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Comparison of microstructural changes in ZnAl,0, spinel under ion irradiation in the electronic and in the nuclear
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ZnAl,Q, s a typical ternary compound spinel that belongs to the space group Fd-3m where the anion sublattice is
arranged in a cubic close-packed network and the cations are distributed in one-eighth of the tetrahedral sites and in
half of the octahedral sites. This structure is known for exhibiting cation exchange versus temperature, and the space
group remains Fd-3m over a broad temperature range. Under irradiation, ZnAl,0, undergoes additional structural
change. Whatever the nature and the energy of the incident particles, a crystal-crystal transition occurs at room
temperature for different fluence values [1,2,3].

In the nuclear energy loss regime, the irradiation with 4 MeV Au ions transformed part of the initial phase into a
random phase characterized by cations randomly occupying octahedral and tetrahedral sites. With increasing fluence,
the volumic fraction of this beam-induced random phase follows an S-like shape and finally saturates at 80% [2].

In the electronic energy loss regime, high energy ions can also induce cation inversion in spinels [4], and in
addition amorphisation by defect accumulation [5]. For 91-MeV Xe ions, the amorphous phase appears above a critical
fluence of 4x10™ cm™ and grows with increasing fluence. Using X-ray diffraction in combination with Rietveld analysis
and transmission electron microscopy, the inversion parameter, the amorphous fraction, and the size of diffracting
domains were analyzed for polycrystalline samples irradiated with different swift heavy ions such as 83-MeV Kr, 091-
MeV, Xe, 740-MeV Zn , and, 2-GeV Au. provided at GANIL and GSI.

[1] D. Simeone, C. Dodane-Thiriet, D. Gosset, P. Daniel, M. Beauvy, Journal of Nuclear Materials 300 (2002) 151

[2] G. Baldinozzi, D. Simeone, D. Gosset, M. Dolle, L. Thomé, L. Mazérolles , Nuclear Instruments and Methods in
Physics Research B 250 (2006) 119

[3] G. Baldinozzi, D. Simeone, D. Gosset, S. Surblé, L. Mazérolles, L. Thomé, Nuclear Instruments and Methods in
Physics Research B, 266 (2008) 2848

[4] K. Yasuda T. Yamamoto, M. Shimada, S. Matsumura, Y. Chimi, N. Ishikawa , Nuclear Instruments and Methods in
Physics Research B, 250 (2006) 238

[5] A. Quentin, I. Monnet, D. Gosset, B. Lefrancois, S. Bouffard, Nuclear Instruments and Methods in Physics Research
B, 267 (2009) 980



REI 2009 | Poster Session B

P-B2

Hard resistance of AIN under swift heavy ion irradiation by comparison with others IlI-V nitrides.
Nicolas Guillouet, CIMAP, FR

Camille Sonnerfeld, CIMAP, FR

Meélanie Girard, CIMAP, FR

Mamour Sall, CIMAP, FR

Marie Pierre Chauvat, CIMAP, FR

Isabelle Monnet, CIMAP, FR

Pierre Ruterana, CIMAP, FR

keywords: nitrides, Swift-Heavy ion, TEM

The new wide band gap wurtzite semiconductors (AIN, GaN, InN) constitute an interesting family of materials with an
extensive range of micro-electronic and opto-electronic applications. Moreover, they are close to ceramics, therefore
fabricated devices are also due to operate in harsh environments (space, underwater, inside motors or nuclear

r e act duoeso,the intgrest in doping nitride semiconductors by rare earths in order to get specific emissions,
interaction of ions with GaN or AIN was studied in the last past decade. These works were mainly carried out in the
elastic collision range. Results indicate that AIN is more resistant to irradiation than GaN. As for many other
semiconductors, the data on the effect of irradiation by swift heavy ions is still scarce (GaN, AIN) or completely
inexistent (InN), their behaviour is not known or still controversial. Although most of the semiconductors have been
intensively investigated during the last two decades, the family of the IlI-V nitride semiconductors (AIN, GaN, InN) was
hardly tackled. The case of AIN is particular since it also has been investigated in the form of polycrystalline material,
starting at the time when it was only considered for the fabrication of ceramic based devices.

In this paper, we wish to improve the analysis of energy loss due to inelastic collision in GaN and to compare the
behaviour of these three components. The samples were irradiated at 300K with 104 MeV **Pb”®" provided by the
beam line IRRSUD (GANIL, France). Microstructural modifications induced by swift heavy ions are analyzed by different
techniques: optical absorption, Raman spectroscopy, TEM. As for the elastic collision range, AIN is more resistant than
GaN or InN.
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The use of ion beam bombardment for the synthesis of a glass within glass is of great interest in terms of the
possibilities of widening of glass-forming zone within phase diagrams and the production of new types of glasses.

As an example, the possibility with quartz glasses subjected to ion beam bombardment (E=30-300 keV, F=10'*-10"
cm™) is shown to create within them ion-synthesized layers of glasses of binary systems, with the participation of wide
range of implanted impurities

(m ROy-n SiO,, where R stands for the chemical element) at different depths from the surface.

The similarity of the spectral properties of ion synthesized glasses and glasses of the same element composition
obtained by conventional synthesis are demonstrated.

The results of the study of the nature and mechanism of radiation-stimulated physico-chemical processes in glasses
and their role in modification of optical and mechanical properties of glasses are given.
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Transparent heat-resistant coatings of 10-30 nm thickness described by (ZrO,),-(Y,03), composition are formed on the
surface of metals and glasses by thermolysis technique.

Produced coatings possess high adhesive strength, high corrosive and abrasive resistance. Nanocrystalline formations
are revealed on samples surface, with quantity of these formations depending on basic solution concentration,
formed layers number and thermal treatment mode.

lon-beam modification of obtained coatings under mixing mode enables said properties enhancing owing to zirconium
oxiboride formation at substrate-coating interface as a result of ion-beam synthesis.
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The ion implantation of transition metals (TM) into glasses can be used to modify optical, magnetic and electrical
properties of near-surface layers of glasses. The ion implantation is one of a powerful technique for the elaboration of
nano-particles. Valence and coordination states of TM implanted into glasses are dominant factors determining the
composition and the structure of nano- particles. There are three possible kinds of such particles: metallic colloids,
metal fluorides and composites including TM and elements of glass-network. We investigated fluoride glasses of
several compositions in the systems based on ZrF,-BaF, and AlF;-YF; implanted with ions of iron group at energy
E=150keV and fluences ranging from 2x10" to 6x10 " cm™. The samples were studied by EPR, visible-UV optical
spectroscopy, SIMS, RBS, TEM. It is fata’gmet Fd o™i mpl an
Ni** and Cu®*at low fluences (< 5x10" cm™)in network of implanted layer. Critical temperature dependence of an
intensity and width of EPR lines for some samples implanted with TM indicate that at fluences >10" cm? the
antiferromagnetic compounds are formed ( for example, CrF; with temperature Neel Ty=80 K, MnF, with Ty=67 K,
FeF; with Ty=360 K, CuF, with Ty=70 K and others). In some cases antiferromagnetic compounds include the elements
of implanted glass (for example, BaCoF, (Ty=70 K). In the samples implanted with Fe®, Ni* and Co" at fluence >3x10"
cm? heat treated in Ar-H, atmosphere ferromagnetic metallic particles Fe, Ni, Co are formed. The TEM data show that
the particles have spherical shape and their size vary from 3 to7 nm depending on durability of heat treatment and
value of fluence.
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The investigation of silica glass,implanted with Er.

Lydia Bogomolova, Institute of Nuclear Physics ,Moscow State University, RU
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In this work we investigated the states of erbium in silica glass depending on implantation condition. The samples of
silica glass (Herasill) were implanted with Er’ ions at 100 keV energy ,fluences F=10"" 10”cm™.The samples were
studied by EPR, visible optical spectroscopy, IR Reflection Spectroscopy(IRRS), RBS, TEM.EPR spectra of the samples
implanted to F=10"*- 10®cm?c ont ai n t he wentaek.Inshé sgnple imslantedf to £10”cm™ no EPR
S i g n a tentre Was observed. Peroxyradical (POR) is present in all the samples at P>10 mW. At 4.2 K the broad
single line with g.~7.56 and DH,,~150 mT is observed for the samples implanted with Er" to F=10""° 10" cm™. This line
is attributed to Er’* ions in axially distorted octahedral environment.. No EPR line of Er** was found at higher fluence.
In optical spectra the absorption bands at 213, 248, 380 and 520 nm were observed. The last two bands were
attributed to Er’*ions whereas the others belong to the defects formed during the bombardment. IRR spectra show
that the intensities of bands at 8900 and 21000 nm decrease with increasing fluence.As the band at 8900 nm
characterizes valence oscillations of Si-O-Si-bonds the decrease in the intensity of this band indicates the destruction
of bonds . The TEM photographs of the silica plates irradiated to F=10"®- 10" cm™ show that in these samples
annealed in Ar atmosphere small (~3 nm) almost spherical particles appear. The size of particles increases with
increasing F. The composition of the particles is not known .The XRD spectra of all the samples present only
amorphous haloes due to SiO,.However the appearance of new absorption band at 450 nm allows to assume that it
can be due to plasmon resonance of metallic Er.
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lonizing Effect in Proton Conductivity at Interface between Electrode and Electrolyte of Gamma-ray irradiated
Polymers

Bun Tsuchiva, Institute for Materials Research, Tohoku University, JP
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Development of a hydrogen-air fuel cell consisting of proton conducting polymer as a solid electrolyte and hydrogen
storage metals as a hydrogen source have been proposed recently. The amount of hydrogen retained in the polymer
is one of the most significant points for the closed-type fuel cell and greatly contributes to the electric power,
generated due to protonic conduction. It is necessary to modify hydrogen absorption characteristics and protonic
immigration processes for the electrolytes, in order to be readily achievable for the application of the fuel cell at lower
operating temperature below 373 K.

To make the hydrogen absorption and transport characteristics of the membranes change, and develop new
perfluorosulfonic acid (PFSA) membranes with further higher proton conductivity at lower temperature below 373 K,
the PFSA membranes was irradiated with 1.17 and 1.33 MeV gamma-ray from a cobalt-60 source in air at room
temperature. The radiation effects in the protonic conduction and radical formation for the irradiated membranes
were investigated by direct current (DC) resistance and alternative current (AC) impedance measurements.

The proton conductivity at room temperature in vacuum of the membranes, obtained by the DC measurement,
linearly increased with increasing gamma-ray dose, and hereafter gradually reached to be higher by about two orders
of magnitude, as compared with that of the unirradiated one. However, the proton conductivity at bulk area which
can be estimated from the results of the AC impedance hardly changed by ionizing radiation with gamma-ray. By
comparison of both DC and AC data, the enhancement of the proton conductivity at interface between electrode and
electrolyte was found. The modification of the hydrogen absorption characteristics, caused by interaction between
water in air and radiation induced defects, in near surface rejoins loads to the enhancement of the proton
conductivity at interface between electrode and electrolyte.
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Bun Tsuchiva, Institute for Materials Research, Tohoku University, JP

keywords: Oxides; Neutron Irradiation; Nuclear Materials

It has been already proposed that proton conductive ceramics are applied as an electrolyte for compact fuel cells
combined with metal-hydride and are possible candidates for a new energy conversion functional materials under
radiation environments such as fission and fusion reactors or cosmic.

In the present study, to investigate radiation induced phenomena of proton conduction in radiation environments,
the electrical conductivity of typical proton conducting perovskite-type oxide ceramics (SrCeg g5Ybg ¢503.4) With metal
containing hydrogen was measured in-situ at irradiation temperatures below 473 K (first cycle) and 673 K (second
cycle) under fission reactor irradiation.

The RIC (Radiation Induced Conductivity) of SrCeg g5Ybg 0505.4 Specimens with and without H was observed under
fission reactor irradiation. The RIC for the both of them increased with increasing ionizing dose rate, and those with H
at the maximum ionizing dose rate of 0.5 kGy/s, by 50 MW reactor power, and without H at 1.8 kGy/s were higher by
about two and three, respectively, orders of magnitude than the base conductivity without radiation at 0 MW. The RIC
with H in the dose rate range of 0.5 kGy/s was higher than that without H. The result may show that the RIC is caused
by electronic excitation as well as enhanced diffusion of hydrogen due to gamma irradiation. After irradiation for 27
reactor full power days, the RIC for second cycle was measured again. The RIC with H was almost same as the result
for the first cycle, while that without H reduced lower by about one order of magnitude. It may indicate that the
protonic conduction has no influence on the irradiation, while the electronic conduction is modified by radiation
induced defects.

10
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Nic van der Berg, University of Pretoria, ZA

Johan Malherbe, University of Pretoria, ZA

Elke Wendler, Universitaet Jena, DE

Werner Wesch, Universitaet Jena, DE
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Fuel elements of modern high-temperature nuclear reactors are encapsulated by CVD-layers of pyrolitic carbon and
silicon carbide to reduce fission product release. Diffusion parameters of relevant fission products in silicon carbide at
high temperatures under neutron irradiation conditions are therefore needed for nuclear fuel element design.

The aim of this study is to obtain information on volume and grain boundary diffusion as well as on the influence of
radiation damage. For this purpose silver and iodine isotopes were implanted in 6H-SiC and also in CVD-SiC from
different production sources at temperatures ranging from room temperature to 900 K. Diffusion coefficients were
obtained from the broadening of the implantation profiles after isochronal and isothermal annealing studies up to
1800 K, using RBS analysis in conjuncture with alpha-particle channeling spectrometry. Structural information on the
implanted samples was obtained by scanning electron microscopy.

As the surface region of the room temperature implants was completely disordered, the initial profile broadening
could be used to study diffusion in amorphous silicon carbide. Comparison of profile broadening in annealed single
and poly crystalline samples yielded information on the importance of volume and grain boundary diffusion.
Information on the influence of radiation damage was extracted by comparing results from samples implanted at
room and elevated temperatures.

11
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It has been generally believed that nanostructured materials possess a great potential for radiation resistance because
of a large fraction of grain boundaries or interfaces that could absorb and annihilate mobile point defects produced
during irradiation. Silicon carbide (SiC) has been considered as a prominent candidate for a variety of applications,
including electronic devices and nuclear energy systems. Extensive experimental and theoretical research efforts have
been devoted to the study of radiation effects in SiC single crystals and micron-sized crystals over the past decades.
However, there have been no reports on the disordering behavior in nanocrystalline SiC to date. It is still an open
question whether or under what conditions SiC in a nanophase can significantly enhance the radiation hardness. This
study employs energetic ion beams for irradiation of polycrystalline 3C-SiC with an average crystallite size of a few
nanometers. A suite of experimental tools have been applied to characterize the irradiated materials, including x-ray
diffraction, transmission electron microscopy and Raman spectroscopy. The results indicate that full amorphization in
the nanocrystalline SiC occurs at a dose not above 0.5 dpa at room temperature, which is comparable to that for bulk
SiC single crystals. This behavior is attributed to the high dose rate used in this study and sluggish migration of point
defects produced during the irradiation. Based on an estimation of diffusion time under the experimental conditions,
we have concluded that lattice disorder can be accumulated in the crystallites, and interactions of local defects are
likely to result in full amorphization of the material. In addition, irradiation of amorphous SiC leads to breakage of Si-C
bonds and formation of new Si-Si and C-C bonds. Phase segregation is also observed in the irradiated SiC. The results
in this study may have a significant implication of using nanocrystalline SiC in high radiation environments.

12
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Influence of ion energy on damage induced by gold implantation in silicon carbide single crystals
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Silicon carbide (SiC) is a promising material for the fabrication of electronic and optoelectronic devices operating in
hostile conditions, as well as either as a cladding material for the nuclear fuel or as a structural material for the reactor
core. In these applications, SiC is submitted to energetic particles: atomic displacements occur, which could lead to
original material properties changes. Therefore it is worth understanding the irradiation-induced-structural
modifications.

Hexagonal (0001)-oriented N-doped silicon carbide single crystals (6H-SiC) were used in this work as model materials.
Gold ion implantation was performed at room temperature at several fluences in the range 1012 to 1015 cm-2, at two
different energy: 4 MeV at the ARAMIS accelerator of the CSNSM-Orsay, and 20 MeV at the accelerator of the UFRGS-
Porto Alegre. Structural characterizations of implanted SiC single crystals were done by several complementary
techniques.

Depth profile of accumulated damage was extracted for each fluence from Rutherford Backscattering Spectrometry
and Channelling spectra, which were analyzed quantitatively using the McChasy simulation code [1]. A comparison of
results obtained at 4 and 20 MeV will be presented, along with complementary transmission electron microscopy
observations. A more pronounced damage is observed in SiC single crystals implanted with Au ions of lower energy.
Indeed irradiation effects depend strongly on the incident ion energy, as they result mostly from nuclear elastic
interactions at low energy, and inelastic interactions at high energy.

Nature of ion-implantation-induced defects and their evolution as a function of the implantation fluence has been
studied using positron annihilation spectroscopy at CEMHTI-Orleans, and FRMII/NEPOMUC-Munich. Divacancies VSi-
VC have been detected at low fluence in 20 MeV-implanted SiC, whereas at higher fluence defects having an open-
volume such as quadrivacancies are observed [2,3]. Nature of these defects created at 4 and 20 MeV will be discussed
in the light of complementary experiments (i.e. Raman spectrometry).

[1] L. Nowicki et al., Nucl. Instr. and Meth. B 240 (2005) 277-282.

[2] A. Gentils et al., Appl. Surf. Sci. 255 (2008) 78-80.
[3] A. Gentils et al., AIP Proceedings 1099 (2009) 891.

13
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Low Temperature (20 K) Photoluminescence was used to follow the defects formation in 4H-SiC epitaxial layers
induced by irradiation with 200 keV H* and 800 keV C" in the fluence range 3.0’ 10° —2.0* 10" ions/cm’.

Il rradiation induces the formation in the photol uminesc
wavelength range 425-443 nm, due to the recombination of excitons at structural ion beam defects.

The trend of luminescence lines intensity as function of ion fluence, allows distinguish two different group of peaks,
namely the P, group (e, f, g lines) and the P, group (a, b, ¢, d lines). The P, group normalized yield increases with ion
fluence, reaches a maximum and then decreases at high fluence.

The P, group normalized yield, instead, exhibits a fluence threshold, then increases until a maximum value and
decreases at high fluence.

The behaviour of P, and P, line yield with ion fluence, indicates a production of point defects at low fluence, followed
by a subsequent local rearrangement creating simple complex defects (divacancy, antisites). The experimental data
indicate that the P, group lines are related to the primary defects created by ion beam (vacancies and/or interstitials),
while the P, group lines are associated to the complex defects.

Similar trend was observed for irradiation with both ions, however defects formation occurs in the fluence range 10°-
10" cm™ for C" irradiation and 10"'-10"* cm™ for H" ions. Taking in account the different value of energy deposited in
elastic collisions a dependence on the type of ion was found.

The threshold fluence corresponds to a energy density deposited in elastic collisions of 2.0x10™ eV/cm3 for 200 KeV
H" and of 7.0x10"® eV/cm® for 800 KeV C". The difference should be related to the different energy distribution around
the ion track as the dense cascade of Cion induces a higher defect recombination and then a higher energy density is
needed for the defect formation.

14
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The defects induced in SiC by ion irradiation show an enhanced recombination after running current density ranging
from 0.8 to 1.2 A/mmz.

The defects were introduced in 4H-SiC Schottky diodes by irradiation with 7.0 MeV C" at a fluence of 63 10° ions/cm”
and their evolution was followed by Deep Level Transient Spectroscopy (DLTS). Annealing was then performed in the
temperature range 320 K —400 K for different times in order to study the change in point defect structure with
temperature. Some diodes were forward biased for 5 sec with different current densities.

lon irradiation induced the formation of three main levels located at located at E.-0.28 eV (Sy), E.-0.49 eV (S,) and E,-
0.67 eV (S,). Low temperature annealing performed was observed to induce a change in the ion produced defects as
some defect levels are partially annealed and new levels are revealed. The deep levels related to the S, and S, defects
show a recombination with annealing, simultaneously a new level, S, (E.-0.4 eV), was formed. The activation energy of
the S; defect is 0.94 eV, while the annealing of both the S, and S, levels occurs with activation energy of 0.65 eV.

An enhanced recombination of defects is indeed observed after running current in the diode at room temperature.
This carrier introduction induces a reduction of the S, traps, while the remaining levels are not modified. The
recombination depends on the current density, as it is negligible up to a current density of 0.4 A/mm? and then its rate
increases with increasing the current density from 0.8 to 1.2 A/mm?®. The enhanced recombination of the S, trap
occurs at 320 K, which otherwise requires a 400 K annealing temperature. The process can be related to the energy
released by carrier trapping or alternatively to a change in the defect charge state under carrier injection.

15
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This article reports on the structure and composition of reactively sputtered Cr-N thin films irradiated with
120 keV Ar ions. The layers were deposited on (100) Si wafers, at different nitrogen partial pressures and different
substrate temperatures, to a thickness of 240-280 nm. After deposition the samples were irradiated with 120 keV
argon ions, to the fluences of 1x10" and 1x10" ions/cm”. Structural characterization of the samples was performed
by Rutherford backscattering spectrometry, x-ray diffraction and cross-sectional transmission electron microscopy. At
lower nitrogen pressures (2x10™ and 3.5x10™* mbar) unreacted Cr is observed and the nitride formed is Cr,N, with
densely packed morphology. The highest pressure of 5x10™ mbar yields the formation of pure CrN phase, with a
columnar morphology. At higher substrate temperature the high-quality films were formed, which is due to higher
mobility of absorbed atomic species during deposition process.

16
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The present study deals with TiN/Si bilayers irradiated at room temperature with 120 keV Ar ions. The TiN layers were
deposited by d.c. reactive sputtering on Si(100) wafers to a thickness of ~240 nm. After deposition the TiN/Si bilayers
were irradiated to the fluences of 1x10" ions/cm2 and 1x10" ions/cmz. Structural characterization was performed
with Rutherford backscattering spectroscopy (RBS), cross sectional transmission electron microscopy (XTEM) and
grazing angle x-ray diffraction (XRD). The results showed that the observed variation of the lattice constant, mean
grain size and microstrain can be attributed to the formation of the high density damage region in the TiN film
structure. It has been found that this damage region is mainly distributed within ~100 nm at the surface of the TiN
layers.

17
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The reduction of grain size down to the nanometer regime has opened new and fascinating avenues for studying
several aspects of materials science, including high hardness, high fracture toughness, and super-plastic behavior, as
well as high tolerance to irradiation damage. Large-scale molecular dynamics simulations have been employed to
study defect generation in nanocrystalline SiC with different grain sizes. Primary knock-on atoms (PKAs) with kinetic
energies of 10-20 keV are initially simulated because higher-energy cascade simulation (up to 50 keV) yields multiple
branches with energies on the order of 10 keV in a bulk SiC. The results have demonstrated that defect production
strongly depends on grain size. For average grain diameters smaller than 10 nm, the PKA dissipate its energy along the
grain boundaries, resulting in 90% of the defects being created inside the grain boundaries that consist of amorphous
phases. These defects only change the states of the amorphous phases, without causing much damage to the
nanocrystalline SiC. The mechanisms of defect generation in nanocrystalline SiC are found to be significantly different
from those observed in metals, where significant atomic motion towards the surrounding grain boundaries by
replacement collision sequence mechanism is observed during the thermal spike. However, for average grain
diameters larger than 20 nm, it is interesting to note that most defects are produced within nano grains, rather than
inside the grain boundaries. There is a crossover from grain damage to interface damage. The present simulations
provide important insights into how nanostructures influence the radiation response or tolerance of ceramics.

18
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Rare Earth (RE) doped group-Ill nitride semiconductors (GaN, AIN, InN and their alloys) attract much research interest due to their
unique optical properties with narrow and temperature stable emissions ranging from infrared to ultraviolet. As host for REs, AIN
with its large band gap allows energetically high lying RE levels to be exploited. Furthermore, decreased thermal quenching of the
luminescence is expected.

In this work 300 keV Eu ions were implanted into AIN with a wide fluence range from 10" to 10" at/cm. The damage build-up was
investigated by Rutherford Backscattering/channelling and transmission electron microscopy. Sigmoidal shaped damage build-up
curves indicate efficient dynamic annealing. A regime with low damage increase for fluences below 10" at/cm? s followed by a
strong increase for intermediate fluences. For the highest fluences the damage curve rises slowly until a buried amorphous layer is
formed which then expands towards the surface and the bulk. Strong ion channelling effects were observed when the implantation
was performed along the direction of the wurtzite lattice. Compared to random implantation the range of the implanted ions
doubles and the defect density is reduced efficiently.

After thermal annealing, photoluminescence measurements show intense Eu-related red light emission for samples implanted with
low fluences. However, for higher fluences damage removal is low even after annealing at temperatures as high as 14502C, some
out-diffusion of Eu is observed and the luminescence intensity drops significantly.

Rare Earth (RE) doped group-Ill nitride semiconductors (GaN, AIN, InN and their alloys) attract much research interest due to their
unique optical properties with narrow and temperature stable emissions ranging from infrared to ultraviolet. As host for REs, AIN
with its large band gap allows energetically high lying RE levels to be exploited. Furthermore, decreased thermal quenching of the
luminescence is expected.

In this work 300 keV Eu ions were implanted into AIN with a wide fluence range from 10" to 10" at/cm’. The damage build-up was
investigated by Rutherford Backscattering/channelling and transmission electron microscopy. Sigmoidal shaped damage build-up
curves indicate efficient dynamic annealing. A regime with low damage increase for fluences below 10" at/cm? is followed by a
strong increase for intermediate fluences. For the highest fluences the damage curve rises slowly until a buried amorphous layer is
formed which then expands towards the surface and the bulk. Strong ion channelling effects were observed when the implantation
was performed along the direction of the wurtzite lattice. Compared to random implantation the range of the implanted ions
doubles and the defect density is reduced efficiently.

After thermal annealing, photoluminescence measurements show intense Eu-related red light emission for samples implanted with
low fluences. However, for higher fluences damage removal is low even after annealing at temperatures as high as 14502C, some
out-diffusion of Eu is observed and the luminescence intensity drops significantly.
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Modification of electronic properties of three layred SiN, films due to excimer laser irradiation
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Denis Marin, Institute of Semiconductor Physics, Novosibirsk State University, RU

Sergej Kochubei, Institute of Semiconductor Physics, RU

Alexander Popov, Institute of Microelectronics and Informatics, RU

keywords: Defects Production; Nanostructures in Insulators; Carbides and Nitrides

Attraction to metal-dielectric-semiconductor (MDS) structures containing silicon nanocrystals in dielectric film is
connected with their possible using in creation of memory devices and prospective research of single-electron effects.
In our experiments the MDS-structures with three-layer silicon-nitride films produced by plasma chemical vapor
deposition were investigated. Each of the three layers had different content of silicon atoms that led to a variation of
band gap (Eg) of SiN, films. For the first part of samples energetic barriers at an interface between SiN, layer and
silicon substrate for carriers were much higher than for the second one. So, exchange of carriers between SiN, and
substrate should be suppressed in the first case. CV characteristics measured at 3kHz for first group of samples looked
like classical high-frequency characteristics with a small hysteresis. For the second group of samples we observed large
hysteresis and modulation of capacity. Probably this effect is connected with charging and discharging of states of
silicon clusters in SiNx films. CV characteristics for the sample with high concentration silicon clusters in middle layer
of SiNx were measured at 140kHz. In the dark repeatable curves for the capacitance was measured displaying
hysteresis at forward and backward biasing. In the conditions of light illumination and reverse biasing decreasing of
capacity was detected down to near zero values. Further continuous direct and reverse biasing under light irradiation
didn't demonstrate so deep falling down of capacitance
middle layer of dielectric films enriched by silicon atoms, which led to disappearance the effect of modulation of
capacity and decreasing of hysteresis. It can be explained by retardation of carrier transport through dielectric layer
due to elimination of electronic states connected with small silicon clusters.
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Temperature dependence of damage formation in Ag ion irradiated 6H-SiC
Elke Wendler, University of Jena, DE

Thomas Bierschenk, University of Jena, DE

Werner Wesch, University of Jena, DE
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keywords: ion irradiation, defects, SiC, elevated temperatures, RBS

High-temperature nuclear reactors are based on coated fuel particles. Because SiC is one coating component, it is
essential to know its behaviour during the irradiation with fission products at elevated temperatures. Therefore, in the
present paper damage production in 6H-SiC is studied applying 360 keV Ag ions. Implantation is performed at various
temperatures between 15 K and 900 K. By analysing the fluence dependence of damage formation over a wide range
of ion fluences, information about the mechanisms of damage formation is obtained as a function of the irradiation
temperature. As an example, implantation at 620 K does not render the 6H-SiC amorphous. The damage
concentration tends to saturate at a relative defect concentration of about 0.8, which is reached in two stages. They
can be interpreted as a balance between formation and recombination of point defects at low ion fluences (first stage)
and the formation of non-recombinable clusters of defects at high fluences (second stage). Most probably, at this
temperature the final structure is a combination of point defect clusters and dislocation loops. The cross section of
defect production P per incident ion in virgin material can be estimated from the data obtained at very low ion
fluences for which the defect concentration increases almost linearly with the ion fluence. For implantation at 620 K
P»1.3x10" cm’is found, being much lower than that estimated by SRIM Py » 3x10"* cm” which does not take into
account any defect recombination. An attempt is made to analyse the temperature dependence of P in order to gain a
deeper insight into in-cascade annealing during the irradiation.
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Impact of ion implantation on the defect production and stability of N,O-nitrided oxides
Olga Naumova, Institute of Semiconductor Physics, SB RAS, RU

Boris Fomin, Institute of Semiconductor Physics, SB RAS, RU

Vladimir Popov, Institute of Semiconductor Physics, SB RAS, RU

keywords: Nitrided Oxides; Electron Traps; lon Implamtation

Among the earlier developments of alternate dielectrics for VLS| application, N,0-nitrided thermal oxides have been
demonstrated to have many attractive features: less charge trapping, less interface state generation, very large
charge-to-breakdown, and better diffusion barrier characteristics. Intensive efforts are being made recently in finding
alternative high-k gate dielectrics. But the use of SiO, is also continued in nonvolatile memory, the silicon-on-insulator
(SOI) devices and high-k/SiO,N, stack of gate dielectrics. Therefore, it is important to continue the efforts in
understanding the degradation reasons of such oxides and its interfaces with silicon.

It is well known that the oxide properties are strongly depend on the processing conditions, one of which is an
implantation and penetration of impurity into the gate oxide from the doped gate. In this report we focus on the ion
modification of NO,-nitrided gate-oxides during implantation of poly-Si gates (with boron or phosphorus) for MOSFETs
and capacitors.

Nowadays all published works on oxide degradation mechanisms and voltage acceleration models refer to the
processes, ending with a breakdown at the moment the percolation path is created (when a critical density of defects
is reached).

In this letter, the carrier transport through the oxide after hard breakdown has been studieded in comparison to that
before breakdown to understand impact of ion implantation on the properties of oxide-traps causing (1) the stress
induced leakage current; and 2) the hard dielectric breakdown of NO,-nitrided oxides.
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Swift Heavy lon Irradiation of Pressurized Boron Nitride
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Boron nitride (BN) is isostructural to carbon. The hexagonal form (hBN) resembles graphite, whereas the cubic unit
cell has its counterpart in diamond. Both allotropes appear at ambient conditions. Furthermore, there exist also
metastable wurtzitic (wBN) as well as rhombohedral BN (rBN). Due to former investigations on irradiated crystals of
different materials [1,2] and their promising behavior regarding phase transitions under high pressure, we decided to
irradiate hBN samples, pressurized up to 21 GPa between two diamonds of a DAC (Diamond Anvil Cell), with several
10" relativistic Pb ions per cm’in order to trigger phase transitions. Subsequent X-ray diffraction clearly revealed an
entire transformation to wBN. Neither irradiation nor pressurization alone has generated such distinct crystal
structure. More precisely, amorphization of the starting material hBN was caused by exposure to 10" Pb ions per cm’.
Irradiation of cubic BN powder under ambient pressure displayed a slight shift of the LO- as well as the TO-band
towards higher wavelengths in the Raman spectra, which is referred to inner pressure resulting from traversing ions.
None of these effects occurred in specimens larger than 50 um. However, due to apparent differences between inner-
and interlayer physical properties of the hexagonal (graphite-like) BN structure, considerable discrepancies were
measured in terms of optical properties, depending on whether ion irradiation was applied parallel or perpendicular
to the hBN lattice planes. Since the necessary penetration of one DAC diamond of 2 to 3 mm thickness requires ion
energies of more than 150 MeV per nucleon, all irradiations under high pressure conditions were performed with
beams from the Heavy lon Synchrotron of GSI.

[1] U.A. Glasmacher, M. Lang, H. Keppler, F. Langenhorst, R. Neumann, D. Schardt, C. Trautmann, G.A. Wagner, Phys.

Rev. Lett. 96, 195701 (2006).
[2] B.Schuster, M. Lang, R. Klein, C. Trautmann, R. Neumann, A. Benyagoub, Nucl. Instr. Meth. B 267, 964 (2009).
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Effect of Low-Energy lon Irradiation on the Growth and Properties of Cubic Boron Nitride Films
Kungen Teii, Kyushu University, JP

R. Yamao, Kyushu University, JP

S. Matsumoto, National Institute for Materials Science, JP

keywords: Plasma CVD; Thin film; Nitrides; lon bombardment.

Cubic Boron Nitride (cBN) has a number of excellent properties similar to diamond such as the largest band gap
among the covalent-bonded materials, high hardness, and high thermal conductivity. The threshold ion-impact
energies for cBN formation tend to decrease with increasing ion to depositing boron flux ratio and are typically 50 to a
few hundreds of eV for physical sputtering and plasma-assisted deposition. A break-through has been made by using
BF; as the source gas in a plasma jet [1]. High quality, faceted cBN films were deposited due mainly to specific
chemical effects of fluorine. We recently demonstrated that cBN films can be grown with mean ion energies from 45
to a few eV or less in an inductively coupled plasma using BF; [2]. In this study, the structure and field emission
properties of cBN films are examined by regulating the ion impact energy.

Films were prepared from a He/N,/H,/BF; mixture by plasma-enhanced chemical vapor deposition. The Si wafer
substrate was mounted on a bias electrode. During deposition, a direct-current bias (V;) was applied to the substrate
in reference to the grounded reactor to control the incident ion energy. The total pressure and the substrate
temperature were kept typically at 0.3 Torr and 1000 K, respectively. The sheath potential was determined by the
emissive probe measurement.

cBN phase was obtained with mean ion impact energies from 45 down to a few eV or less. This energy range is
fundamentally lower than typical one for physical sputtering and plasma-assisted deposition without BFs. For sheath

potentials above 45 V (V; < 0 V), no cBN phase was formed. For sheath potentialsof 25-4 5 VV,£ 0+ X0 V) ,

amounts of both cBN and spz—bonded BN phases increase with decreasing sheath potential. For sheath potentials
below 25 V (V, > +30 V), they remain almost constant for the change in sheath potential, indicating nearly equivalent
cBN contents (60-70 %) in the films. cBN islands grown by low-energy ion irradiation emitted electrons at low turn-on
fields due to local field enhancement.

References
[1] S. Matsumoto and W. J. Zhang, Jpn. J. Appl. Phys. Part 2 39 (2000) L442.
[2] K. Teii, R. Yamao, T. Yamamura, and S. Matsumoto, J. Appl. Phys. 101 (2007) 033301.
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Modification of polyether sulphone induced by 80 MeV 06+ ions
Nandlal Singh, M S University of Baroda, IN

Anjum Qureshi, M.S.University of Baroda, IN

Fouran Singh, Inter University Accelerator Centre, New Delhi, IN
D.K. Avasthi, Inter University Accelerator Centre,New Delhi, IN

keywords: Polymers;Swift-Heavy lons

Physical properties of pristine and irradiated polyether sulphone (PES) were studied by different characterization
techniques, viz. Fourier transform infrared (FTIR)
gravimetric analysis (TGA), differential scanning calorimetry (DSC).These samples were irradiated with 80 MeV o%

ions at different fluences. It was observed that the hardness of the film increases as fluence increases. This may be
attributed to the cross linking effect as corroborated with FTIR spectra. The frequency response of dielectric constant

was studied in the frequency range 100Hz-1 0 MH z . It was observed that the
Uni ver sal | dWTheydielecteiccondayt/loss is obsedved to change significantly due to the irradiation.

The observed dielectric response behavior is explained on the basis of structural modification of polymer due to heavy
ion irradiation. TGA thermograms revealed that the thermal stability of PES decreases as fluence increases. The shift in
the glass transition temperature (T,) towards lower temperature and decrease in the transmission intensities of
functional groups indicate the degradation of polymer matrix by ion beam irradiation.
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Effect of SHI on dielectric and magnetic properties of metal oxide/PMMA nanocomposites
Nandlal Singh, M S University of Baroda, IN
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Alok Benarjee, UGC-DAE consorium for scientific research,Indore, IN

keywords: Polymer nanocomposites; 50 MeV Li ions; Dielectric and magnetic properties; FTIR

Magnetic nanoparticles embedded in polymer matrices have excellent potential for electromagnetic device
applications like electromagnetic interference suppression etc. NiO nanoparticles synthesized by simple low
temperature method. In this method, temperature is 673 K and mixture of nickel acetate and PVP is used as precursor
and well dispersed NiO nanoparticles of size about 22 nm has been achieved. These nanoparticles were dispersed in
PMMA matrix and films were prepared by casting method with varying concentrations of nickel oxide nanoparticles.
These films were irradiated with 50 MeV Li** ions at a fluence of 10" ions/cm”. AC electrical properties of pristine and
irradiated samples have been studied. Dependence of dielectric properties on frequency, ion beam fluence and with
filler concentration has been studied. The results reveal the enhancement in dielectric properties after dopping
nanoparticles and also upon irradiation, which is also corroborated with ZFC-FC measurement in which megnetization
isincreased upon irradiation. FTIR spectra reveal the change in the intensity of functional groups after irradiation.
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Radiation induced modification of dielectric and structural properties of the metal/ polymer composites
Nandlal Singh, M S University of Baroda, IN
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In this study, composites consisting of an insulating poly (methyl methacrylate) polymer matrix and metal powder (Cu)
additive were produced by solution costing method. lon beam irradiation of the polymer composites is an effective
method to enhance the dielectric, structural and surface properties. These films were irradiated with 140 MeV silver
ions at the fluences of 1x10"! ions/cm2 and 1x10™ ions/cmz. The radiation induced changes in dielectric, structural
and surface properties of polymethyl methacrylate /Cu composites were studied using impedance /gain phase
analyzer, x ray diffraction (XRD) and atomic force microscopy (AFM). It was observed that the dielectric properties and
ac electrical conductivity increased significantly with the concentration of dispersed metal powder (Cu) and also with
the fluence. This reveals that ion beam irradiation creates free radicals, unsaturation etc. due to emission of hydrogen
and/or other volatile gases, which makes the polymer more conductive. XRD patterns of the pristine and irradiated
samples show that the crystallanity improved upon irradiation. The degree of crystallanity was found to increase
significantly due to irradiation, which could be attributed to cross linking of polymer chains. The average surface
roughness is observed to increase upon irradiation as revealed from AFM studies.
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keywords: Nanocrystals in Polymers; Functional Nanocomposites; Laser Processing; Thiolates; Cadmium Sulfide

Tunable optical and electronic properties of semiconductor nanocrystals can be combined with versatile mechanical
and thermal properties of polymers towards the production of innovative composite materials for optics,
optoelectronics and sensing applications.

In this work we report on the results obtained by means of laser irradiation of a polymer matrix containing
unimolecular precursors for semiconductor NCs. The laser parameters can be selected in order to remove the organic
part of the unimolecular precursor giving rise to the spontaneous formation of the NCs inside the polymer matrix.
Such organic/inorganic nanocomposite arrangement is also useful to control NCs phase dispersion during the
synthesis and to prevent damaging and/or particle aggregation. This technique provides the synthesis of NCs in
selected areas of the polymer and gives rise to high quality NCs.

Precursors for ll-IV NCs such as Cd-(bis)thiolates (dodecanethiol), Cd-bis(benzyl)thiolates Cd(SBz), and 1-
metylimidazole adducts of Cd-bis(benzyl)thiolates Cd(SBz), are synthesized and dispersed in insulating as well as
conducting polymers. The laser irradiation experiments have been carried out with a 3" Nd:YAG laser by varying laser
energy and number of pulses. The formation of semiconductor NCs inside the polymers is confirmed by optical,
morphological and structural characterization of the organic/inorganic compound.
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Investigation of ion track core chemistry by in-situ QMA: SHI irradiation in Ni-PTFE system
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keywords: Metal-insulating polymer;Swift heavy ion (SHI); Quadrupole mass analyzer (QMA); Chemical reactions; lon
track core chemistry

In order to understand the metal polymer interactions in Ni-PTFE system, we have investigated ion-induced interfacial
chemistry by means of in-situ Quadrupole mass analyzer (QMA) and Electron spectroscopy for chemical analysis
(ESCA). Irradiation was done with 120 MeV Au ions. Interface mixing was studied using Rutherford backscattering
spectroscopy (RBS) and atomic force microscope (AFM) was performed for characterizing the surface
topography/roughness before and after irradiation. Online QMA was performed during irradiation to identify emission
of molecular fragments from Ni-PTFE system. The primary residual gases observed were F and different fluorocarbons
such as CF, CF; etc. Evolution of various fluorocarbons from PTFE cause formation of unsaturated
bonds/configurations [(-CF=CF,) and (-CF=C<)] as observed by FTIR. ESCA studies show that Ni reacts with chemical
species such as C,F, and F//F ions/radicals released during irradiation forming -CFNi- complex and NiF,. The observed
results are explained on the basis of the chemical reactions occurring in molten ion tracks in polymer and hot zones
around the ions path created in Ni. These analysis show that swift heavy ion (SHI) irradiation introduce strong
chemical alteration in the system and induces chemical reactions which enhance ion beam mixing in metal polymer
system, which are discussed.
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Monte Carlo study of molecular weight distribution changes induced by degradation of ion beam irradiated
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keywords: Monte Carlo simulation; lon irradiation; Molecular weight calculation;

In this work we study the changes in molecular weight distribution of a polymeric material that degrades upon

irradiation due to the inhomogeneous energy deposited by heavy ion beams.

l on beam irradiation of polymers generates rather diff
particles e.g., electrons or gamma rays. This is due to the high electronic stopping power and the inhomogeneous

distribution of deposited energy. This energy is transferred to the material within a small volume along the ion path
forming the so call ed “ nucl earimaritydepesdkdh theian velodityaandgtrist t r ac k
determined by the secondary electrons (delta rays) generated along the ion trajectory. By means of a Monte Carlo

simulation we first obtained equilibrated polymer configurations using a coarse-grained model, and then investigated

the spatially inhomogeneous chain scission process due to the passage of the ions. The number average molecular

weight, weight average molecular weight and the polydispersity were calculated as a function of track radius,

probability of scission within the ion track and fluence of the ion beam. Finally we compared our results with an

integro-differential model by Saito [1] based on different assumptions such as, e.g., random homogeneous polymer

degradation.

[1] Saito 0., J. Phys. Soc. Japan, 13 (1958) 198.
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R. Mazzei, U. A. Tecnoldgicas y Agropecuarias. CNEA. Universidad Tecnoldgica Nacional. C1171AAQ., AR

G. Garcia Bermudez, Gerencia de Investigacion y Aplicaciones, TANDAR-CNEA.CONICET. Escuela de Ciencia y
Tecnologia, UNSAM, AR

C. R. Arbeitman, Gerencia de Investigacion y Aplicaciones, TANDAR-CNEA, AR

V. C. Chappa, Gerencia de Investigacion y Aplicaciones, TANDAR-CNEA. CONICET, AR

M. F. del Grosso, Gerencia de Investigacion y Aplicaciones, TANDAR-CNEA. CONICET, AR

M. Behar, Instituto de Fisica, Universidade Federal do Rio Grande do Sul, Porto Alegre,, BR

keywords: Radiation induced graft polymerization; Swift-heavy ions;

This work describes a new method to produce a thin layer of polyAcrylic-acid (membranes) that grows on the surface
of PVDF foils implanted by an Ar beam with energies between 30 and 150 keV. Different combinations of monomers
in water solutions were used such as: acrylic acid (AAc); acrylic acid-glycidyl methacrylate (AAC-GMA); acrylic acid-
styrene (AAc-S) and acrylic acid-Nisopropyl acrylamide (AAc-NIPAAm). Then the grafting induced on the implanted
PVDF surface was analyzed . The experimental results showed that a huge percentage of grafting was obtained for
particular values of ion fluence and energy, AAc concentration, sulfuric acid and PVDF phase (alpha or beta).
Furthermore, at certain point of the grafting process the development of the PolyAAc produced a detachment from
the irradiated substrate and continued its grafting outside the irradiated substrate. This method produces a
membrane that is an increased replica of the original implanted surface.
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Pulsed laser treatments of polyethylene films
Lorenzo Torrisi, University of Messina, IT
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keywords: Laser ablation, welding, polyethylene

A Nd:Yag pulsed laser, 3-9 ns pulse width and 0.1-1J pulse energy, operating at the fundamental (1064 nm), second
harmonics (532 nm) and third harmonics (355 nm) has been used to irradiate in high vacuum polyethylene thin films.
The light absorption coefficient increases with the frequency of the used laser wavelength.

Thermal effects are induced by irradiation with infrared and visible radiations, at which the polymer mainly loss
hydrogen and cross-links, carbonizing at high doses.

Chemical effects are induced by ultraviolet irradiation, which induce chemical breaking with removing of atoms,
molecules and clusters giving rise to high ablation yields.

A mass quadrupole spectrometer, an ion energy analyzer, a surface profiler and a tensile strength measurement
machine were employed to investigate on the polymer modifications induced by the laser irradiations.

A special study concerns the welding between two different type of polyethylene films controlled by the laser
parameters.
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We report on the relaxation behavior of surface tracks produced by single Au ions on monodisperse (My,=60,000u)
polycarbonate (PC) thin filmat{=2b00nmeshiat¢kK). ofhdishanmn
defects were investigated at various temperatures (T) below the glass transition. The samples were bombarded by
18MeV Au’* at low fluences (~109cm’2) in exposures of approximately 0.5s. The samples were held at the irradiation T
for a predetermined time and immediately quenched to room temperature in order to freeze the morphology of the
deformations. A series of samples was irradiated at each T, comprising distinct periods of time in order to map the
different stages of the relaxation process and study the thermal stability of protrusions and holes. The morphology
and size of the surface defects were determined ex-situ by means of atomic force microscopy in the tapping mode in
both topographic and phase imaging modes. Different regions of the nanostructures (tails, rims, and crater) relax at
different rates, suggesting different physic-chemical structures. The tails relax quickly, showing relaxation times much
larger than the ones typical for bulk PC at similar temperatures. The rims and craters, on the other hand, relax at much
slower rates than the tails. Crater walls are particularly stable, showing almost no sign of relaxation until temperatures
are high enough for fresh polymer to flow into the holes. The relaxation dynamics of the tails were well described by a

stretched exponential law (pexp[(-t /b]T,) were T is identified as a characteri
using B=0.46 (typical of bul k tRPEiempgrauwed thdrélakatioh belgpdorit o0 t h e
better described with pf=1. This is consistent with the

Fulcher form to an Arrhenius dependence. This relaxation behavior is similar to what was observed for PMMA fims [1]
and appears to be a general feature of the relaxation of surface tracks in high polymers.

[1] R. M. Papaléo, R. Leal, W. Hasenkamp and L. G. M. Barbosa. Phys. Rev. B 74 (2006).

Work supported by CNPq, CAPES and FAPERGS (Brazilian funding agencies)
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The modifications in poly (ethersulfone) PES membranes induced by swift heavy ion irradiation are analyzed. PES

membrane of 25um was irradiated by CI** ions of 120 MeV at IUAC New Delhi, India with ion fluence of 10°~10°

ion/cm”. The changes due to exposure to high-energy ions were investigated by Dynamic mechanical analysis, FTIR

and gas permeation. The strength of the polymer membranes increases with increasing ion fluence. The FTIR analysis
doesn’t show any change in irradiated membranes. Gas
irradiation using hydrogen and carbon dioxide gases shows that permeability for both gases increased after irradiation

but permeability for hydrogen is higher than carbon dioxide due to its small molecular size. This is due to the larger

electronic energy loss by I ions creating large damage area, which is etched rapidly and large permeability is

observed in the less etching time. The gas permeability of both the gases are almost found same from both the side of

the membrane consequently, the shape of the tracks is almost cylindrical.
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Polysiloxane based scintillators proved to be promising for the employment in harsh environments [1] and for the
detection of neutrons [2,3]. In fact, silicone rubbers preserve their transparency even after 10 Mrad of dose exposure,
against the exposure limits (1-3 Mrad) of PS and PVT. Besides the radiation hardness, polysiloxanes are stable up to
200 °C, while PS and PVT start to soften at 80 °C.

In this work, silicone rubbers suitable for scintillators are produced starting from commercial resins containing
dimethyl, diphenyl or methylphenyl siloxane. The optical properties of polysiloxanes in function of the phenyl
concentration has been studied by absorbance and photoluminescence analyses. The hardness of the polymers has
been analyzed by IBIL under H* and He" irradiation and by thermal (DSC-DTA) measurements. The decrease of the
luminescence yield in function of the fluence has been analyzed in order to find a correlation with the average bond
strength of the polymer.

Moreover, different concentrations of dye, namely 2,5-diphenyl oxazole (PPO) as a primary dopant and 2,5-bis(5-
tert-butyl-2-benzoxazolyl)thiophene (BBOT) or Lumogen F Violet 570 as secondary dopants, have been dispersed in
the polymer in order to promote the scintillation capabilities of the system. In this case, IBIL measurements allows to
inspect the radiation hardness of the dyes themselves [4]. All the radiation hardness properties have been compared
with Polystyrene and with the NE102 plastic scintillator.

[1] M. Bowen, S. Majewski, D. Pettey, J. Walker, R. Wocjik, C. Zorn, IEEE Trans. Nucl. Sci. 36 (1989) 562.

[2] Z.W. Bell, G.M. Brown, C.H. Ho, F.V. Sloop Jr., in X-ray and gamma ray detectors and applications IV, vol. 4784,
Proc. SPIE, R. B. James, L. A. Franks, A. Burger, E. M. Westbrook, and R. D. Hurst, Eds., 2002, p. 150.

[3] Z.W. Bell, M.A. Miller, L. Maya, G.M. Brown, F.V. Sloop Jr., IEEE Trans. Nucl. Sci. 51 (2004) 1773.

[4] A. Quaranta, Nucl. Instr. Meth. B 240 (2005) 117.
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For metallic and semiconductor materials, compositional changes as well as structural changes are considered to be
negligible small during ion beam analysis (IBA) with protons and helium ions of MeV energy. For insulators, by
contrast, electronic excitations and ionization produced by MeV ion beams sometimes causes degradation of targets.
Especially for polymer targets, light elements such as hydrogen, carbon and oxygen tend to be easily released from
the targets, resulting in a serious compositional change during IBA. The technique to reduce the compositional change
caused by MeV ion beam irradiation is required for precise compositional determination in IBA.

In the present study, backscattering and forward scattering spectrometry with 2.2 MeV protons have been applied to
detect light elements including H, C, N and O in polymer foils of polyimide (Pl), polyethylene telephthalate (PET) and
polyethylene naphthalate (PEN). In the case of PI, no significant loss of H, C, N and O was observed during the IBA with
a current density of 1 uA/cm?, although blackening due to graphitization was visible. In the case of PET, on the other
hand, all the light elements gradually decreased in areal density as irradiation fluence increased and the contents of
15% H, 15 % C and 47 % O were eventually released up to a fluence of 5.3x10" protons/cmz. Aluminum of 100 nm
thick was deposited on the one side of a PET foil of 4 um thick to reduce the loss of light elements. In the Al/PET foil,
the losses of H and O were 5 % and 40 % of initial contents, respectively, considerably smaller than those in the PET
foil without Al deposition. Thus the Al deposition was found to be an effective method to reduce the loss of H and O.
The mechanism of light element losses during MeV proton irradiation and the effect of Al deposition will be discussed
for PI, PET and PEN.
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High fluence ion implantation of metallic ions, such as Au, Ag and Cu can produce metallic nanoparticles in silica and
silicate glasses. Of these nanoparticles, Ag nanoparticles are known to distribute abnormally due to thermally
activated, stress-induced and damage-related diffusion. In the course of Ag implantation into thermally grown SiO,
films, we found well-ordered Ag nanoparticles in the vicinity of SiO,/Si interface.

Si0, films of 300 nm thick were grown on single crystalline Si(111) substrates. The SiO,/Si samples were implanted
with 350 keV-Ag ions to a fluence of 1x10" ions/cm” at a current density about 4 uA/cm’. The Ag-implanted SiO,/Si
samples were characterized by Rutherford backscattering spectrometry (RBS), X-ray photoelectron spectroscopy
(XPS), X-ray diffraction (XRD) and cross sectional transmission electron microscopy (XTEM). The Ag concentration
depth profiles obtained by RBS and XPS were non-Gaussian, indicating that Ag atoms diffused significantly. The XRD
patterns showed that metallic Ag crystals with an fcc structure were formed in SiO,/Si matrices. XTEM revealed that
well-arranged Ag nanoparticles of 30 nm and 2 nm in diameter were distributed near the projected range and the
Si0,/Si interface, respectively. The mechanism of the formation and arrangement of Ag nanoparticles will be discussed
in the conference.
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Mechanical deformation of thin polymer films (after swift heavy ions irradiation) gave the possibility of their

additional modification: increasing of mechanical and chemical stability and changing the shape of etched pores. The

influence of irradiated PET-films deformation on its mechanical characteristics (strength and elongation), kinetics of

chemical etching and shape of pore formation was studied. PET film (thickness of 10 um and 50 um) was used in this
investigation. Irradiation has been done with Ar and Kr ions with 106 — 109 fluence range and 3 —5 Mew/a.m.u.

energy normally to the film surface, in cyclotron U-400 (JINR, LNR, Dubna). Thermo-elongation has been done with

orientation machine under different temperatures (80-130° C) . A part of samples has b
treatment under 130°C during 10 minutes. Strength and
machine. Crystallinity was defined from samples density measured by a standard method using either hydrostatic

weigh or titration or by IR-spectroscopy. Process of the samples etching was carried out in KOH solution (0.25 —2 M)

under 70°C. Et c hi ng rapedse dibneermmeasucedetitherddro-éydamibally or dynwcreanges

in concentration of etching process products, measured with UV-spectroscopy.

It was shown that orientation deformations of not irradiated polymer films results in crystallinity increase and in

etching velocity decrease. The same results were obtained for irradiated PET films. We found the decrease of surface

etching velocity as well as the etching velocity along the tracks.

The electron microscopy of irradiated PET-films after elongation and etching demonstrated a considerable pore shape

changing. The pores had elliptical shape, oriented along the elongation direction. Thus, we have shown the ability of

TM preparation with crack shape pores characterized with increased productivity.

Thisstudy has been suppor080doe2laly RFBR (grant N7
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Stopping powers of mylar for 16O, 19F, *%Si from 1.6t0 5.5 MeV/u have been measured by transmission technique.
No previous data have been published with these ions in the energy range of 1.6 to 5.5 MeV/u in such film. The
obtained data are compared with the values predicted by the codes of calculations, SRIM-2006, MSTAR and PASS. The
effective charge values of these ions have also been deduced from the experimental set of data.

References

[1] J. Raisanan, W. H. Trzaaska. T. Alonko, V. Lyapin, J. Appl. Phys. 94 (2003) 2080.

[2] H. Ammi, S. Mammeri, M. Chekirine, B. Bouzid, M. Allab, Nucl. Instr. and Meth B 198 (2002)5.

[3]1 T. Alonko, J. Hyvonen, V. Kyllonen, J. Raisanan, A. Virtanen, Nucl. Instr. and Meth B 161 (2000)164.
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A study on argon plasma functionalization of polytetrafluoroethylene ( PTFE) is reported. The surfaces of PTFE was
exposed to bipolar argon plasma of energy 300eV for different time of treatments. The surface property of the treated
films was characterized by means surface free energy using contact angle measurements, atomic force microscopy
(AFM) and microhardness indentation. The appearance of the functional groups on the sample surface was
determined by using high-resolution XPS. The surface free energy (SFE) changes from 33.39 mJ/m? to 41.40 mJ/m>
with the time and the corresponding contact angle is changed from 76° to 60°.The increase in SFE after plasma
treatment is attributed to the functionalization of t he pol ymer surface with hydropt
microhardness of the film increases upon plasma treatment. This may be attributed to the cross linking effect as
corroborated with XPS/ ATR-FTIR analysis. The XPS analysis shows that both F1s and the C1s spectra are strongly
modified by plasma treatment. The ratio of F/C and O/C changed from 1.8 (untreated) to 1.3 (treated) and 0.094
(untreated) to 0.148 (treated) respectively. Atomic force microscopy (AFM) shows that the average surface roughness
(Ra) was observed to increase due to plasma treatment.
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Polyester films such as polyethylenterephtalate (PET) and polyethylenenaphtalate (PEN) are used in a wide range of
industrial applications. While the irradiation effects on the physical and chemical properties of the polymer films
mainly studied by the electrical conductivity and optical absorption, the luminescent characteristics of the polymer
under ion irradiation can also give us information about the degradation of the original network and the formation of
the new structure. In this contribution, we report the ion and photo stimulated luminescence from PET and PEN foils
under MeV H and He ions and ultra-violet pulsed laser to examine the modification of the film during the irradiation.
PET and PEN filmsof5-2 0 pum wer e irradiated by H and He ions at en
current density of about 1.0 nA/mmz. The evolution of the ion beam induced luminescence of the film was
monitored using a CCD camera equipped with a monochrometer in wavelengths of 200 to 1000 nm. Backscattering
and/or recoil detection were carried out simultaneously to evaluate concentration of H, O and C in the foil during the
ion bombardment. The exposure was also carried out using 4.7 eV UV photons of about 5 nsec pulse from the fourth
harmonic wave of an Nd:YAG laser, at a typical energy density of 10 mJ/cm2/pulse at a frequency of 1 kHz. Inthe PET
foil, a broad blue emission peak around 400 nm monotonically decreased during the ion irradiation, while new peaks
appeared in the wavelengths between 500 and 600 nm. The intensity of the ion and photo induced emission centered
at 450 nm from the PEN foil was about an order higher than that from the PET foil. The less decrease of the
luminescent intensity and oxygen concentration was found in PEN foils during the ion and photon exposure. The
evolution characteristics of the ion and photo induced luminescence will be discussed in connection with the energy
deposition and the degradation of the films.
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Yttria Fully Stabilised Zirconia (FSZ) is a candidate material for nuclear inert matrix fuel cell and nuclear waste
containment due to its isostructure with UO2 and PuO2 and its excellent radiation resistance. Amorphous and
polycrystalline, cubic FSZ thin films of thickness around 400 nm were deposited on Si (100) by ultraviolet pulsed laser
ablation and irradiated with 2.6 GeV uranium ions at fluences between 2x1011 and 1.2x1012 ions cm-2. The films
were characterised before and after irradiation using x-ray reflectivity, grazing incidence x-ray diffraction (GIXRD),
Raman spectroscopy and transmission electron microscopy (TEM) on selected samples. The as-deposited films appear
smooth, compact and uni f or ,dedwdd frdin tha critihd shge indeBentigity t y p =
measurements. GIXRD indicates that amorphization, followed by partial re-crystallization occurs in crystalline films
irradiated at fluences not lower than 8x1011cm-2, whereas as-deposited amorphous films remain unaffected. Direct
TEM imaging confirms these findings, and in addition shows the presence of crystalline phases in partially
recrystallized films. By means of Raman micro-spectroscopy the relative weight of monoclinic versus cubic zirconia
phases was estimated. Oxygen migration to surface and near-surface layers, resulting in local compositional
differences, and the role of associated defects, as identified by TEM, offer a coherent picture of phase evolution under
irradiation of the as-deposited crystalline films. Such changes may promote partial re-crystallization of crystalline
zirconia samples, but do not affect amorphous films, whose radiation tolerance is remarkable.
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Nanocomposite materials formed by semiconductor nanoparticles in insulating matrices have been the object of
continuously increasing interest due to their peculiar physical properties. Among several semiconductors materials,
wide-band gap semiconductors are attracting considerable attention in the last decade because of their potential
application in optoelectronics as light emitting devices in the visible and ultraviolet spectral range. In particular, the
transparent conductive oxides are very attractive materials being both electrically conductive and transparent. Like
Zinc Oxide, Tin Dioxide (Sn0,) is a direct band-gap semiconductor which could be another promising material for
applications in optoelectronics due to its large band-gap of 3.6eV and high exciton binding energy of 130meV.

In this work, we report on the formation of SnO, nanoparticles embedded in silica matrix prepared by implantation
with Sn” ions followed by thermal annealing in oxidizing atmosphere. A detailed structural and optical characterization
of the nanocomposite was performed by Glancing Incidence X-ray Diffraction, Transmission Electron Microscopy,
Optical Absorption and Photo-Luminescence techniques. The SnO, nanoparticles embedded in SiO, matrix were
prepared by implanting the substrates with 150 keV Sn* ions at the dose of 13 10" ions/cm’. Subsequently, the
implanted samples were annealed for 1h in a furnace at a temperature of 800°C under flowing O, gas. The
experimental results indicate the formation of metallic Sn crystalline nanoparticles in silica after the high dose
implantation and the conversion of the Sn nanoparticles into SnO, by high temperature annealing. Moreover, the
annealing in oxidizing atmosphere promotes a preferential migration of the nanoparticles toward the surface of the
sample. While no excitonic peak was observed in the optical absorption curve, a relatively strong blue-violet emission
peak at 388nm was observed at RT from the SnO, nanoparticles embedded in the silica matrix under a pulsed dye
laser.
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Recently it has been demonstrated that each single-impact of a slow (typically 1-2 keV/amu) Highly Charged lon (HCl)
creates truly topographic and non-erasable individual nanostructures on CaF, surfaces [1,2]. To further explore the
possibility of nanostructuring various surfaces, using mainly the potential energy stored in such HCls, projectiles with
kinetic energies as low as possible are required. For this purpose, a new beamline has been installed at the Heidelberg
Electron Beam lon Trap (EBIT). The beamline transports HCls to a deceleration high voltage terminal on which a multi-
purpose target chamber is installed. This chamber houses a manipulator for solid as well as gaseous targets. A
germanium x-ray photon detector, an electron statistics detector, and a position sensitive particle detector are utilized
for analyzing the beam and the collision products. Simulations of the newly designed ion optics with the software
SIMION suggest the feasibility of steering and focusing an incoming beam, and then reducing its kinetic energy by
three orders of magnitude with the novel setup. Initial tests have already succeeded in lowering the kinetic energy of
HCls from 10 keV/q, down to 500 eV/q, and in focusing the decelerated beam to spot sizes of less than 3 mm?, whilst
maintaining the kinetic energy spread at below 10 eV/q. To demonstrate the functionality of our deceleration setup
we will irradiate CaF, and PMMA samples with low energyXe™( ¢ < 50) ions. Results
conference.

[1] A.S. El-Said, et al., NIMB 256 (2007) 346, NIMB 258 (2007) 167
[2] A.S. El-Said, et al., Phys. Rev. Lett. 100 (2008) 237601
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Now influences of bombardment of electrons and by neutrons, and also ions of inert gases on composition of surface
SiO, and MgO are well investigated. Thus occur an enrichment of a surface by atoms Si and Mg. Determined, that low-
energy bombardment of Ar” ions in SiO, and MgO in a combination with annealing allows creating nanofilms
multilayered structures such as Si - SiO, - Si, Mg - MgO - Mg.

This work is devoted to studying of influence of low-e n e r g=¥.5 -6 IEeV) implantation of ions of active
metals (Na*, K, Ba*, Co", Mg") on composition and properties SiO, and MgO films. Thus the following the over-all for
all ions of legitimacy were observed: At low doses of anirradiat i 0 n —(4)®1OI4SC rf@ dbpear separate cluster sites
with the sizes 5 - 10 nanometers. At increase in a dose up to ~ 10" cm™ the sizes of these sites increase up to 50 - 60
nanometers. In these sites there is a decomposition of oxides on components, connections such as Si - Me - O, Mg -
Me - O are formed, disordering of implanted layers, some enrichment of a surface by Si (Mg) atoms. The increase in a
dose resulted the further in sharp increase in the sizes cluster phases and amorphicity near-surface layer. Already at D
=(8- 10)><1015 ¢ fMare formed separate island with the sizes 4 - 5 microns. Simultaneously there is a sharp reduction
of superficial concentration of oxygen (Cy, £ -1B at%), enrichment of a surface by Si (Mg) atoms and implanted
element. At D = (4 - 6)x10'° ¢ M is formed homogeneous on a surface ion-implanted layer. Thus oxygen completely
evaporates from a surface, hence, there is "metallization" of a surface.
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Surface plasmon resonances of arrays of parallel copper nanowires, embedded in ion track-etched polycarbonate
membranes, were systematically investigated by employing UV/VIS light. The extinction spectra exhibit two peaks
which are attributed to interband transitions of Cu bulk metal and to a dipolar surface plasmon resonance,
respectively. The resonances were investigated as a function of wire diameter and length, mean distance between
adjacent wires, and angle of incidence of the light field with respect to the long wire axis. The dipolar peak shifts to
larger wavelengths with increasing diameter and length, and diminishing mean distance between adjacent wires.

Additionally, the shape effect on the dipolar peak is investigated.
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We present the experimental investigation of Ag nanocrystal (NC) formation and growth in silica photo-thermo-
refractive glasses under the action of electron beam irradiation and thermal treatment. Electron beam induced glass
subsurface layer charging causes field enforced diffusion of positive ions in glass that changes its chemical
composition. Molecular Ag clusters emerge at this stage that is the base of Ag NC growth during subsequent thermal
treatment. It was shown, that local electric field induced by electron beam in glass stimulates the increase of field
diffusion of silver ions and results in very high concentration of silver NC in the thin subsurface layer. The influence of
electron irradiation dose, current density and subsequent thermal treatment conditions on NC growth dynamic was
investigated. Theoretical model and computer simulation of main processes that take place during NC formation and
growth are presented. The samples with Ag NC show localized surface plasmon resonance (LSPR) peaks in the optical
absorption spectra at the wavelength about 450 nm. The analysis of the experimental LSPR absorption spectra with
Mie scattering theory in quasi-static and weakly coupled spherical NC approximations showed that the diameter of Ag
NC is about 5 nm with size distribution about 2-8 nm range. These theoretical estimations were also supported by
TEM image analysis. Good agreement between theoretical estimations and experimental results (TEM) is obtained.
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The possibility of controlling the nucleation and growth of metal nanoclusters within glass matrices has been the
subject of much research work in the last decades. Irradiation by laser beams may be used both to promote the
aggregation and to select the clusters size, with several applications in the field of optical and photonic materials.
Actually, the effect of electromagnetic irradiation on the dopant metal depends on the light wavelength as well as on
the light power and energy density, following mechanisms that have not been yet completely addressed and
described. In this work, planar light waveguides prepared by Ag-Na ion exchange in molten salt baths are irradiated
with laser beams at different wavelngths in the near-infrared and UV-visible regions, and for different energy density
and power density values. The samples are then characterized by optical absorption spectroscopy, luminescence
spectroscopy and transmission electron microscopy, to determine the role of irradiation parameters in the
aggregation phenomena. The possible occurrence of photofragmentation of relatively big clusters, already observed
and reported in the literature, is also studied. The systematic investigation presented in this work is expected to clarify
some aspects of the interaction between the laser beam and the doped glass matrix, and to help establishing suitable
methodologies for the controlled preparation of nanocomposite glasses.
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Separate nanoballs attract science attention due to unique properties of silicon with size about several nanometers.
For incrustation of nanoballs into silicon dioxide layers with thickness about several nanometers a method was chosen
to prepare a suspension using silicon organic materials. Preliminary the task for preparation of very thin oxide layers
was solved owing oxidation of silicon surface in pure oxygen plasma. The suspension was prepared due to placement
of nanopowder into hexamethyldisiloxan representing liquid precursor for plasma-chemical formation of silicon
dioxide films. The suspension was bring onto preoxidized silicon wafers using standard microelectronic method and
then was oxidized in plasma of pure oxygen.

Series of nanopowder were manufactured using beam of relativistic electrons for evaporation of pure FZ-silicon in a
result of silicon coagulation in gas flow of argon. 1.6MeV electron beam accelerator was used for evaporation. Size
selection was as in stage of manufacturing by means of filtering, as in stage of preparation of a suspension for
nanopowder. Sublayer, separating nanoballs from substrate, have a characteristic thickness about 5nm.
Electrophysical properties for manufactured MOS- and MOS:NC—structures were investigated. There was discovered
frequency dependent increasing of both differential capacity and conductivity in depletion regime, what was
explained as exchange of charge between substrate and nanoballs. Instability of impedance observed for MOS:NC —
structures at voltage above 7V was explained as possible variation of nanoballs electronic spectrum as influence of
multi-electron effects. Increasing of frequency leads to approaching of characteristics to standard form for MOS-
structures, what corresponds to retarding of charge exchange with substrate due to shortening period of voltage
applied.
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Silicon based superlattices attract scientists due to combination of well known good properties of Si/SiO, 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 4x10°c l'\;l) and interface density of states (from 5x10" cm™xeV " in the middle of forbidden zone up to
5x10"2cm™?xeV ! near the edge of one). Achieved growth rates for deposition was allowed to deposit Si, SiO, films with
thickness above 20nm. Mode for manufacturing of SiO, 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™ and at 480cm™ possibly due to resonant effect. Increasing of the
intensity near 520cm™ 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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Er-doped silica-based systems constitute a promising class of materials for optoelectronics, since the Er 1.54 mm
luminescence emission is in the wavelength range of minimum absorption for silica; recently it has been
demonstrated that metallic particles introduced by ion implantation into an Er-implanted matrix act as sensitizers for
the Er emission; besides the aggregation state of the sensitizing agent, the Er site is also expect to have a major role in
controlling the Er photoluminescence emission efficiency.

In this work we have investigated the Er site upon ion implantation in silica by x-ray absorption spectroscopy
performed at the Italian beamline GILDA at the Er L,-edge; it is found that the Er site is strongly modified by the
subsequent Au multi-implantation; the effect of the post-implantation annealing treatments is also measured. These
structural analyses will be considered within the optical properties of these composite systems.
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For the first time, enhanced low energy ion sputtering of nanostructured near surface alumina layers was
experimentally observed. Polycrystalline alumina samples were implanted with Ti ions (50-150 keV, 10" Ti/cmz) at
different temperatures (RT, 730 and 830°C). Samples were characterized using Energy Dispersive X-ray analaysis (EDX),
Rutherford Backscattering (RBS) and X-ray Photoelectron Spectroscopy (XPS). Fine nanoparticle formation was found
on the sample surface at all temperatures using Scanning Electron Microscopy (SEM). The analysis of the RBS spectra
showed the broadening of the implanted Ti profile and the formation of near surface fine precipitates enriched with Ti
for sample implanted at 830°C. XPS depth profiling was performed for samples implanted at 730 and 830°C. For
sample sputtering a 3 keV Ar’ gun was used. The formation of Ti,O; phase was observed in the sample implanted at
730°C. Comparing implanted Ti depth profiles measured by XPS and RBS, enhanced ion sputtering of the Ti enriched
near surface nanoparticles at 730°C was observed. This result was compared with the literary data on implanted and
irradiated alumina in the energy range of hundred keV - MeV. A mechanism of the enhanced ion sputtering of
nanostructured ion implanted alumina layers is proposed.
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The electronic and optical properties of metallic nanoparticles (NPs) embedded in a transparent dielectric medium
drastically differ from the corresponding bulk properties and strongly depend on their size, shape, inter-particle
distance and surrounding medium. The fabrication and characterization of these materials is a very active field of
research motivated by their potential applications as nonlinear optical materials for photonic devices, as
photochromic media for optical disk data storage, for the fabrication of optical waveguides and waveguide lasers, and
for use in the color glass recycling industry. For optical applications, silica is one of the most commonly used host
materials, due to its exceptional high transparency in a wide spectral region (visible—UV) and low conductivity.

Silver nanoparticles (NPs) strongly absorb the electromagnetic radiation around a certain frequency in the visible
region in a phenomenon known as surface plasmon resonance (SPR). Spherical Ag nanoparticles show a single SPR
band around 400 nm that is relatively independent of the size of the particles while elongated NPs (usually prolate
spheroids) show two SPR bands. The shorter-wavelength band corresponds to absorption and scattering of light along
the short axis of the nanospheroid (transverse plasmon band), and the band at longer wavelengths corresponds to
absorption and scattering of light along the long axis (longitudinal plasmon band). The plasmon absorption bands can
be tuned from visible wavelengths to near-IR wavelengths only by adjusting the aspect ratio of the nanospheroids.

In the present work we have used ion irradiation to produce silver nanospheroids embedded in silica. In a first step
nearly-spherical NPs are obtained by implanting Ag ions and applying a subsequent thermal annealing. By means of a
|l ater i mplantation with 8 MeV Si ions the “spheres” ar
with the ion beam. Finally, applying a post-deformation annealing, the NPs slowly recover the spherical form, which
can be used to tune the optical response in a controlled way. The obtained nanoparticles were characterized by
Rutherford Backscattering (RBS), Transmission Electron Microscopy (TEM) and Optical Extinction Spectroscopy (OES).
Simulations, performed using the T-matrix method, were used to determine the aspect ratio in the intermediate
states.
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The field of lon Track Technology was developed at GSI, Darmstadt. Heavy ion tracks recorded in dielectric materials
were found to have a width of 5-10 nm and can be used as a tool kit for fabrication of nano devices at low cost and
high throughputs. Heavy ion beams were used for irradiation of polymers and muscovite mica to create lon Track
Filters (ITFs). lon Track Filters (ITFs) or Track-etched Membranes (TEMs) became precursors to development of
nanotechnology during 1990s. Author’s group used
1980s to prepare ITFs in our laboratory. Commercial irradiation can produce ion track filters with pore density ranging
from single pore to 10® pores per cm’ per second.

The electrochemically etched pores of ITFs have been used to act as a template. The use of ITFs looks quite promising
in the fabrication of micro and nanostructures. The morphology of such structures produced through electrochemical
methods and replicas of etched tracks in ITFs have been investigated in detail. The efficacy of the technique has been
tested for growth of quantum dots, nanocrystals, nano-needles and nanowires. Presently, we are engaged in
fabrication of quantum dots of CdS, nanorods of BaCO3 and nanowires of copper, iron and bismuth using Anodic
Alumina Membranes (AAM), Polycarbonate ITFs and Reverse Micelle technique. The results of our investigations will
be presented at REI-15.

Cadmium oxide (CdO) quantum dots were synthesized in the laboratory by quenching method. X-ray diffraction
investigations reveal the NaCl cubic structure of CdO quantum dots. Addition of ethylenediamine to a portion of
reaction mixture containing quantum dots results in the conversion of nanoparticles to nanorods. Heavy ion
irradiation using 90 MeV Carbon (C*®) ion beam accelerated at 15 UD Pelletron, New Delhi, produced enlargement in
the size of quantum dots revealed by TEM investigations. Heavy ion irradiation effects need to be investigated further,
in view of industrial applications of quantum dots.
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The integration of Silicon nanostructures such as nanodots or nanowires into the photovoltaic cell technology is a
promising way to enhance the conversion efficiency of solar cells. Indeed, the quantum confinement effect observed
in the Silicon nanostructures assures the bandgap engendering of these nanomaterials in the UV-Visible spectral range
and thus permitting effective absorption of the whole solar spectrum. Another important characteristic for solar cell
applications is the electrical conductivity of the material. Contrary to Silicon nanodot based materials where a poor
conductivity results from tunneling effects between the nanodots, Silicon nanowires present a rather good
conductivity in the longitudinal direction. The encapsulation of the nanowire field into the dielectric matrix ensures
their mechanical stability with the further processing possibility such as front contact formation.

In this work we present an original method for processing Silicon nanowires embedded in SiO, films for all-Silicon solar
cell applications. Thermally grown SiO, films on Silicon substrate were irradiated with swift heavy ions (0.5 MeV/u —
10 MeV/u energy range) and the induced tracks were chemically etched. The gold catalyst for Silicon nanowire growth
was selectively deposited at the bottom of the conical nanopores formed in the SiO, matrix after track etching. The
consequent Vapour-Liquid-Solid growth of Silicon nanowires was performed in a CVD reactor at temperature of 500°C
with a gas flow mixture of SiH, and H,. The obtained structures were optically and electrically characterized in order to
show their potential for solar cell applications.
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Amorphous metals and amorphous metallic glasses have many potential technological and scientific applications due
to their excellent mechanical *, electronic and magnetic properties 2 In bulk mono-elemental metals, recrystallisation
typically inhibits formation of the amorphous phase subsequent to a quench from the melt or ion irradiation ®. In this
work we demonstrate that an amorphous metallic phase can be readily achieved by low fluence ion irradiation of
crystalline NPs embedded in an amorphous matrix, the latter potentially stabilizing the amorphous phase within the
NPs.

The NP size and structure were characterized by small angle x-ray scattering, transmission electron microscopy and
extended x-ray absorption fine structure spectroscopy (EXAFS). Prior to irradiation the NPs were in the hexagonally-
close-packed (HCP) phase, but with enhanced structural disorder and lower coordination number compared to bulk
HCP Co due finite-size effects. Upon irradiation there was no change in the average NP size in contrast to the short-
range order where significant changes were observed. The first nearest neighbor Co-Co coordination number
decreased while the mean value (bondlength), variance (Debye-Waller factor) and asymmetry (third cumulant) of the
bondlength distribution increased. All such changes were consistent with theoretical predictions * of an elemental
metal amorphous phase . The Einstein temperature calculated from temperature-dependent EXAFS measurements for
the unirradiated NPs showed a decrease in Einstein temperature, reflecting weaker bonding in the NPs compared to
bulk while that for the amorphous NPs was substantially higher than the bulk value, implying significant bond
stiffening. The radial distribution function reconstructed from EXAFS data for the amorphous phase and those
calculated from molecular dynamics simulations were in excellent agreement. As such, we attribute the formation of
the amorphous phase in the Co NPs to the rapid quenching of a molten phase generated by ion beam cascades.

L A. Inoue, Acta Mater. 48, 279 (2000).

% R. W. Cochrane, R. Harris, and M. J. Zuckermann, Phys. Rep. 48, 1 (1978).

e Nordlund, M. Ghaly, R. S. Averback, M. Caturla, T. Diaz de la Rubia, and J. Tarus, Phys. Rev. B. 57, 7556 (1998).
* L. V. Heimendahl, J. Phys. F: Met. Phys. 5, L141 (1975).
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In this work we present a study on the properties of Au-Fe solid solution nanoparticles (NPs) grown into silica matrix
by sequential ion implantation. The growth of NPs, containing noble metals and magnetic transitions metals is very
appealing for the development of multifunctional nanomaterials. In the particular case of Au-Fe, NPs can exhibit
surface plasmon resonances and magnetic properties. Theoretical calculations predict that for certain compositions
and crystalline structures the Au-Fe alloys can exhibit different magnetic behaviours and magnetic anisotropies.
Moreover, due to the presence of Au with its high spin-orbit coupling and its possibility to sustain surface plasmons
resonances, Au-Fe NPs can have enhanced magneto-optical signal in the vis range near the plasmon resonance.

Au-Fe alloys are not stable in bulk materials but we recently obtained them as NPs by sequential ion implantation [1],
which appears as one out-of-equilibrium technique able to obtain novel nanostructures. In the present work we
investigate the nanostructural, optical, magnetic, magneto-optical, and X-Ray Magnetic Circular Dichroism properties,
and the influence of the implantation parameters in these properties. In general we observe that alloy NPs exhibit the
attenuation of the surface plasmon resonance, the reduction of the magnetization and of the Curie temperature of Fe
atoms and the magnetic polarization of the Au atoms. These properties can be understood considering the
hybridization of the electronic bands of both metals. Unlike most magnetic Fe-based NPs, the Au-Fe ones exhibit small
magnetic anisotropy. Moreover we observe that the thermal properties of the NPs can be very different depending
on the implantation conditions.

[1] G. Mattei et al. Nucl. Instr. Meth. B. 250 (2006) 225-228.
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