6.
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