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P-A1 
The surface swelling of ion-implanted diamond: experiments and numerical analysis 
Federico Bosia, University of Torino, IT 
Paolo Olivero, University of Torino, IT 
Ettore Vittone, University of Torino, IT 
Federico Picollo, University of Torino, IT 
Alessandro Lo Giudice, University of Torino, IT 
Milko Jakšid, wǳŚŜǊ .ƻǑƪƻǾƛŏ LƴǎǘƛǘǳǘŜΣ Iw 
Natko Skukan, wǳŚŜǊ .ƻǑƪƻǾƛŏ LƴǎǘƛǘǳǘŜΣ Iw 
Lorenzo Giuntini, University of Firenze, IT 
Mirko Massi, University of Firenze, IT 
Silvia Calusi, University of Torino, IT 
Maurizio Vannoni, CNR, IT 
Stefano Lagomarsino, University of Firenze, IT 
Silvio Sciortino, University of Firenze, IT 
 
keywords: Diamond; Ion damage; Numerical analysis 
 
We present experimental results and numerical Finite Element analysis to describe a well-know effect occurring in 
diamond substrates subjected to ion implantation, namely surface swelling due to the creation of buried graphite-like 
inclusions. Numerical predictions are compared to experimental data for MeV proton and carbon implantations, 
performed at the ion microbeam facilities of the LABEC, Firenze, and LIBI, Zagreb, laboratories, respectively. Swelling 
values are measured with white-light interferometric profilometry in both cases. Simulations are based on a model 
which accounts for the through-the-thickness variation of physical and mechanical parameters, as a function of ion 
type, fluence and energy. Surface deformation profiles and internal stress distributions are analyzed and numerical 
results are seen to adequately fit experimental data. Results allow us to draw conclusions on the internal structure of 
damaged diamond substrates. 
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P-A2 
Microstructural modifications induced by MeV heavy ion irradiation in cubic Zirconia 
Aurélien Debelle, Université Paris-Sud 11, FR 
Sandra Moll, CNRS-IN2P3, FR 
Lionel Thome, CNRS-IN2P3, FR 
Gaël Sattonnay, Université Paris-Sud 11, FR 
Laëtitia Vincent, CNRS-IN2P3, FR 
Frédérico Garrido, Université Paris-Sud 11 - CNRS-IN2P3, FR 
Jacek Jagielski, Institute for Electronic Materials Technology, PL 
 
keywords: zirconia, RBS/C, XRD, TEM, ion irradiation, damage, elastic strain 
 
We report the study, via the combination of RBS/C, XRD and TEM experiments, of the damage formation in cubic 
yttria-stabilized zirconia single crystals irradiated with medium-energy (4 MeV) heavy (Au) ions. The damage build-up, 
which is accounted for in the framework of the Multi-Step Damage Accumulation (MSDA) model, occurs in three 
steps. The first step at low fluences (up to 10

15
 cm

-2
), characterized by a regular increase of both the damage yield and 

the elastic strain, is related to the formation of small defect clusters. The second step in the intermediate fluence 
range (from 10

15
 to 5x10

15
 cm

-2
) leads to a sharp increase of the damage yield and to a large drop of the strain, due to 

the formation of dislocation loops which collapse into a network of tangled dislocations. The third step at high 
fluences (above 5x10

15
 cm

-2
) exhibits a surprising decrease of the damage yield, which may be ascribed to the 

reorganization of the dislocation network that leads to the formation of weakly-damaged regions with a size of the 
order of 100 nm. 
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P-A3 
Study of narrow-band filters optical stability for Space applications 
Ilaria Di Sarcina, ENEA, IT 
Francesca Menchini, ENEA, IT 
Salvatore Scaglione, ENEA, IT 
 
keywords: thin-film, IAD, narrow-band filters 
 
Optics for Space applications can suffer from optical and mechanical degradation when directly exposed to the outer 
hostile environment. The performances of the components should be stable for a time grater than the mission 
duration in order to avoid the failure of the mission itself. Generally, for their stability, dielectric materials are used to 
fabricate narrow-band optical coatings that can be composed by a stack of many layers, in some cases up to one 
hundred.  
The Fabry-Perot filter (FPF) is a typical optical component for narrow-band spectral selection. Its structure is a 
multilayer of two materials of high and low refractive index. Increasing the number of layers, narrower band-pass 
width can be obtained. The FPF optical and mechanical properties strongly depend on the manufacturing method.  
The e-gun evaporation with ion beam assistance (e-IAD) appears as a suitable technique to obtain very stable and high 
quality optics.  
In this work the optical stability in time of two different sets of filters deposited with and without ion assistance was 
investigated. It was found that the ion beam assistance improves the lifetime of the components, which appear 
unchanged after 10 years.  
Gamma rays irradiation tests and cryogenic cycles were performed on some of the filters to characterize their 
behaviour in hostile environments.   
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P-A4 
Swift heavy ion induced modifications of optical and microstructural properties of a:C-Ag nanocomposite thin films 
Rahul Singhal, Inter University Acceelrator Centre, New Delhi, IN 
 
keywords: Ion Irradiation; Nanoparticles; Surface Plasmon Resonance 
 
Metallic nanoparticles (NPs) exhibit unusual physical and chemical properties compared to those of bulk solid material 
due to increased surface to volume ratio. Therefore the synthesis of NPs has attracted a great deal of attention in 
recent years. NPs of noble metals are interesting especially due to their localized surface plasmon resonance (LSPR) 
which occurs in visible region. The Ag NPs have been synthesized in various matrices like SiO2 and Al2O3. However, the 
sensitivity of silver NPs to oxidation, especially when embedded in oxide matrices, is a problem of major concern. 
Carbon based matrices are interesting in this respect for isolating the particles. Its very little reactivity with silver 
makes it an interesting matrix for embedding silver NPs. The C-Ag nanocomposite films were synthesized by atom 
beam sputtering setup indigenously designed and built at IUAC New Delhi. The metal concentration in nanocomposite 
film was found to be 17% by Rutherford backscattering spectroscopy. The LSPR peak of Ag NPs was observed at 430 
nm. Transmission electron microscopy confirmed the spherical Ag NPs with average diameter ~ 6.5 nm and the fcc 
phase of Ag metal was confirmed by selected areal electron diffraction pattern. These films were irradiated by 120 
MeV Ag ions at different fluences by 15UD pelletron accelerator. A growth of Ag NPs from 6.5 to 12.5 nm was 
observed with ion irradiation. Despite the growth of nanoparticles, a 7 nm blue shift was observed in LSPR wavelength 
of Ag NPs. Raman spectroscopy was performed on the pristine and irradiated samples to understand this blue shift 
and it is explained by the increase in disorder parameter (ID/IG) with ion fluence of amorphous carbon matrix. 
  
References: 

[1] J. C. Pivin at. al., European Physical Journal D 20, 251 (2002) 
[2] Y. K. Mishra at. al., Appl. Phys. Lett.  91, 1 (2007)  
[6] R. Singhal et. al., Appl. Phys. Lett. 93, 103114 (2008) 

    [7] D. Kabiraj et. al., Nucl. Instr. and  Meth. in Phys. Res. B 244, 100 (2006) 
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P-A5 
Impact of fast neutrons and annealing on optical properties of MgO crystals with transition ions 
Vera Skvortsova, Institute of Solid State Physics, University of Latvia, LV 
Laima Trinkler, Institute of Solid State Physics, University of Latvia, LV 
Darja Jakimovica, Institute of Solid State Physics, University of Latvia, LV 
 
keywords: Neutron Irradiation; Photoluminescence; Absorption Spectra; MgO; Magnesium Oxide 
 
The luminescence can be used as an indicator of the presence of intrinsic and extrinsic defects in oxides. Annealing of 
irradiated crystals provides some interesting information on formation and destruction of radiation defects. In this 
paper, we present the results of investigation of the photoluminescence (PL), its excitation and optical absorption of 
MgO crystals exposed to fast neutron irradiation and after annealing. 
The absorption spectra of the neutron irradiated MgO consist of bands associated with radiation defects. Annealing 
causes changes in the intensity of these bands and appearance of additional absorption bands. The observed 
photoluminescence spectra of MgO crystals before and after fast neutron irradiation at λex=214 nm has two bands at 
~720 nm and 440 nm. The last band at annealing temperature 573 K has the highest intensity. The photoluminescence 
spectra of the irradiated MgO crystals annealed at T=773 K contain the dominating band centered around 700 nm. It 
has been found that the position of the emission band depends on the excitation wavelength for irradiated MgO 
crystals. The photoluminescence spectra of the irradiated MgO crystals annealed at T=573 K (λex = 502 nm) has a band 
at 650 nm, while λex = 545 nm gives a band at 750 nm. The shape of the photoluminescence excitation spectra (λlum = 
700 nm and λlum = 740 nm) depends on the annealing temperature: at T = 573 K the excitation spectrum contains two 
bands at 545 nm and 505 nm, at T = 773 K only one wide band is observed at 530 nm. We assume that the 
photoluminescence band at ~650 nm observed in the irradiated with fast neutrons and annealed MgO crystals belongs 
to the complex Mn

2+
 - F (or F

+
), while the band 440 nm belongs to the tetragonal VȤOH-Fe

3+
 centers. 
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P-A6 
Nano-structural change of iron disilicide (beta-FeSi2) thin filmsby high-energy heavy ion irradiation 
Masato Sasase, The Wakasa wan Energy ResearchCenter, JP 
Hiroyuki Yamamoto, Japan Atomic Energy Agency, JP 
 
keywords: materials processing; swift-hevy ions; nanostructures 
 
Iron disilicide (b-FeSi2) is one of the candidates of compound semiconductor, which contains harmless elements to the 
human bodies, natural resources and the environment [1]. Another attractive feature of b-FeSi2 is that it can be 
transformed to the metal phase a-FeSi2 when heated above 1246 K. Since the bulk a-FeSi2 has electric resistivity as low 
as 2.5 x 10

-4
 W cm, one may consider if a small part of b-FeSi2 can be transformed into a-FeSi2 selectively, it can be 

used as the electrode of a b-FeSi2 based device. 
When high-energy heavy ions are irradiated into materials, most of their energies are dissipated through an electronic 
excitation [2]. This leads to strong localization of the dissipated energy along the projectile path. The density of energy 
deposition is high enough, compared with bond or displacement energy of the target materials, so that nanostructural 
changes take place such as amorphization and phase transition etc. We attempted to perform phase transition from 
b-FeSi2 into other phase by the high-energy heavy ion irradiation. 
The specimens were b-FeSi2 films fabricated with the ion beam sputter deposition method on Si(100) substrates [3]. 
The specimens were irradiated by 95 MeV Ni

9+
 and 180 MeV Fe

11+
 ions at room temperature with a fluence of 1.0 x 

10
12

 ions•cm
-2

 using the Tandem accelerator. Irradiation damage was observed by using TEM. 
No significant nanostructure changes were observed from the images of 95 MeV Ni

9+
 irradiation. However, contrast 

changes corresponded to defects, induced by ion irradiation were observed from the images of 180 MeV Fe
11+

 
irradiation. These defects have an average diameter of 2 nm as a shape of column, which is amorphous. It can be 
considered that the columnar defects were formed with the thermal spike formation due to the energy dissipation 
through electronic excitation by comparing the calculated results obtained from several models of defects formation 
with the TEM results. 
  
[1] K. Yamaguchi and K. Mizushima, Phys. Rev. Lett., 25(2001)6006. 
[2] M. Toulemonde, S. Bouffard and F. Studer, Nucl. Instrum. Methods B91(1994)108. 
[3] M. Sasase, T. Nakanoya, H. Yamamoto and K. Hojou, Thin Solid Films, 401(2001)73. 
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P-A7 
Surface structure modification after slow ion irradiation 
Ibrahim ALZAHER, CIMAP/ GANIL, FR 
Sevilay Akcöltekin, Universität Duisburg-Essen, DE 
Armand Mace, , FR 
Brigitte Ban d'Etat, CIMAP/GANIL, FR 
Bruno Manil, CIMAP/GANIL, FR 
Hermann Rothard, CIMAP/GANIL, FR 
Marika Schleberger, Universität Duisburg-Essen, DE 
Henning Lebius, CIMAP/GANIL, FR 
 
keywords: Nanostructures in Insulators 
 
In spite of low-energy electron diffraction (LEED) being an old surface diagnostic tool, It has never been use to study 
surface damage by highly charged ion. We present the first LEED measurements of the decay of surface structures by 
slow highly charged ions. The Xe ions had a kinetic energy of 200 keV, and charge states of 14

+
 and 27

+
. 

The potential energy of highly charged ions is due to the ionization of the initial atom. Therefore, highly charged ions 
carry high amounts of potential energy to the surface. This energy is typically deposited on the surface by electron 
transfer from the target to the ion before the ion enters the target. Therefore LEED is perfectly adapted to study the 
influence of the charge state of the impinging ion on the crystal structure decay of the target, because it is an 
extremely surface sensitive tool, probing only to a depth of less than one nm. 
We used Titanium dioxide to study the effect of irradiation by slow highly charged ion beams at ARIBE (low-energy ion 
beam-line at GANIL, Caen, France). The surface was cleaned by several cycles of sputtering and annealing. This 
method allowed even to prepare surfaces which had been irradiated heavily before. 
To qualify the damage after irradiation we measured the intensity of the diffraction spots in the LEED pattern for 
successive ion beam fluencies. The spot intensity can be described by an exponential decay. Therefore, a fit of the 
diffraction energies at different ion beam fluencies yields the damage cross section per ion.  
The ratio of the cross sections for the charge states 27

+
 and 14

+
 is 5.6 ± 1. The ratio of potential energies of ions with 

these charge states is 5.6.  As these ratios are nearly identical, the potential energy seems to be much more important 
for the surface structure damage than the kinetic energy, which is order of magnitudes larger than the potential 
energy in our experiment. 
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P-A8 
Surface patterning on Indium Phosphide with low energy bombardment : an evolution from nanodots to 
nanoripples 
Indra Sulania, Inter University Accelerator Centre, IN 
Ambuj Tripathi, IUAC, IN 
Devesh Avasthi, Inter University Accelerator Centre, IN 
 
keywords: Patterning, Nanodots, Nanoripples, XPS, AFM 
 
 The bombardment of surfaces with low energy ions can lead to the development of various micron and nano sized 
surface structures. From literature, it is known that by controlling the angle of incidence, there will be different shapes 
of structures obtained. These structures include pits, cones, dots, ripples etc. Although it is understood that at oblique 
incidence, ripples would be seen but no body had pin point as at what angle it starts appearing on the surface. The 
phenomena responsible for production of such features are sputtering, re-deposition of sputtered material and 
surface diffusion. The first explanation of such a process had come in 1980's by Bradley and Harper through the linear 
thery known as B-H thoery. 
In the present study we have tried the wide range of angle of incidence of the beam on semi-insulating InP(100) 
samples. These samples are 0.5mm thick. The angle of incidence was varied from 0 to 76 degrees with respect to the 
surface normal. From our studied we found that till 20 degrees there are dots seen on the surface and after that 
elongation of the dots takes place and at ~ 63 degrees ripple formation takes palce. We have analysed the pristine as 
well as bombarded surfaces with Atomic Force Microscopy (AFM) in tapping mode with a tip having radius of 
curvature ~ 10nm. We have tried XPS also on the samples, as InP is a compound semi-conductor and In and P have 
different sputtering rates. Being lighter P is sputterd more from the surface leaving the surface In rich. We tried to see 
at what angle the sputtering is maximum. 
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P-A9 
Radiation-stimulated diffusion in memory single cells 
David Fuks, Ben Gurion University, IL 
Arik Kiv, Ben Gurion University, IL 
Yakov Roizin, Tower Semiconductor Ltd, IL 
Michael Lisiansky, Tower Semiconductor Ltd, IL 
 
keywords: Memory Transistors; Defects Production; Radiation-stimulated Diffusion 
 
Results of high dose γ – irradiation of CMOS memory transistors are reported. The devices were irradiated to doses 
~10

6
 Rad. No significant damage of ONO stack and its integrity was found. No significant change of trap concentration 

in nitride was found. 
Under the high-dose irradiation the n-p-junctions lost their rectifying properties. Significant shrink of channel length in 
memory transistor was observed. The mechanism of radiation-stimulated diffusion (RSD) of Phosphorus and/or Boron 
in Silicon is considered as responsible for significant changes in the diode structure. Theoretical model that can explain 
a radiation-stimulated spreading of n-p-junction in memory transistor is presented. Calculations show that P-Si 
potential causes a displacement of nearest Si atoms to interstitial sites with low activation energy. This leads to 
formation of E-center, (P+vacancy), at room temperature, and the diffusion coefficient increases. Under the γ – 
irradiation the gradient of P distribution decreases due to RSD of P atoms in the region of n-p junction. As a result the 
n-p junction shifts and the channel length in the memory transistor decreases. Non-Arrhenius temperature 
dependence is expected for the considered mechanism of RSD. This dependence is determined by the correlation 
between the energy of E-center formation and the energy of E-center annealing. 
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P-A10 
Influence of ion irradiation on internal residual stress in DLC films 
Oleg Podsvirov, State Polytechnic University, RU 
Platon Karaseov, State Polytechnic University, RU 
Andrei Titov, State Polytechnic University, RU 
Alexander Smirnov, State Polytechnic University, RU 
Alexander Azarov, State Polytechnic University, RU 
Konstantin Karabeshkin, State Polytechnic University, RU 
Andrei Vinogradov, Ioffe Physico-Technical Institute, RU 
Nikita Karasev, State University of Information Technologies, Mechanics and Optics, RU 
 
keywords: Diamond-Like Carbon Films; DLC Films; Residual Stress; Ion Bombardment 
 
It is well known that diamond-like carbon (DLC) films have many superior properties, which are very attractive for 
industrial applications. An internal residual stress in DLC films limits its applications in coating industry and, however, 
it is very useful for carrier mobility enhancement in the nano-scale semiconductor technology. 
We report (i) the dependence of internal residual stress in thin DLC films grown by PE CVD technique on mostly 
important growth parameters, namely substrate temperature, RF discharge power and DC bias and (ii) change in the 
stress value under post-growth ion irradiation. Films were grown from methane plasma on (001) Si surface. Results 
show that intrinsic stress in all films grown is compressive and its value increases with decrease of RF power and DC 
bias as well as with increase of temperature. Compressive stress reaches the highest value of 2.7 GPa at minimal RF-
power and DC-bias. Change of film thickness from 0.1 to 1 μm for the films grown in the same conditions exhibit no 
influence on residual stress. These findings indicate that (i) ion bombardment of the growing film being the key factor 
for the film compression decrease and (ii) formation of sp-3 bonded carbon net is strongly influenced by substrate 
temperature. 
Samples of 0.2 μm thickness, grown under different conditions, were irradiated by 120 keV P and 350 keV In ions. In 
this case point defect generates within the film and the only difference is that the energy deposited in elastic collisions 
by In ions is 3.5 times higher than by P ions. Results show that the compressive stress value decreases with increase of 
ion fluence, which is followed by inversion of stress sign to tensile one. For all ions used residual stress depends 

linearly on ion fluence normalized to displacements per atom with slope (8.7°1.3)GPa/DPA. AFM studies show high 
flatness of as-grown films and slight increase of roughness after irradiation. 
Work was supported by Grant RFBR 08-08-00948. 
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P-A11 
Catastrophic processes in dielectrics 
V. Oleshko, Tomsk Polytechnic University, RU 
G. Damamme, Le Ponant D 25, FR 
D. Malys, Le Ponant D 25, FR 
L. Lisitsyna, State University of Architecture and Building, RU 
Victor Lisitsyn, Tomsk Polytechnic University, RU 
 
keywords: plastic deformation, distraction, electrical breakdown, emission, explosion, high-power pulse of electron 
currents 
  
Catastrophic processes such as plastic deformation, distraction, electrical breakdown, emission and explosion are 
initiated in dielectrics in acting by high-power pulse of electron currents (ECHPP). Mechanisms responsible for 
threshold processes are considered and analyzed in the paper. The bombardment of dielectrics by ECHPP is shown to 
result in forming a strong electric field that is neutralized by supersonic anode charges with the specific power density 
of  up to 10

12
 W/cm

3
. 

Two principal factors of the destroying effect of ECHPP on ionic crystals has been found: shock waves generated by 
supersonic anode charges and acoustic compression-extension pulses, occurring in a solid as a result of pulse heating 
by electron beam. 
The initiation of the explosive decomposition of heavy metals azides (HMAs) by electron beam has been studied. 
Physical nature of the explosive luminescence and absorption, accompanying the explosive decomposition of HMAs in 
explosion initiation by ECHPP has been found. The explosive luminescence of HMAs at the initiation threshold was 
found to be defined by two physical processes: pulse cathodoluminescence of a solid which can be observed only at 
the moment of the bombardment, and the glow of the explosive decomposition products (plasma) which are formed 
after the induction period. The experimentally proved physical model of HMAs initiation by electron beam is 
suggested. The key moment of the model is the cumulation of the electron beam energy in the sample as a result of 
the development of electrical  breakdown. 
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P-A12 
Effects of Mg-ƛƻƴ ƛƳǇƭŀƴǘŀǘƛƻƴ ƛƴ ʰ-Al2O3 ŀƴŘ ʰ-Al2O3:Mg crystals: electrical conductivity and electronic structure 
changes. 
Miguel Tardio, Universidad Carlos III de Madrid, ES 
Inmaculada Colera, Universidad Carlos III de Madrid, ES 
Rafael Ramirez, Universidad Carlos III de Madrid, ES 
Eduardo Alves, Instituto Tecnológico e Nuclear, PT 
 
keywords: Electrical conductivity, ion implantation, defects, Al2O3 
 
Undoped  and Mg-doped a-Al2O3 single crystals were implanted with Mg ions, with an energy of 90 keV and a fluence 
of 10

17
 ions/cm

2
. 

 
DC electrical measurements using the four-point probe method, between 295 and 440 K, were used 

to characterize the electrical conductivity of the implanted area. Measurements in this temperature range indicate 
that the electrical conductivity is thermally activated with an activation energy of about 0.03 eV in undoped and in 
reduced Mg-doped a-Al2O3 crystals, whereas the activation energy is of about 0.68 eV  in oxidized Mg-doped a-Al2O3 
crystals. Activation energy processes have also been previously investigated in TiO2 and MgO crystals after 
implantation. A similar increase in the conductivity, with an activation energy of 0.68 eV, has also been observed  in 
unimplanted Mg-doped a-Al2O3 crystals when oxidized at high temperatures; the thermally induced hole-trapped 
centers are responsible for this enhancement. The I-V characteristics of the latter samples reveal a blocking behavior 
of the electrical contacts on the implanted area in contrast to the ohmic contacts observed in a-Al2O3 single crystals 
with the c axis perpendicular to the broad face, where the Mg ions were implanted. The relative concentrations of the 
oxygen vacancies induced by implantations in undoped a-Al2O3 crystals were monitored by measuring the broad 
absorption band centered at about 5.4 eV. When thin layers of the implanted regions are removed by etching in a 
solution of nitric and fluorhydric acids, the conductivity value is the same as that measured in the crystals before 
implantation. We conclude that the enhancement in conductivity observed in the implanted regions is related to the 
intrinsic defects created by the implantation, rather that to the implanted Mg ions. The relationship between the 
oxygen vacancy concentrations at different stages of etching and changes in  the electronic structure, chemical 
bonding, and Al

3+
(2p)/O

2-
(1s) and Mg

2+ 
(1s)/ O

2-
(1s)  relative intensities was studied by X-Ray Photoemission 

Spectroscopy. 
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P-A13 
Hillock-like Nano-protrusions Production by Slow Highly Charged Ions Bombardment on Mica Surface 
Rui Cheng, School of Nuclear Science and Technology, Lanzhou University, CN 
Stefan Facsko, Institute of Ion Beam Physics and Materials Research, Forschungszentrum Dresden-Rossendorf, DE 
Haibo Peng, School of Nuclear Science and Technology, Lanzhou University, CN 
Shengjin Liu, School of Nuclear Science and Technology, Lanzhou University, CN 
Tieshan Wang, School of Nuclear Science and Technology, Lanzhou University, CN 
Wolfhard Moeller, Institute of Ion Beam Physics and Materials Research, Forschungszentrum Dresden-Rossendorf, DE 
 
keywords: hihgly charged ions; mica; irradiation induced modifications in nano-scale on surface 
 
Highly Charged Ions (HCIs) are ions in very high charge states due to the loss of many of their bound electrons by 
energetic collisions or high-energy photon absorption [1]. The enormous electrostatic potential carried by HCIs gives 
rise to conspicuous effects during their interaction with solid surface, such as: the enhanced secondary sputtering 
yield; the obvious modification in nanoscale on solid surface. The potential energies of HCIs are only dissipated into 
the outmost layer of surface; as a result a large number of target atoms are displaced without any damage inside the 
solid. So far HCIs have been thought as the new generation of powerful tool for surface analysis and modification. The 
interactions of HCIs with solid surface are intensively studied in recent years. 
The insulator Mica was bombarded by HCIs and the induced secondary ion yields were systematically measured with 
various incident angles, charge states and kinetic energies, respectively. The potential sputtering phenomenon is 
found when HCIs impact on. The concerned discussions will be given in the conference. 
Moreover the Mica surface was bombarded by Xe

q+
 extracted from the EBIT in the two-source HCIs lab in Dresden-

Rossendorf Research Center, Germany and the irradiated samples were observed by AFM in atmosphere. The hillock-
like nano-protrusions are clearly shown and the volumes seem to increase with charge state. A new model will be 
proposed to describe the result. 
 
[1] www.wikipedia.com 
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P-A14 
Shielding optimization for GeHP detector in Prompt gamma activation analysis with 241Am-Be neutron source 
using MCNP 
Khelifi Rachid, USD Blida, DZ 
Peter Bode, Tu Delft, NL 
Amokrane Arezki, USTHB, DZ 
 
keywords: GeHP detector; MCNP; neutron damage; PGNAA 
 
The optimization consists of reducing the activation of Ge detector when used to detect gamma ray in the presence of 
an Am-Be source. Monte Carlo calculations are used to optimize material shield in Prompt Gamma Activation Analysis 
(PGNAA) to protect detector from damage due to neutrons. The neutron fluence  values retained as higher limit 
before deterioration of ge detector  performances are of magnitude of 10

9
 n/cm

2
.  An optimal value of thickness 

shield for proper use of PGNAA  is found  using counting rate from elastic scattering peak of Ge. 
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P-A15 
Relaxation cascades in pre-irradiated by an electron beam atomic solids: the role of dopants 
Galina Gumenchuk, Institute for Low Temperature Physics & Engineering NASU, DE 
A. Ponomaryov, Lehrstuhl für Physikalische Chemie II TUM, DE 
I. Khyzhniy, Institute for Low Temperature Physics & Engineering NASU, UA 
S. Uyutnov, Institute for Low Temperature Physics & Engineering NASU, UA 
E. Savchenko, Institute for Low Temperature Physics & Engineering NASU, UA 
V. Bondybey, Lehrstuhl für Physikalische Chemie II TUM, DE 
 
keywords: Radiation effects; Exciton-induced defects; Photoluminescence; Cathodoluminescence; Activation 
spectroscopy; Rare-gas solids 
 
Materials modification via electronic excitations and relaxation processes attract much interest and cover a variety of 
materials [1,2]. The common process in solids containing molecular dopants is their fragmentation with an 
appearance of atoms and radicals. Interaction of these species with matrix essentially influences relaxation processes 
in pre-irradiated solids. As was found in our recent study the doping results in emergence of new relaxation channels 
and their interplay with these in the matrix [3].  
The results of correlated in real time measurements of thermally stimulated luminescence and exoelectron emission 
from doped with O2 and N2 Ar and Xe solids pre-irradiated by low-energy electrons are presented. Detrapping of 
electrons by the radiative atom-atom recombination reactions followed by the intrinsic charge recombination with 
VUV emission and escape of electrons from the matrix was found. So, the radiative recombination of radiation-
induced atoms can be considered as an “internal photon source” promoting electrons to the conduction band and 
affecting the relaxation paths. Based on the obtained data, the concept of triggering relaxation cascades by 
chemiluminescent reactions was developed. 
 
[1] K.S. Song and R.T. Williams Self-Trapped Excitons Springer Ser. Solid-State Sciences, v.105, Springer-Verlag, Berlin, 
Heidelberg (1996). 
[2] N. Itoh, A.M. Stoneham, Materials Modification by Electronic Excitation, Cambridge University Press, Cambridge 
(2001). 
[3] E.V. Savchenko, I.V. Khyzhniy, G.B. Gumenchuk, A.N. Ponomaryov, M.K. Beyer, M. Frankowski, and V.E. Bondybey, 
Rad. Phys. and Chem. 76 (2007) 577. 
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P-A16 
Mechanical properties of irradiated spinel ceramics 
Jacek Jagielski, Institute for Electronic Materials Technology, PL 
 
keywords: ion irradiation; ceramics; mechanical properties 
 
Materials expected to be used in a radiative environment must fulfill numerous conditions, among them high stability 
against radiation damage is of prime importance. Consequently the damage accumulation in nuclear materials is so 
widely studied. Typically such experiments are performed using irradiation of single crystals with noble gas ions in a 
wide energy range, allowing one to study the damage created by elastic and inelastic interactions of ions with solids. 
However, single crystals are very far from practical applications in, e.g., nuclear fuel pellets where polycrystalline 
solids are the only possible choice. It is thus of prime importance to transfer the results obtained for irradiated single 
crystals into their polycrystalline counterparts. 
In the paper the results of nanomechanical measurements (nanohardness and Young’s modulus) performed on 
various magnesium aluminate spinels (single crystals and ceramics of different grain size) irradiated with noble gas 
ions will be presented. The X-Ray diffraction analysis will be presented as well. The results obtained point to 
substantial changes in nanohardness of the irradiated layers, the effect depends on the grain size of the irradiated 
material. 
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P-A17 
Electrical property modifications of In-doped ZnO films by ion irradiation 
Noriaki Matsunami, Nagoya University, JP 
M. Sataka, Japan Atomic Energy Agency, JP 
S. Okayasu, Japan Atomic Energy Agency, JP 
H. Sugai, Japan Atomic Energy Agency, JP 
 
keywords: irradiation induced modifications by ions; oxides:ceramics; materilas processing 
 
Zinc oxides (ZnO) doped with trivalent elements such as Al and In are known as an n-type transparent semiconductor. 
We have studied irradiation effects with low- and high-energy ions, where elastic and inelastic (electronic excitation) 
collisions are dominant, respectively, on electrical property of In-doped ZnO (IZO) films in order to investigate whether 
the electrical conductivity enhancement by ion irradiation occurs as observed for Al-doped ZnO [2, 3]. IZO films were 
prepared on SiO2 glass at 500 ºC, by using a RF-magnetron sputtering deposition (off-axis) method. Rutherford 
backscattering spectrometry (RBS) were employed to evaluate In composition (In/Zn ~6 % and O/Zn=2.0) and the film 
thickness. The films were irradiated by 100 keV Ne and 100 MeV Xe ions at room temperature. The resistivity of 
unirradiated film is ~10 Ωcm. For both ion irradiation, we find that the resistivity decreases by four order of magnitude 
at fluence of 6x10

16
 cm

-2
 (Ne ion) and 1.5x10

14
 cm

-2
 (Xe ion). Hall measurements show that the carrier density 

increases by four or three order of magnitude after the Ne (7x10
16

 to 2.3x10
21

 cm
-3

) and Xe (3x10
17

 to 3.5x10
20

 cm
-3

) 
ion irradiation. We conclude that replacement of Zn cite by In occurs, which give rises to donors as in Al-doped ZnO [2, 
3]. More detail comparison between low- and high-energy ion irradiation, and also with Al-doped ZnO is under way.   
 
1. T. Minami, H. Sato, H. Nanto, S. Tanaka, Jpn. J. Apl. Phys. 24(1985)L781. 
2. O. Fukuoka et al., Trnas. Mater. Res. Soc. Jpn. 29(2004)639 and O. Fukuoka, MD Thesis, Nagoya University (2005). 
3. H. Sugai et al.,  Nucl. Instrum. Meth. B250(2006)291. 
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P-A18 
Effects of ion irradiation on the surface mechanical properties of SiOxCy(Na2O)z sol-gel derived thin films 
D. Lucca, Oklahoma State University, US 
Y. Qi, Oklahoma State University, US 
T. Prenzel, Stiftung Institut fuer Werkstofftechnik, DE 
Y. Wang, Los Alamos National Laboratory, US 
M. Nastasi, Los Alamos National Laboratory, US 
J. Dong, Stiftung Institut fuer Werkstofftechnik, DE 
A. Mehner, Stiftung Institut fuer Werkstofftechnik, DE 
 
keywords: Ion Irradiation; Sol-gel; Hybrid organic/inorganic; Nanoindentation; Hardness 
 
A study of the effects of ion irradiation of hybrid organic/inorganic modified silicate thin films on their mechanical 
properties is presented.  NaOH catalyzed SiOxCy(Na2O)z thin films were synthesized by sol-gel processing from 
tetraethylorthosilicate (TEOS) and methyltriethoxysilane (MTES) precursors and spin-coated onto Si substrates.  After 
drying at 300 

o
C, the films were irradiated with 125 keV H

+
 or 250 keV N

2+
 with fluences ranging from 10

14
 - 10

16 

ions/cm
2
.  Nanoindentation was used to characterize the films.  Changes in hardness and elastic modulus were 

examined as a function of ion fluence and irradiating species. The resulting increases in hardness and elastic modulus 
are compared to similarly processed acid catalyzed silicate thin films.  
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The effect of ion-implantation on the resistive switching response of dielectric thin films 
Dinesh Venkatachalam, Australian National University, AU 
Muhammad Saleh, Australian National University, AU 
Tae-Hyun Kim, Australian National University, AU 
Kidane Belay, Australian National University, AU 
Sung Kim, Australian National University, AU 
Robert Elliman, Australian National University, AU 
 
keywords: resistive switching; nonvolatile memory; nickel oxide 
 
Charge-based non-volatile memory (NVM) technologies are approaching miniaturisation limits due to the difficulty of 
storing electrons in smaller and smaller cells.  Resistive random access memories (RRAM) offer a potential alternative 
that can be scaled to next generation devices and beyond.  In this case the memory is based on the resistance of a 
dielectric thin film that can be switched between low and high resistance states by appropriate application of current-
voltage pulses.  However, the full realization of this technology is hampered by a lack of understanding of the 
resistance switching mechanism, and by device-to-device variability in the switching response.  For simple transition 
metal oxides such as NiO the switching is believed to result from the formation and rupture of conductive filaments 
that initially form by thermochemical modification of the oxide due Joule heating along high current-density leakage 
paths.  The initial leakage path is expected to be sensitive to the presence of grain boundaries, defects and variations 
in stoichiometry.  Ion-implantation can be used to control each of these parameters and is therefore ideally suited to 
studying resistive switching and its dependencies.  
In this paper we compare the resistive switching characteristics of Pt/NiO/Pt metal-insulator-metal (MIM) structures 
before and after implantation with NiO

-
, Ni

-
 or O

-
 ions and show that ion-implantation is an ideal tool for controlling 

the resistive switching response of this technologically important material. 
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P-A20 

The Effect of Ga Doping on Antisite Defects in Aluminate Garnets 
Chris Stanek, Los Alamos National Laboratory, US 
Blas Uberuaga, Los Alamos National Laboratory, US 
Ankoor Patel, Imperial College London, GB 
Robin Grimes, Imperial College London, GB 
Martin Nikl, Institute of Physics AS CR, CZ 
Anna Vedda, University of Milan - Bicocca, IT 
 
keywords: 
 
Recent thermally stimulated luminescence experiments have shown that Ga

3+
-doped Lu3Al5O12 (LuAG) scintillators 

exhibited a reduced concentration of cation antisite defects compared to undoped LuAP. That Ga
3+

-doping led to a 
reduction in antisite defect concentration was further supported by faster scintillation response in the Ga

3+
-doped 

samples compared to those that were undoped (since antisite defects are shallow electron traps that delay radiative 
recombination). Despite these convincing experimental results, an explanation for the improvement in scintillation 
performance, including a mechanism describing how Ga

3+
-doping leads to a decrease in the cation antisite 

concentration, has remained elusive. In this paper, we employ a variety of atomic scale simulation techniques 
(including lattice statics and density functional theory) to investigate the effect of Ga

3+
-doping on cation antisite 

defects in Lu3GaxAl5-xO12 and Y3GaxAl5-xO12 garnets (where x = 0, 2, 3 and 5).  In particular, we have considered: (1) 
antisite disorder reaction energies to determine the effect of Ga

3+
 on the overall defect concentration, (2) Ga

3+
 site 

preference between octahedral (24d) and tetrahedral (16a) sites, and (3) the influence of Ga
3+

 on both the band gap 
of the compound and the electronic structure of the antisite defects.  From the results of these simulations, we 
predict that Ga

3+
-doping will lead to more antisite defects than pure aluminate garnets, that there is a slight 

preference for Ga
3+

 to reside on 16a sites and that Ga
3+

 does not significantly alter the electronic structure of 
aluminate garnets or the antisite defects present. This general approach can be applied to other material systems to 
complement experimental activities and optimize scintillator materials. 
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P-A21 

Defect Volumes in Ceramics 
Ankoor Patel, Imperial College London, GB 
Heather Volz, Los Alamos National Laboratory, US 
Darrin Byler, Los Alamos National Laboratory, US 
Ken McClellan, Los Alamos National Laboratory, US 
Alexander Chroneos, Imperial College London, GB 
David Parfitt, Imperial College London, GB 
Samuel Murphy, Imperial College London, GB 
Matthew Zacate, Northern Kentucky University, US 
Robin Grimes, Imperial College London, GB 
Chris Stanek, Los Alamos National Laboratory, US 
 
keywords: Defect volumes; Defect mechanisms; Defects; Non-stoichiometry; Composition; Oxides: Ceramics; Oxides; 
Perovskites; Garnets; YAG; Scintillators; Atomistics; Simulation; Modeling; Y2O3; Sc2O3 
 
Point defects influence the material properties of ceramics including scintillators and laser hosts. Such materials often 
rely on dopants to impart useful properties but are also hindered by deleterious point defects. For example, yttrium 
aluminium garnet is an excellent scintillator and laser host material, however, it is subject to low efficiencies due to 
cation antisite species. 
Defects from radiation damage are often difficult to identify experimentally and finding the dominant mechanisms 
often relies upon using a variety of experimental techniques. Here we show how a simple yet powerful combination of 
simulation and X-ray diffraction can identify the dominant defect mechanism. 
In the present study we use static atomistic simulations to predict defect volumes in a range of ceramics such as Y2O3, 
Sc2O3, rare-earth aluminate garnets, rare-earth aluminate perovskites, Y3Al5O12, YAlO3 and UO2. Defect structures and 
unit cell volumes were predicted with defect volume theory.  Mechanisms to accommodate non-stoichiometry and 
doping are thus linked to composition by the volume change exhibited by the point defects. 
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P-A22 

Radiation effects in atomic and molecular cryogenic solids 
Elena Savchenko, Institute for Low Temperature Physics & Engineering NASU, UA 
I. I.V. Khyzhniy, Institute for Low Temperature Physics & Engineering NASU, UA 
S. Uyutnov, Institute for Low Temperature Physics & Engineering NASU, UA 
G. Gumenchuk, Institute for Low Temperature Physics & Engineering NASU, UA 
A. Ponomaryov, Lehrstuhl für Physikalische Chemie II TUM, DE 
V. Bondybey, Lehrstuhl für Physikalische Chemie II TUM, DE 
 
keywords: Defect Production and Stability; Electronic Sputtering; Relaxation; Electron Beams 
 
Irradiation of materials by ionizing radiation is the generally recognized way of material properties change [1,2] and 
deep understanding of underlying radiation effects is an important prerequisite for many novel technological 
applications in material and surface sciences. Simple cryogenic materials (solidified gases) universally accepted as 
model insulating materials are perfectly suited for such a study.  
Post-irradiation phenomena in atomic and molecular solids are considered by the example of. noble-gas and nitrogen 
solids. The electron beam-induced modification of the solids was monitored spectroscopically. Stability of radiation-
induced centers, energy transport and conversion were studied employing concurrently optical and current activation 
spectroscopy methods: spectrally-resolved TSL, thermally stimulated exoelectron emission (TSEE) and detection of 
electronic sputtering yield. Novel post-irradiation phenomena in molecular cryogenic solids were detected for the first 
time – TSEE and anomalous low temperature sputtering. Comparative analysis of relaxation processes in atomic [3] 
and molecular solids revealed new mechanism of post-irradiation anomalous sputtering and ascertained dominant 
processes underlying the phenomena. 
  
[1] N. Itoh, A.M. Stoneham, Materials Modification by Electronic Excitation, Cambridge University Press, Cambridge 
(2001). 
[2] K.S. Song and R.T. Williams Self-Trapped Excitons Springer Ser. Solid-State Sciences, v.105, Springer-Verlag, Berlin, 
Heidelberg (1996). 
[3] Alexey Ponomaryov, Galina Gumenchuk, Elena Savchenko and Vladimir E. Bondybey, PCCP 9 (2007) 1329. 
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P-A23 

Absorption and photoluminescence study of Al2O3 single crystal irradiated with reactor neutrons 
Mahmoud Izerrouken, Centre de recherche nucléaire de Draria, DZ 
 
keywords: Defects Production; Fast Neutrons; Thermal Neutrons; Oxides: Ceramics 
 
Point defects formation in Al2O3 crystals attracted many researchers' attention. Recently several studies were 
investigated the damage induced in Al2O3 by swift heavy ions [1-3]. In the present work, point defects induced in Al2O3 
single crystal irradiated with reactor neutrons has been studied by optical measurements (absorption and 
photoluminescence). The irradiations were performed at 313 K, up to fast neutrons fluence (En >1.2 MeV) of 1.4 x 10

18
 

cm
-2

. The irradiated sample showed that the coloration increase monotonely with neutron fluences and absorption 
bands at about 200, 258, 300, 357 and 455 nm appeared in the UV-Visible spectrum. The bands centred at 200, 258 
and 443 nm are attributed to F, F

+
 and F2

2+
 centers respectively. With increasing fluences, the absorption edge shifts 

towards higher wavelength. This indicates that the defect concentration, mainly oxygen vacancies, increases with 
increasing fluence. Photoluminescence excited from 442 nm photon wavelength shows emission band centred at 551 
nm attributed to F2

2+
 center. The emission band intensity increase with increasing fluence, this confirms the 

absorption measurements. The same results were also observed in the case of ion irradiation [1, 2]. This indicates that 
similar nature of defects is created in Al2O3 under neutron and ion irradiation as shown in other material [4].  
  
References 
[1] K. S. Jheeta, D. C. Jain, Ravi Kumar, K. B. Garg, Solid state Comm. 144(2007) 460-465. 
[2] Yongjun Dong, Xu Jun, Guoqing Zhou, Fenglian, Su, Liangbi Su, Hongjun Li, JilLiang, Si, Xiaobo Qian, Xiaoqing Li, Jun 
Shen, Mater. Lett. 61 (2007) 2606-2608. 
*3+ V. N. Mkhov, A. Lushchik, Ch. B. Lushchik, M. Kirm, E. Vasil’chenko, S. Vielhauer, V. V. Harutunyan, E. Aleksanyan, 
Nucl. Instr. Meth. B 266 (2008) 2949-2952. 
[4] M. Izerrouken, A. Meftah, L. Guerbous, M. Nekkab, Nucl. Instr. Meth. B 256 (2007) 266-271. 
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T-center production in yttria ς stabilized zirconia by electron and ion irradiations 
Jean-Marc COSTANTINI, CEA/Saclay, FR 
François BEUNEU, CNRS, FR 
Kurt SCHWARTZ, GSI, DE 
Christina TRAUTMANN, GSI, DE 
 
keywords: Defects Production; Oxides: Ceramics; Swift-Heavy Ions 
 
The origin of the so-called “T-center” (or “trigonal center”) in yttria-stabilized zirconia (YSZ) is still a controversial 
issue. It was first analyzed in the 1990’s as an intrinsic color center linked to Zr

3+
 sitting in a trigonal environment 

produced by X-ray irradiation [1, 2]. Later on, some authors claimed that this defect could be extrinsic and linked to Ti 
impurities [3]. This latter assignment was recently corroborated by calculations of the defect properties [4]. On the 
basis of EPR spectroscopy and UV-visible optical absorption data [5], we have shown that this type of color center is 
actually also produced in YSZ single crystals by electron and ion irradiation through electronic excitation processes. 
Experimental evidence will be presented that this point defect is most likely intrinsic, i.e. linked to Zr

3+
, with reference 

to some new calculations [6]. 
 
 References 
[1] V. M. Orera, R. I. Merino, Y. Chen, R. Cases, and P. J. Alonso, Phys. Rev. B 42, 9782 (1990). 
[2] C. B. Azzoni, and A. Paleari, Phys. Rev. B 44, 6858 (1991). 
[3] R. I. Merino, V. M. Orera, E. E. Lomonova, S. Kh. Batygov, Phys. Rev B 52, 6150 (1995). 
[4] F. Pietrucci, M. Bernasconi, C. Di Valentin, F. Mauri, C. J. Pickard, Phys. Rev B 73, 134112 (2006). 
[5] J. M. Costantini, F. Beuneu, D. Gourier, C. Trautmann, G. Calas, and M. Toulemonde, J. Phys.: Condens. Matter 16 
(2004) 3957. 
[6] D. Munoz Ramo, and A. L. Shluger, J. Phys.: Conf. Series 117 (2008) 012022. 
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P-A25 

Dynamics of Microstructural Evolution in Electron-Irradiated Fluor-Apatite 
Kun-Dar Li, University of Michigan, US 
Weixing Li, University of Michigan, US 
Lumin Wang, University of Michigan, US 
Rodney Ewing, University of Michigan, US 
Eugene Kotomin, University of Latvia, LV 
 
keywords: Continuum model; Defects Production; Electron beam irradiation 
 
Radiation damage in the apatite structure is of interest in the biomedical geoscience, and materials science 
communities. Such natural apatites with variable halogen compositions [Ca5(P04)3(F,OH,Cl)] are used by geoscientists 
to place constraints on the thermochronologic conditions under which portions of the Earth evolved. Rare-earth 
silicate isomorphs of these naturally occurring apatites are also of interest because they may be actinide hosts in 
ceramic nuclear waste forms. In a previous TEM study [1], we examined the susceptibility of apatite to electron 
irradiation damage, and documented in situ the damage evolution induced by electron irradiation in naturally-
occurring, hexagonal fluor-apatite from Durango, Mexico. The results indicated that chemical decomposition of fluor-
apatite occurred under 200 keV electron radiation. The regions with lower mass density and a complex labyrinth 
morphology were identified as irradiation-induced gas-bubbles or voids. In this study, we performed numerical 
simulations with a continuum model, considering the kinetics of defect creation and interaction under the electron 
beam irradiation with the dynamic diffusion process. With continued exposure to the electron beam, the areas with 
lower mass density coalesced by elongation. Ultimately these areas form a complex labyrinth with channels or voids 
of 5 nm in diameter similar to what observed in the previous experiment.  
  
[1] M. Cameron, L.M. Wang, K.D. Crowley and R.C. Ewing, Proc. 50

th
 Annual Meeting of the Electron Microscopy 

Society of America (1992) 378. 
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Amorphization of alpha-quartz and comparative study of defects in amorphized quartz and Si nanocrystals 
embedded in amorphous silica. 
Flyura Djurabekova, University of Helsinki, FI 
Matilda Backholm, University of Helsinki, FI 
Olli Pakarinen, University of Helsinki, FI 
Marie Backman, University of Helsinki, FI 
Kai Nordlund, University of Helsinki, FI 
Juhani Keinonen, University of Helsinki, FI 
Bryce Devine, University of Florida, US 
Tzu-Ray Shan, University of Florida, US 
Susan Sinnott, University of Florida, US 
 
keywords: Nanostructures in Insulators;Defects Production;Fundamentals and Modeling 
 
Photoluminescence of visible light that was discovered in porous Si, gave a significant impulse to research activities 
aimed to enhance or control the optical properties of Si-based structures. As a key material in the electronic industry, 
silicon has also been effectively exploited for optoelectronics purposes . Stable photoluminescence has also been 
observed in Si nanocrystals (NCs) embedded in amorphous SiO2 matrices. Experimental findings are consistent with 
the hypothesis of the correlation between the photoluminescence and defects in the Si-NC/a-SiO2 interface. On the 
other hand, ion beam amorphization of quartz may produce similar defects, from which luminescence has indeed 
been observed. However, stable luminescence has not been observed from quartz only. Thus, it is very important to 
understand how the presence of NCs can stabilize or otherwise affect the defects, responsible for the 
photoluminescence. However, determining the detailed defect structure from experiments is very difficult, and thus 
atomistic simulations have a crucial role for understanding the origin of Si–O defects. This presentation will first 
overview our work on constructing realistic atomistic models of Si NC interfaces with amorphous silica. It will then 
present our most recent work on imperfections in irradiated alpha-quartz and at the interface between a Si NC and 
surrounding silica. We simulate the amorphization of the perfect alpha-quartz by accumulating the damage, produced 
by primary recoils started from random positions. We verify the degree of amorphization of alpha-quartz by 
comparing experimental and simulated Rutherford backscattering spectrometry data. We apply both an empirical 
classical many-body potential and a charge optimized many-body potential to confirm the presence of silanone bonds 
(Si=O), responsible for the enhancement of light amplification properties of Si–O systems. We discuss the stability of 
those bonds owing to the presence of the interface. 
 
 
  



Poster Session A REI-2009 
 

  29 

P-A27 

Kinetics of change of anionic vacancy and color center concentrations in the dielectric crystals after a radiative 
irradiation 
A. Voitovich, Institute of physics of the National Academy of Sciences of Belarus, BY 
Vladimir Kalinov, Institute of physics of the National Academy of Sciences of Belarus, BY 
E. Martynovich, Siberian branch of Russian Academy of Sciences, RU 
N. Naumenko, Institute of physics of the National Academy of Sciences of Belarus, BY 
L. Runets, Institute of physics of the National Academy of Sciences of Belarus, BY 
A. Stupak, Institute of physics of the National Academy of Sciences of Belarus, BY 
 
keywords: Defects kinetics; anionic vacancy 
 
Change with time of anionic vacancy and color center concentrations in the dielectric crystals after a radiative 
irradiation is explored. The irradiation was carried out at temperatures Tv.m, where vacancies are not yet mobile and 
Tv.m. represents the anionic vacancy mobility temperature. Crystals after an irradiation were quickly heated up to 
various temperatures T> Tv.m, .at which kinetics measurements were carried out. Changes of an optical density of 
absorption or photoluminescence intensity of color centers, which are proportional to their concentrations, were 
registered. The basic experiments were conducted with lithium fluoride crystals after γ-irradiation of various doses 
from a 

60
Co gamma-ray source. Crystals with the various content of oxygen were used. 

It is found, that changes of concentrations are well approximated by exponential dependences. Characteristic times of 
change of concentrations, i.e. characteristic times of processes of formation and decay of color centers and vacancies, 
are determined. Values of these times are essentially increased in crystals with an oxygen impurity. Correlation of 
characteristic times of vacancy concentration change and characteristic times of reduction of F1 color centers 
concentration is found out. Lifetimes of vacancies are shorter in samples with greater concentration of F1 color 
centers. 
Supposing, that the vacancy concentration is less than concentration of F1 color centers, diffusion coefficients of 
vacancies in the investigated crystals on the found values of F1 centers concentration and a lifetime of vacancies are 
determined. Presence of oxygen impurities strongly reduces diffusion constant. Diffusion constants are found at 
several temperatures of a crystal. It is shown, that temperature dependences of times characterizing processes of 
color center formation, are well described by exponential curve. The activation energy of vacancy diffusion is 
calculated. 
The findings of the present paper allow making conclusions about mechanisms of color centers aggregation. 
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Electron irradiated NTD-FZ-silicon for stable resistivity in power devices 
Mikhail Efremov, Institute of Semiconductor Physics, Novosibirsk State University, RU 
Gennady Kamaev, Institute of Semiconductor Physics, Novosibirsk State University, RU 
Victor Stuchinsky, Institute of Semiconductor Physics, RU 
Boris Mikhailov, Institute of Semiconductor Physics, RU 
 
keywords: Fundamentals and Modeling; Defects Production 
 
Conductance of silicon versus temperature was investigated in dependance on concentration of divacancy point 
defects. Flattening of temperature dependance for resistivity was achieved by means of radiation-thermal treatments. 
Initially high resistivity silicon ingots were used in experiments, which were undergoing neutron irradiation for n-type 
doping in a course of nuclear transmutation process. Electron irradiation was used for generation of point defects and 
thermal treatments were applied for annealing of some kind defects remaining divacancies in the bulk of silicon. Point 
defects concentrations before and after annealing were controlled by means of DLTS method. Temperature 
dependance of resistance were measured in range of temperatures 20¸180С. For description of observed 
dependencies electronic states of divacancies were taken into account during calculation of conductivity. Mobility of 
carriers was estimated using semi-empirical model. In temperature range 20-160C deviation of resistance was 
achieved to be lesser as much as 10% of nominal value due to point defect introduction. Calculations of conductivity 
were provided to be in qualitative agreement with experiment results when only divacancy electronic spectrum was 
taken into account. Increasing of resistivity in high temperature range about 160C was assumed to be possibly 
explained by presence of acceptor-type level near middle of forbidden gap. Involving certain concentration of 
acceptors possibly V2O complexes in model was allowed more exactly to describe experimental temperature 
dependencies. On basis of found regimes of electron radiation and subsequent thermal treatments power resistors 
were manufactured demonstrated improved characteristics of resistance. Stable resistance in temperature range 20-
160C was achieved. Obtained results may be interesting and for power semiconductor devices, which will require 
temperature stability for characteristics. 
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Termal stability of charged centers in solid Kr pre-irradiated by an electron beam 
Elena Savchenko, Institute for Low Temperature Physics & Engineering NASU, UA 
S. Uyutnov, Institute for Low Temperature Physics & Engineering NASU, UA 
I. Khyzhniy, Institute for Low Temperature Physics & Engineering NASU, UA 
V. Gumenchuk, Goethe Gymnasium Ludwigsburg, DE 
A. Ponomaryov, Lehrstuhl für Physikalische Chemie II TUM, DE 
V. Bondybey, Lehrstuhl für Physikalische Chemie II TUM, DE 
 
keywords: Stability of Charged Centers; Defect Production; Excess Electrons; Electron Traps 
 
The question of the stability of charged centers attracts particular attention because of their role in different 
electronically induced phenomena e.g. defect formation, diffusion and desorption of neutral and charged particles 
from material surfaces. Particular interest exists in behavior and fate of excess electrons in dielectric media [1] as a 
factor influencing the properties of the media.  
In this presentation we focus on the study of charged centers in a Kr matrix exposed to a low-energy electron beam. 
Methods of thermally stimulated exoelectron emission (TSEE) and thermally stimulated luminescence (TSL) were 
employed to probe electron trap levels, energy transfer and recombination processes. Two heating modes were used 
– linear and step-wise heating. The study enabled us to identify electronically induced defects similar to those 
detected in pre-irradiated solid Xe [2]. Activation energy of these defects was estimated by a set of activation 
spectroscopy methods. A strong influence of grain size on charge accumulation was revealed and the role of surface-
related traps ascertained. 
  
[1] Christiane Ferradini, Jean-Paul Jay-Gerin, Excess Electrons in Dielectric Media, CRC Press (1991). 
[2] I.V. Khyzhniy, S.A. Uyutnov, E.V. Savchenko, G.B. Gumenchuk, A.N. Ponomaryov, V.E. Bondybey, Low Temp. Phys. 
35 (2009) 433. 
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Radiation Effects at the MgO ς HfO2 interface 
Roger Smith, Loughborough University, GB 
Christopher Scott, Loughborough University, GB 
Blas Uberuaga, LANL, US 
Kurt Sickafus, LANL, US 
 
keywords: Fundamentals and Modelling; Interfaces 
 
An investigation into the MgO – HfO2 interface, using classical molecular dynamics, and fixed charge potentials is 
undertaken.  This composite system is representative of a dispersion nuclear fuel form concept being investigated for 
its potential in easing separations and reprocessing. HfO2 is used as a surrogate for UO2, for experimental 
comparison, while MgO represents a chemically separable host matrix.  The concept for this composite is that fission 
products produced during the burning of fissile phase will reside within the non-fissile matrix phase, which can be 
easily dissolved, leaving the fuel in a reusable form.  
During experiments involving ion bombardment of the interface a section of the top layer of HfO2 has been seen to 
break away, resulting in a large (about 10 micron) crater with a raised central region.  Computer simulations, using 
molecular dynamics, have been carried out on three separate models in an attempt understand this behaviour.  The 
first model looks at single ion (Au) bombardment of the interface.  Cascades involving a cluster of Argon atoms are 
also investigated.  Finally we create a model of delamination at the interface.  
The results of these investigations will be presented at the conference. 
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Key role of the cation interstitial structure in the radiation resistance of pyrochlores 
Alain Chartier, CEA-Saclay, FR 
 
keywords: Fundamentals and Modeling; Oxides; Defects Production 
 
Among the structurally related fluorite compounds, the pyrochlore oxides (A2B2O7) have many technological 
applications due to the variety of their properties. A fundamental understanding of their response to irradiations is 
also of utmost interest for the nuclear industry as they can be used as an inert matrix. We focus here on the Gd2ZrxTi2-

xO7 (0 £ x £ 2) solid solution as it is a textbook example of the response of pyrochlores under irradiations. Its response 
varies widely with composition, from no amorphization in Gd2Zr2O7 at any temperature (down to 30 K) to complete 
amorphization in Gd2Ti2O7 up to a so-called critical temperature, beyond which no amorphization is possible. 
We show in the present work *1+ that continuous Frenkel pairs’ (FP) accumulation within molecular dynamics can 
quantitatively reproduce the irradiation response of the whole solid solution Gd2ZrxTi2-xO7, as a function of 
composition and temperature. The calculated critical temperatures TC for amorphization are in quantitative 
agreement with the experimental measurements. 
In fact, the decrease of the radiation resistance as a function of the increase of Ti content in Gd2ZrxTi2-xO7 is shown to 
be driven by a change in the configuration of the B interstitials. The stabilization of Ti-Ti dumbbells in the partially 
disordered fluorite structure hinders their recombination with vacancies. Conversely, the isolated Zr interstitials 
readily recombine with vacancies. So, as the amount of Ti increases in the B site of Gd2B2O7, the stability of the B-B 
dumbbells increases in the fluorite structure and prevents the reconstruction of the structure which eventually 
collapses to the amorphous state. 
 
[1] A. Chartier, G. Catillon, and J.-P. Crocombette, Phys. Rev. Lett. 102 (2009) 155503. 
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Defect engineering strategies to control implanted ions in microelectronic devices 
Alexander Chroneos, Imperial College London, GB 
David Parfitt, Imperial College London, GB 
Robin Grimes, Imperial College London, GB 
Udo Schwingenschlögl, Imperial College London, GB 
Hartmut Bracht, Munster University, DE 
 
keywords: Fundamentals and Modeling 
 
The continuous scaling of microelectronic devices necessitates the formation of well defined electrically active 
channel regions and the introduction of metal/high-k gate stacks.  It has been established that defects, such as 
vacancies, act against this aim as they reduce the electrical activity of dopants and enhance their diffusion away from 
these regions.  It is therefore imperative to discover the mechanisms that are responsible for the transport of 
implanted ions at an atomic level.  In this context, quantum-mechanical calculations can inspire new thinking in 
microelectronic devices.  We propose defect engineering strategies to control the diffusion of the implanted atoms 
and the formation of clusters that lead to their electrical deactivation in channel materials.  Additionally, electronic 
structure calculations are used to predict the effect that defects have on the structure and defect chemistry of metal 
/high-k gate materials. 
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Molecular dynamics simulations of fission gas resolution in uranium dioxide 
David Parfitt, Imperial College London, GB 
Clare Bishop, Imperial College London, GB 
Robin Grimes, Imperial College London, GB 
 
keywords: uranium dioxide; molecular dynamics 
 
Molecular dynamics simulations have been used to examine the mechanisms by which fission gas atoms can be 
returned from a gas bubble into uranium dioxide. We calculate the minimum kinetic energy for Kr and Xe atoms to be 
resolved, the probability of resolution for a given impact energy anywhere on the surface of a crystal, and the typical 
penetration depth of implanted gas atoms—these results are compared with those obtained from SRIM calculations. 
We also examine the influence of the gas density both on the strain produced in the crystal and in the probability of a 
gas atom reaching the surface from within the bubble. The short mean free path of energetic gas atoms in a dense gas 
means that only gas atoms close to the surface of the bubble contribute to the resolution process. Finally, we examine 
the defect structures formed from the implantation of gas atoms and compare them with those predicted from similar 
calculations in bulk uranium dioxide. Such work may be useful in developing better physical understanding of the 
atomic scale processes that underpin models of fission gas resolution in nuclear fuels. 
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Void superlattice formation in electron irradiated CaF2: theoretical analysis 
Eugene Kotomin, Max Planck Institute, DE 
Vladimir Kuzovkov, Institute for Solid state physics, LV 
Guntars Zvejnieks, Instititute for Solid State Physics, LV 
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Lumin Wang, University of Michigan, US 
 
keywords: Fundamentals and Modeling; Defect Production: Ionic Crystals; Nanostructures in Insulators 
 
As we demonstrated recently [1], a fluorine-gas filled void superlattice is created in CaF2 under prolonged low energy 
electron irradiation. In this study, we present the relevant theoretical analysis in terms of self-organization in a system 
far from equilibrium. First, we suggest a simple scaling estimate of the superlattice parameter as a function of the dose 
rate and temperature which explains a wide range of experimental data, not only for insulators but also metals. Based 
on this result, we estimate the lattice parameter for the F-gas filled void supperlattice to be 30-60 a0, in the perfect 
agreement with experiment (50 a0 [1]). This is confirmed by recent Raman experimental data indicating that voids 
indeed contain fluorine gas. On the other hand, the expected lattice parameter for the possible superlattice of Ca 
colloids is very small, < 10 a0, and thus these hardly could be observed.  
We performed kinetic Monte Carlo (kMC) simulations of the initial stages of the process when a quasi-random 
distribution of small anion voids (Ca colloids) and F-gas aggregates is created. Special attention is paid to the statistical 
analysis of the aggregate distribution functions under different conditions. These simulations confirmed our scaling 
estimates and demonstrate under which conditions the dissimilar aggregate coalescence-recombination is strongly 
suppressed which stimulates further void ordering.   
  
*1+ Т.Н. Ding, S. Zhu, and L.M. Wang, Microsc Microanal 11, 2064 (2005).  
 
This work was supported by the Office of Basic Energy Sciences DOE under grant DE-FG02-02ER46005.   
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{ǘǊǳŎǘǳǊŜ ŀƴŘ 5ŜŦŜŎǘ ƳŜŎƘŀƴƛǎƳǎ ƛƴ ʲ-Tricalcium Phosphate 
Eleanor Jay, Imperial College, GB 
Emily Michie, Imperial College, GB 
Robin Grimes, Imperial College, GB 
Brian Metcalfe, AWE, GB 
 
keywords: Tricalcium phosphate structure; modified interatomic potential; defect mechanisms; waste materials 
 
Phosphate based materials are of great importance in a diverse range of fields; the structure and chemistry of these 
minerals is such that defect species can be incorporated into the structure with very little loss of structural integrity. 
More specifically β-tricalcium phosphate (β-TCP) has inherent cation disorder which provides a basis for radiation 
tolerance. 
In the present study modified interatomic potential parameter sets have been derived that are capable of reproducing 
the β-TCP structure and defect species. 
In β-TCP one of the Ca ion sites is half occupied, leading to many possible arrangements of cations over sites. Here we 
will report on the energies and symmetries of different configurations with the aim of identifying particularly stable 
structures. In this case half-occupied relates to one of the five cation sites, the Ca(4) site. In the (1x1x1) unitcell there 
are six Ca(4) sites, only three of which are occupied. To attain the lowest energy configuration, however, more than 
50,000 configurations of these Ca(4) atoms have been considered in a 3hx1x1 supercell. These have a symmetry 
groups which are isomorphic subsets of the (1x1x1) unitcell which is R3C. 
Other work in this study includes examining various defect mechanisms for a range of waste species and where 
possible comparing these to experimental data sets. This is part of a concerted effort that will incorporate the study of 
the dynamic lattice response to radiation damage events; the success of β-TCP as a waste form will depend upon how 
it is able to withstand radiation damage over the long term. 
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Cascade-Driven Mixing at Metal Oxide Interfaces 
Steve Valone, Los Alamos National Laboratory, US 
 
keywords: Fundamentals and Modeling; Defects Production; Oxides: Ceramics; 
 
Advanced nuclear fuel concepts sometimes involve metal oxide interfaces between fissile and nonfissile phases.  
During operation, cascade damage as secondary events from a fission track will occur throughout the material.  Some 
of that damage will take place at the interface between phases.  As a model system, experiments consider a 
composite in which the nonfissile material is magnesia and the fissile phase is modeled via hafnia as a surrogate.  To 
coordinate with the materials in the experiments, simulation cells are composed of hafnia in the fluorite structure and 
magnesia in the rocksalt structure.  Molecular dynamics simulations of cascade damage across interfaces of these 
materials shows Hf cations becoming kinetically trapped in the magnesia phase.  The Hf cations remained trapped for 
at least the 20-ps duration of the simulations.  When the primary-knock-on atom energy is above a few hundred eV in 
the direction of the interface and is within five lattice spacings, the propensity for trapping is very high.  Under these 
same conditions, an Mg cation will occasionally become trapped in the hafnia.  Complementary electronic structure 
calculations indicate that Hf cations are thermodynamically unstable in magnesia.  Furthermore, these calculations 
indicate that the charge on the Hf reduces by one electron.  Advances in atomic potentials to account for this change 
in oxidation state are discussed.  Extensions of these observations to the the behavior of urania and ceria are also 
considered. 
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The significance of local electron density distribution in the electronic stopping force for molecular dynamic 
simulation 
Sachiko Nakagawa, Okayama University of Science, JP 
Yuya Sakai, Okayama Univ. of Science, JP 
Harry Whitlow, Univ. of Jyväskylä, Finland, FI 
 
keywords: Fundamentals and Modeling, Density functional method, electronic stopping power 
 
When a projectile (Z1) experiences an electronic stopping force (Se) in penetrating material that is proportional to its 
velocity (v1 < Z1

2/3
 v0) due to close-collisions, it is indispensable to introduce the Se term in an empirical simulations. A 

conventional model of Se in a simulation is to subtract the electronic energy loss that is proportional to the length of 
passage along the projectile’s trajectory *1, 2+. Caro and Victoria first introduced such Se term as a friction term in the 
equation of motion in molecular dynamic simulation (MD) [3]. In those works, Se was modeled as a distance-
dependent not an electronic density-dependent one. 
Nevertheless, it is well known that the details of the local distribution of electrons in solids are significant for Se. For 
example, the impact parameter dependent Se in the case of high-energy ion channeling and the reciprocity between 
stopping cross sections of two reversed colliding systems have been observed. In order to clarify the significance of 
the non-uniform density of electrons, we have proposed a model of density functional Se which was derived from 
Lindhard-Winter theory and applied that density functional model in MD [4]. The present work deals a nitrogen (N) 
beam passing through a thin film of diamond (100) with energies from 10 keV to 100 keV. The electron distribution in 
diamond is assumed to follow the muffin-tin model where the electron density of central part is obtained by Hartree-
Fock-Slater approach [1]. We have examined the temperature dependence of Se at 10 ~ 1000 K and recognized a clear 
temperature dependence on Se. 
 
References 
*1+ J. F. Ziegler, J. P. Biersack, and U. Littmark: “Stopping and Ranges of ions in Solids,” vol.1. (Pergamon Press, New 
York, 1985). 
[2] J. Samela and K. Nordlund: Phys. Rev. B, 76 (2007) 125434. 
[3] A. Caro and M. Victoria, Phys. Rev. A 40 (1989) 2287. 
[4] S. T. Nakagawa: “Semiconductors and Semi-metals”, vol.45, Chap. 3, (Academic Press, Boston, 1997). 
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Molecular Dynamics Simulations of Oxygen Frenkel Pairs in Cerium Dioxide 
Kenichi Shiiyama, Kyushu University, JP 
Tomokazu Yamamoto, Kyushu University, JP 
Tatsurou Takahashi, Kyushu University, JP 
Aurore Guglielmetti, CEA-Saclay, FR 
Alain Chartier, CEA-Saclay, FR 
Kazuhiro Yasuda, Kyushu University, JP 
Syo Matsumura, Kyushu University, JP 
Kazufumi Yasunaga, Kyushu University, JP 
Constantin Meis, CEA-Saclay, FR 
 
keywords: Oxides; Fluorite structure; Electron irradiation 
 
     Previous transmission electron microscope (TEM) studies have shown that electron irradiation produces plate-like 
defect clusters in several fluorite structure materials. In the case of cerium dioxide (CeO2), {111} oxygen interstitial 
platelets were formed under electron irradiation less than 1 MeV. Understanding kinetic behavior of oxygen Frenkel 
pairs (FPs) in CeO2 is required to clarify the formation mechanism of the platelets obtained by TEM under electron 
irradiation. Molecular dynamics (MD) simulations of oxygen FPs in CeO2 were carried out using Buckingham type 
empirical potentials in the NPT ensemble at temperatures of 300, 600, 900 and 1200 K to understand their kinetic 
behavior. The results show that an oxygen FP annihilates by recombination of the interstitial (I) and the vacancy (V) 
after the vacancy jump along the  direction. When multiple oxygen FPs are introduced, the interstitials aggregate into 
a cluster on a (111) plane at 300 and 600 K, while they annihilate by I-V recombination at 900 and 1200 K. Molecular 
mechanics calculations of oxygen FPs on (111) plane show that the formation energy per FP decreases with increase of 
FP. These results support the interstitials aggregation and consistent with the TEM observations of formation of {111} 
oxygen interstitial platelets in CeO2 under electron irradiation. 
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Multilayer Si/SiO2 nanostructures produced using plasmochemical reactor of induction type 
Sofia Arzhannikova, Insitite of Semiconductor Physics, Novosibirsk State University, RU 
Mikhail Efremov, Insitite of Semiconductor Physics, Novosibirsk State University, RU 
Alexander Antonenko, Insitite of Semiconductor Physics, Novosibirsk State University, RU 
Alexej Vishnyakov, Insitite of Semiconductor Physics, Novosibirsk State University, RU 
Vladimir Volodin, Insitite of Semiconductor Physics, Novosibirsk State University, RU 
Gennady Kamaev, Insitite of Semiconductor Physics, Novosibirsk State University, RU 
Denis Marin, Insitite of Semiconductor Physics, Novosibirsk State University, RU 
Sergej Kochubei, Insitite of Semiconductor Physics, RU 
Artem Voschenkov, Insitite of Semiconductor Physics, RU 
 
keywords: Nanostructures in Insulators; Functional Nanocomposites; Defects Production 
 
Silicon based superlattices attract scientists due to combination of well known good properties of Si/SiO2 interface and 
possibility for realization of quantum properties at room temperatures due to large difference in forbidden zone 
values. Ways were elaborated for deposition of silicon dioxide films using hexamethyldisilozan and 
hexamethyldisiloxan, as well as amorphous silicon films from mixture of monosilane and argon. Analysis of 
capacitance characteristics reveals good electronic properties of the interface, so quite low fixed charge was detected 
(about 4×10

9
см

-2
) and interface density of states (from 5×10

11
cm

-2
×eV

-1
 in the middle of forbidden zone up to 

5×10
12

cm
-2

×eV
-1

 near the edge of one). Achieved growth rates for deposition was allowed to deposit Si, SiO2 films with 
thickness above 20nm. Mode for manufacturing of SiO2 films with thickness above 2nm was found owing to oxidation 
of amorphous and crystalline silicon in plasma of pure oxygen. Multilayered structures were manufactured with 
interlaced layers of amorphous silicon and its oxide with correspondent thickness 5,15nm. Thermal and laser 
treatment leaded to modification of Raman spectra according to phase transformation. After annealing the increasing 
of Raman signal was discovered both at 520cm

-1
 and at 480cm

-1
 possibly due to resonant effect. Increasing of the 

intensity near 520cm
-1

 interpreted as transformation of amorphous silicon into crystalline form.  Electrical 
measurements reveal significant peculiarities connected with charge transport through prepared superlattices. At 
positive voltages and low frequency sharp increasing of capacitance was detected in correlation with conductivity 
behavior . Possibly this effect is connected with alternative current originating from charge exchanging between 
substrate and silicon dioxide layer. The exchanging may be the sequence of recharging of small silicon clusters or 
crystallites formed in dielectric layer. 
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Surface amorphization of silicon during Ga
+
 focused-ion beam milling 

Lars Pastewka, Fraunhofer-Institut für Werkstoffmechanik IWM, DE 
Michael Moseler, Fraunhofer-Institut für Werkstoffmechanik IWM, DE 
 
keywords: Focused ion beam; Surface amorphization; Molecular dynamics simulation 
 
As structures in silicon devices shrink surface damage during focused ion beam sample preparation for transmission 
electron microscopy significantly degrades the microscope’s resolution. The thickness of the damaged amorphous 
surface layer is typically 20 to 30 nm [1]. In order to avoid these artifacts low beam energies have been proposed [2]. 
Here we use molecular dynamics simulations to assess the influence of the focused ion beam on the surface structure 
of silicon for beam energies ranging from 1 to 5 keV. The Silicon-Silicon interaction is modeled using the Tersoff 
potential [3] while the ZBL potential [4] is used for the Gallium-Silicon interaction. It is found that while the thickness 
of the amorphous layer increases approximately linearly the sputter rate saturates. This allows to choose an optimal 
beam energy that balances sputter rate and tolerable surface amorphization. We also compute intrinsic stresses 
introduced by FIB which are tensile at the surface, compressive at the amorphous-crystalline interface and of a 
magnitude of around 1 GPa. The results of our molecular dynamics simulations are in agreement with accompanying 
in-house experiments. 
  
[1] S. Rubanovand, P.R. Munroe: J. Microsc.-Oxford 214, 213 (2004). 
[2] N. I. Kato: J. Electron. Microsc. 53, 451(2004). 
[3] J. Tersoff: Phys. Rev. B 38, 9902 (1988) 
[4] J. Ziegler, J. Biersack, U. Littmark: The Stopping and Range of Ions in Matter (Pergamon, New York, 1985) 
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Exciton model of materials damage by ion irradiation: physical bases 
Antonio Rivera, Consejo Superior de Investigaciones Científicas, ES 
Miguel Crespillo, Universidad Autónoma de Madrid, ES 
José Olivares, Consejo Superior de Investigaciones Científicas, ES 
Fernando Agulló-López, Universidad Autónoma de Madrid, ES 
 
keywords: Fundamentals and Modeling; Defects Production; Oxides: Crystals; Swift-Heavy Ions 
 
A non-radiative exciton-decay model has been recently developed to account for swift-ion beam damage to LiNbO3, 
both in the single-track as well as moderate-fluence regime. The motivation to develop the model was to explain the 
mechanisms of defect generation by swift ion irradiation before amorphization takes place (sub-threshold conditions) 
because no many works are devoted to it despite the abundant experimental evidence of defect generation in sub-
threshold conditions. The model is mostly phenomenological, although quantitative (provides the defect 
concentration) and relies on the synergy between localized (possibly self-trapped) excitons and the thermal spike 
generated by the ion impact. A key parameter of the model is the energy barrier that separates bound and unbound 
regions of the excited state of the localized exciton. In our present work the physical bases of the model are revised in 
line with recent experimental information on the dynamics and trapping of electronic carriers generated by 
femtosecond laser pulses

1,2
 . The operative processes during irradiation are discussed in reference to the detailed 

microscopic information gathered for alkali halides irradiated with purely ionizing irradiation
3
. From the comparative 

analysis, some general rules for the validity of excitonic models can be formulated and used to predict the irradiation 
behaviour of other materials (mostly oxides). In particular, the meaning of the energy barrier separating the bound 
and dissociative regions of the excited state in the f.c.c diagram can be clarified. In addition, one may explain why 
some oxides (e.g. SiO2), as well as alkali halides, respond to purely ionizing irradiation whereas other oxides, such as 
LiNbO3, can only be disordered by massive electronic excitation (e.g. swift-ion beams). Finally, we will present results 
obtained with a recently developed MonteCarlo code based on the exciton model of damage. The results show the 
evolution of damage with fluence for a variety of ions. Thus, valuable information is obtained on damage morphology 
as well as damage formation dynamics. 
 

1
 P. Herth, D. Schaniel, Th. Woike, T. Granzow, M. Inlau and E. Kratzig, Phys. Rev B 71, 125128 (2005) 

2
 C. Merschjann, D. Berben, M. Imlau and M. Wölecke, Phys. Rev. Lett. 96, 186404 (2006) 

3
 N. Itoh, and A.M. Stoneham, Materials Modification by Electronic Excitation, Cambridge University Press, (2001). 

 
 
  



REI 2009 Poster Session A 
 

 44 

P-A42 

Effect of inter-atomic Auger processes on relaxation of electronic vacancies at deep levels of highly ionized atoms in 
swift heavy ion tracks 
Nikita Medvedev, TU Kaiserslautern and OPTIMAS research center, DE 
Nikita Shcheblanov, RRC Kurchanov Institute, RU 
Alexander Volkov, RRC Kurchanov Institute, RU 
Baerbel Rethfeld, TU Kaiserslautern and OPTIMAS research center, DE 
 
keywords: swift heavy ion, track, Monte-Carlo, multiple ionization, electronic excitations, X-ray emission, Auger 
 
The energy deposited into the electronic subsystem of a solid by a swift heavy ion (SHI, M > 20mp , E > 1 MeV/u) 
exceeds 1 KeV/nm that is much larger than the elastic energy losses of such an ion. A considerable part of the 
deposited energy is temporary accumulated in electronic vacancies appeared at deep atomic shells in the close vicinity 
(< 2 Å) of the SHI trajectory. Therefore, for the self-consistent description of energy transformations in SHI tracks it is 
necessary (a) to determine the initial density of deep electronic vacancies i.e. to investigate peculiarities of multiple 
ionization of target atoms by a SHI, (b) to compare the intensities of different channels of relaxation of these 
vacancies accompanied by X-rays emission and ejection of fast electrons, and (c) to investigate peculiarities of the 
energy transfer to the lattice releasing via these channels. 
We present the results of Monte-Carlo simulations of excitation and subsequent relaxation of the electronic 
subsystem of quartz in the close vicinity of the SHI trajectory. The relaxation kinetics was investigated up to 10

-14
 s 

after the projectile passage. Spatial and temporal spreading of electronic excitations as well as energy transfer to the 
lattice is also described in details. 
The developed model was verified by comparison with experiments where X-ray K-shell emission of silicon atoms 
(KαL

n
 transitions) were measured for quartz aerogel irradiated with SHIs having different energies ranging from 5 

MeV/u to 11 Mev/u. These spectra give the information about the ionization kinetics of a media in SHI track during 
the first femtoseconds after the projectile passage. 
Comparison between numerical and experimental results demonstrated that at such short times the adequate 
description of the kinetics of the excited electronic subsystem in a SHI track cannot be possible without tacking into 
account of fast inter-atomic Auger processes. 
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Molecular Dynamics simulation of the irradiation damage for energetic ions bombarding copper nanowire 
Jianming Xue, Peking Univ., CN 
Xueqing Zou, Peking Univ., CN 
Yugang Wang, Peking Univ., CN 
 
keywords: radiation damage; molecular dynamics; nanowire 
 
Physical and chemical phenomena of low-energy ion irradiation on solid surfaces have been studied systematically for 
many years, since its widely applications in surface modification, ion implantation, and thin-film growth. Recently the 
bombardment of nano-scale materials with low energy ions is gained much attention, because of their unique physical 
and chemical properties. In this article, we employed molecular dynamics simulations to study the damage caused by 
low-energy ion irradiation at the surface of the copper nanowires. By simulating ion bombardment of 5 different 
incident energy, namely, 1keV, 2keV, 3keV, 4keV and 5keV, we found the sputtering yield of incident ion is linear 
proportional to the energy of incident ion. The temperature also affects the sputtering yield. Low energetic impacts 
induce mainly surface damage to the nanowires, seldom bulk defects in the nanowires. Surface vacancies and 
adatoms accumulate to form defect clusters on the surface, and their distribution are related to the type of crystal 
plane, e.g. surface vacancies prefer to stay on (100) plane, while adatoms prefer (110) plane. 
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Effective charge of low projectile energy in solids 
Omar El Bounagui, University Cadi Ayyad, MA 
Hassane Erramli, University Cadi Ayyad, MA 
 
keywords: Energy loss; effective charge; ions; computer simulation. 
 
The basic concept of a computer simulation code for determining the effective charge, Zeff, for slow ions interacting 
with condensed matter is discussed. The method is based on using a Fortran 90 program to evaluate the velocity 
dependence of an effective charge in solids. We describe a formalism of scattering processes at lows energies, the 
results are presented and compared with those obtained of earlier effective charge experimental. 
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Defect Formation and Growth Processes on Rutile {110} TiO2 
Louis Vernon, Loughborough University, GB 
 
keywords: defect production; surface growth; TiO2 
 
Low energy (10-100eV) interaction of small TixOy clusters with rutile {110} is investigated using molecular dynamics 
with the aim of establishing the lattice damage, typical surface defects and surface growth when multiple impacts are 
considered. The deposition energy range corresponds to values, typical of a magnetron sputtering process with a 
variable substrate bias. For individual impacts, up to 1000 deposition events per energy interval and cluster type were 
considered. Multi-atom clusters were randomly orientated before deposition and all clusters were deposited normal 
to the surface. 
A modified SMB-Q charge equilibrating empirical potential was developed and used where the repulsive Buckingham 
potential was replaced with a many-body form to allow for the formation of O2 units on the surface of the lattice, 
whilst a repulsive short-range screened Coulomb Ti-Ti interaction was also introduced to ensure more sensible 
behaviour of the Ti dynamics. 
  
Rutile growth was simulated through depositing randomly selected, statistically stoichiometric, clusters with energies 
randomly assigned according to a normal distribution. Long time scale evolution was approximated through heating 
the substrate. The influence of the deposition energy and the substrate temperature on the structure of the deposited 
layers was examined and the crucial growth mechanisms explained. 
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Radioparagenesis: synthesizing novel materials via the decay of radioactive species 
Chao Jiang, Los Alamos National Laboratory, US 
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keywords: Radioparagenesis; Modeling 
 
In this study, using first-principles calculations based on density functional theory (DFT), we investigate the effects of 
chemical evolution of radioactive Sr-90 to Zr-90 via beta-decay in SrO. DFT calculations confirm that rocksalt (B1) is 
indeed the ground state structure for SrO. However, after the complete decay of Sr to Zr, the resulting rocksalt ZrO 
structure becomes mechanically unstable, as is indicated by our first-principles phonon calculations. In an effort to 
search for the more stable structure of ZrO, we have additionally considered 15 other candidate structures, including 
CsCl (B2), zinc-blende (B3), wurtzite (B4), WC (Bh), NiAs (B81), AsTi (Bi), CuTi (B11), CoSn (B35), and AuCd (B19). Our 
calculations identify B11-type ZrO to be energetically the most favorable. Furthermore, our phonon calculations show 
that B11 ZrO is indeed mechanically stable since all phonon frequencies are positive. Finally, we examine the 
thermodynamic driving force for the decomposition of B11 ZrO into a mixture of monoclinic ZrO2 and hcp Zr, the two 
known ground state structures in the Zr-O system. Surprisingly, we found only a very small driving force for B11 ZrO to 
phase decompose, suggesting that such a structure also has a high thermal stability. We thus conclude that 
radioactive decay can be a potential new method for synthesizing novel materials. 
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Photoluminescence from colour centres generated in lithium fluoride thin films and crystals by extreme-ultraviolet 
irradiation 
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Francesca Bonfigli, ENEA - C.R. Frascati, IT 
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Among insulating materials, lithium fluoride (LiF) is a radiation-sensitive material well known in dosimetry [1] and 
utilized in optoelectronic devices [2-5]. Various kinds of radiation can generate stable primary and aggregate defects, 
known as colour centres (CCs) [6], in LiF crystals and thin films. Some of these CCs are optically active and efficiently 
luminesce in the visible range at room temperature under optical pumping [6]. 
In the present work, we report about the light-emitting properties of CCs in LiF thin films and crystals treated with 
low-penetrating extreme-ultraviolet radiation and soft X-rays. At the selected irradiation energies, a very thin (a few 
dozens of nanometres) surface layer of CCs is generated on the exposed face of LiF. Experimental fluorescence 
imaging results show that, under the same irradiation conditions, stronger photoluminescence, up to a factor 8, is 
released by CCs in LiF films thermally grown on silicon substrates than in crystals [7]. We take into account the role of 
the silicon substrate in the enhancement of spontaneous emission over a broad wavelength interval to analyze this 
behaviour, besides the influence of film growth conditions and related defect formation efficiencies. 
  
[1]  A.T. Davidson, A.G. Kozakiewicz, J.D. Comins, J. Appl. Phys. 82 (1997) 3722. 
[2]  V.V. Ter-Mikirtychev, T.T. Tsuboi, Prog. Quant. Electr. 20 (1996) 219. 
[3]  R.M. Montereali, A. Mancini, G.C. Righini, S. Pelli, Opt. Commun. 153 (1998) 223. 
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Various kinds of ionising radiation can generate primary and aggregate defects, known as colour centres (CCs) 
[1], in lithium fluoride (LiF), a well-known dosimetry material [2] widely utilized as active medium in optically pumped 
solid-state lasers [3]. 

Recently, renewed attention has been paid to LiF films with embedded colour centres for their applications in 
the field of integrated optics [4], as well as novel imaging radiation detectors for soft X-rays [5]. 

In this work, the light-emitting properties of thermally evaporated LiF films gamma irradiated at several doses 
from 10

4
 up to 10

6
 Gy in air were investigated. The evaluation of the concentrations of CCs induced by irradiation can 

be obtained from careful spectrophotometric measurements at the highest doses [6]; however this becomes harder 
task when the interference fringes partially hide the absorption bands. On the other hand, advanced 
photoluminescence spectroscopy of F2 and F3

+ 
centres (two electrons bound to two and three anion vacancies, 

respectively), which are responsible for the overlapping absorption in the blue spectral region and for intense red and 
green broad emission bands, represents a very powerful tool for the investigation of stable laser-active electronic 
defects even at lowest doses. 
  
[1] J. Nahum, D. A. Wiegand, Phys. Rev. 154 (1967) 817. 
[2] G. Baldacchini, R. M. Montereali, E. Nichelatti, V. S. Kalinov, A. P. Voitovich, A. T. Davidson and A. G. Kozakiewicz, J. 
Appl. Phys. 104 (2008) 063712. 
[3] T. T. Basiev, S. B. Mirov, V. V. Osiko, IEEE J. Quantum Electron. 24 (1988) 1052. 
[4] R. M. Montereali, J. Lumin.72-74 (1997) 4 
[5] G. Baldacchini, F. Bonfigli, A. Faenov, F. Flora, R. M. Montereali, A. Pace, T. Pikuz, L. Reale, J. Nanoscience and 
Nanotechnology 3,6 (2003) 483. 
[6] E. Nichelatti, R. M. Montereali, M. Montecchi, and T. Marolo, J. Non-Crystalline Solids 322 (2003) 117. 
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Color center creation in LiF crystals irradiated with Xe, Kr and N ions 
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First irradiation experiments on the cyclotron ion accelerator DC-60 (Astana, Kazakhstan) are presented. Color centers 
in LiF crystals irradiated with 195 MeV Xe(fluence (Φ) from 6×1010 to 1013ions/cm2 with a flux from 6.24×109 to 
1.1×1010 ions/cm2∙s ), 117 MeV Kr(Φ from 6×1010 to 4×1011ions/cm2 , flux 1.1×1010 ions/cm2∙s) and 18 MeV N (Φ 
from 2,4×1011 to 1013ions/cm2, flux 3.1×109 – 3.1×1011 ions/cm2∙s) ions are studied using UV-VIS absorption 
spectroscopy and electron scanning- and atomic force microscopy. The defect creation in alkali halides strongly 
depends on the energy loss of the ions (dE/dx), absorbed energy (fluence), and irradiation temperature [1,2]. The 
irradiation parameters are presented in Table 1 [3]. Table 1.Xe, Kr and N ions radiation parameters in LiF crystals. Ion, 
energy, MeV Range, R, μm Electronic loss, e, keV/nm Nuclear loss, n, keV/nm Maximal energy of electrons, eV Xe, 195 
17.6 18.85 0.052 3200 Kr, 117 15.3 12.11 0.026 3100 N, 18 11 1.65 0.0013 2800 The electron energy loss is larger than 
the nuclear energy loss and energy transfer from the ions takes place by ionization and electronic excitation. The 
maximum energy of δ electrons in LiF is limited to 2.8 - 3.2 keV. These electrons interact with the solid and finally via 
lattice excitations create color centers. Using absorption spectroscopy, the number of F centers per track ( ) and the 
mean energy ( ) to create an F center, as well as the average distance between ion tracks was estimated. From the 
dependence we calculated the track radius (for Kr ion rF = 12nm, for N ions rF = 4,4nm, and for Xe ions rF = 17nm) [4]. 
Irradiation at a beam current density of 20nA/cm2 (Xe ions) leads to the track overlapping at fluences above 
1011ions/cm2. At a fluence of about 1013ions/cm2 the F center concentration (nF) increases with the flux (φ) as nF ~ 
φ1/3. The dependence of φ1/3 indicates a strong interaction of the primary H centers with fluorine molecule 
formation which leads to a decrease of recombination losses between F and H centers [5]. On the surface of all ion 
irradiated lithium fluoride crystals, hillocks of similar diameters and height are formed. We estimated the mean 
fluence using surface images (JSM - 7500F).  
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245, 204(2006)  
3. J. F. Ziegler,M,D, Ziegler, and J. P. Biersak, SRIM 2006.02  
4. P. Thevenard, G. Guiraud, C.H.S. Dupuy, Rad. Eff.32, P.89, 1977.  
5. K. Schwartz, M. V. Sorokin, A. Lushchik, Ch. Lushchik, E. Vasil’chenko, R. M. Papaleo, D. de Douza, A. E. Volkov, K.-O. 
Voss, R. Neumann, C. Trautmann, Nucl. Instr. Meth. B 266, 2736, 2008. 
  



REI 2009 Poster Session A 
 

 52 

P-A50 

Creation of regular nanocrystal phases Si on surface CaF2/Si (111) 
Dilnoza Tashmukhamedova, Tashkent State Technical University, UZ 
B. Umirzakov, Tashkent State Technical University, UZ 
B. Mavlonov, Tashkent State Technical University, UZ 
 
keywords: Ion irradiation; Si nanostructures; CaF2 
 
Now obtained multilayered nanofilms and nanocrystal phases of metals and semiconductors on a surface of materials 
of the various natures is an actual problem of electronic instrumentation technologies. For these purposes basically 
the method molecular-beam epitaxy is used. However method MBE and also other traditional methods of growth are 
practically impossible to receive on a surface of one material regularly located nanocrystal phases other material. 
             Our researches have shown, that such phases can be obtained if before МBE-growth a surface of a substrate 
(matrix), was irradiated low-energy (E0 = 0.5 - 10 keV) ions with low doses (D ≤ 10

14
 cm

-2
) [1, 2]. Ion bombardment and 

МBE-growth were carried out at vacuum ~10
-6

 Pa. Composition, crystal and electronic structure nanophase was 
investigated with use of methods AES, HEED and UVPES. At bombardment of well cleared homogeneous CaF2 film by 
Ar

+
 ions on its surface appeared regularly located separate cluster phases enriched Са atoms. At E0 = 0.5 keV and D = 

2·10
14

 cm
-2

 the sizes of cluster phases is ~ 0.5 - 1 nanometer, and distance between them 90 - 100 nanometers (The 
sizes of cluster phases and distance between them were estimated after evaporation Si). At evaporation of silicon on a 
surface of these nucleuses was formed nanophases silicon. Optimum modes of formation epitaxial nanophases: Т = 
850 K, speed of growth 1 - 2 Å/minutes. Thus are obtained homogeneous epitaxial phases of silicon with a diameter 
up to 10 - 12 nanometers and thickness ~ 2 - 3 nanometers. The further evaporation resulted in occurrence of 
additional phases Si and change of the sizes of formed phases. In work the basic laws of formation multicomponent 
nanostructure Si - CaF2 - Si are established. 
  

1. Umirzakov B.E., Pugacheva T.S., Tashatov A.K., Tashmuchamedova D.A. NIM - B, v.166-167, 2000. р. 572. 
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Pulse luminescence (PL) of LiF(U)-O and LiF(U)-O,ОН crystals has been studied by nanosecond-resolved spectrometry. 
Unirradiated and preliminary irradiated by electron beam  crystals were tested. PL was excited: by laser pulse (3.68 
eV) or with 300-keV electron pulse. 
        The PL building-up (B-U) in each band of uranium spectrum can be expressed by two exponentials with the 
characteristic times equal to 2.5 μs and ≤20 ns, which do not depend on the temperature. The relation between the 
intensities of these components depends on: the preliminary irradiation doze (PID), the way of PL exciting and value of 
the emitted energy. 
High time resolution makes it possible to separate numerous emitting transitions occurring in the activator (U

6+
) and 

in color centers (F3
+
), and to demonstrate that the characteristic times of the B-U, decay processes of PL and the 

relative population of uranium energy levels do not depend on the PID of up to 10
6
 Gy in LiF (U)-O crystals.       

OH- coactivator in crystal LiF(U)-O influences neither the spectral composition of the uranium PL nor the kinetic 
parameters of B-U processes. However, the coactivator changes the relative population of the emitting states in 
favour of high - energy ones (2.55 and 2.6 eV), and increases the characteristic time of PL decay of any transition in 
the range of 2.1-2.6 eV. If irradiate LiF(U)-O,OH crystal by electron beam, the relation between the bands in the 
spectrum and  the parameters of the PL decay will be the same as those inherent to the uranium PL of LiF (U)-O 
crystal. 
The emitting uranium complex of an uranat- type with OH ions in the second coordination sphere which number 
depends on concentration U-OH complexes in crystal and PID of the crystal has been suggested. 
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The irradiation of LiF crystals with swift heavy ions is known to create many defects along the ion trajectory. The most 
significant type of defect are paramagnetic F-centres (an electron on an anion vacancy) [1]. Due to the magnetic 
moments of 

19
F and 

7
Li, Nuclear Magnetic Resonance (NMR) has proven to be a valuable method to study radiation 

induced paramagnetic defects in LiF by measuring their spin lattice relaxation time T1. In this study, we apply spatially 
resolved NMR by measuring in a strong gradient magnetic field of 74 T/m. This allows us to analyze the defect 
concentration as a function of penetration depth of the ions with a resolution down to 10 µm [2]. The NMR 
measurements were complemented by absorption spectroscopy (VIS and UV) to determine the F-centre 
concentration and by Electron Spin Resonance (EPR) to measure the overall concentration of paramagnetic defects in 
the whole sample. 
The LiF crystals were irradiated at the linear accelerator (UNILAC) of GSI with light (C) and heavy (Xe, Pb, U) ions of 
11.1 MeV kinetic energy per nucleon and fluences up to 10

12
 ions/cm

2
. The range of the heavy ions in LiF is about 

90µm which was considerably lower than the crystal thickness of 1 mm. Surprisingly enough, depth resolved 
measurements showed that radiation-induced defects are not limited to the penetration depth of the ions but also 
appear deep in the crystal interior far beyond the actual ion range but with a much reduced concentration. 
[1] K. Schwartz, A.E. Volkov, M.V Sorokin, C. Trautmann, K.O. Voss, R. Neumann, M. Lang, Phys. Rev. B 78, 024120 
(2008). 
[2] H. Stork. K.P. Dinse, F. Fujara, A. Hamburger. P. Jakes. R. Neumann, B. Schuster, K. Schwartz, C. Trautmann, J. Phys. 
Cond. Mat. 20, 465215 (2008). 
 


