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Short time thermal processing of materials – from electronics

via photonics to pipe organs of the 17
th

 century 

Wolfgang Skorupa  
Institut für Ionenstrahlphysik und Materialforschung, Forschungszentrum Dresden-Rossendorf 

There is a clear and increasing interest in short time thermal processing far 

below one second, i.e. the lower limit of RTP (Rapid Thermal Processing) called 

spike annealing. It is the world of processing in the millisecond or nanosecond 

range. This was recently driven by the need of suppressing the so-called Transient 

Enhanced Diffusion in advanced boron-implanted shallow pn-junctions in the 

front-end silicon chip technology. Meanwhile the interest in flash lamp annealing 

(FLA) in the millisecond range spread out into other fields related to silicon 

technology and beyond. This talk reports shortly about recent activities in flash 

lamp annealing of the Rossendorf group in collaboration with other groups as 

shallow junction engineering in SOI (silicon-on-insulator)-materials, annealing of 

ITO layers on glass and plastic foil to form an conductive layer etc.. Moreover 

recent achievements in the field of silicon-based light emission based on Metal-

Oxide-Semiconductor Light Emitting Devices will be reported. Finally it will be 

demonstrated that short time thermal processing does also feature advantages 

regarding the casting of lead sheets to produce organ pipes in the spirit of the  

17th century – demonstrating the synergistic world of materials processing! 
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Ion beam analysis of ancient Egyptian wall paintings 

Shaaban Abd El Aal
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2) Fayoum University, Faculty of Archaeology, Restoration& Conservation Dept., Egypt 
3) Institute of Electronic Materials Technology, Wólczy ska 133, 01-919 Warszawa, Poland 
4) Forschungszentrum Dresden, IIM, P.O. Box 510119, D-01314 Dresden, Germany 

Wall paintings and polychromatic decoration of tombs, temples in ancient Egypt 

had a long tradition over three millennia. Painting materials used in ancient Egypt 

can be classified into two categories: natural pigments which make up a palette of 

natural polychromatic minerals and synthetic pigments prepared from natural 

materials and metal scrap by firing the mixtures at high temperatures. 

Ion beam analysis is one of currently used techniques providing data of the 

nature of pigments, their chronology, and the identification of domestic and 

imported materials. It has been demonstrated that the ancient color hues cannot be 

determined from present visual perceptions because many pigments have been 

subjected to severe chemical reactions which have entirely changed their original 

colors. Many misidentifications of materials were made by archaeologists before 

the introduction of accurate instrumental analytical techniques.  

We have analyzed the pigments from archeological sites in Egypt like: Valley of 

Kings, Minya, and Habow town, etc. Optical microscopy revealed great non-

uniformity of pigment lateral distributions and discontinuity of painted layers. The 

later are composed of grains, the typical size ranging from 50 µm to 300 µm 

embedded in binding material. In some places binding material was gone and the 

supporting plaster was visible. These effects are due to the exposure of these 

paintings to environmental climatic changes. Preliminary analysis using broad 

beam PIXE and RBS has been performed at SINS in Warsaw. Average 

composition of support and that of pigments has been determined. The microbeam 

PIXE has been used for mapping of selected grains. Important findings on the 

origin and dating of wall paintings at different archeological sites will be reported. 
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On the precise value of the electrodynamic fine structure

constant

F. Nickel 
Gesellschaft für Schwerionenforschung (GSI), Planckstr. 1, D-64291, Darmstadt, Germany 

The em fine structure constant  is a very important dimensionless fundamental 

constant and enters in the descriptions of nearly all physical processes in 

electromagnetism e.g. the interaction of radiation with matter in general. Thus, in 

the last 75 years, there have been proposed a huge number of simple formulae 

which claimed to precisely determine the numerical value of . All such attempts 

failed because they had no physical base, and mainly were a playing-around with 

natural numbers and simple algebraic functions. And these results only could be 

compared with the experimental values of the past, which were far from being 

highly-accurate. 

Now we propose a new equation for the reciprocal em fine structure constant  -

1 at low energies. We will show that our formula has a solid physical background. 

We only refer to considerations about the so-called running coupling constant 

discussed in special GUT theories, and on a simple first-order QED correction, 

which quantitatively can be deduced from usual QED calculations on the ‘vacuum 

polarization’. 

From our proposed equation, derived, but not published, in January 2006 and 

therefore in advance to the publications [1] cited below, we calculate -1 to: 
1 16 1 1.261111111... 137.0359992264...e .

This is in excellent agreement with the newest (2007) and best experimental 

value obtained by g-factor measurements of the free electron, and measurements of 

the Rydberg constant of Rb and Cs atoms [1]. Namely, averaging and weighing 

these recent experimental results, and considering a very small 5th order QED 

correction in the value derived from the g-factor measurements (see the discussion 

in the Erratum [1]) we have to compare our value with: 
1

exp 2007
137.03599921 15 .

If one would neglect the error bar for this experimental value, one may conclude 

that our value for -1 would have a precision of 10-10 (!). 

References 
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Nano-engineered rare earth doped silicon light emitting diodes 

and optically active waveguides 

M.A. Lourenço, R.M. Gwilliam, and K.P. Homewood 
Advanced Technology Institute, Faculty of Engineering and Physical Sciences, University of Surrey, 

Guildford, Surrey, GU2 7XH, United Kingdom 

Ultra-large-scale-integration (ULSI) technology of silicon is the basis of 

microelectronics and drives the exponential growth (Moore’s Law) in computer 

speed and power that underpins the whole information technology sector. It has an 

indirect band-gap and is fundamentally unable to emit light! Nevertheless, it is 

increasingly clear that we need light emitting or light amplifying devices on silicon. 

In particular there is considerable interest in and need for wavelengths in the 

extended optical communications band from 1.2 to 1.8 m for optical fibre 

communications. We will show that nano-engineering a strain field in devices to 

provide spatial confinement of carriers can reduce, eliminate or even reverse 

thermal quenching in these devices [1]. We will report here on nano-engineered 

bulk silicon light emitting diodes incorporating the rare earth erbium operating at 

1.5 m and on diodes operating over the 1.2 to 1.35 m range achieved by the 

implantation of the rare earth thulium, incorporated in the trivalent Tm3+ state, into 

silicon p-n junctions. In this case, light emitting diodes operating under forward 

bias have been obtained by co-doping of boron to reduce the thermal quenching. 

We will then describe further developments of recent experiments [2] showing how 

rare earth implants combined with strain engineering can lead to optical gain in 

silicon-on-insulator waveguide structures. Importantly, it can be electrically 

pumped unlike other approaches reported recently such as utilizing the Raman 

effect [3] and four wave mixing [4].  

References 
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Transition metal implanted ZnO: a diluted magnetic 

semiconductor?
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Traditional electronics can be greatly stimulated by a combination of magnetic 

and semiconducting properties where spins provide an additional degree of 

freedom. Recently theoretical works predict that some semiconductors (e.g. ZnO) 

doped with transition metal are diluted magnetic semiconductors (DMS) [1]. In 

binary DMS materials, transition metal ions substitute cation sites of the host 

semiconductor and are coupled by free carriers resulting in ferromagnetism. One of 

the main obstacles in creating DMS materials is the formation of secondary phases 

because of the solid-solubility limit. Ion implantation is a non-equilibrium method, 

and has been successfully used to create GaAs-based DMS [2]. In our study 

transition metal ions were implanted into ZnO single crystals with the peak 

concentrations of 0.5-10 at.%. We established a correlation between structural and 

magnetic properties. By synchrotron radiation X-ray diffraction secondary phases 

(Fe, Ni, Co and ferrite nanocrystals) were observed and have been identified as the 

source for ferromagnetism [3-6]. Due to their different crystallographic orientation 

with respect to the host crystal these nanocrystals in some cases are very difficult to 

be detected by a simple Bragg-Brentano scan. This results in the pitfall of using 

XRD to exclude secondary phase formation in DMS materials. For comparison, the 

solubility of Co diluted in ZnO films amounts to 10 at.% using pulsed laser 

deposition (PLD) [7]. Such diluted, Co-doped ZnO films show paramagnetic 

behaviour. However, only the magnetoresistance of Co-doped ZnO films reveals 

possible s-d exchange interaction as compared to Co-implanted ZnO single crystals. 
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Mean life time measurements of the fragmentation of metastable 

ions by using double focusing mass spectrometer 

K. G uch, E. Szot, J. Cytawa, A. Gruszecka, and L. Michalak 
Institute of Physics, Maria Curie-Sk odowska University, Pl. Marii Curie-Sk odowskiej 1,  

20-031 Lublin, Poland 

Renewed interest in the dynamics and decay mechanism of charged species has 

been partly stimulated by the development of new experimental techniques. 

Recently, compounds containing nitryl have attracted interest from synthetic and 

biological chemistry point of view because of their significant anticancer activity. 

Metastable ions C3HnN
+ (n = 1, 2 or 3) produced by electron impact on the 

neutral C3H3N (acrylonitryle) undergo metastable decay reactions resulting with 

the fragment ions C3HmN+ (m = 1, 2). We have monitored these reactions in a 

double focusing mass spectrometer of reversed B-E geometry. To identify the 

fragment ions and determine the kinetic energy release (KER) of spontaneous 

decay reactions the mass analyzed ion kinetic energy (MIKE) scan technique was 

applied [1-3]. Moreover the metastable decay rate for these ions for times between 

4 and 16 s (calculated for mass 53a.u.) were measured. If the logarithm of the 

decay rate is plotted versus time one can estimate the mean life time of the 

decaying ensemble. Assuming decay from a single electronic state the slope of a 

linear fit to the data points is given by the mean life time .

Work supported by the Polish Ministry of Science and Higher Education as 

scientific project N20217531/3816. 
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In this presentation we will review our recent progresses in the development of 

Si-based light emitters consisting of a MOS structure with a rare earth implanted 

SiO2 layer. Depending on the implanted element, namely Gd, Tb and Eu, the 

devices exhibit strong electroluminescence in the UV, the green and in the red 

spectral region. It will be shown that the implantation and annealing conditions 

during the fabrication strongly influence the microstructural, electrical and electro-

luminescence device properties and are of special importance for the efficiency and 

life time of future devices. In order to improve the stability of the devices, both 

LOCOS (local oxidation of Si) processing and additional protection layers made of 

SiON were applied to the devices. The advantages and the shortcomings of these 

light emitters regarding their efficiency, life time, electrical excitation conditions, 

cut-off frequencies and miniaturization potential are compared with the needs of 

smart photonic and biosensor applications. A special approach for utilizing the 

light emitters for the detection of organic pollutants in fluid media by fluorescence 

analysis is discussed in more detail. In this approach the light emitter is directly 

placed beneath the dye-labelled sample exciting the dye whose light emission can 

be recorded by a suitable external detector. 
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This work reviews our recent progress on our activity devoted to the 

development of white light emitting structures by Si+ and C+ ion implantation into 

SiO2 films. Si- and C-rich nanoparticles are formed after ion implantation and 

annealing procedure at 1100°C. These layers show an intense white 

photoluminescence (PL) to the eye, which is due to the convolution of a red PL due 

to Si nanocristals (Si-nc), and a blue-green PL due to the C-rich nanoclusters, as 

reported in previous works for thick layers [1]. In the present study, reduction of 

the thickness of the active layer is required to allow injection and conduction of 

charge across the dielectric layer at relatively low voltages. Two kinds of 

electroluminescent (EL) devices have been fabricated. One consists of a structure 

having a uniform profile of Si- and C- rich nanoparticles, allowing to have 

conduction of charges in the film in DC excitation. Studying the transport 

mechanisms, we were able to show that EL appears in these samples when the 

Fowler-Nordheim regime is dominant. This suggests that the excitation of the 

luminescent centers is produced by impact ionization. A power efficiency of about 

10 4% was reported for a typical voltage of about 40V [2]. By changing 

implantation parameters, a second kind of structures has been fabricated, allowing 

to form the nanoparticles very close to the substrate, and to separate them from the 

gate electrode by a control oxide. This allows obtaining efficient injection of 

electrons and holes from the Si substrate into the nanoparticles by polarising the 

device alternatively in forward and in reverse polarisation. White EL is also 

observed, and power efficiency higher than 10 3% has been estimated [3]. In 

addition, it is observed that the luminescence intensity of the Si and the C-rich 

nanoparticles exhibit a different dependence on the frequency of the AC excitation. 

This opens interesting perspectives on the colour tunability of field effect EL 

devices.
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Optically active Er3+ ions dispersed in a SiO2 layer are often used for amplifying 

signals at the wavelength of ~1.5 m that coincides with the maximum 

transparency window of silica-based optical fibers. In order to enhance the 1.5 m

Er luminescence, a sufficient number of Er ions must be in the excited state, and it 

is only possible by employing a high-power pumped laser. Si nanocrystals (NCs) 

embedded in an Er-doped SiO2 layer show a new avenue to excite Er3+ ions 

indirectly, where Si-NC behaves like a sensitizer [1]. The basic mechanism of the 

above mentioned system relies on three facts: (i) optical excitation of Si-NC, (ii) 

nonradiative transfer of energy from Si-NC to the neighbouring Er3+, and (iii) 

subsequent relaxation from the first excited state to the ground state of Er3+ by 

emitting light at 1.5 m. However, to integrate these photonic systems into current 

microelectronics, it is essential to fabricate metal-oxide-semiconductor based light-

emitting devices. Based on electroluminescence (EL) experiments, some groups 

have shown the importance of Si-NCs in enhancing the 1.5 µm Er luminescence.  

Here we use an experimental approach for evaluating the influence of Ge NCs 

on the Er EL in Er-doped SiO2 layers. In particular, we demonstrate an increase in 

intensity of the 400 nm band, characteristic of the Ge-NC related oxygen-

deficiency centres (GeODC), at the expense of the Er-related signals with maxima 

at 522, 550, 660 and 1532 nm during electrical pumping at room-temperature 

indicating an energy transfer process from the excited Er ions to the confined 

carriers in the GeODC, which is just opposite to the concept commonly used for 

the Er-doped SiO2 layers containing Si-NCs. Formation of Ge-NCs was verified by 

transmission electron microscopy. 
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The temperature quenching mechanisms of the electroluminescence (EL) and 

the reactivation of the rare earth luminescent centres by the flash lamp annealing 

(FLA) made after hot electron injection into the SiO2 layer implanted by Tb and Gd 

was investigated. An increase of the temperature from room temperature up to 

150oC reduces the gate voltage of about 3 V and increases the rate of the EL 

quenching process and the degradation of the Metal-Oxide-Silicon Light Emitting 

Diode (MOSLED) structure by a of factor of three. On the other hand, the post-

injection FLA reactivates the RE centres switched off by electrons trapped around 

them during hot electron impact excitation, increasing the operating time of the 

MOSLEDs devices.  
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Starting materials were 500 nm thick supported SiO2 layers produced by thermal 

oxidation of a flat-surface, single crystalline Si substrate in a wet ambient at 

1000ºC. The samples were doubly implanted with Ge+ ions at energies of 480 keV 

(fluence F = 4.2 1016 cm-2) and 280 keV (F = 1.7 1016 cm-2) at room temperature. 

Immediately after ion implantation the samples were annealed at temperature: 700, 

800, 900, 1000 or 1100ºC for 60 min. in a dry N2 ambient in a standard furnace. 

Depth profiles of germanium atomic concentration in SiO2 were determined using 

the results of Rutherford Backscattering Spectroscopy (RBS) measurements for the 

as-implanted and annealed samples. 

Variable Angle Spectroscopic Ellipsometry (VASE) investigations have been 

carried out. At first step, the ellipsometric parameters (  and ) were taken at three 

incidence angles of 65º, 70º and 75º in the range of wavelength = 250 1000 nm 

(with a 10 nm step). Refraction index and extinction coefficient spectra have been 

computed from the experimental data. The characteristic bands are observed with 

maxima at = 500 600 nm, shifting to shorter wavelengths with the increase of 

annealing temperature. Their origin is probably related to ion bombardment-

induced creation of defect centers in Si-oxide layers and their temperature 

transformation. In the second stage of ellipsometric studies, precise measurements 

were carried out at angles of incidence 64º-85º (with a 0.5º step) at wavelengths 

= 300 600 with a 50nm step).These studies have allowed determination of 

principle angle values for as-implanted and annealed samples. The SiO2 layer 

thickness decrease due to sputtering effects is observed after ion implantation. Also 

the effects of oxygen diffusion and oxidation are detected by ellipsometry. The 

process of germanium atoms diffusion takes place in two directions: towards the 

SiO2 surface and the SiO2/Si interface. The second effect is observed by the 

changes of optical constants of implanted and annealed silicon oxide layers.  
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Swift heavy ions attract much attention due to their ability to create extremely 

high levels of ionization, provoking structural transformations. In this work Si 

nanostructures were prepared by implantation of 1017cm-2 140 keV Si ions in the 

SiO2 layers on Si substrates. Two sets of the samples were irradiated with 130 MeV 

Xe ions with the doses from 1012 cm-2 to 1014 cm-2. Such ions leave in the layers 

~14 keV/nm with 99.8% of them being ionization losses. The first set was as-

implanted layers, the second one – annealed at 1100oC for 30 min to form light-

emitting Si nanocrystals (Si-ncs). Photoluminescence (PL) at 20oC was used for 

characterizations. In the samples of the first type irradiation with Xe ions 

stimulated formation of the structures, emitting weakly at =660 nm. When 

annealed at 500oC in the passivating ambient (Ar + H2), the PL near =660 nm 

vanished, and new band appeared at =770 nm, inherent in Si-ncs. The intensity of 

that PL was found to grow with the ion dose. Strong PL at =770 nm in the 

samples of the second type proved formation of Si-ncs after 1100oC annealing. 

With an increase in Xe ion dose PL was quenching and disappeared completely 

when the calculated probability to induce 1 displacement/Si-ncs approached unity. 

Simultaneously, weak band at =660 nm appeared and grew with the Xe dose. 

Post-bombardment passivation in Ar + H2 resulted in replacement the =660 nm 

band by the =770 nm band. We assume the irradiation with Xe ions stimulates 

formation of Si-ncs and the band at =660 nm is stipulated by the damaged species, 

emitting after passivation at =770 nm. It is supposed high ionization losses of 

swift heavy ions play very important role in formation of Si-ncs. The work was 

supported by the Grants of RFBR  08-02-00221-  and by  06-02-72003 of 

RFBR and MST (Israel).
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Germanium, historically used for the first bipolar transistors and ICs, has now 

again become important in semiconductor applications including CMOS (<45 nm) 

and near IR optical telecommunications. Its main advantages compared to silicon 

include significantly higher hole and electron mobilities, a smaller band gap and a 

reduced thermal budget for dopant activation in MOSFETs. These factors have led 

to much interest in germanium for boosting drive currents and for high-k/metal 

gate integration in future deep sub-micron CMOS as well as developments in opto-

electronic devices. Ion implantation of dopants into germanium and activation are 

key processes for shallow junction formation and implantation of hydrogen and 

helium has been shown to be feasible for a ‘smart-cut’ process. Some of the 

problems encountered with germanium and possible solutions are discussed in this 

paper. Important issues include oxide stability, damage with higher mass dopants 

and dopant solubility. For ‘smart-cut’ applications, which allows the use of high 

quality crystalline material, the coefficient of expansion with respect to silicon 

demands a low temperature process. Results of implanting H and He into Ge are 

presented and compared to those found with Si. Possible mechanisms of blistering, 

exfoliation and thermal splitting of GOI substrates are discussed. 
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The more efficient dielectric material and structure has been developed for faster 

phase change optical recording systems. The germanium nitride thin film was 

reactively sputtered using a d.c. chamber, operated at 3 kW with a mixed gas 

plasma of argon and nitrogen. The dielectric thin film of 11-13 nm has been 

designed as the upper dielectric layer between the Ge-In-Sb-Te active layer and the 

silver reflective layer. The optical storage disks were initialized by Hitachi 

POP120-8E to provide crystalline active layers before the dynamic tests. The 

initialization was conducted using 810 nm laser at 2300 mW while the disks were 

rotated at a constant linear velocity of 10 m/s. The optical properties were analyzed 

using Steag ETA-RT at 410-1010 nm wavelength. The results showed that DVD-

RW with the germanium nitride dielectric layer had excellent and compatible 

optical characteristics. The power margin window was improved by 60% to 18-26 

mW when compared with the traditional ZnS-SiO2 dielectric system. TEM 

micrograph showed clear profile for the standard 3T laser marks on the active layer. 

The plasma enhanced germanium nitride dielectric thin film could improve DVD 

production yield and efficiency. 
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In the fourth generation of fission reactors, such as the gas cooled reactors, it is 

foreseen to insert fissile materials in a ceramic matrices acting as the first 

confinement barrier for fission products and to guaranteeing good mechanical 

behaviour. Silicon carbide in a composite form is considered as the most promising 

candidate for this application. In operation conditions, the SiC cladding is 

submitted to an helium accumulation which is the major cause of mechanical 

deteriorations. A large helium concentration can induce the formation of bubbles 

and lead to the fracture of the material. These phenomena could have deleterious 

consequences for the thermal properties and for retention of radioelements. The 

goal of the present work is to evaluate the thermal behaviour of helium in SiC i.e. 

diffusion and precipitation, and the role of the grain boundaries in polycristals.  

Helium accumulation in SiC was performed by 3He implantation technique 

Helium release and depth concentration profiles have been investigated in single 

6H-SiC single crystals and polycristals of -SiC by NRA spectrometry. An attempt 

was made to measure the apparent diffusion coefficient by quantifying the 

broadening of 3He distribution. Profile studies relate a trapping mechanism in the 

nuclear cascade region. Release results clearly evidence an effect of the 

microstructure on the retention of He in SiC. Up to a fluence of 5×1015 cm-2, He is 

totally released from single crystals annealed at 1300°C whereas a relative fraction 

of 95% is retained in polycristals. In addition, for this later case, the distribution 

expands symmetrically. To interpret these results, cross sectional TEM samples 

have been observed. Bubbles are formed not only in the grain boundaries but also 

in the grain core. This homogeneous precipitation takes place at lower fluence in 

polycristal than in single crystals. Interpretations are proposed on the basis of the 

nature of He traps. Complementary NRA and TEM results allow us to give a 

scenario which could explain the high retention of He in -SiC.
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Silicon carbide is a semiconductor with physical and material properties 

differing very much from the other dominating in electronic industry. Its 

application systematically increases in technology of high temperature 

semiconductor devices and as a substrate for GaN based blue light optical elements. 

In the present work we studied the ion implanted layers in highly perfect {00.1} 

oriented 6H SiC wafers. The samples were implanted with 2 MeV As+ ions to a 

number of fluences in the range from 6×1012cm-2 to 2×1014cm-2. They were 

examined before and after implantation with a number of synchrotron X-ray 

methods and Rutherford backscattering/channeling. The X-ray methods of 

characterization included the investigation of rocking curves recorded with a small 

50 50 µm2 probe beam and white beam Bragg case section and projection 

topography. 

The synchrotron topographic examination performed before the implantation 

confirmed a high perfection of the samples containing well resolved individual 

dislocations of the density smaller than 103cm-2. The use of numerical simulation of 

topographic images confirmed the dominating concentration of screw dislocations 

along [00.1] direction. The implanted layers provided distinct interference effects 

in the rocking curves and Bragg-case section topographs (strain modulation 

fringes). Good visibility of interference maxima enabled effective evaluation of the 

strain profile by fitting the theoretical rocking curves to the experimental ones. The 

evaluated strain profiles approximated by browsed Gaussian curve were similar to 

the distribution of point defects calculated with SRIM2008 code. The profiles were 

similar to the defect distribution determined from the channeling measurements. 
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The first results of researches of the structure and properties of nanocomposite, 

combined protective coatings deposited by using two techniques are presented in 

the paper. Thick coatings of 80-110 mkm were deposited with pulse plasma jet of 

PG-19N-01(Ni-Cr-Mo-Si-B) powder. Then a thin coating of 2,4-3 mkm 

composition layer was deposited by using vacuum-arc source. We revealed such 

phases as( Ti,Cr) N solid solution to be formed as well as simple hexagonal 

Cr2Ti3:Fe3Ni and various compound with Ni(Ti2Ni:Ni3Ti:Ni4Ti3 and others). 

We have defined the grain sizes in the solid solution with the equation Debai-

Sherrera, which came up to 4-5 nm. The researches were carried out with the help 

of SEM with EDS, RBS and they showed the elements distribution throughout the 

coating depth and also the surface morphology and the coating cross-section. There 

are good results on mechanical tests of the hardness samples; wear, corrosion 

resistance and high adhesion between the coatings. 

The work was financed in frames of ISTC-K-1198 project and NAS Ukraine 

Nanosystems, Nanomaterials and Nanotechnologies “Project New Physical 

principles of obtaining coatings, films, materials by means of ion, plasma and 

electron beams”. 
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Using X-ray structure analysis (XRD), scanning electron microscopy (SEM) 

with micro-analysis, measurements of friction wear and micro-hardness, we 

studied surface melting effects of powder coatings AN-35, which appeared as a 

result of action of concentrated energy flows (pulsed plasma flows). Plasma 

detonation deposition of a powder on a stainless steel substrate were accompanied 

by formation of an alloyed surface structure, which basic element was (hcp) and 

(fcc) cobalt. A temperature diapason chosen for coating formation (according to 

the XRD analysis) provided the formation of intermetallic compounds of cobalt 

and chromium of CoxCry type. Pulsed-plasma surface melting of powder coatings 

also induced doping of the nearsurface layer by molybdenum atoms. We found that 

chosen methods of analysis and surface treatment regimes provided essentially 

decreased wear, as well as increased microhardness and nanohardness of the 

irradiated surfaces. It was demonstrated that a resulting increase in servicing 

characteristics was related to the processes of phase transformations occurring in 

the powder when it had been in a high temperature plasma-detonation flow as a 

result of pulsed plasma surface doping by molybdenum atoms, redistribution of the 

coating elements, appearance of micro- and nano-grain structure, as well as 

decreased coating porosity induced by thermal annealing by concentrated energy 

flows.

The work was funded by Project STCU N3078, and by NAS of Ukraine 

"Nanosystems, Nanomaterials, Nanotechnologies. 
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Corrosion studies require the use of depth profile analysers which could analyse 

elemental distribution in the near surface layer being the result of surface changes 

during corrosion. Here we present analyses of Al(2.0Cu 0.8Mg) (at.%) alloy treated 

in various environments in order to describe its corrosive properties. Analyses were 

performed on quadrupole based spectrometers: glow discharge mass spectrometer 

(GDMS) model SMWJ-01 and on secondary ion mass spectrometer (SIMS) model 

SAJW-05.

In glow discharge mass spectrometry (GDMS) analysed surface – cathode, is 

bombarded by low energy Ar+ ions originated in glow discharge cell. Sputtered 

atoms are ionized in plasma and extracted, through a diaphragm to mass analyzer. 

In secondary ion mass spectrometry (SIMS), sputtering occurs due to the use of 

focused ion beam. Ionisation occurs in ultra high vacuum environment at the 

bombarded surface.  

Analysed AlCuMg alloy samples were exposed to various corrosive 

environments like: 0,6 M NaCl, pH=7 during 24 hours and afterwards were tested 

electrochemically by means of cyclic voltammetry in order to estimate corrosion 

effects followed by GDMS and SIMS analysis. Selected samples before corrosion 

tests were treated in nitrate solution with an aid of electrochemical polarisation to 

improve corrosion resistance of a surface. The obtained results show segregation of 

main components of AlCuMg alloy dependent on a kind of treatment applied. 

Observed decrease of Cu content in the surface layer reaches 0.7 at% with respect 

to the bulk value of 2 at%. This decrease is one of the factors which reduce the 

susceptibility to pitting corrosion in this alloy.  

GDMS and SIMS depth profile methods are suitable for corrosion studies and 

give similar results. However, GDMS, which does not require ultrahigh vacuum, is 

more effective having much higher sputtering rate (200 nm/min) and also 

significantly shorter sample loading time (5 min). 

The GDMS spectrometer (model SMWJ-01) used in this study was built under 

the project which is a part of the Multi-Year Program “Development of 

innovativeness systems of manufacturing and maintenance 2004-2008” supported 

by the Ministry of Science and Higher Education. 
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In the current ITER design, tungsten (W) will be used at baffles and side-wall 

regions of divertor plates and carbon (C) for the strike point zones of the target 

plates. These materials will be mixed through erosion, transport mainly in edge 

plasmas, and redeposition. For modeling, we used input irradiation parameters 

from the experimental work of Shimada et al. 0 and Ueda et al. 0 in which carbon 

and hydrogen mixed ion beam irradiation of W samples was performed. The C

concentration in the ion beam was set at 0.1% and 0.8%, the beam energy was 1.0 

keV (mainly H3
+) and the irradiation flux was 3 1020 m-2 s-1. The fluence was varied 

from 1022 m-2 to 1024 m-2 and sample temperature from 653K to 1050K. 

The Monte Carlo code TRIDYN was coupled to the newly developed code, 

which solves the system of rate equations written using a finite difference approach 

for the variety of processes induced by mixed plasma-surface interaction, namely 

preferential physical and chemical surface erosion, C ion implantation, cascade 

mixing and thermal diffusion during carbon redeposition. We found that the role of 

ballistic relocation effects in the bulk becomes dominant for the implanted C to be 

transported from the near surface layer into the bulk. The experimental C surface 

concentrations fit calculated results if chemical sputtering of C under hydrogen 

irradiation is included into the general scheme of equations. The temperature 

dependences of C distribution profiles in W demonstrate the carbon segregation 

effects in the defected region. 
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Beryllium, carbon fibre composite (CFC) and tungsten will be chosen as the 

plasma facing materials (PFM) in the ITER. During exposure to the plasma PFM 

release impurities, which are co-deposited back onto the wall and divertor, forming 

mixed layers. In order to control the tritium inventory, the hydrogen isotopes 

transport and trapping mechanism must be understood not only in pure materials 

but also in carbides. 

In this work the deuterium depth profile and retention were investigated at room 

temperature in pure and carbon implanted polycrystalline tungsten. Some samples 

were annealed above the re-crystallization temperature for three hours to remove 

all impurities and to reduce the concentration of grain boundaries in the bulk. 

Deuterium and carbon depth profile and concentration in the near-surface region 

were determined by means of SIMS (secondary ions mass spectroscopy) and NRA 

(nuclear reaction analysis). The surface morphology was investigated by scanning 

electron microscope (SEM). 

For tungsten pre-implanted with carbon ions, it has been found that D diffusion 

is confined. The maximum local D concentration is higher with C implanted 

samples, but still the total retained amount is comparable with that in pure W. The 

reduction of bulk trap sites due to re-crystallization by pre-annealing leads to deep 

diffusion of the implanted deuterium into the tungsten bulk. SEM shows that 

blisters were formed by the low-energy deuterium ions irradiation, even if the 

energy of implantation, 200eV, is well below the energy threshold for displacement 

of W atoms. 
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A knowledge of penetration of hard electromagnetic (em) radiation, i.e. gamma-

quanta (GQ) and electrons of energy 100 MeV, into dense amorphous materials 

(DAM) is of great importance in connection with the problem of detection of such 

a radiation and its spectrometric analysis (for example, [1]). Another aspect of the 

problem concerns the material response and, in particular, the radiation hardness of 

em detectors active media as well as the processes going on inside spallation 

targets exposed to electron beams. But, as it is known, these particles in the 

mentioned energy region produce in DAM electron-photon cascades (EC) and the 

characteristic feature of this phenomenon is significant fluctuation mainly of 

longitudinal cascades development.  

Up to now the longitudinal fluctuation (LF) of em cascades is described in the 

integral form only although its differential representation has also been suggested 

and experimentally investigated for GQ [1]. Moreover, it was found that it obeys a 

useful approximate scaling. In view of practical usage the problem of LF may be 

considered as the distribution of the part A of the total EC energy released up to the 

absorbent depth t at which the average part of released cascade energy is equal to 

<A>, on condition that the absorbent is large enough in the lateral direction with 

respect to the direction of the EC development [1]. Another approach to the 

problem, depending, in particular, on concrete experimental conditions starts from 

the distribution of the depth t at which released is some part A of total EC energy.

Similarly one can define lateral fluctuations TF of EC [1].  

In the present work we study the LF of EC produced in liquid xenon by GQ of 

energy from 100 MeV to 3.5 GeV at different cut-off energies within the interval 

0.6-3 MeV. The work has been performed using the GEANT modeling code [2]. 

The ultimate objective of this investigation is to obtain exhaustive and concise 

information about fluctuations in EC suitable for experiments. As an example the 

figure shows the depth distributions of definite parts A of total EC energy released 

in liquid xenon when the cascades are produced by gamma quanta of energy 

E =210MeV and the cut-off energy equal to Ec.o.=0.6MeV. Pointed are also 

relevant average and r.m.s. values.
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The phenomenon of waveguide motion of ion beams along a charged dielectric 

surface can be used to develop systems of transformation, control, and transport of 

charged particle beams; in particular to obtain micro- and nanosized beams, which 

are interesting in local elemental analysis, nanolithography and applications in 

biology and medicine. In comparison with the existing tools for formation of 

micrometer-sized beams, this method is undoubtedly simpler and less expansive. 

The processes of interaction of swift protons with the surface of insulating 

capillaries have been investigated in this work to determine the character of motion 

of particles during such interaction. The angular distribution of 240 keV protons 

transmitted through glass capillaries with a diameter of 100 µm have been 

measured. The distribution has the form of a series of equally spaced peaks of 

almost identical width and an amplitude gradually decreasing to the distribution 

edges. Comparison of the obtained angular distributions with form of the initial 

beam reveals the following features: 

– the proton beam becomes much wider than the initial one after transmission 

through the capillary, which is most likely due to the large entrance angle; 

– the continuous angular distribution of the initial beam is transformed into a 

line one, with a spacing of 0,06º between lines. 

One might suggest that under the above experimental conditions, the initial 

beam is split in the field of the charged capillary into series of lines with transverse 

energies differing by E  = E( )2  0,26 eV. 

An explanation of particle motion in a field with the axially symmetrical 

potential is described. 
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Granular metal-dielectric nanocomposites have high values of tunneling 

magnetoresistance which are generally observed near concentration of metallic 

nanoparticles where randomly distributed metallic nanoparticles in dielectric 

matrix begin to form continuous current conducting metallic net (the percolation 

threshold C).

In this work we studied the possibility for tailoring of structure, magnetic and 

transport properties of nanocomposites (FeCoZr)x(Al2O3)100-x (33 x  65 t.%) by 

treatment in hydrogen plasma. Samples were obtained by ion-beam sputtering 

technique in pure Ar (set 1) or mixed Ar+O ambient (set 2). Hydrogenation was 

carried out via annealing in atomic plasma at 350±25°  at hydrogen pressure of 

6 10-2 Pa. Samples were investigated by Mössbauer and Backscattering 

spectroscopies, magneto-response and transport measurements at 300 . It was 

established that most drastic changes in structure, magnetic and transport properties 

are observed around the percolation configuration C ~ 45-50 at.%. For the samples 

of set 1, variation of structure originated mainly from two competiting mechanisms: 

annealing (that promotes agglomeration of FeCoZr nanoparticles) and hydrogen 

nanopores formation (broking percolation conductive net). Hydrogenation of 

FeCoZr-Al2O3 samples of set 2 draws to the reducing of FeCoZr nanoparticles. 

Performed research confirmed the possibility to apply the hydrogenation for 

tailoring the magnetic and transport properties of FeCoZr-Al2O3 within the 

percolation configuration. 
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Influence of oxidation on air and hydrogen implantation on the structure and 

mechanical properties of nickel based coating PG-19N-01 deposited on iron and 

stainless steel C0.12Cr18Ni10Ti substrate and also of iron with plasma treatment 

of surface were studied. 

I. Oxidation of samples of iron, steel, iron and steel with PG-19N-01 coating 

and iron with plasma treatment surface were carried out in muffle furnace at 

temperatures 500° , 700°  and 900°  within two hours. After oxidation were 

carried out metallographic researches of the structure of the coating and basic 

material, measurement of microhardness and mechanical tests on static bend. 

Researches show that all these materials possess higher hardness in comparison 

with the initial material. Bend tests has shown that alongside with increase of 

strength properties the crack formation is observed  both for iron with plasma 

treatment of surface and iron and steel with PG-19N-01 coating. Delamination of 

the PG-19N-01 coating at rather small bend angle also take place.  

II. Radiation treatment of samples of iron, iron and steel with PG-19N-01 

coating and iron with plasma treatment of surface it was carried out by protons 

with energy from 0.6 to 1.6 MeV up to doze 3×1018 proton/cm2 on the electrostatic 

accelerator UKP-2. Proton irradiation results in the following changes of structure 

and of strength properties: as a rule the proton irradiation leads to insignificant 

increasing of microhardness of the surface; bend tests have shown that there is no 

appreciable influence of proton implantation on mechanical properties of  

PG-19N-01 coating. The irradiation of iron with plasma treatment of surface has 

led to recovery of mechanical properties intrinsic to iron untreated by plasma. 



-

47

A comparative study of the on-surface diffusion of the ternary 

system Au/Pd/Si(111) under the influence of the ion implantation 

A. Hammoudi
1)

, C. Benazzouz
1)

, S. Tobbeche
2)

, N. Benouattas
3)

, N. Boukhari
4)

,

and J.P. Stoquert
5)

1) Centre de Recherche Nucléaire d’Alger – 02, Bd Frantz Fanon Algeria 
2) Faculté des sciences, Département de physique, Université de Batna 
3) Département de Physique, Faculté des sciences, Université Ferhat Abbas, Sétif 
4) Faculté des sciences, Département de physique, Université de Blida 
5) Iness-CNRS Strasbourg, France 

A study of the influence of ion implantation on the on-surface diffusion of a 

ternary system was elaborated by making a comparative study of the same ternary 

system, which consisted of the deposit of two metal coats (layers), Gold and 

Palladium, on (111) monocrystalline Silicon substrates, with and without 

preliminary ion implantation. So, three different series of samples were obtained 

and subjected to a vacuum heat treatment in temperatures varying from 200 to 

800°C in steps of 200°C and with a time of annealing fixed to 30 min. 

The first step consisted of ion implantation of a pair of (111) monocrystalline 

Silicon substrates which was realized using the ion implanter facility available at 

the CNRS/ STRASBOURG-FRANCE, with two different ions species, Phosphorus 

and Argon, accelerated to 50 keV and a flux of 1 1016ions/cm2. The deposits of 

both metal coats (layers) were successively made without breaking the vacuum in 

the evaporator. The substrates of Silicon had undergone beforehand a chemical 

treatment by the CP4 method to avoid the effect of Oxygen barrier. Then we 

proceeded, simultaneously, to the annealing of each group of samples (the first two 

were implanted and the other one without ion implantation) in order to maintain 

exactly the same conditions for all of them. 

So, we were able to obtain a series of samples, the characterization of which was 

carried out by the various techniques available in the CRNA among which we 

selected: the Rutherford Backscattering Spectrometry (RBS), X-rays diffraction 

(XRD) and the scanning electronic microscopy (SEM) with its incorporated X-rays 

Energy Dispersal (XED) technique. 

These combined analyses allowed us to fulfil a comparative study of the 

interdiffusion between the various elements included and to follow the 

thermodynamics transformations that have arisen. The reaction dependence due to 

the influence of the ion implantation is also shown. 
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Ultrahigh Molecular Weight Polyethylene (UHMWPE) is the material of choice 

for the load bearing surfaces of total joint implants due to its good wear resistance. 

In order to improve its performance polymer parts are often modified by the use of 

ionizing radiation. Here we report on the use of electrons and ion beams for the 

purpose. UHMWPE samples were irradiated with 600keV and 1.5 MeV electron 

beam with doses ranging from 50 to 500 kGy and bombarded with 1-10 MeV  

He-ions to fluences ranging from 1012 to 5 1014 ions/cm2. Changes of surface layer 

composition were studied. Nuclear reaction analysis (NRA) using the 
15N(1H,12C)4He+  reaction was applied to study hydrogen release. Hydrogen 

release due to the ion bombardment increases with ion fluence and was correlated 

to the ion stopping power. Increase of hardness with very low elastic recovery for 

UHMWPE irradiated with electron beam was observed. In case of ion 

bombardment hardness and elastic recovery increases. Important increase of 

surface wettability has also been observed. 
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Thermal annealing of implanted sapphire (Al2O3) leads to recovery of the 

radiation disturbed crystallographic order and to spatial redistribution of the 

implanted species. Depending on the Gibbs free energy the migrating ions enter 

chemical reactions with the substrate species, favored by the energy balance of the 

reaction [1]. These effects were studied by XPS and RBS measurements in Zr and 

Co implanted sapphire (fluencies 2 and 5·E+17 ions/cm2) annealed in vacuum and 

in Ar-flow furnace between 200ºC and 1400ºC. It is shown that in Zr-implanted 

sapphire the XPS 530.4 eV oxygen O1s line maintains the single transition form up 

to temperature of 800ºC but at 1400ºC a distinct peak located at 533 eV of binding 

energy develops suggesting that a new oxygen compound containing Zr is formed. 

Such transition is missing in Co-implanted crystals which show a blue color after 

annealing at 1400ºC. The appearance of color is attributed to formation of defect 

complexes involving Co atoms. The RBS results support the presented 

interpretation.
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Ceramic oxides, particularly yttria stabilized zirconia (YSZ), are envisioned in a 

near future for the safe and long-term disposal of radioactive waste and the 

development of inert fuel matrices for actinide transmutation. In these applications 

ceramic oxides will be submitted to intense irradiations which may lead to strong 

modifications of their physico-chemical properties. The collect and analysis of data 

dealing with the production and recovery of radiation damage in this type of 

materials are thus tasks of prime interest [1].  

This paper deals with the damage formation in YSZ single crystals irradiated 

with 940 MeV Pb ions delivered by the GANIL accelerator in Caen. The amount 

and the nature of damage, as well as the modifications of the crystal microstructure, 

were measured as a function of the ion fluence by combining Rutherford 

backscattering and channeling spectrometry (RBS/C), X-ray diffraction (XRD), 

transmission electron microscopy (TEM) and atomic force microscopy (AFM).  

At low fluences (below a few 1011 cm-2) ion tracks are created by the huge 

electronic excitation induced in individual ion impacts and are visualized by TEM 

(Figure 1). In addition, the track formation leads to the creation of large hillocks at 

the surface of crystals evidenced by AFM (Figure 1).  

Figure 1. Accumulated damage (fD) vs ion fluence measured by RBS/C, in YSZ crystals irradiated 

with 940 MeV Pb ions. The solid line is a fit to RBS/C data using the MSDA model [2]. Insets show 

TEM (upper-left corner) and AFM (lower-right corner) micrographs on a YSZ crystal irradiated  

at low fluence (below 1012 cm-2)
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At fluences where tracks overlap (i.e. above ~1012 cm-2) the microstructure of 

the material is severely transformed upon irradiation. Micro-domains are formed 

with a size of the order of 50 nm, which are slightly misoriented from the main 

crystallographic direction. These experiments demonstrate that YSZ crystals are 

rather resistant materials against swift ion irradiation since, in spite of the rather 

large radiation damage observed (Figure 1), amorphization is never reached, even 

at the highest fluences used. 
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Spatial distribution of mechanical stress in Al2O3: Cr single crystals irradiated 

with (1-3) MeV/amu Kr, Xe and Bi ions has been studied by using laser confocal 

scanning microscopy (LCSM) technique. The residual stress profiles and stress 

tensor components through the irradiated layer were determined from depth-

resolved photostimulated R-lines spectra. An example of the photoluminescence 

spectra registered on virgin and 245 MeV Kr ion bombarded specimens is shown in 

Figure 1. It was found that stresses are compressive in basal plane and tensile in 

perpendicular direction in all samples irradiated with high energy ions. The role of 

radiation damage created via electronic excitation in stress generation is discussed 

in the framework of model, considering the Cr3+ atoms as individual piezosensors.  

a) b)

Figure 1. R-lines spectra as a function of depth. (a)- intact and (b) – Kr (245 MeV, 1014 cm-2) ion 

irradiated ruby specimens. Ion projected range is 18 m. The residual stress level is defined through 

the shift of the R – lines position. The spectra are measured at depth marked by solid lines 

R1 R2 R1 R2
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SrTiO3 (STO) is often treated as a model oxidic material with perovskite 

structure characterized by the high energy gap of 3.2 eV and high k value. 

However, it appears that especially its surface is highly unstable. It is known that 

bombardment of the oxide surface with ions leads to significant modification of 

their atomic and electronic structure [1]. Recently there was shown that relatively 

low energy Ar ions -300 eV can induce the metallic conductivity on the STO [2]. 

With use of X-ray Photoelectron Spectroscopy (XPS) we show how the low 

energy Ar ion bombardment influences the STO single crystal electronic structure. 

XPS results allowed to detect detailed chemical composition changes which can be 

attributed to chemical reconstruction of the STO surface.  

The results of ion etching were compared to the effect of Pt deposition on the 

STO surface realized by two methods – sputtering and evaporation. Despite the 

much lower energy of species acting on the surface we found some clear 

similarities to the ion etched samples [3]. The evidence that STO topmost layers 

are changed was drawn from the XPS studies of the capped layers. Moreover we 

tested in a similar way the STO single crystals doped with 3.75% La. The doped 

sample also was found to be modified upon noble metal deposition with both 

methods.  

Additionally, we found clear effects of STO surface treatment by a high flux 

electron beam which leads to the electro-degradation process. 

References 
[1] Henrich V, Dresselhaus G, Zeiger H, Physical Review B 1978;17:4908  

[2] Reagor D, Butko V, Nature Materials 2005;4:593 

[3] Psiuk B, Szade J, Schroeder H, Haselier H, M ynarczyk M, Waser R, Szot K, Applied Physics A 

2007;89:451.



T -

54

Secondary defect evolution in ion implanted strained Si/SiGe/Si 

quantum wells 

P.I. Gaiduk
1)

 and A. Nylandsted Larsen
2)

1) Physical Electronics Department Belarusian State University, 4, pr. Nezavisimosti, 220030, Minsk, 

Belarus 
2) Department of Physics and Astronomy, University of Aarhus, Ny Munkegade, DK-8000, Aarhus C, 

Denmark

Pseudomorphic SiGe quantum wells (QWs) are grown by MBE and are 

implanted with Ge+or As+ at 1 keV in-situ (during MBE), or at 800 keV ex-situ (in 

as-grown samples) to a fluence of 2 1014-2 1015 cm-2. The implantation is followed 

by RTA at a temperature between 600 and 1050°C. Transmission electron 

microscopy (TEM) is used for investigation of defect evolution.  

Vertically correlated Ge islands of small base size and no extended defects are 

observed by TEM after MBE, assisted with low ion dose pre-impantation. 

Implanted Ge islands of larger size produce inclined threading dislocations. High 

dose implantation results in formation of semi-spherical SiGe/Si nanostructures of 

a new type. Epitaxial islands of 30-40 nm in base diameter and 11 nm in height, 

and a density of about 6 1010 cm-2 are produced in this case. It is found by XTEM 

that the islands have a complicated inner structure and consist of semi-spherical 

nano-layers of a various SiGe composition.  

An evolution of implantated defects in strained Si/SiGe layers after RTA is 

investigated in details. The idea is examined that due to compressive strain, 

pseudomorphic SiGe QWs in Si matrix effectively accumulate vacancies (V) and 

push out interstitials (I). As a result, spatial separation of I and V by strain fields of 

Si/SiGe QWs takes place followed by formation of spherical voids of nanometer 

size incorporated into SiGe QWs. Role of a dopant type and influence of the 

temperature on void formation in the Si/SiGe structures are inspected. The results 

of investigation are discussed in terms of stress relaxation through implantation 

induced defects. Self-assembling of voids is interpreted by spatial separation of I

and V in the strain fields of Si/SiGe. 
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The X-ray diffraction technique in combination with the layered removal of 

material was used to investigate the defect formation and special features of the 

lattice distortion of the gallium arsenide, irradiated by electrons and swift Bi ions. 

The crystalline GaAs (001) samples were irradiated by electrons with the energy 

of the 4 MeV and fluence of the 4·1017 cm-2 and afterwards by Bi ions with the 

energy of the 710 MeV and fluence of the 4.28 1012 cm-2. The electronic energy 

losses and the projective ion path of Bi calculated with the use of program 

SRIM'2003 were equaled of 38 keV/nm and 28.1 µm, respectively. The layered 

removal of material (with the step of 6-12 µm) was carried out in the peroxide-

sulfuric acid etchant (H2SO4:H2O2:H2O = 3:1:1). 

X-ray diffraction investigation of the samples double irradiated by electrons and 

Bi ions has been revealed the high level of GaAs lattice distortions, in contrast to 

the samples, irradiated by electrons only. The distortion level considerably grows 

with the thickness increasing of the removed layer up to 25 µm. It is established 

that the maximum level of lattice distortions is observed at the depth corresponding 

to the projective ion path of Bi. The obtained result is in well agreement with the 

depth of the highly damaged layer, revealed with the selective chemical etching of 

the cross section of sample [1].  

The mechanisms of the radiation defect formation, which lead to the disordering 

of the gallium arsenide lattice, are discussed in the work. 
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Studies of the stopping power of heavy ions in different media continue to be of 

intense interest [1]. They are needed in such fields as ion beam analysis, ion beam 

modification of materials, medical physics applications.  

The values of stopping power of 89Y ions in few different absorbing foils were 

measured with high accuracy in the energy range from 0.1 up to 10 MeV/u in the 

JYFL (Accelerator Laboratory in Jyvaskyla). The method (B-TOF) of determining 

of the stopping power values was used in this measurement. This method requires: 

1) a high precision the time of flight measurement for ions, 2) multiple samples on 

the motorised wheel, 3) a set of aluminium degrades to produce wide initial range 

of energy and charge states of ions and 4) the bending magnet as energy and charge 

selector. We shall present the stopping power values measured with accuracy 5% 

or better for the carbon, nickel and gold target in energy range 0.1-10 MeV/u. For 

this combination of ion and absorber no published experimental results are 

available [2]. The comparison of our results with predictions calculated by the 

SRIM 2006 [3], the LET 1.24 [4] and the CASP 3.1 [5] codes will be given. 
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The experimental and theoretical studies of the sputtering of the iron (Fe) and 

titanium (Ti) cathodes under irradiation by the oxygen (O2) plasma in glow 

discharges are presented. The measured etching efficiencies (yet) of the Fe and Ti 

cathodes sputtered with the O2 plasma are few times lower than yet values for the 

N2 or Ne plasma-cathodes sputtering, reported earlier [1], see Table 1.  

Table 1 

Discharge set Ne/Fe N2/Fe O2/Fe

jd [mA/cm2] 0.5 0.5 0.5 

p [Torr] 0.14 0.11 0.075 

Uac [V] 2800 3000 2050 

yet [nm/s] 0.305 0.104 0.0289 

The above discrepancy is observed despite of similarity of fundamental 

parameters of studied discharges such as their current densities (jd). This fact is 

against a common opinion that the use of chemically active gases allows strong 

etching of metals.    

We try to explain this low cathode sputtering efficiency of the O2 -Fe discharge 

by complex numerical modeling of processes in the plasma phase as well as fast 

particles O2
+ and O2 – interaction with the modified cathode surface. Gas pressure 

(p), current density (jd), anode-cathode voltage (Uac), cross sections set of various 

interaction on the plasma-cathode interface are assumed as fundamental and 

important data for the modeling. This modelling allows to asses normalized current 

densities j(O2
+)/jd  and j(O2)/jd  of particles bombarding the cathode surfaces as well 

as their angle-energy spectra and thereby their average energies ( av).

The above values: j(O2
+)/jd , j(O2)/jd and ( av) allowed calculation of sputtering 

efficiency by molecular dynamics method.   

Oxidation of the cathode surface is found to be a fundamental process affecting 

the high coefficients of secondary electron emission from these modified surface. 

Strong electron emission from oxidized cathode causes low densities j(O2
+)/jd  and 

j(O2)/jd
(a) as well as low average energies (b) of O2

+  and O2 particles. High 

chemical affinity of oxygen and considered metals evokes high probability(c) of 

secondary deposition of sputtered atoms on the oxidized cathode surface. The 

above characteristics(a,b,c) account for low measured etching efficiency in the case of 

oxygen plasma-metallic cathode interfaces. 
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Understanding chemical reactions of graphite with hydrogen is both 

scientifically and technologically important [1,2]. Results of quantum-chemical 

calculations of hydrogen ions (H+) adsorption on graphite and graphene layers are 

represented in this work. Our calculations were carried out with the help of ab 

initio and semi-empirical methods (using programs GAMESS, MOPAC) for 

carbon clusters. In graphite and graphene every carbon atom is bounded with three 

other carbon atoms via sp2 hybridization. Breaking  bonds and producing 

additional  bond and, thus, transition from sp2 to sp3 hybridization is the main 

mechanism of chemisorption on graphene. Cluster geometry, total energy, atom 

bonds orders, value of the electron density, atom orbital populations and molecular 

localized orbitals were calculated. During simulation of hydrogen ions (H+)

adsorption on the graphite (grapheme) surfaces reaction coordinate was a distance 

between ion and one of cluster surface atoms. Positions of all other system atoms 

were free optimized. We observed the three processes, which are the absorption, 

the reflection and the penetration reactions. As a result of calculation a geometry 

and electron characteristics of equilibrium states of adsorbed particles were 

determined. The values of chemisorption energy as a function of hydrogen 

concentration were calculated, as well as energy barriers for hydrogen binding and 

desorption.

Our results support a suggestion that graphene may be a promising material for 

the hydrogen storage. Difference between hydrogenation of graphene and bulk 

graphite were discussed. 

[1] Y. Kopelevich, J. H. S. Torres, R. R. da Silva, F. Mrowka, H. Kempa, P. Esquinazi, Phys. Rev. 

Lett. 2003; 90:156. 

[2] J.C. Meyer, A. K. Geim, M. I. Katsnelson, K. S. Novoselov, T. J. Booth, S. Roth, Nature Lett. 

2007; 446:60. 
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Results of quantum-chemical calculations of possible structures, formed by 

boron ions B+ during adsorption on Si(100) and Ge(100) surfaces are represented 

in this work. Calculations were carried out using a semi-empirical method, known 

as the Modified Neglect of Differential Overlap method (MNDO). The surface was 

simulated using of Si49(Ge49) and Si63(Ge63) clusters. There are shown adsorption 

barriers for boron ions and migration barriers of adsorbed boron ion (during 

migration along surface dimer row and along surface dimer). Calculation methods 

are described in details in [1,2]. Cluster geometry and total energy, atom bonds 

orders, value of the electron density, atom orbital populations, molecular localized 

orbitals were calculated. 

Boron ions + adsorption on Si(100) and Ge(100) surfaces leads to significant 

changes in electron state of the surfaces and their adsorption properties. Simulation 

results show that adsorbed ion implants into silicon and germanium surface 

forming heterodimers of Si-  and Ge-  type, which significantly lowers total 

energy of the surface. 

Calculation results show that values of migration barriers of boron ions along 

atoms of adjacent surface dimers of one dimer row of Si(100) and Ge(100) surfaces 

are lower than migration barriers along one surface dimer. It is possible that at low 

surface temperatures migration direction along dimer row may predominate. And 

with temperature increase boron migration along one surface dimer is most 

probable.
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The samples of fine-dispersive crystals of synthetic diamond (SD) and cubic 

boron nitride (cBN) were irradiated with pulsed laser under normal conditions. The 

changes of the paramagnetic centers (PC) concentration in the samples in study 

were determined by means of the ESR-spectroscopy method. The dependences of 

the diamond mono crystals strength on the laser irradiation energy (varied from  

2 to 8 J) and the number of the laser pulses were studied. 

As it follows from the experimental data, the parameters of the ESR spectra of 

the SD crystals irradiated with laser pulses with the energy under 5 J do not change 

significantly. At the same time, it was found that the increase of the number of the 

laser pulses causes an increase of the P1 PC concentration with its’ further 

saturation and a decrease of the number of the dispersed nitrogen defects. These 

processes do not depend on the original strength of the crystals. The cBN crystals 

show somewhat more complicated dependence of the PC system structure on the 

number of the laser pulses. Thus, the intensity of the ESR signals increases as the 

number of the laser mono pulses increases at room temperature, while neither 

intensity nor width of the ESR lines increase at the temperature of liquid nitrogen 

under the same changes of the laser pulses number. 

The present results may be compared to those obtained on the same samples 

irradiated with neutrons of division spectrum with the dose 7.5 1016 cm-2. There 

was a decrease of the point defects concentration observed (the PC of Ni) along 

with the corresponding EPR-signal narrowing and an increase of the number of 

complex defects in the samples with the grain size of 40-160 m.  

At present state of the experiments any direct correlation between the PC 

concentration and the strength of the diamond crystals has not been determined.  
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The structure of the diamond-like films obtained by means of pulsed laser 

deposition of carbon ions knocked out from the graphite targets of different 

structural perfection was studied by means of ESR- and optical spectroscopy. The 

films were deposited on the glass and bronze substrates kept under 473K by series 

of mono pulses. The power of the pulses varied. 

The films in study show a single ESR signal with the g-factor value equal to 

2.0018±0.0002. This signal does not saturate with the microwave input power 

increase up to 100 mW. As the density of the laser irradiation power increases up 

to 5 104 W/cm2 there is a non monotonous change of the line width observed along 

with the intensity of the line increase. These changes are in good agreement with 

the dependence of the micro-strength and resistivity of the film – bronze substrate 

system on the power of the laser irradiation. It was found that at the laser 

irradiation density of 1 104 W/cm2 the target’s material structural perfection 

strongly influences the concentration of the paramagnetic centers (PC) of thus 

formed films. This influence becomes negligible as the density of the laser 

irradiation increases. 

It is supposed that the PC in the films in study formed by low power density 

lased pulses bonded mostly to the non pared sp3-hybridised electron orbits of the 

carbon atoms placed on the crystals’ or phase boundaries. As the power density of 

the laser irradiation increases there also increases the probability of the initiation of 

structural objects having not only different hybridization of the electron orbits in 

the carbon atoms, but also different sizes of the massifs (clusters). This latter 

reasons the increase of the role of the boundary more defective regions.  
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Nowadays it becomes obvious that for future technology there is a need for 

lighter, stronger more corrosion-resistant materials capable withstanding high 

temperatures. The ceramics seems to be the leading candidates for meeting these 

requirements. The combinations of various ceramic-metal (C-M) systems such as 

C-M joints and metal-ceramic composite are crucial in this respect.  

In the case when the C-M joint have to be formed the crucial problem is 

wettability since in majority of ceramic-metal systems direct wetting is not 

observed. Usually the preparation of the surface of ceramic to be wettable by a 

given metal requires an adoption of the procedure consisting of several steps. The 

issue of wettability of C and SiC ceramics was also undertaken at our laboratories. 

Recently, we succeeded in inducing wettability of ceramics mentioned above by 

liquid copper applying a single step pre-treatment procedure based on the use of an 

intense plasma pulses technique. In the present work we analyze the structural 

properties of modified ceramics in connection with its resulting wettability. The 

conclusions which can be drawn from the results obtained can be summarized as 

follows. For satisfactory wettability: (i) area concentration of alloyed titanium 

should be sufficiently high, i.e. no less than 3e18 cm-2, (ii) top layer must contain at 

least 60% of Ti atoms, (iii) Ti concentration should gradually decrease with a depth 

without a sharp step just beneath the surface, (iv) the shape and size of the metallic 

features formed on the surface are not important with respect to the wettability. 
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The gas phase ion-molecule reactions of Ne+ ions with propane have been 

studied in the pressure range 1.33-39.99 Pa. The measurements were performed 

using a quadrupole mass spectrometer with a high-pressure ion source [1-4]. 

The positive ions are formed in mixture 1%C3H8 and 99%Ne. The following 

ion-molecule processes were observed: 

Ne+  +  C3H8   C3H5
+  +  H2  +  H  +  Ne    (1) 

Ne+  +  C3H8   C2H5
+  +  CH3  +  Ne    (2) 

Ne+  +  C3H8   C2H4
+  +  CH4  +  Ne    (3) 

Ne+  +  C3H8   C2H3
+  +  CH3  +  H2  +  Ne    (4) 

Ne+  +  C3H8   C2H2
+  +  CH4  +  H2  +  Ne    (5) 

C2H3
+  +  C3H8   C3H7

+  +  C2H4     (6) 

The fractional abundance Ii / Ii of dominant ions C2H2
+, C2H3

+, C2H4
+, C2H5

+,

C3H5
+, C3H7

+ and neon ions have been determined as a function of the (1% C3H8

and 99% Ne) gas mixture pressure (in the range 1.33-39.99 Pa) and of the repeller 

electrode potential. The ion-molecule reactions neon ions with C3H8 have been 

studied by other workers [5,6]. 
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Light-emitting silicon nanocrystals (nc-Si) embedded in dielectric matrices are 

prospective for silicon-based optoelectronic and nanoelectronic devices. The goal 

of the present work is investigation of structural and luminescent properties of ion-

beam synthesized nc-Si in crystalline and amorphous alumina matrices (sapphire 

and Al2O3 films deposited by electron-beam evaporation on the silicon substrate). 

It was established that the formation and properties of nc-Si depend significantly 

on the type of initial alumina matrix. Ion implantation into a single-crystal sapphire 

creates a buried amorphized layer. High temperature post-implantation annealing 

leads to epitaxial recrystallization of this layer from both sides and formation of the 

nc-Si; they are randomly oriented in the middle of the layer and have a coherent 

relationship with initial matrix in the bottom of layer. The nc-Si embedded in 

sapphire do not exhibit light emission in the typical wavelength range of 700-800 

nm. On the contrary, annealing at 1100°C of Si-implanted amorphous Al2O3 films 

results in synthesis of randomly oriented and oxidized nc-Si which display 

photoluminescence in the red / near-infrared range of spectrum. The main reason of 

absence of luminescence from the nc-Si in sapphire is high mechanical stresses  

(~ 1 GPa) leading to the breaking-up the bonds at the nc-Si/Al2O3 interface. 

Existence of such stresses is also confirmed by Raman spectroscopy. 

The work was partially supported by the European Commission through project 

SEMINANO, Russian Ministry for Education and Science (RNP Programme), 

CRDF (BRHE Programme), and grant of the President of Russian Federation (MK-

3877.2007.2). 
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The research results of magnetic microstructure change of La, Ga-substituted 

ferrite-garnet films (FGF) implanted by the fluorine ions conditioned by laser 

irradiation action presented in the report. The researches are realized by Messbauer 

spectroscopy method. 

It is set, that effective magnetic field on iron nucleus for a- and d-sublattice 

grows on 5-20% as a result of laser irradiation. With the growth of ionic 

implantation dose monotone decreasing character of dependence of magnetic field 

on implantation dose passes to practically unchanging one, that testifies to the 

ordering in the system, conditioned by the laser irradiation. As the effective 

magnetic fields are practically identically for the standards irradiated by laser as 

from implanted side, so from the unimplanted one, it is possible to assert that laser 

radiation is adsorbed only on admixtures and defects of FGF.  

Laser irradiation results in the redistribution of intensities of magnetic spectrum 

component from a- to d-lattice, whil the intensity of paramagnetic doublet remains 

practically unchanging. Laser irradiation for high implantation doses initiates 

diffusion of implanted ions from an amorphisation area that stimulate in turn a 

renewal of primary characteristics of this area and consequently grades the effects 

of high-dose implantation by fluorine ions [1].  

Thus effective magnetic field on the nuclei of a- and d-sublattice is multiplied 

on 20% and integral intensity of separate component is increased in 2 times at 

implantation dose of 1·1013-6·1013 ion/cm2.
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Thin (1-4 µm) titanium oxide films were synthesized on porous Hastelloy-X 

substrates using pulsed - DC magnetron sputtering technologies. Deposition rate in 

dependence on distance between substrate and magnetron were investigated. 

Results showed that deposition rate increase linearly as distance between substrate 

and magnetron decreases. Magnetron power and pressure were kept constant 

during deposition processes. It is shown that deposition rate also depends on 

magnetron power. As magnetron power increases deposition rates increase linearly 

too. Deposition rate in dependence on oxygen partial pressure as distance between 

substrate and magnetron were kept constant (3 cm) and magnetron power was 

constant (370 W) were investigated. Deposition rate decreases up to 15% as 

oxygen partial pressure increases from 1.3 to 6 Pa in the vacuum chamber. We also 

observed deposition rate decrease up to 15% with the application of bias voltage 

(70 V) to the substrate. The characterization of film structure was carried out by X-

ray diffraction. Surface topography and cross sectional views were monitored by 

scanning electron microscopy. It showed that formation of pure titianium oxide 

was observed in all experimental cases. Only crystallite sizes and orientation were 

changes. Results showed that there is possibility to change porosity and uniformity 

of the growing film by changing distance between substrate and magnetron or 

increase of oxygen partial pressure during deposition or bias application to the 

substrate. The existence of columnar boundaries and nanocrystalline structure in 

the films were observed. 
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Coarse-grained molecular dynamics computer simulations have been used to 

investigate the damage of thick benzene crystal induced by 5 keV C60 projectile 

bombardment. The sputtering yield, mass distributions and the depth distributions 

of ejected organic molecules are analyzed. The temporal evolution of the system 

reveals that impinging C60 cluster leads to creation of almost hemispherical crater. 

Most of the molecules damaged by the projectile impact is ejected into the vacuum 

during cluster irradiation. Similar behavior does not occur during atomic 

bombardment where a large portion of fragmented benzene molecules remains 

inside the crystal after projectile impact. This “cleaning up” effect explains why 

secondary ion mass spectrometry (SIMS) analysis of organic samples with cluster 

projectiles can produce significantly less accumulated damage compared to 

analysis performed with atomic ion beams. 
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Transmission Electron Microscopy (TEM) has been used to observe the 

spatially isolated disordered zones in InP resulting from 100 keV Au ion irradiation 

at room temperature and which act as precursor structure for reaching complete 

amorphization of the top layer at ion fluences ~2.5 1013 ions/cm2. The 

accumulation of damage due to the 100 keV Au ion irradiation was described in 

this material using a composite theoretical model accounting for both homogenous 

and heterogeneous amorphization processes. Recovery of disorder in the form of 

spatially isolated disordered zones was induced by electron irradiation and was 

characterized by in-situ TEM observation. The total areal fraction of the disordered 

zones in initial electron pre-irradiated InP decreased as a function of irradiating 

electron fluence at all the investigated electron energy range (100-300 keV).  

The in-situ TEM recovery of disordered zones shows that these zones are 

sensitive to electron beam irradiation and recover even under electron energies not 

sufficient to directly elastically displace lattice atoms, i.e. subthreshold energies for 

both constituent atoms In and P. This implies that inelastic electron energy loss 

processes might play a dominant role for disordered zone recovery. Individual zone 

shows erratic recovery behavior which is independent of their initial sizes which 

implies the complexity of the recovery process relative to recovery processes of 

uniform amorphous layers in irradiated semiconductor materials. 
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Some results of InP single crystal studies after irradiation by high energy Bi 

(710 MeV) and Kr (353 MeV) heavy ions were presented in [1-3]. In this paper InP 

samples [001] were irradiated with 200 MeV Au ions in wide interval of fluences 

(from 1010 ion/cm2 to 1014 ion/cm2). The surface nanotopographical changes due to 

increasing of swift heavy ion irradiation fluences were studied by atomic force 

microscopy (AFM) where the onset of large increase in surface roughness for 

fluences sufficient to cause complete surface amorphization was observed. 

Transmission Electron Microscopy was used to observe formed bulk ion track 

structures in InP and high resolution TEM (HRTEM) revealed that single ion tracks 

might not be amorphous in nature. Surface ion tracks were observed at low ion 

fluences by AFM in the form of crater like pits or hollows of about 12 nm in 

diameter. In addition Rutherford backscattering technique was utilized to follow 

the formation of disorder to amorphization in the irradiated material. It was shown 

complete amorphization takes place of at a fluence ~5×1013 ions/cm2. The 

interpretation of the large increase in surface roughness with the onset of 

amorphization can be attributed to the plastic phenomena induced by the change of 

states from crystalline to amorphous by ion irradiation.  
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The ternary semiconducting compound CuInSe2 is an excellent material for the 

development of thin film solar cells. The combination of a high absorption 

coefficient, long term stability and excellent radiation hardness makes them 

candidates for use in the hard-radiation conditions (for example, in space power 

systems). The passivation of radiation defects might increase the solar cells 

durability. As is well known, hydrogen is capable to decrease the electrical activity 

of defects and grain boundaries due to passivation effect.  

In this work we study the effect of hydrogen ion beam treatment on the 

photoluminescence of p-CuInSe2 films. Polycrystalline p-CuInSe2 thin films on 

Mo-coated glass substrates were prepared by selenization of co-sputtered Cu-In 

multilayers in the quartz tube under N2 flow with solid Se source. The 

hydrogenation was carried out at 300°C during 30 min. The ions energy and 

current density were equal to 300 eV and 0.15 mA/cm2, respectively. 

The photoluminescence (PL) spectra were measured at 78 K. The experimental 

results have demonstrated that the hydrogen ion-beam treatment leads to the strong 

(more than in one order of magnitude) increase of the near band-edge PL intensity. 

The PL spectra of hydrogenated p-CuInSe2 films showed only one broad intense 

band. The obtained results indicate the suppression of non-radiative recombination 

in the studied films due to hydrogen passivation of electrically active defects. 
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Standard commercial n- and p-type 0.5-40 cm Cz Si wafers were subjected to 

hydrogen or argon ion-beam treatment at 25-350oC. The ion energy was equal to 

100-400 eV, ion current density – 0.1-0.15 mA/cm2, duration of treatment –  

5-40 min.  

The structural properties of the near-surface region of the ion treated wafers 

were studied using the ellipsometry (wavelength 632.8 nm), Auger spectroscopy 

combined with ion etching and X-ray Photoelectron Spectroscopy (XPS) methods. 

The measurements of DC and AC conductance, surface resistance, thermoEMF 

and photovoltage spectra for the treated wafers were used to examine their 

electrical properties. 

The conducted experiments have shown that hydrogen and argon ion beam 

treatments have close influence on the electrical properties of the Cz Si wafers. In 

particular, for the ion treated surface of p-type wafers the appearance of 

photovoltage signal in the wide spectral range and change of thermoEMF sign are 

observed that points to the barrier formation. The measurements of transversal 

capacitance-voltage characteristics enable one to suppose that this barrier 

formation is determined by two mechanisms. The first one is the appearance of a 

fixed positive charge in the surface silicon oxide layer due to the ion (both H+ and 

Ar+) treatment, and the second one is the enhanced thermal donors formation as a 

consequence of hydrogen introduction into silicon. 

As our experiments have shown, both hydrogen and argon ion beam treatments 

lead to the formation of thin (several nanometers) oxygen-containing insulating 

layer on the treated surface. However, the thickness of this layer and oxygen in-

depth distribution depend on the regime of ion-beam treatment and type of ions 

incorporated. The mechanisms of the observed oxygen-containing insulating layer 

formation will be discussed. 
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It is well known that the hydrogen and helium implantation of silicon wafers is 

the basis of Smart-Cut technology [1]. At the same time, the behavior of the buried 

layer created by such implantation strongly depends on the implantation dose and 

the regime of subsequent heat treatment. In this connection, there are reasons to 

believe that the use of appropriate experimental conditions makes it possible to 

form in silicon wafers specific kinds of defects applicable for the solid-state 

electronics. The attempt of experimental realization of this idea is undertaken in the 

presented work.

Standard 4.5 cm n-type and 12 cm p-type Cz Si wafers with the initial 

oxygen content of 1 1018 at/cm3 were subjected to implantation at room 

temperature by the helium ions with the energy 200 keV (Rp = 1.4 m) and 

different doses: 1 1015, 5 1015, 1 1016 or 2 1016 at/cm2. Then the implanted wafers 

were annealed in vacuum at 800o . After that, oxygen or nitrogen were introduced 

into silicon from a plasma source in the dose of 2 1017 cm-2 and, finally, the 

samples were again subjected to a vacuum annealing at 900oC.

The structural and electrical properties of the samples studied were investigated 

using SEM, SIMS, RBS methods, as well as lifetime, SPV and surface resistance 

measurements. The performed experiments have shown that the suitable selection 

of the treatment conditions allows to form in silicon wafers 1-D defects normal to 

the surface plane with the length equal to Rp of implanted ions. In so doing, the 

regions of silicon wafer between the formed defects retain monocrysralline 

structure and the surface of wafers is practically defect-free.  

The possible mechanisms of processes leading to the defects formation are to be 

discussed.
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The principal aim of the presented work is to study buried SixNy layers formed 

using the nitrogen gettering onto the defect layer created by the hydrogen 

preimplantation.  

Standard 20 cm boron doped Cz Si wafers were subjected to hydrogen ion 

implantation at room temperature with the energy of 100 keV and the doses 4 1016

or 1 1016 at/cm2. Then the nitrogen was introduced into silicon from a DC plasma 

source at the temperature not exceeding 300o . Finally, all samples were annealed 

at 700o  during 2 h in vacuum.  

The structural properties of the formed samples were studied by SIMS and SEM. 

SEM study was carried out both in the secondary electrons and the Surface-

Electron-Beam-Induced-Voltage modes.  

The experiments have shown that (i) the appropriate choose of the experimental 

conditions make it possible to accumulate the nitrogen at the buried defect layer 

even at such low-temperature heat treatments (Fig. 1) and (ii) the formed nitrogen-

containing layer reveals semi-insulating properties.  
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Figure 1. Nitrogen in-depth distribution obtained by SIMS in silicon wafer subjected to 4 1016 at/cm2

hydrogen implantation with subsequent nitrogen DC plasma treatment and 700o  vacuum annealing 
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Tungsten silicide formation in multilayer tungsten/silicon multilayered structure 

was investigated. The W-Si multilayers were deposited on thermally oxidized 

silicon substrate wafers using the dual-target magnetron sputtering system. The 

thicknesses of each tungsten and silicon sublayers were equal to 100nm. 

Deposition of the whole stack of sublayers was carried out without breaking 

vacuum in order to eliminate contamination or oxidation of the interfaces between 

tungsten and silicon sublayers. The top layer was always Si. Samples were 

annealed after layer deposition for 40s in 5N Ar gas flow in the RTP furnace at 

temperatures ranging from 700oC up to 1050oC. Some of the structures were 

irradiated with argon ion beam before annealing. Reactions between sublayers 

were studied using TEM method on cross-sectional cleavages and by x-ray 

diffraction analysis of samples annealed at different temperatures. Influence of the 

irradiation with argon ion beam on structural transformations was investigated 

using RBS analysis performed on the three-layer Si/W/Si structures. It has been 

found that tungsten silicide formation depends on the deposition sequence. The 

reaction was more effective on interfaces between silicon layer deposited on 

tungsten surface then on interface between tungsten deposited on silicon surface. 

Ion beam mixing experiment showed that ion-target interaction promotes formation 

of the WSi2 phase. 
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In the work the silicon diodes were analyzed, fabricated on the silicon wafers, 

homogenously doped with the phosphorus with the resistivity of 90 Ohm m. The 

p n junction occurrence depth xj  13 µm. The diodes were irradiated from the 

p  area with the ions of xenon Xe 23: the irradiation energy – 130 MeV 

(Rp  16.4 µm), fluence of ions – from 5 109 to 1011 cm–2.

Figure 1. Lines of the constant value of the imaginary part of impedance Z’’(f, U) in Ohms of diodes: 

a – non-irradiated, b –  irradiated with electrons (energy – 3.5 MeV, fluence – 5 1015 m–2),

c – irradiated with Xe 23 ions (fluence 5 1015 cm–2)

It is established, that the diodes irradiated with Xe 23 ions possess the more 

complicated (as being compared with the initial and electron irradiated diodes) 

dependences of the imaginary part of impedance Im Z Z'' on the frequency f and 

the direct voltage drop U (see Fig. 1). The peculiarities of Z''( f, U) are related to the 

presence of the adjacent to the space charge area thin layer of the highly defected 

silicon. As a result of this, for the correct analysis of the C-U characteristics it is 

necessary to use the multi element equivalent circuit and to take into account the 

effect of “passing” the edge of space charge area through the layer with the 

increased concentration of the radiation defects in n Si. 
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Since its invention, laser desorption/ionization (LDI) with or without matrix 

assistance has found widespread application in mass spectrometric analysis of 

chemical and biochemical compounds [1]. The fragmentation of carbon 

nanoprticles during laser desorption/ionization is under great interest of many 

scientists.

In this work we report the results of experimental studies on the effects of 

support target materials in laser desorption/ionization mass spectrometry (LDI-MS) 

[2]. Comparision of results obtained for fragmentation of fdullerene C60 deposited 

onto a standard stainless steel sample holder and onto several support materials 

(teflon foil, glass, floppy disc foil, photocopy film, scotch tape, mica) are reported. 
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Figure 1. LDI-TOF mass spectrum of fullerene C60 deposited on mica support material 

All presented LDI mass spectra are received by using time of flight (TOF) mass 

spectrometric instrumentation, equipped with the nitrogen laser ( =337nm). 
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One of the main challenges in today’s solid oxide fuel cell (SOFC) technology 

is the reduction of their operating temperature. New types of oxygen ion 

conducting materials are currently under investigation to overcome the problems 

which SOFC face at high temperatures. Samarium doped ceria oxide (SDC) was 

the material of choice in this work. Optical quartz (SiO2) and Fe-Ni-Cr alloy (Alloy 

600) were the two types of substrates chosen onto which SDC thin films were 

deposited by e-beam evaporation technique. It was observed that because of the 

ionized particle presence in the SDC vapor stream bias voltage applied to the 

substrate during film growth can have a significant influence on film formation, its 

microstructure and density. Changes in crystallite size and surface morphology 

were determined from X-ray diffraction data and scanning electron microscopy 

images. Influence of bias voltage on film thickness, porosity and refractive index 

on optical quartz were calculated from transmittance spectra data by using 

Swanepoel method. 
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In this work tin doped indium oxide (ITO) thin films were deposited onto soda 

lime glass substrates by direct current magnetron sputtering system. The 

dependence of electro-optical characteristics of the films on the sputtering pressure, 

Ar/O2 working gas flow ratio, the discharge power and substrate temperature was 

investigated.

The surface resistance of ITO films was found in the range of 36-1000 /. The 

transparency was in the range of 70-90% in the visible spectra region. Thickness of 

the films was 200-250 nm.  

Transparency of the ITO films was measured with ultraviolet and visible light 

spectrometer (UV-VIS) measurements. Thickness and refractive index of the 

deposited films were measured by laser ellipsometer. The surface morphology of 

the films was investigated by atomic force microscopy (AFM) method. The X-ray 

photoelectron spectroscopy (XPS) method was applied for analysis of thin films 

surface chemical composition. 

It was found that in-situ measuring at plasma emission spectra by OES method 

allowed prediction and control of parameters of ITO thin films namely resistivity 

and transparency. The correlation between the thin film resistivity and optical 

transparency and kinetics of deposition was examined.  
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Diamond-like carbon (DLC) films are under top of the considerable interest due 

to their outstanding tribological, chemical, optical and electrical properties. 

Introduction of the SiOx clusters into the diamond like carbon matrix results in 

improved functionality of the DLC films such as reduction of the internal stress, 

better adhesion with different metallic substrates, higher wear resistance, higher 

optical transmittance, higher thermal stability and increased hydrophobicity. 

Structure, chemical composition and properties of the SiOx containing diamond 

like carbon films can be changed in wide range. Therefore, exact control of the 

SiOx containing DLC film deposition conditions is of the crucial interest.  

In present study SiOx containing diamond-like carbon films were deposited by 

closed drift ion source using hexamethyldisiloxane vapor reagent. Film synthesis 

process conditions were monitored by means of the optical emission spectroscopy 

(OES). Chemical composition as well as optical and electrical properties of the 

films was investigated. Possible relations between the SiOx containing DLC film 

deposition process conditions and composition as well as properties of these films 

have been considered.
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Irradiation of dielectrics with ions is available for aims of optical and other 

properties modification [1]. That stimulates analysis of defects formation processes 

on basis of approaches with the generalized microscopic structural disorder 

parameters of system as whole [2,3]. The absorption edge of the most crystalline 

and noncrystalline materials submit to generalized Urbach equation with 

parameters depending from defects concentration, stoichiometry, portion of 

amorphous and crystalline components, phases proportion [2-4]. Absorption 

spectrums show fanlike behaviour not only with temperature but and variation of 

static disorder parameter stipulated by differ structural nonuniformity [3,4]. 

Purpose of this work is applicability Urbach rule to absorption spectrums of 

alumina irradiated with chromium and titanium ions (100 keV, =1015-1017 cm-2), 

establishment substitution defects, their clusters and disordered solid solution 

effects on Urbach rule criteria and analysis reasons of the absorption edge changes. 

Fanlike behaviour of dose dependencies of alumina spectrums is determined by ion 

induced the quasidynamic disorder [2]. Its parameters are determined by ability of 

ions to form the substitution defects and their clusters. Closed magnitudes of 

transitions energy between its defect states and different efficiency of ions to 

accumulation the substitution defects and its clusterization are reasons of existing 

the common focus of absorption spectrums at energy 4.4 eV. Urbach rule criteria 

are confirmed by dependencies of the isoabsorption optical gap from Urbach 

energy calculated on basis spectrums and focal point parameters according to [2-4]. 
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The possibility of measurements with high precision of every element depth 

distributions in silicon nitride thin films and in amorphous hydrogenated carbon  

(a-C:H) films is discussed in the paper. Such kinds of films are usually used for 

fabrication of microelectronic devices. Element concentrations in the films are very 

important for their optical and electrical properties. In the paper it is shown, that 

the measurement of elastically recoiled protons spectrum is not enough for correct 

calculation of the hydrogen concentration. The partial spectra of the helium ions 

back scattered at carbon or nitrogen atoms do not contain enough information 

concerning their concentrations, because the Rutherford cross sections are too 

small for these light elements. Moreover, these spectra cover the partial spectrum 

of silicon. This effect decreases the precision of determination of light element 

concentration. Thus, the measurement of the back scattered helium ions together 

with the elastic recoiled proton spectrum allows to calculate with high precision the 

element concentration for all three elements (Si-C–H) or (Si-N–H) in the 

investigated layers. 
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The dependencies of the 1s state electron energy level in spherical InAs-in-Si 

quantum dots on their diameter is calculated at absolute zero. The dependencies 

have been obtained by means of both the numerical solution of the Schrodinger 

equation (NSSE) and the numerical self-consistent solution of the Schrodinger and 

Poisson equations (NSCSSPE) [1,2]. At that the nonparabolicity has been taken 

into account. The obtained results are represented in Fig. 1. 

Figure 1. The electron energy level E versus the quantum dot diameter D. The solid curve 

corresponds to NSCSSPE, and the dot one corresponds to NSSE 

The figure shows that there are no bound electron states in the quantum dots 

with the diameter lower than 2.55 nm. Moreover, there is a principal difference 

between the curves below the energy level equal to 0.265 eV. 
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According to modern approach, diffusion of substitutional impurity in 

crystalline silicon is governed by point defects: vacancies (V) and self-interstitials 

(I), which form movable dopant-vacancy and dopant-interstitial pairs. According 

that, we describe the diffusion flux of dopant atoms as: 

grad( ) grad grad( ) grad
V I

E V F IC C C C
J D C C D C C ,

where  is charge carriers concentration normalized to intrinsic concentration, C is 

the concentration of substitutionally dissolved dopant atoms, CV is normalized 

concentration of vacancies, CI is normalized concentration of interstitials; DE and 

DF are the effective diffusivities of dopant atoms in the stress field. The distribution 

of point defects is described by quasi-stationary equation connecting effective 

diffusivities and drift velocities, average migration length, generation and 

recombination of vacancies and self-interstitials. 

The finite-difference method is applied to numerical approximation of the 

obtained system of nonlinear equations. Numerical simulation results are in a 

reasonable agreement with experimental data. The discussed approach allows us to 

model the formation of highly doped shallow (about of 100 nanometres) active 

areas of VLSI elements. The offered method enables to predict observable 

experimentally “kink and tail” profile shapes, the “uphill” diffusion and local 

maxima formation at a crystal surface. The model is computationally effective and 

is applicable to simulating one- and two-dimensional impurity concentration 

profiles in multilayered semiconductor structures. 
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It is well know [1-3] that silicon organic compounds are very favourable 

materials to form thin film dielectric microwave guides by ion irradiation. The 

structure composition and optical properties of silicon organic compounds formed 

on the base of SOG (Spin-on-Glass) films under heat treatment followed with 

irradiation by H+, N+, P+, As+ and Sb+ ions were studied. Before deposition the 

SOG solution (FILMTRONICS, USA) was undergone to a careful filtration. SOG 

films with a thickness of 0.1 to 0.4 µm spin-coated on silicon surfaces were 

annealed in nitrogen or air ambient. 

Laser and spectroscopic ellipsometry were used to measure the thickness of 

films and their optical constants. To solve the inverse problem of ellipsometry the 

ELLIPS computer code, providing us with the time-consuming calculations of 

thickness, refraction coefficients and extinction of thin dielectric films using the 

laser ellipsometry data, was developed. This approach is based on the solution of 

the inverse problem of ellipsometry using a highly-precise four-zone scheme of 

measurements at a few angles (65-73°) of laser beam incidence. The film 

composition was determined by RBS method (1 MeV He+). IR spectroscopy data 

showed that the virgin films had a structure similar to PHMS with a refractory 

coefficient n = 1.41-1.42 (  = 628.3 nm). The refractory coefficient increases up to 

1.55 with a negligible absorption coefficient (K < 0.001) under irradiations by 

protons with an energy of 300 keV and fluencies from 1014 up to 5x1016 ions/cm2.

It is a prospective procedure to fabricate high quality dielectric micro-waveguides. 

The growth of refraction coefficients up to n = 1.7-1.75 with a simultaneous 

increase of absorption by one order of magnitude is observed in a case of 

irradiations with N+ ions (300 keV). 

For specimens irradiated by heavy ions (P+, As+, Sb+) effective values of optical 

constants were determined using the ellipsometry data. Moreover, a correlation of 

n values with the density of inelastic energy losses is discussed. 

The observed changes of refraction coefficient are depending on the structural 

changes occurring in PHMS films under ion irradiation, in particular by shortening 

in the structural links [Si-O-Si]n and by the loss of methyl groups. Simultaneously, 

ion bombardment causes the radiation shrinkage and noticeable changes of film 

composition due to the hydrogen loss. A ratio NSi/NO calculated from the RBS data 

is equal to about 0.5. 
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Program “Nanoparticle” for calculating of optical properties of the 

heterogeneous media made of an ensemble of metallic nanoparticles embedded into 

optically transparent dielectric matrix is presented. Such kind of media could have 

an abnormal refraction coefficient. The program “Nanaparticle” uses Clausius-

Mossotti and Maxwell-Garnett approaches and Mie theory [1], containes a 

database of optical functions for basic optical and semiconductor materials, metals 

and alloys [2]. It allows calculating dielectric function of mixture, refractive and 

absorption coefficients, extinction, reflection and absorption cross-sections of an 

EM wave.

Figure 1. Refraction coefficient (A – solid line), absorption (A – dashed line) and extinction (B)  

of matrix of optical glass, containing Au nanoparticles, calculated using Clausius-Mossotti  

formulas for different specific volumes : 1-0.15, 2-0.25 

Thereby, such optical materials could be used for creation devices managing 

optical emission parameters. Selecting combination ‘matrix-nanoparticle’ it is 

possible to handle magnitude nmix( ) and resonance position on the frequency scale. 
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The method of X-ray diffraction in combination with the layered removal of 

material was used for investigating the processes of defect formation and special 

features of the lattice distortion of the gallium arsenide, irradiated by electrons and 

fast Bi ions. 

The monocrystal GaAs samples with orientation (001) irradiated by electrons 

with the energy of 4 MeV with the dose of 4 1017 sm-2 and by ions Bi with the 

energy 710 MeV with the dose of 4.28 1012 sm-2. The electronic energy losses and 

the projective ion path of Bi calculated with the use of program SRIM’2003 

composed 38 keV/nm and 28.1 m, respectively. The layered removal of material 

(step 6-12 m) was conducted in the peroxide-sulfuric acid etching agent of 

composition (H2SO4:H2O2:H2O = 3:1:1). 

X-ray diffraction investigations of the samples irradiated consecutively by 

electrons and Bi ions revealed the high level of GaAs lattice distortions, in contrast 

to the samples, irradiated only by electrons. The distortion level considerably 

grows with an increase in the thickness of the remote layer to 25 m. It is 

established that the maximum level of lattice distortions is observed at the depth, 

which corresponds to the projective ion path of Bi. The obtained result is well 

agree with the bedding depth of the highly defective layer, revealed with the 

selective chemical etching of the cross section of sample [1].  

The mechanisms of the radiation defect formation, which lead to the disordering 

of the gallium arsenide lattice, are discussed in the work. 

[1] Didyk A., Komarov F., Vlasukova L., Yuvchenko V., Bogatyrev Yu., Korshunov F., Gracheva E. 

Structure changes in InP and GaAs crystals double irradiated with electrons and swift heavy ions, 

Vacuum 2007; 81:1175. 
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Development of analytical methods for monitoring of an urban air pollution is 

essential due to numerous effects of health deterioration observed. The most 

interesting, although still poorly understood, is a mechanism of pathological 

activity of the urban aerosol on human health. This work presents an original 

procedure allowing mass spectrometry analysis of particulate matter deposited in 

human lungs. 

For purposes of this study particulate matter (PM) was collected from urban air 

using traditional filters and also using a method of induced sputum. This method 

allows for a direct observation of this fraction of PM range from total exposition, 

which is absorbed in the human respiratory tract. 

Presented analytical procedure includes several mass spectrometry methods. 

Bulk analysis of the collected material is performed by a spark source mass 

spectrometry (SSMS) on JEOL JMS-01BM2 magnetic sector analyzer. Glow 

discharge mass spectrometry (GDMS) is done on a quadrupole based SMWJ-01 

analyzer. Depth profile analysis of the particles is performed by means of ion beam 

sputtering in secondary ion mass spectrometry (SIMS). The use of SAJW-05 SIMS 

analyzer, equipped with an ion gun PHI 6035, quadrupole mass spectrometer 

QMS-422 Balzers and sample rotation manipulator, allows for “core-shell” 

analysis of particle deposits. The applied procedure enables to find compositional 

and structural differences depending on the on the size of particles.  

This work is in part supported by the Ministry of Science and Higher Education

in years 2006 – 2009 as a research development project No. R13 008 01 and in part 

by CM Jagiellonian University project No. 501/P/2/WOZ. 
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Formation of electrically active defect-impurity complexes upon 30-minute 

isochronal annealing of epi-Si n+-p diodes irradiated with 4-6 MeV at 300 K has 

been studied by means of deep level transient spectroscopy (DLTS). 

The dominant traps observed in the DLTS spectra of as-irradiated samples were 

assigned to donor levels of interstitial carbon – interstitial oxygen pair (CiOi) at  

Ev +0.36 eV, interstitial boron – interstitial oxygen complex (BiOi) at Ec – 0.23 eV 

and divacancy (V2) at Ev +0.19 eV. The DLTS signal due to the BiOi complex 

disappeared from the spectra after anneals in the temperature range 175-200oC and 

the signal due to V2 annealed out in the range 250-275oC with the simultaneous 

appearance of a peak, which was assigned to a donor level of divacancy-oxygen 

complex (V2O) at Ev+0.24 eV. The V2O defect annealed out in the temperature 

range 300-350oC. The DLTS signal due to CiOi complex disappeared after heat-

treatments at temperatures higher than 400oC. The disappearance of the CiOi center 

was accompanied by the appearance of five hole traps with the following values of 

activation energy for hole emission: H5=0.16 eV, E 6=0.22 eV , 7=0.27 eV, 

8=0.29 eV, and 9=0.38 eV. The results of DLTS measurements were 

compared with the results of photoluminescence and infrared absorption studies on 

thermal stability of electron-irradiation-induced defects [1,2]. A donor like trap 

with an energy level at Ev +0.38 eV was assigned to a complex incorporating an 

interstitial carbon atom and two oxygen atoms (CiO2i), which gives rise to the P 

line (h =0.767 eV) in photoluminescence spectra. 

References 
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The work presents the results of research of structures with Schottky barriers 

manufactured on substrate made of n+-type arsenic-doped silicon with =0.003

cm 340±20 micron thick which was covered by epitaxy method with phosphor-

doped silicon layer with =2,6-3,0 cm 8.0-8.8 micron thick. The said structures 

had a buffer ring 1.1-1.4 micron thick with Rs=1000±50  and peripheral SiO2

protective layer 0.65-1.0 micron thick. Molybdenum layer 0.3±0.03 micron thick 

was used as a barrier. Structures crystals area amounted to 8.6 mm2.

The samples were irradiated by electrons with 6 MeV energy in Elektronika  

U-003 electron accelerator at room temperature. Electron flow rate amounted to 

2 1012 cm-2s-1.

Parameters of direct and reverse current-voltage characteristic as well as barrier 

layer capacitance of the researched structures were controlled before and after 

irradiation. DLTS method was used for analysis of spectrum of residual deep level 

centers and centers created during electron irradiation. 

The work helped to acquire dosage dependences (within fluences range of 

1 1013-3 1016cm-2) of change of electrical parameters set of Schottky barriers used 

in many types of fast semiconductor devices. Dependence of structures breakdown 

voltage on electrons fluence measured immediately after irradiation completion is 

presented herein as well as dependence of breakdown voltage recovery on the time 

of structures holding at room temperature. It is shown that radiation induced 

decrease of breakdown voltage starts at electron fluences of about 1 1012 cm-2 with 

maximum decrease occurring at 2 1014 cm-2. Analysis of possible reasons of the 

change of structures breakdown voltage at the initial irradiation stage is presented 

herein. Data on stability temperature range of such changes are also presented. 
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Time of Flight SIMS (TOF-SIMS) spectrometers are widely used in many 

applications when surface analysis is important. Although excellent performance, 

commercial devices are not always acceptable because of high costs or specific 

demands which often imply construction of prototype experimental setup. In many 

such cases designers have no possibility to use advanced design techniques, e.g. 

accurate computer simulations, and even to predict a range of optimal working 

parameters of constructed apparatus. The typical adjusting of final settings requires

many test measurements. The number of tests is strongly increasing with a number 

of free parameters of a device. This contribution presents our work on an

application of Design of Experiments (DOE) method to optimize parameters of the 

prototype linear TOF-SIMS spectrometer. It shows that the use DOE method 

allows to reduce significantly the number of test measurements, and therefore to 

shorten the adjusting procedure to a minimum. 
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Differential reflectance spectroscopy (DR), a sensitive optical modulation 

technique, and spectroscopic ellipsometry (SE) have been applied to study ion -

 implanted GaAs. In the present work the results for 5 keV Ar+ ion implanted (100) 

GaAs wafers at fluencies ranging from 3 1011 to 1 1014 ions/cm2 are discussed. 

Both DR and SE spectra were collected for the photon energies varying from 1.65 

to 3.35 eV. Owing to the experimental conditions it was possible to obtain 

information about the E1 and E1+ 1 critical points of a GaAs band structure. Using 

DR modulation method we are able to measure relative changes of reflection 

coefficient R/R at the level of 10-3-10-4. The DR results show broadening in the 

vicinity of the critical points. This effect is the result of the variations in the surface 

electric field caused by ion implantation. However, SE spectra do not reveal 

significant changes at the nearby of E1 and E1+ 1 transitions energies for the 

studied samples. The most important advantage of the DR technique over 

spectroscopic ellipsometry is its ability to detect very low level damage. The DR 

technique enable investigation of beginning stages of radiation damage, monitoring 

order - disorder transitions as well as ion beam-induced changes of dielectric 

constants. The sensitivity and relative simplicity of the DR spectroscopy will be 

demonstrated in this work. 

*
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Single crystals of semi-insulating (100) GaAs have been implanted with 

250 keV In+ ions at a fluence of 3 1016 cm-2. After implantation GaAs surfaces 

were covered with a protective Si3N4 layer of 2 µm thickness. The implanted GaAs 

samples underwent isobaric annealing at 600 C and 800 C in argon atmosphere for 

0.5 and 2.0 hrs. In order to determine the optical parameters (refraction index and 

extinction coefficient) the samples were examined by Variable Angle 

Spectroscopic Ellipsometry (VASE). 

The ellipsometric parameters  and  have been measured at three angles of 

incidence:65o, 70o and 75o in the range of photon energies from 1.24 eV to 4.95 eV. 

Additionally the Multi Angles of Incidence Ellipsometry (MAIE) measurements 

were performed in the vicinity of the E1, E1+  and E2 critical points. On the basis 

of the spectroscopic measurements the spectra of pseudo dielectric function were 

calculated for all investigated samples. These results were compared with the data 

obtained for unimplanted and annealed GaAs and InAs reference samples. It was 

noticed that after thermal annealing the crystalline structure of the ion beam-

irradiated surfaces of GaAs has been reconstructed. In the next step the values of 

principle angles and the phase shift of polarized light were obtained. These 

parameters were compared with the values calculated using appropriate models. It 

was observed that the diffusion process of indium atoms in the subsurface regions 

of the samples causes the change of the optical parameters. Additionally the depth 

profiles of indium atomic concentration were determined basing on the results of 

Rutherford Backscattering Spectroscopy (RBS) measurements. The effects can be 

explained by formation of InGaAs and InAs alloys in the subsurface layers. 
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Monocrystalline silicon targets were submitted to a beam of antimony ions. The 

Sb+ ion implantation was predicted by simulation and characterized experimentally. 

In particular, the lateral redistribution of Sb+ ions in the targets, was the effect of 

interest.

The Si(111) or Si(100) substrates were implanted with Sb+ ions at 60 keV 

energy to a dose of 5 1014 Sb+cm-2 and annealed at 900°C, 30 min. under oxygen 

atmosphere. The simulation was performed using the code TRIM whereas the 

experimental characterization was carried out by Rutherford backscattering 

spectroscopy (RBS) using 0.3 MeV H+ particles and a high resolution detector. 

Several parameters (the lateral redistribution (R ), the projected range (Rp), the 

standard deviation ( Rp), etc.) were simulated and compared to the experience.  

A good agreement was obtained. 

Concerning the lateral redistribution of Sb+ ions in the targets, the experimental 

results revealed that the phenomenon was more important in Si(111) samples with 

regards to Si(100).
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Aberrations of electron and ion optical systems are the fundamental restriction 

for designing of any optical systems. Applying additional charges, non-uniform 

static and alternating fields or different kind of field symmetry approach the 

compensation of aberrations to a great extent can be reached [1]. However, such 

compensations are technically complicated and essentially increase cost of the 

setups as whole. We suppose that the more efficient way is to apply inside of the 

setups such elements and systems which could ensure the necessary minimum 

aberrations itself. This work is aimed to give an analysis of the operation of such 

systems. The time distributions of protons of 240 keV energy were measured. 

Protons passed through the glasses (boron-silicon) capillary with a diameter of 0.1 

and length of 30 mm at the axial entry angle of particles ± 0.0º and in the range of 

proton beam currents from 10-12 to 10-11 A. The competition of the processes of the 

charging to internal surface of the narrow capillary and drains of the charge 

provides the oscillation nature to time dependency of the current passed capillary 

proton.  
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Figure 1. Time distribution of protons (E=240 keV) 
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We present evidence of the focusing effects of fine glass capillary optics for H+

ion beams. In this article we describe the fabrication method and the results of 

performance test of such tapered glass capillaries, and indicate that a very strong 

focusing effect does exist. The glass capillary optics is formed by a puller as to 

have inlet diameters of about 3 mm and outlet diameters of submicrons. The total 

length of the optics is about 80 mm. Impingent 240 keV protons to such optics are 

reflected by the inner wall several times, in a very similar process to the so-called 

surface channeling. The tapered angle is designed to be less than the critical angle 

of channeling so that the ion beam can penetrate the inner space just like channeled 

ions in single crystals. Compared with the conventional micro-ion beam facilities, 

the present method is certainly simple and low cost, thus providing an easy method 

of submicron Rutherford backscattering spectrometry or particle induced x-ray 

emission analyses [1]. In addition, if the ion species are extended to heavier 

elements, the present method provides versatile maskless ion implantation 

techniques.
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We present the results of investigation of the application of ion implantation for 

obtaining planar and bulk diffusion structures on the basis of CdXHg1-XTe

structures. We have used graded band-gap epitaxial layers grown by isothermal 

vapour phase epitaxy in a closed volume [1], [2]. The growth was carried out by 

the evaporation-condensation-diffusion (ECD) method on single monocrystalline 

substrates CdTe ((111) and (110)). Element of Vth group of periodic table (As+, 

=80-100 kev; D=1014-1015cm-2) was used for implantation. The impurity was 

implanted in the near–surface regions of undoped epitaxial ECD CdXHg1-XTe with 

n-type of conductivity. High temperature treatment (  = 400÷600 ) in vapour of 

main components has been used when forming planar barrier structures for 

diffusion annealing and activation of the impurity. In order to obtain bulk diffusion 

structures we have used doping of CdXHg1-XTe during ECD epitaxy process in 

which the surface of undoped single crystalline CdTe substrate served as a source 

of impurity. Examples of fabrication of bulk diffusion structures with local 

incorporation of the impurity in the CdXHg1-XTe epitaxial layer have been 

presented. Crystal perfection and quality of the surface of the obtained CdXHg1-XTe

diffusion structures have been studied by the complementary structural and atomic-

force microscopy techniques. Doping efficiency has been estimated by the 

comparison of results of electrophysical measurements and secondary ion mass 

spectroscopy. The analysis carried out indicates the high level of electrical activity 

of the impurity (close to 100%) in the obtained material, with its crystal perfection 

and quality being not disturbed after the technological processes. 
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Electrically active defects induced in Ge crystals and Ge-rich SiGe alloys by 

implantations of hydrogen ions with energies in the range from 500 keV to 2 MeV 

and doses in the range from 1 1010 cm-2 to 1 1015 cm-2 and subsequent post-

implantation heat-treatments have been studied by means of capacitance voltage 

(CV) measurements and deep level transient spectroscopy (DLTS). 

It was found that low doses (<5 1010 cm-2) of H implantations resulted in DLTS 

spectra similar to those observed after MeV electron irradiation. The Sb-vacancy 

complex was the dominant deep level defect in the lightly implanted samples. After 

implantations with doses higher than 5 1010 cm-2 peaks due to more complex 

defects were observed in the DLTS spectra. Implantations with heavy (>1 1014cm-2)

doses of H ions caused the formation of a subsurface layer with high (up to 1 1017

cm-3) concentration of donors. These donors were eliminated by anneals at 

temperature higher than 100oC. Heat-treatments of the heavy proton-implanted Ge 

samples in the temperature range 250-300oC resulted in the formation of shallow 

hydrogen-related donors, the concentration of which was maximum in a region of 

the projected depth of implanted protons. The maximum peak concentration of the 

H-related donors was about 2 1016 cm-3 for a H+ implantation dose of 1 1015 cm-2.

The same hydrogen-related donors were formed in proton-implanted dilute  

Ge1- Si  alloys (0 x 0.031) as well as in Si-free Ge samples. However, the 

increase in Si content resulted in a significant decrease of the concentration of the 

H-related donors. The possible origin of the H-related donors and mechanisms of 

silicon impurity induced suppression of their formation are discussed.  
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Oxide materials with high proton conductivity (because of their high selectivity 

of hydrogen) are good candidates for hydrogen separation membranes. One of the 

candidates for proton conductivity is corundum type chromium oxide thin films. 

The chromium oxide thin films could be formed by different techniques. The 

pulsed magnetron sputtering is one of the chromium oxide thin films synthesis 

techniques, which is versatile and more effective than other magnetron sputtering 

techniques.

The main requirement for chromium oxide thin films used for hydrogen 

separation is dense microstructure and stoichiometry. The influence of pulsed DC 

sputtering technological parameters (oxygen partial pressure and the distance 

between the substrate and the magnetron cathode) on the properties of formed 

chromium oxide thin films were investigated in this work. The oxygen pressure 

was changed form 2 Pa to 16 Pa and the distance of the substrate to the magnetron 

cathode – from 3 cm to 5 cm. Chromium oxide thin films were characterized by  

X-ray diffraction (XRD), scanning electron microscope (SEM), energy dispersive 

X-ray (EDX), and ellipsometer. Thin films of chromium oxide were deposited onto 

Alloy- 600 (Fe-Ni-Cr), Hastelloy-X, quartz, and silicon substrates. The formed 

chromium oxide thin films showed an amorphous structure. The polycrystalline 

structure was obtained when the distance of the substrate to the magnetron cathode 

was 3 cm. Cross sections of synthesized chromium oxide thin films show that they 

grow with columnar structure.  
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Diamond like carbon is generally used as a bio-compatible coating in new 

medical and engineering applications. The surface physico chemical properties of 

diamond thin films have significant influence on its biomedical response. These 

properties depend mostly on synthesis conditions and the ratio of diamond/graphite 

content of the final product material. In this work a theoretical model for the 

simulation of bio-medical coating in plasma deposition processes will be 

investigated. Here, a chemical kinetics model for most important molecular 

processes occurring in the plasma gas phase and gas-surface interactions in the 

deposition of diamond like carbon films will be presented. Finally regarding the 

diamond deposition processes in plasma medium, the production rate of the 

activated plasma species, the growth rate of the diamond like carbon film, and the 

relative growth rate of sp3/sp2 ratio of the deposited thin film in different 

temperatures will be presented. Our investigations are focused on the molecular 

processes in the gas phase of plasma and the elementary interactions of activated 

gas phase species with the deposited diamond surface. The model quantitatively 

predicts the kinetics concentration of important plasma activated species. Also the 

net rate of the production of the activated plasma gas, surface, and bulk phase 

species will be calculated. Finally the growth rate of diamond like carbon films in 

different reactor conditions and the sp3/sp2 growth ratio in different reactor 

temperatures will be calculated. Our calculated working-zone for bio-compatible 

diamond deposited films shows good agreement with experimental results in 

literature.
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Results are presented of the RBS/channeling study of the structural defect 

behavior in ion bombarded AlxGa1-xN (0 x 1) compounds at RT. AlGaN epitaxial 

layers of 1µm thickness and varying composition grown by the MOVPE technique 

on sapphire substrates were used in our study. Experiments consisted of 

implantation with 320 keV Ar ions to fluences ranging from 5 1012 to  

1 1017 at/cm2 followed by RBS/channeling measurements using 1.7 MeV 4He ions. 

Damage distributions were evaluated using the McChasy Monte Carlo simulation 

code assuming that they consist of randomly displaced lattice atoms. Detailed 

dependence of damage buildup on the alloy composition was determined and 

evaluated in the frame of the multi-step damage accumulation model.  
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Kinetic of the double and shallow hydrogen-related donor accumulation in 

epitaxial silicon, implanted with protons, was investigated. Schottky diodes 

fabricated on epitaxial n-Si ( =1.2  cm) were used. The samples were implanted 

with 300 keV H+ ions (F = 1·1015 cm-2) through the multilayer metallic (Al-Ni-Mo) 

contact. The distributions of electron concentration species in diodes were 

measured by standard C-V-method (frequency 1 MHz) at room temperature. The 

annealing of implanted samples was carried out in the quartz tube in the air. 

The distribution of electron species in the sample, implanted with protons during 

different times at the 275º  treatment are brought. It was revealed that the region 

of the electron concentration abundance is formed at (0.2-0.7) mkm from the 

metal-semiconductor boundary in. This was caused by shallow hydrogen related 

donor (H-donors) formation. Treatment of samples at 100º  for 7 hours resulted 

the partially reverse decreasing of the electron concentration. Following quenching 

at 200º  to water or injection of the minority charges resulted the recovery of the 

abundance electron concentration. Thus, we can detect the part of the bestable  

H-donors from the whole donor concentration. It allows to investigate the kinetic 

of both H-donors types accumulation.  

Kinetic parameters for bistable and untransformatable H-donors were 

determined accordingly: 1=2.3 eV, 01=9.1 10-17 s, N01=(1 0.1) 1016cm-3,

2=1.4 eV, 02=4.2 10-9 s, N02=(3 0.1) 1016cm-3. The meanings of parameters 

1 and 01 for observed bistable H-donors were almost coincided to one for the 

accumulation EPR kinetic for the Si-AA1 bound that were caused by double 

hydrogen-related donor in HDD+ condition. This supported the model of bistability 

based on the preposition of negative effective correlated energy (U<0) of double-

charged donor. 
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Supercapacitors (SC) are energy storage devices that attracted much attention 

due to their high power density (>1 kW/kg), large capacitance (up to 780 F/g) and 

long number of charge-discharge cycles (>104) [1]. The two-stage formation 

technology of SC electrodes was used encompassing the methods of plasma spray 

and magnetron sputtering deposition. The carbon electrodes of SC were deposited 

on stainless steel substrates at atmospheric pressure. Argon was used as the plasma 

working gas (the flow rate – 6.6 l/min) and an acetylene – as precursor (the flow 

rates – 0.12 l/min, 0.165 l/min, and 0.236 l/min). The ratio Ar/C2H2 was equal to 28, 

40, and 55. The plasma torch power was in the range 750 W and 830 W, the 

distance was – 5 mm, and the duration of deposition – 150 s.  

Nickel oxide (NiO2) film of 72 nm thickness was deposited on the top of carbon 

coating employing reactive magnetron sputtering deposition. The magnetron 

current was 1 A, while voltage – 280 V. The oxygen working pressure of 1.36-1.85 

Pa was maintained during deposition.  

It is shown that the deposition of NiO2 film on the top of graphite layer 

significantly affects both surface topography and structure of graphite layer. The 

restructuring of graphite layer takes place during deposition NiO2 film driven by 

stress relaxation processes. The capacitance (C) and the maximum working voltage 

(U) of fabricated SCs were measured. It is shown that the electrical parameters of 

SCs are in complex dependences on the properties of graphite and NiO2 layers. For 

example, the stability voltage decreases from 0.40 V to 0.28 V, meanwhile the 

capacitance increases from 0.03 F to 0.13 F as the plasma torch power increases 

from 750 W to 830 W for films prepared at Ar/C2H2 = 55.
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Microhardness of monocrystall n-Si wafers implanted by high-energy boron 

(13,6 MeV) and oxygen (19,7 MeV) ions in the fluence range 1.1014-1.1016 cm-2

was studied. Projected ranges RP of the ion species used in our experiments were 

about 15 µm. The density of an ionic current varied in an interval from 0.3 to 2.5 

/sm2. Measurements of microhardness were carried out by a standard technique 

along a direction <100>.

It was established, that the high-energy implantation leads to hardening of 

surface (thickness up to 1 µm) layer of silicon monocrystals. On depths from above 

2 µm changes of microhardness was not observed. The effect of surface irradiation 

hardening essentially depends on the kind and doze of implanted ions. So at 

implantation of B+ ions the specified effect reached a maximum at the fluence ~ 

5.1014 sm2. For O+ ions this effect did not leave on saturation even at the maximal 

doze 1.1016 sm2.

It is shown, that surface irradiation hardening of silicon is caused by electrically 

inactive interstitial defects (in the sizes up to 5 µm). These defects are formed 

during diffusion to a surface of silicon own interstitial atoms (I) from the layer 

broken by ionic implantation. The maximum on doze dependences of surface 

radiating hardenings is caused by effective capture of own interstitial atoms I in the 

layer broken by ionic implantation. While the doze increased interstitial atoms I 

form complexes within the implantation defect layer. The increase in ion weight 

leads to acceleration of interstitial complexes formation within the implantation 

defect layer; that leads to decrease of concentration of diffusing own interstitial 

atoms. Therefore a maximum on dose dependence for heavier ions of oxygen was 

not reached. 
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In the present work by methods of the Hall effect, ESR and IR absorption 

features of annealing the layers of silicon implanted by are investigated ions In+

(energy 5.6 and 13.6 eV), O+ (8.1 and 19.7 eV), r + (19.7 and 46.9 eV). It is 

established, that reduction of specific energy of an ion leads to displacement of a 

stage annealing divacancies in the area of higher temperatures. It is caused by 

reduction of length projected ranges and straggling impurity and, accordingly, 

narrowing of area of the maximal deficiency of crystal. The result of it is decrease 

in size of the distance necessary for migration divacancies on the centers 

annihilation or drains. Characteristic feature of high-energy introductions in 

comparison with low-energy implantation is the increase in temperature of 

annealing center Si-P1 (pentavacancy) up to 625º . Temperature stability of the 

given centers and width of lines ESR corresponding to them testify to presence of 

an extended “friable” defective layer in which inclusions of an amorphous phase 

are concentrated. 

After high-temperature annealing the layer of introduction has areas of the 

increased resistance which coincide with maxima of effective generation 

devacancy during irradiation. The analysis of dependence of size of resistance in 

the specified layers from a kind and a doze of an introduced impurity, and also 

from type of conductivity of silicon substrate has allowed to conclude that the 

given effect is caused by formation during high-temperature annealing fine of 

donor the centers. They are most likely to be oxygen so-called «superfluous 

donors», formed as a result of adsorption of own radiating defects (for example, 

devacancy) on electric active oxygen clusters. Carrying out fast thermal annealing 

allows to lessen essentially generation « superfluous donors » and to create layers 

with electro-physical parameters close to a structure of distribution introduced 

electric active impurity. However in this case, especially at low dozes of 

implantation the certain role plays indemnification of a material hardening defects, 

which can be removed by short-term annealing at 300º .
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Quantum cascade (QC) lasers and vertical-cavity surface-emitting lasers 

(VCSELs) are of great interest due to their potential importance for a variety of 

device applications. Both kinds of lasers call for very highly reflective mirrors. The 

common solution are distributed Bragg reflector (DBR) mirrors, which consist of 

periodic quarter wavelength stacks of high and low refractive index compound 

semiconductor layers. These stacks are superlattices of different modulation period 

containing more than 40 individual layers. Very high reflectivity in semiconductor 

quarter wavelength DBR for the same the same alloy system, like AlxGa1-xAs of 

varying composition is used for both the high and low index layers. The dominant 

limitation of such structures performance is the large difference in refractive index 

between succeeding layers that scales with the energy band gap at the 

heterojunction. This forms barriers to carrier transport when injecting current into 

the active regions, producing a large series resistance in the VCSEL structure. 

Several solutions to lower the resistance of the mirror have been developed. 

Generally accepted technique of lowering the DBR series resistance consists in the 

use of interface composition grading techniques. We report here on the use of ion 

beam mixing technique to introduce grading in the interface regions.  

The as grown and ion implanted structures were characterized by the 

complementary use of RBS/channeling and HRXRD. Basing on the XRD rocking 

curve the modulation period can be precisely measured. Since there is some 

ambiguity in single layer thickness and layer composition determination by XRD, 

RBS will be used for data refinement. As a consequence of ion beam produced 

defects strain buildup in the shot-through layer was observed as well as the 

intermixing of interfaces. Both effects will be used for tailoring of DBR properties. 

Since the total thickness of a DBR exceeds 1 µm the defect analysis will be 

performed by high energy, i.e. above 3 MeV, He-ion channeling.  
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Amorphous carbon films are perspective materials for many applications. Laser 

treatment is very useful technique for precise pattering of carbon films and the 

pulsed laser processing has some advantages over mechanical and chemical 

processing. Additionally, laser influence should depend on the properties of DLC 

films.  

The different types of a-C:H films were deposited on Si by direct ion beam 

using different mixtures of acetylene and hydrogen, hexane and hydrogen. In order 

to reduce an influence of atmosphere during the laser irradiation, the a-C:H films 

were coated by silica. After that the samples were irradiated in a scanning mode of 

a YAG:Nd laser ( =532nm, =10ns). An increasing intensity of the laser 

irradiation reduces film thickness, develops a grain structure, increases film density 

and roughness, and stimulates diffusion of Si atoms into a-C:H film and H atoms 

into SiOX layer and Si wafer. Raman spectra and spectroscopic ellipsometry data of 

laser-irradiated samples depend on the initial properties of the a-C:H films. EPR 

measurements show that characteristic length of C-H bonds changed and the 

concentration of sp3 decreased because of C-H bonds breaking during nanosecond 

laser pulse irradiation.

Low intensity (P<3.5MW/cm2) laser irradiation strongly (up to 7 times) changed 

EPR signal amplitude and line width when hydrogen concentration in the films was 

low (27%). EPR line remained wide after irradiation of films with higher hydrogen 

concentration (H  35%); a few EPR centers were in the initial and in the irradiated 

films. 
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Coarse-grained molecular dynamics computer simulations have been employed 

to investigate the sputtering process of a multilayer organic system composed of 

long, well-organized linear molecules induced by an impact of slow clusters 

composed of large number of noble gas atoms. The organic system is represented 

by Langmuir-Blodgett multilayers formed from bariated molecules of arachidic 

acid. The energy transfer pathways, the sputtering yield, surface modifications and 

the kinetic energy distributions of ejected species have been analyzed as a function 

of the kinetic energy of an Ar872 cluster projectile and the thickness of deposited 

multilayer. The analysis of the energy transfer pathways demonstrates quite clearly 

that the physics of ejection by these large and slow clusters is distinct from the 

ejection events stimulated by the popular SIMS clusters: C60, Au3 and SF5. It has 

been shown that organic molecules are ejected by direct interactions with the 

projectile atoms in a process described as side-sputtering. 



P-Tu- 1

110

Investigations of chicken egg white by matrix-assisted laser 

desorption/ionization 

Anna Smolira, Agnieszka Gruszecka, Monika Szyma ska-Chargot,

Marcin Smolira, and Leszek Michalak 
Maria Curie-Sk odowska University, Pl. M. Curie-Sk odowskiej 1, 20-031 Lublin, Poland 

Mass-spectrometric investigations of large molecules such as chicken egg white 

molecules may be difficult because of their thermal instability. This is the reason 

why matrix-assisted laser desorption/ionization time of flight mass spectrometry 

(MALDI-TOFMS) is one of the most important techniques to characterize these 

molecules including large biomolecules.  

In this method ions are formed as a result of directing a pulsed laser beam onto a 

sample holder with a sample dissolved in a matrix [1]. The matrix absorbs the laser 

light energy and causes desorption and ionization of sample molecules which after 

acceleration in the ion source are directed into the TOF mass analyzer. 

The mass spectrometer used in these investigations was built by the authors and 

has been described in detail previously [2,3,4]. The nitrogen laser (LN 300C, Laser 

Photonics) has a wavelength of 337 nm, an output pulse length of 5 ns and 

maximum pulse energy specified as 250 µJ. The ions are detected by the two 

channel plate (Hamamatsu) ion detector operated at 2.3 kV. Data are acquired at 

500 MHz (1 Gsample/s) digital oscilloscope (Hewlett Packard HP 54615B).  

In this paper some aspects of the MALDI method in the analysis of chicken egg 

white are presented.  
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The resolution of TOF (time of flight) mass spectrometer is a function of many 

parameters: method of ionization, construction of ion source and analyzer, method 

of ion detection. In the detection system, sampling possibility (1 Gsample/s) of the 

oscilloscope used plays a special role. Therefore, the mass spectrum obtained from 

a single measurement over a broad range of masses (0-500 kDa for example) is 

characterized by a low mass resolution (see Fig. 1a).  

To improve the mass resolution of such a spectrum we should make several 

partial measurements in the narrower mass range with a step of 50 kDa for example. 

The resolution of partial mass spectra is much better than that over the whole mass 

range. The final mass spectrum is created from partial mass spectra by their 

juxtaposition. The special program for this operation was written by the authors 

(see Fig. 1b). The program allows for automatic changing of any of the 

measurement parameters in order to reach the best mass resolution of the mass 

spectrum. 
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Figure 1. TOF mass spectrum of the mixture of CeO2 and graphite: a) single measurement over  

the whole mass range, b) computer juxtaposition of partial mass spectra 

References 
[1] K. G uch, A. Bajuk, L. Michalak, Maintenance and Reliability, 2-3 (2001) 54 

[2] S. Ptasi ska, L. Michalak, M. Smolira, Rapid Commun. Mass Spectrom., 17 (2003) 917 

[3] M. Smolira, J. Cytawa, L. Michalak, Annales UMCS Informatica, vol. I, sectio AI (2003) 245 

[4] M. Smolira, L. Michalak, Varia Informatica, (2003) 155 



P-Tu-

112

Stress and strain in a-C:H films induced by electron 

bombardment

Migl  Šniurevi i t , Jurgita Laurikaitien , Diana Adlien ,

and Živil  Rutk nien
Kaunas University of Technology, Student  g. 50, LT-51368 Kaunas, Lithuania 

DLC films are videly used in differet areas of application, including their 

possible application in the construction of medical radiation detectors. Last 

application rises a need to investigate modification of the properties of DLC films, 

bombarded by high energy photons, electrons and ions. Modification of the 

mechanical properties of the DLC films depends mainly on the radiation induced 

stress and strain in the irradiated films [1]. 

The aim of this work was to investigate stress and strain in a-C:H films 

synthesized from acetylene gas onto Si<111> wafers using two chamber 

plasmatron system and compare these findings with the results obtained from stress 

and strain measurements in the same films after the bombardment by high energy 

(12 MeV) electrons produced in medical linear accelerator. 

Optically levered laser technique was used to measure a radius of curvature of 

the investigated DLC films and residual stress in the film was determined. Surface 

morphology of DLC films was defined by AFM “Nanotop-206”. Microhardness 

measurements were performed using MTS Nanoindenter G200. Bonding structure 

of the DLC films after their bombardment with high energy electrons was analysed 

using Raman scattering spectroscopy.  

It was found, that bombardment of DLC films with electrons introduced 

additional residual stress in the investigated samples, which was responsible for 

some changes of the mechanical properties of the irradiated DLC films. However, 

significant deteroriation of the mechanical properties of DLC films after their 

bombardment with high energy electrons were not observed.  

Radiation induced structural changes in irradiated DLC films are discussed on 

the basis of the results of measurements.  
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The interpretation of IBA spectra patterns is subjective and difficult by 

instrumental means and sometimes the analytical procedures have proved 

unsatisfactory to reduce uncertainty in nuclear data. In the present report we 

investigated how to detect underlying nuclear characteristics of different ion 

spectra by means of common statistical methods and Factor Analysis. We applied 

basic and multivariate statistical analysis methods with the use of co-occurrence 

and run-length matrices to analyze the PIXE spectra patterns. In order to make a 

comprehensive assessment the sensitivity and uncertainty of PIXE method by tools 

of Factor Analysis are investigated and discussed. 
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The release of trace metals from oil industry in ecosystems represents a serious 

danger to the Biosphere, because of their toxicity. The objective of the study is to 

identify the source and evaluate the fate of key contaminants and other toxic and 

non-toxic bioactive elements and to provide the basis for improved health for 

human populations by the use of instrumental gamma-activation analysis in suite 

with X-ray fluorescence technique. 

The analytical work consisted of the measuring of the trace concentrations of 

specific oil industry pollutants in soils and water river sediment from the region of 

oil refinery complex Vega in Ploiesti city, Romania.  

A highly sensitive method based on the ( , n) reactions and following gamma-

ray spectrometry analysis for determining the concentrations of the trace heavy 

metals in analyzed samples is developed. The soil samples were irradiated for 4 

hours with maximum photon energy of 24 MeV at the MT-25 microtron of Flerov 

Laboratory for Nuclear Reactions (FLNR), JINR. Complementary the replicate 

samples were investigated by X-ray fluorescence analysis. 

Further the results were used to develop an approach for incorporating 

information on chemical availability in soils into risk assessment and risk-based 

decision making.  
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The concentrations of some trace element constituents and also some minor- and 

macroelements in several tooth samples have been measured using X-ray 

fluorescence (XRF). The incorporation of trace elements into tooth matrix by 

measuring their concentrations in thick targets of teeth cross-sectioned along the 

median plane using for analysis enamel, dentine, and cementum was investigated. 

The teeth and teeth tissues were irradiated with the 109Cd source (E =22.16 keV) 

and 241Am source (E =59.57 keV) and measured by a X-ray fluorescence detection 

system with a Si(Li) detector of 200 eV resolution at FeK  (6.4 keV). The elements 

as K, Ca, Ti, Mg, Cu, Zn, Bi(Pb), Se, Br employing the 109Cd source and elements 

as Rb, Sr, Yt, Zr, Nb, Mo, Ba, La, Ce, I, Nd, Sn, Te, In(Cd) by the 241Am source 

have been determined. The detection limits of the analytical method for different 

elements are discussed in some detail. Further the interrelationships of the trace 

metal concentrations of teeth in relation with their health have been statistically 

examined. 
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In recent years the synthesis of nanosized noble metal particles has attracted 

much attention since they exhibit different optical, magnetic and electric properties 

from macroscopic metal phases. Their use in technological applications in 

microelectronics, optical and magnetic devices, energy conversion and information 

storage is growing fast [1,2]. Silver nanoparticles are especially important and 

therefore many methods are used for their synthesis i.e. chemical, electrochemical 

and sonoelectrochemical reactions [3], sputtering [4] and laser desorption [5,6]. 

These methods need special complex apparatus and significant production of metal 

nanoparticles is very difficult in many cases. Therefore a search of new and simple 

methods of preparation of such particles, especially silver nanoparticles, is still 

actual. In the last year K. Shao and J. Yao [7] described a very simple method for 

preparation of silver nanoparticles from silver compound solutions without any 

stabilizers. Briefly, in this method AgNO3 solutions (water or ethanol as solvents) 

were irradiated by UV light and the synthesis process was controlled by using  

UV-Vis spectra and TEM images. The attainment of precise information about 

morphology of formed silver particles from those control methods is very difficult 

or even impossible. Therefore, in the presented investigations we applied the same 

procedure for preparation of silver nanoparticles but in our case the synthesis 

process was controlled not only by using UV-Vis spectra, but also by mass 

spectrometric measurements. 
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In the last years the field of nanoelectromechanical devices has been growing 

very rapidly. Such devices combine the electronic and mechanical degrees of 

freedom and have potentially important applications. The knowledge of the 

different characteristics of these systems is very required [1]. 

We study theoretically one of such systems. It is a set of several quantum dots 

localized in parallel configuration between electron reservoirs. One of the 

electrodes, the drain contact, can mechanically oscillate and electrons tunnel 

between the electron reservoirs with the tunnel amplitude which depends on the 

position of the drain contact.  

Applying the equations of motion method for appropriate correlation functions 

the time-dependent and time-averaged charge localized on different quantum dots 

and the current flowing through this system are analyzed [2]. They depend on the 

frequency and amplitude of the vibrating electrode as well as on the quantum dots 

energy levels and the source-drain voltage. 
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Compression plasma flows (CPF) generated in quasi-stationary plasma 

accelerators can be effectively used for alloying a materials surface layer by mixing 

a “coating/substrate” system. CPF treatment leads to the formation of a layer with 

the thickness of a few tens of micrometers containing elements of a coating, a 

substrate and a plasma forming gas. Alloying with a few elements can be carried 

out by preliminary deposition of a composite coating on a material and following 

CPF treatment. Plasma mixing in Ti-Zr/steel and Ti-Zr-N/steel systems has been 

investigated in this work.

Coatings were formed using vacuum arc deposition. CPF treatment was carried 

out in nitrogen atmosphere in the deposited energy density range 13-25 J/cm2 per 

pulse. X-rays diffraction analysis, Auger electron spectroscopy, scanning electron 

microscopy with energy dispersive microanalysis, hardness measurements and 

tribological testing were used for samples characterization. 

The findings showed that Ti-Zr-N solid solution was formed in the modified 

layer in both systems. The formation mechanism and localization of nitride solid 

solution in the Ti-Zr/steel system differed from that of the Ti-Zr-N/steel system. 

The Ti-Zr/steel surface layer also contained Fe2Ti after treatment. The 

intermetallide and solid solution concentration diminished with the growth of the 

energy deposited in the surface layer. The formation of disperse phases inside the 

mixed layer resulted in the microhardness increase and friction coefficient decrease. 
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The positive ion-molecule reactions initiated by electron impact in the hydrogen 

sulfide and methane mixtures were examined by authors. The measurements were 

performed by means of own construction quadrupole mass spectrometer with high 

pressure ion source [1,2]. Energy of electron for all measurement was fixed at  

300 eV and repeller potential was held at 5V. High level of the gas mixture 

pressure ensure sufficient probability for ion-molecule reactions inside the ion 

source. The gas pressure in the collision chamber of the ion source ranged from 0.7 

to 33.3 Pa. The concentration of methane in mixtures ranged from 10% to 90% (at 

10% increments).  

The investigations of ion-molecule reactions in pure H2S and  mixtures of H2S

with CH4 have been conducted using various mass spectrometric methods [3-6]. 

The major bimolecular ion-molecule reactions occuring in each mixture have been 

identified by authors. Relative intensities of ion currents were determined as a 

function of total gas pressure inside ion source collision chamber, repeller potential 

and concentration of methane in the mixture. In the authors opinion these 

measurements are the first for such a wide range of the mixture composition 

changes (methane concentrations). Primary and secondary ions C+, CH+, CH2
+,

CH3
+, CH4

+, CH5
+, C2H5

+, S+, HS+, H2S
+, H3S

+, H2
34S+, H3

34S+, CHS+, CH3S
+, S2

+,

HS2
+, H2S2

+ and H3S2
+ were observed. 
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Investigations of ion-molecule reactions were performed by authors for different 

compositions of ethane-carbon tetrafluoride mixtures. In the earlier works authors 

present results of measurements for ion-molecule reactions in the mixture of 

methane and carbon tetrafluoride [1,2]. Superabundance of these gases in the 

earth’s atmosphere can contribute in decrease stratospheric ozone level and 

greenhouse effect (changes of the earth’s climate). 

Measurements of ion-molecule reactions were made by means of quadrupole 

mass spectrometer with high pressure ion source constructed in Institute of Physics, 

Maria Curie-Sk odowska University in Lublin [3]. 

Total mixtures pressure inside the ion source collision chamber was changed 

from 0.7 to 26.6 Pa. Primary ions were produced by electrons with energy of  

300 eV for all measurements. Repeller potential was fixed at 5 V. 

Mixtures of investigated gases were made in separate leak system, and gas 

pressure was controlled by means of precise sapphire valve. Concentration of 

methane in mixtures with carbon tetrafluoride ranged from 10% to 90% (with 10% 

increment).  

Relative values of ion currents for observed ions were determined as a function 

of total gas pressure inside the collision chamber of the ion source for different 

mixtures compositions.  

Primary and secondary ions CH3
+, F+, C2H3

+, C2H4
+, C2H5

+, C2H6
+, C3H5

+, C3H7
+,

C4H7
+, C4H9

+,  C4H10
+, C4H11

+ and CF3
+ were observed.  

In the authors opinion these measurements are the first for such wide range of 

the mixture composition changes.   

The investigations of ion-molecule reactions in pure ethane and mixtures of 

C2H6 with CF4 have been conducted using various mass spectrometric methods  

[4-6]. 
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There has been a considerable increase in the research activity developing the basic 

materials for spin electronics. Ferromagnetic semiconductors (FMS), such as the 

thoroughly investigated (Ga,Mn)As, are especially promising as the materials for 

spintronics since they interrelate both semiconducting and magnetic properties. Extensive 

research activity aimed at clarifying structural features of thin (Ga,Mn)As films grown on 

GaAs substrates caused considerable progress in both understanding the physical 

phenomena leading to ferromagnetism in III-V FMSs and improving their magnetotransport 

properties. Recent efforts are directed to developing effective methods of modification of 

magnetic, electrical, optical and structural properties of (Ga,Mn)As epitaxial films for 

nanoelectronic applications. 

It has already been shown that the low-energy (25 keV) low-dose (5×1013 ions/cm2)

oxygen ion implantation destroys both the conductivity and ferromagnetism in (Ga,Mn)As 

layers and was successfully applied for nanostructure tailoring [1]. However, a mechanism 

responsible for such modification of the layer properties has not been resolved so far. In the 

present work, in order to elucidate this mechanism, we have performed implantation 

experiments, applying both the chemically active oxygen ions and inactive ions of Ne noble 

gas, to thin (Ga,Mn)As films grown by the low-temperature molecular-beam epitaxy (LT-

MBE) method on insulating GaAs(001) substrates. A number of complementary 

characterization techniques have been used with the aim to study an effect of ion 

implantation on the film properties. Inspection of their magnetic properties by means of a 

superconducting quantum interference device (SQUID) magnetometer revealed that the 

implantation with a low dose of either O or Ne ions completely suppressed ferromagnetism 

in the films. On the other hand, both the spectroscopic ellipsometry, employed to analyze 

changes in dielectric functions of the (Ga,Mn)As films caused by ion implantation, and the 

Raman spectroscopy, performed under an excitation of the 514.5-nm line of an argon laser, 

confirmed a high optical quality of the implanted films. In addition, structural modifications 

of the epitaxial films caused by ion implantation were investigated using high resolution X-

ray diffraction technique. Taking into account the obtained results we discuss a mechanism 

responsible for ion implantation induced suppression of ferromagnetism in (Ga,Mn)As 

films.  

This work has been partly supported by the Polish Ministry of Science and Higher 

Education under Grant POL-POSTDOC III, N PBZ/MNiSW/07/2006/33. Ion implantation 

has been performed in the Department of Ion Beam Physics and Implantation, UMCS, 
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The paper presents results of testing dielectric properties – conductivity, loss 

tangent and permittivity – of GaAs irradiated with Au+ ions with energy of 

593 MeV and a dose of 1.1013 cm-2.

The testing has been performed using alternating current of the frequency range 

of 50 Hz – 5 MHz, at the temperature ranging from 80K to 373K with a step each 

5K. Samples have been subdued to isochronous annealing for 15 minutes starting 

from 423K to 703K with the 30K step. It has been established that within the 

measuring temperature range from 80K to 250K considerable increase of 

conductivity occurs, which can be explained by high-temperature jumping 

conductivity. Annealing within the temperature range up to 703K only 

insignificantly changes the conduction mechanism of implanted layers.  

Results of our research concerning GaAs irradiated with H+ are presented in [1]. 

Comparative analysis of results obtained for H+ and Au+ ions indicates that ion 

mass growth causes an annealing temperature shift which appear the increase

conductivity of defected layer by ca 200 K towards higher temperature values. 
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At present applying thin protective coatings in vacuum is one of the most 

effective technologies used in machine building and tools industry to increase 

service properties of material surface layers not changing its basis at the same time. 

The method of ion-beam sputtering has been used in the given work. The ion 

source developed on basis of face Holl’s accelerator of axially symmetric design 

has been used to realize the process of ion-beam sputtering of composite coating.   

Ion-beam Ti coatings with 5% UDD, 3.4% and 6.4% of ultra-disperse AlOOH, 

as well as  1% and 5% ZrO2 in the target for sputtering were applied as materials 

for research. The scanning electronic microscopy of high resolution with micro  

X-ray spectrum analyzer and atomic power microscopy were selected as main 

method of coatings morphology investigation at the given stage. Micro hardness 

measurements were carried out with use of Knup tip. The loading was 0.02 N. 

The surface morphology of ion-beam coatings on Ti base is described in the 

paper in detail. It is shown that introduction of nano-sized particles of UDD, 

AlOOH and ZrO2 into the target material for sputtering leads to uniformly 

distribution of elements on the surface and creation of homogeneous disperse 

coating structure without defects.  

It is revealed that introduction of 6.4% AlOOH into the target for sputtering 

increases micro hardness a little in comparison with 3.4% AlOOH in the target for 

sputtering. Micro hardness of the coating increases for 100 units with introduction 

of 1% and 5% ZrO2 in comparison with AlOOH. Introduction of 5% UDD 

increases micro hardness of these coatings more than two times. Performed 

morphologic investigations of obtained coatings make it possible to suppose that 

introduction of nano-sized particles into the target material for sputtering decreases 

presence of defects in the coating significantly and increases its quality.  
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The FINEMET based amorphous alloys [1] in forms of thin films of 20÷40 nm 

thickness and 20 µm thick foils of Fe73.5-xSi13B9Cu1Nb3Mnx with Mn doping at 

x=11÷15at.%, as-quenched and after annealing were analysed with transmission 

electron microscopy (TEM), X-ray diffraction (XRD) and differential scanning 

calorimetry (DSC). It was shown that the structure and composition of the annealed 

films differ from that of pure FINEMET [2]. Also there are differences between 

propetries of thin films and foils, first of all in size of crystallites and the lattice 

constants.
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Figure 1. Diffraction patterns for Mn-doped FINEMET: TEM (lef) and XRD (right)  
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Layers of (Ti,Cr)N and (Al,Cr)N were prepared by nitrogen ion beam assisted 

deposition of Cr, Ti or Al (IBAD) atoms on a titanium, chromium or aluminium 

base. In this way, layers featuring a diverse composition were obtained. A Ti1-

xCrxN layer was observed on the surface of the titanium and chromium samples, 

and a TiN layer (on the titanium base) or a CrN layer (on the chromium layer) 

deeper in the samples. The layers prepared in combination with the aluminium - 

(Al,Cr)N contained Al1-xCrxN and AlN (with the use of an aluminium base) or CrN 

(on a chromium base). The actual profile of the implanted and deposit atoms 

differed from the theoretically assumed process. Some of the implanted nitrogen 

formed gas bubbles under the sample surface. The gas bubbles released the 

nitrogen upwards while the local temperature increased during the implantation or 

during a later heating process. Craters formed from the bubbles, which were clearly 

visible on the AFM photographs. Annealing the modified surfaces in a vacuum 

always changed the surface topography of the sample. Such tribological properties 

as friction and wear, and the microhardness of the prepared layers were observed. 
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This paper presents the test results of the swift krypton (240MeV) and xenon ion 

(130MeV) implantation influence on the titanium surface layer properties. These 

ions change the titanium surface topography in different ways. Krypton ions of  

Seth = 15 keV/nm cause single hillocks, whereas the xenon ions of Seth = 22 keV/nm 

remelt the surface layer. The implantation contributes to the creation of a new 

phase in the surface layer, with an approx. 15% share. Radiation damage effects on 

the friction coefficient, wear, and microhardness of the titanium after krypton and 

xenon ion implantation was studied. Krypton implantation does not influence the 

microhardness of the titanium. After xenon implantation with a dose of  

1 1014 ion/cm2 the microhardness increases by 13%, further increases of the dose 

gradually reduces the microhardness of the surface layer. Swift Kr and Xe ions 

implantation does not influence the friction coefficient of the titanium surface. 
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One of the important investigation lines of solid-body physics is the 

development of novel methods for synthesizing advanced materials with preset 

structure sensitive properties. 

In this work the investigation was made of structure-phase transformations that 

proceed in the TiN/Ti/SiO2/Si system during pulse photon processing (PPP). When 

preparing the system investigated a chemical cleaning of silicon substrate in 

buffered HF-based etchant was followed by a single vacuum cycle of HF etching 

of silicon plates in argon to the depth of 5 nm. Titanium and nitride titanium films 

were then successively magnetron-deposited on substrate of (001) oriented silicon 

using Varian m2i unit. The high-speed thermal annealing was carried out at various 

energy densities using xenon lamps and ULP-1  unit. The processing was done in 

vacuum at Presidual = 3.10-3 Pa. The TiN/Ti/SiO2/Si system was subjected to pulse 

photon processing in vacuum within millisecond range at the energy densities of 

100-370 J/cm2. The structure and phase compositions of titanium disilicide films 

obtained by pulse photon processing of TiN/Ti/SiO2/Si system at various power 

densities were examined using transmission electron microscopy and electron 

diffraction methods by means of JEM-200CX electron microscope. The 

heterostructure was processed under the thermal balance conditions. The elemental 

composition of TiN/Ti/SiO2/Si system surface layer was analyzed in depth after 

PPP using Auger electron spectroscopy. The changes in Auger spectra are observed 

at all the conditions of pulse photon processing. The determination is made of 

distinctive features of phase and structure transformations that occur in Ti-Si thin-

film system under titanium nitride layer during pulse photon processing.  

The C49 fine-dispersed titanium disilicide films are shown to be formed at the 

energy densities not less than 250 J/cm2 with the average grain size being ~ 80 nm. 

With energy densities exceeding 250 J/cm2 the formation of C54 titanium disilicide 

is observed. 
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By using a cylindrical DC magnetron sputtering system, Fe thin films are 

prepared on glass substrates. The substrates are located on the anode in two 

directions of parallel and perpendicular respect to the magnetic field.  

Surface properties of thin films such as roughness as well as electrical and 

optical characteristics are treated as a function of magnetic field direction.  

The characteristics of thin films which have been grown along and 

perpendicular to magnetic field are compared together. The results show that the 

magnetic field has great influence on the properties of thin films.  



P- -

130

Effects of dielectric substrate thickness on plasma immersion

ion implantation 

Hamid Ghomi, Mohammad Reza Gasemkhani, and Shermine Rostami 
Laser and Plasma research Institute, Shahid Beheshti University, P.O. Box 1983963113 Tehran, Iran 

One-dimensional plasma fluid model is developed for describing the effects of 

dielectric substrate thickness on plasma immersion ion implantation. Considering 

the effects of secondary electron emission (SEE) from the dielectric substrate and 

using finite difference schemes, evolution of plasma sheath, accumulated dose and 

surface potential verses time and substrate thickness are investigated. It was 

demonstrated that with increasing the dielectric thickness, sheath width and 

accumulated dose over dielectric surface decrease and surface potential reduces. It 

was shown that secondary electrons have a pronounced effect on implantation 

results and must be considered in plasma immersion ion implantation of dielectric 

materials. Figures (a) and (b) show evolution of implanted dose over dielectric 

surface. It can be seen that SEE has significant effects on implanted dose. 

(b)                                                                 (a) 

Reference 
[1] M.A.Liberman and A.J.Lichtenberg, Principles of plasma discharge and materials processing

(Wiley, New York, 2005) 

[2] M. J. Geocker, J.R.Conard, T.E.Sherdian, et al, 1995; Physical Review, vol 51; 3760; 



P- -

131

Energy loss of slow protons in Au crystalline thin film 
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Energy spectra of low energy protons transmitted through 12 nm Au self 

supporting single crystalline foil in channelling direction were calculated within 

various simulation codes and compared with published recently experimental data. 

It was shown that the raw energy distribution is by no means gaussian, however it 

gets this shape after accoutring for the energy loss straggling and the energy 

resolution of the experimental setup. 

The most probable and the average energy loss differ significantly from 

experimental energy loss despite calibration of the random stopping with SRIM. 
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Press-moulded ultra high molecular weight polyethylene (UHMWPE) samples 

were subjected to ion bombardment and effects of the modification studied. Helium, 

nitrogen, argon and silver ions of energy 65-150 keV and doses in the range of 

1×1014-3×1016/cm2 were applied. The consequences of the modification were 

studied with FT-IR, Raman and AFM techniques, contact angle measurements, 

bacteriostaticity and thrombogeneity tests. Surface layer oxidation, graphitization 

and changes to the surface geometry lead to increase of the surface energy. 

Modified surface exhibits bacteriostatic properties particularly for higher ion doses. 

Aggregation of blood platelets on polymer surface subjected to ion bombardment is 

limited.  
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Coatings have been deposited on samples of copper and silicon by the method 

of one-beam dynamic ion mixing. Inner surfaces of truncated cones made of sheet 

silver, gold, nickel, molybdenum, platinum and tungsten have been sources of the 

substrate. At depositing three-component coatings (W-N-Ag, Mo-Ni-Ag, Mo-Ni-

Au) cones of nine sectors arranged in the ABCABCABC sequence have been 

applied. Water-cooled samples have been placed at the bigger cone base directed 

towards the ion source. Ar+ ions of 60keV energy have been used to sputter 

external surface of the cone. Ion doses of the (1017 5×1017) cm-2 range have been 

applied to produce the coatings. Auger electron spectroscopy combined with 

simultaneous sputtering of the tested sample surface by a beam of Ar+ ions has 

been used to determine depth distribution of elements. The depth where atom 

contents of deposited elements and the base are equal has been accepted as a depth 

measure of the produced coating. It has been established that the layer depth is the 

same for copper and silicon bases and for a given coating composition it is a linear 

function of a dose. The coating area that contains deposited elements alone is 

separated from the base by a transitional area. The range where atomic 

concentration of the base grows from 10%at. to 90%at. has been chosen for its 

depth measure. Depth of the transitional area depends on the base material and is 

by 2-3 times bigger for the copper base than for the silicon one. In our opinion it is 

related to radiationally stimulated diffusion that can be observed in copper. 

The presented research project has been supported by the National Committee 

for Scientific Research as a grant No N510 019 32/2089, in the years of 2007-2009. 
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Electrical Arc plasma action on surfaces of protective coatings

on contacts of electrical equipment

Mariusz Kolasik, Czes aw Karwat, and Pawe ukowski
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The article presents results of wear testing of protective metallic coatings under 

the influence plasma that forms in the course of electric arc burning in the 

atmosphere of argon and air.  

The testing has been performed in an asymmetric electrode arrangement: 

spherical electrode-flat electrode that is characteristic for contacts of electrical 

equipment. Degradation rate of silver and nickel coatings of the 3.5-20 m

thickness has been tested.

An effect of intensity values of alternating current that initiates arc ignition onto 

the sputtering rate of coatings of varied thickness and composition has been 

determined.  

A formula to determine coating wear rate depending on their thickness and 

current intensity values has been elaborated based on the performed investigation 

results.

The presented research project has been supported by the National Committee 

for Scientific Research as a grant No N510 019 32/2089, in the years of 2007-2009. 
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The paper presents results of testing resistance of transition between a coating 

deposited onto copper by means of dynamic ion mixing and a standard testing 

electrode.

The following kinds of coatings have been tested: one-component coatings of 

silver, gold, and platinum and three-component ones of gold-molybdenum-nickel, 

tungsten-nickel-silver, and silver-molybdenum-nickel.  

An effect of a coating composition and thickness on the dependence of 

transition resistance on the standard contact-tip pressure force has been determined. 

Mechanisms of transition resistance variations depending on pressure force 

taking into account thickness of coatings and their mechanical and electric 

properties have been discussed.

The presented research project has been supported by the National Committee 

for Scientific Research as a grant No N510 019 32/2089, in the years of 2007-2009. 
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In this paper new structure of a plasma electron source has been described. This 

electron source can produce a powerful and monochromatic electron beam by a 

simple obstructed discharge mechanism. The beam current and diode current has 

been measured for different low pressure H2 and He discharges under the influence 

of an external longitudinal magnetic field. The magnetic field could vary from 0 to 

88 mT.  Voltage-current characteristics and Paschen curves has been obtained 

under mentioned conditions. The results show that by increasing of magnetic field 

electron beam current significantly enhances but it decreases at higher magnetic 

field values. The mechanism of the process has been discussed.  

Fig.1. Schematic of electron source different 

values 
Fig. 2 Paschen curve for He at of magnetic field 
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Low temperature plasmas have now been applied extensively in the 

microelectronics industry [1]. Recently discharging in higher pressure has become 

more and more realizable. Under such a pressure the collision frequency should 

definitely be taken into account. In a high pressure sheath, Bohm velocity criteria is 

a generalized collisionless Bohm criteria, and in addition to a low limit, there is a 

high limit for this velocity, and these two velocity limits depend on electric field in 

plasma – sheath interface and collision frequency[2]. 

In this work by using forth order Rung Kuta method, and two-fluid model, 

temperature dependence of the characteristics of a DC plasma sheath, such as 

electric field, electric potential, ion and electron number density, and ion velocity, 

has been studied. For example in two following figures the characteristics of 

electric potential and ion number density as a function of normalized sheath width 

have been demonstrated. By inspection on the following figures, it is easy to see 

that, by increasing the ion temperature the sheath width increases.  

References 
[1] L. Minghao, Z. Yu, D. Wanyu, L. Jinyuan, W. Xiaogang, Plasma Sc. & Tech 5, 544 (2006). 

[2] J.Y. Liu, Z.X. Wang, and X. Wang, Phys. Plasmas 7, 3032 (2003).
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It is well known that ion bombardment of solid surface modifies its physical and 

chemical properties, among others surface morphology. In the paper we try to look 

at various aspects of surface morphology modification induced by ion beam 

irradiation, i.e.: – 

– surface topography,  

– surface roughness, 

– degree of profile shape variability, 

– surface morphology arrangement. 

Surface topographies (in micro- and nanometre range) were observed by means 

of scanning electron and near-field microscopes. The second aspect, i.e. surface 

roughness described by different parameters, was measured with the use of high 

quality profilograph and atomic force microscope. To describe that surface feature 

properly, a surface profile (profiles, contours) must be known well. A significant 

drawback of this method is that one can find profiles with the same values of 

roughness parameters but with different profile shapes – that could mean various 

physical properties of the surface in question. To detect any profile shape alteration 

during ion beam bombardment we used fractal analysis, and especially fractal 

dimension D that can give information about degree of profile shape variability. 

For example, D = const during bombardment process means that the shape of the 

profile in question does not change (does not depend on time of ion irradiation). 

Surface morphology arrangement, i.e. a question whether it is undefined (random) 

or defined (determined), was studied with the use of frequency plots resulting from 

harmonic analysis of profiles – the wider frequency band the more random surface 

morphology and, on the contrary, the narrower frequency band the more 

determined surface morphology. 

We have studied surface topographies, selected roughness parameters, fractal 

dimensions and frequency plots relating to stainless steel and polycrystalline 99.5% 

titanium bombarded with low energy (800 eV) broad argon ion beam as well as 

neutralized narrow argon or krypton ion beam (up to 6 keV). 

The main aim of the work in question is to give relatively full picture of surface 

morphology changes induced by perpendicular (  = 0 ) beam irradiation.  
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Thin permalloy films 10 nm and 60 nm in thickness were investigated. They 

were thermally evaporated at an incidence angle of 0° (with respect to the surface 

normal) in a vacuum of about 10–5 mbar. The magnetic structure of the films was 

observed with the Fresnel mode of transmission electron microscopy (TEM), while 

their morphological structure was revealed using atomic force microscopy (AFM). 

The magnetic structure consisted of domains typically 10-30 µm in size. The films 

were magnetized in the plane of the film, except for small regions near the domain 

walls in which the magnetization was found to be out-of-plane. The domain walls 

of Néel type as well as cross-tie walls occurred in the films 10 nm thick, while in 

the films 60 nm thick the presence of cross-tie walls was only observed. The 

morphological structure was composed of nanocrystalline grains; the films 60 nm 

thick had grains somewhat larger in size than the films 10 nm thick. 
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Energy saving electrolyte-plasma technologies for thermal-cycling 

surface hardening of big-size tools 
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In industry tools are exploited under loads and conditions of abrasive wear: 

drilling tubes, locks, reducers, lining, pans, cylinders, boring bit holders, etc. Bulk 

quenching of these tools decreases their ability to resist bending, torsion and 

alternating loads. Energy saving thermal-cycling electrolyte-plasma technology for 

tool surface hardening was developed. Cycling heating of a metallic surface was 

realized by electric charges, which were formed in a plasma layer between the 

electrolyte on water base and the tool. This technology allows one to treat tools of 

big sizes. As a result, in these surfaces heating power densities of 103 to 105 

W/cm2 are reached. Varying these heating power densities, one can produce the 

quenched layers of 0.5 mm, 1.5 mm, 4 mm, 6 mm, 7 mm, 8 mm and 10 mm thick. 

Hardness of this resulting layer depends on a content of doping elements occurring 

in the alloy and may reach 9 to 10GPa. 

To harden the big-size surfaces, we developed lifted electrolyte-plasma heaters 

with thermo-cycling temperature control systems. Preliminarily, we set up the 

given thermal-cycling temperature of the surface. It was fixed with sensors and 

recorded in the process of technology realization. 

Experience of electrolyte-plasma technology application in metallurgy, mining 

and agricultural industries demonstrated that it was efficient for the tools exploited 

in abrasive media under extremely high loads. Analysis of expenditures for such 

hardening demonstrated that 85% of electric energy was spent to the surface 

heating itself and only 10 to 15 % was lost. 

*
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We studied Al-Ni coatings, which were deposited by a high-rate plasma jet to a 

substrate of tough pitch copper. Rutherford and back ion scattering (RBS and BS), 

nuclear reactions, scanning electron (SEM) microscopy with microanalysis (WDS-

2) XRD, measurements of microhardness and adhesion were used as the methods 

of analysis. In the deposited coating we found high Ni concentration reaching 8.5%, 

the remainder was Ni3Al, Ni3C, and possibly NiO. The coating adhesion to the 

substrate was 28±2.2 to 45±3MPa, its microhardness differed within a broad range 

– from 65±3.5kg/mm2 to (3-4.2) 102kg/mm2. After W ion implantation in the 

surface layer we found that peak concentration reached 7.11at.%. After electron 

beam irradiation W penetrated to the coating bulk. As a result of melting occurred 

in the coating surface layer the peak W concentration fell. We determined the 

efficient diffusion coefficients of W in the coating. 

By RBS, ERDA, SIMS, SEM, X-ray analysis, microhardness and adhesion 

measurements methods, powder Al-Co coatings deposited with a high-velocity 

pulsed plasma flow have been investigated. On the coating surface, oxides and 

nitrides of aluminum as well as various Co-Al intermetallic compounds were 

detected. The coatings have a good high-temperature corrosion up to ~1500ºC and 

its hardness is twice as large as that for copper substrate. 

The paper deals with the preliminary results obtained using several methods of 

analysis: the raster electron microscopy with microanalysis (SEM with EDS and 

WDS), the Rutherford back scattering (RBS), X-ray emission induced by protons 

and ions (PIXE), the X-ray analysis (XRD), measurements of micro- and 

nanohardness. The samples Al-Cu-Mg (Si; Nb’; Hf; Sc; Ti) were studies after 

electron beam melting and doping in a liquid phase. Micro- size precipitates of the 

phases: Cu3Mg2Al; AlMg; CuAl2; AlSc; CuAl12; MgZn3 as well as increased nano- 

and microhardness of 154 ± 5 to 220 kg/mm2 (an average value) and 260 to 420 

kg/mm2 occurring in some regions were found. 
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We studied Al-Ni coatings, which were deposited by a high-rate plasma jet to a 

substrate of tough pitch copper. Rutherford and back ion scattering (RBS and BS), 

nuclear reactions, scanning electron (SEM) microscopy with microanalysis  

(WDS-2), XRD, measurements of microhardness and adhesion were used as the 

methods of analysis. In the deposited coating we found high Ni concentration 

reaching 8.5%, the remainder was Ni3Al, Ni3C, and possibly NiO. The coating 

adhesion to the substrate was 28±2.2 to 45 ± 3MPa, its microhardness differed 

within a broad range – from 65±3.5 kg/mm2 to (3-4.2) 102 kg/mm2. After W ion 

implantation in the surface layer we found that peak concentration reached 7.11 

at.%. After electron beam irradiation W penetrated to the coating bulk. As a result 

of melting occurred in the coating surface layer the peak W concentration fell. We 

determined the efficient diffusion coefficients of W in the coating. 

*E-mail address: MKylyshkanov@ektu.kz 
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This paper reports the application of an nitrogen ion implantation for 

modification of a shape memory alloy. The interest in shape memory alloys 

(nickel-titanium NiTi particular) as biomaterials and their us in medical devices is 

increasing [1]. NiTi alloys with a near-equiatomic composition exhibit excellent 

shape memory effect, superelasticity, corrosion resistance and biocompatibility, 

tolerance to severe environmental conditions, and thus is one of the most important 

engineering materials. Their particular and superior properties are caused by a 

reversible thermoelastic martensitic transformation [2]. It is known that the 

problem of creating a protective surface coating for the shape memory alloy is the 

most acute for potential applications of this material. Thus, the problem of 

increasing of surface protective properties and, at the same time, simultaneous 

preservation of functional properties of shape memory materials is a subject of 

research and development [3]. The surface characterization of nitrogen implanted 

(dose 1018cm-2 and energy 55 keV) equiatomic commercial NiTi alloy samples was 

performed  with the assistance of high resolution transmission electron microscopy 

techniques (HTEM) and the modifications of the phase composition before and 

after irradiation are studied at the room and martensitic transformation 

temperatures by X-ray diffraction methods. Differential scanning calorimetry (DSC, 

TA Instruments) was used to characterize the transformation sequence and 

transformation temperatures for the initial and surface-modified materials.  

Experimental results of an inhomogeneous structure of near-surface-layers in 

ion-implanted NiTi alloy are discussed in this paper. 
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Although NiTi alloys have achieved great commercial success in medical fields 

due to their unique shape memory effect and super-elasticity [1], micro-motion-

induced wear and the potential release of toxic ions into the body are major 

concerns for such applications [2,3]. The aim of this study was investigation of 

changes in the modified near-surface layer on NiTi shape memory alloy, caused by 

ion implantation as well as at their influence on the mechanical and shape memory 

properties of this material. Ion implantation of NiTi alloy was carried to improve 

the surface tribological properties and wear resistance. Surface of NiTi has been 

modified by nitrogen ion beam at several doses 1 1017 cm-2, 1 1018 cm-2 and 

energy 50 keV. The effect of implantation parameters upon surface characteristics 

and wear properties was investigated using dry-sliding-wear test, depth sensing 

indentation test and Scanning Profilometry method. The experimental results have 

shown that the ion implantation treatment can change the original surface: reducing 

Ni content in the surface, the surface hardness increased (furthermore, the hardness 

improvement extended to regions much deeper than the implanted layer), and the 

sliding wear resistance has been effectively improved. Experimental results of an 

modified-surface condition and functional mechanical properties of NiTi 

alloys are compared, analysed and discussed in this paper. 

References 
[1] Humbeeck J, Scripta Materialia 2004,50: 179. 

[2] S.Mandl. Surface and Coatings Technology 2007, 201: 6833. 

[3] X. Ju, H. Dong. Surface and Coatings Technology 2006, 201: 1542. 



P- -

145

Surface oxide barrier effects on hydrogen storage in Mg-Ni films 

Emmanuel Wirth
1,2)

, Martynas Lelis
1,2)

, Darius Mil ius
2)

,

and Arvydas Kanapickas
1)

1) Vytautas Magnus University, St. Vileikos 8, LT-44404 Kaunas, Lithuania 
2) Lithuanian Energy Institute, St. Breslaujos 3, LT-44403 Kaunas, Lithuania 

Mg2NiH4 is an interesting example of a complex metal hydride switchable 

mirror and hydrogen storage material. However, the strong tendency of surfaces for 

oxidation hinders the hydrogen absorption and desorption. Even minute impurity 

levels of oxygen and water can result in the formation of surface oxides and must 

be considered in all practical uses. So the study ion irradiation effects on the 

reactivity to oxygen and air and the passivation of Mg-Ni materials is a major area 

of interest in this field, both form a practical and fundamental point of view.  

The hydrogen and oxygen distribution profiles in 2 µm thick Mg-Ni films 

formed by magnetron–sputter deposition technique on the quartz substrate and 

hydrogenated at 8 bar pressure in the temperature range 210-260°C have been 

investigated using NRA and ERDA techniques. We have demonstrated a strong 

influence of ion irradiation effects on the hydrogen uptake rate. The emphasis is 

made on the studies of changes of the surface barrier properties during 

hydrogenation. It is shown that in the case of the presence of a small amount of 

oxygen surface must be considered as a dynamic when addressing hydrogen uptake 

of materials. It adjusts to the changes of chemical environment and phase 

transformations in the near surface region. It is shown that hydrogen uptake rate is 

a not-monotonous function of time. As synthesis of hydride phases proceeds in the 

bulk, this leads to the expansion of material. The surface oxide barrier film 

becomes highly defected with many defects and cracks available for hydrogen 

transport into and out of the film. We have registered that the increase of 

temperature in the range 210-250°C decreases the hydrogen storage capacity as a 

result of interplay between the mean surface diffusion length of adsorbed hydrogen 

adatoms and the mean distance sink defects in the oxide layer. The hydrogenation 

properties were compared with hydrogen desorption kinetics measured by TDS 

technique and correlated to the film structural changes on the different stages of 

hydrogenation/dehydrogenation. 
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In the process of producing the catalytic systems using the method for oxidation 

of ferritic foil with a deposited film of catalytic elements it is important to select 

the film thickness providing the best activity of the catalytic system. If the film is 

deposited prior to the process of oxidation, it is expected that during the growth of 

oxide crystallites the film would be broken and the maximum dispersion of 

catalytic elements would be obtained. If the film is formed of aluminium-active 

elements, it is expected that the oxide hybrid systems with higher activity of 

catalytic sites would be produced. Experimental investigations presented in this 

paper were focused on measuring the thickness of Al and Pt nanofilms and (Pt+Al) 

composites by the X-ray Reflectivity method, produced by the PVD method, and 

the morphology of oxide films obtained at various periods of oxidation. The 

catalytic activity of alumina films coated with Al, Pt nanofilms, Pt/Al and A/Pt 

laminates and (Pt+Al) composites were compared, and it was found that the 

systems with Pt films and Pt/Al laminates revealed the highest activity of basic 

sites.
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The paper presents the results of a research on the effect of Ti preimplantation in 

high-speed steel on the properties of TiN hard coatings. Highly polished plates of 

HS 6-5-2 steel were implanted with various fluencies of Ti ions and next PVD 

coated with TiN. The studied effects included the layer hardness, adhesion strength 

and wear resistance. The adhesion strength was estimated from scratch tests. The 

results of investigation indicate that an increase of Ti implantation fluence reduces 

the strength of coating-substrate adhesion. 



P- -

148

Characteristics of ions in a magnetized plasma sheath  

with two species of positive ions 

M.M. Hatami
1)

, A.R. Niknam
1)

, and B. Shokri
2)

1) Laser-Plasma Research Institute of Shahid Beheshti University,Evin, 1983963113, Tehran, Iran 
2) Physics Department and Laser-Plasma Research Institute of Shahid Beheshti University, Evin, 

Tehran, Iran 

Recently magnetized plasma sheath has been investigated in many literatures [1-

4]. In general, an external magnetic field can change the behavior of the ion 

characteristics such as ion velocities, ion density distributions and etc. In this work, 

we investigated the effects of an external magnetic field on a collisionless plasma 

sheath which is consists of two different species of positive ions. The mass of these 

positive ions is different but both of ions have the same ionization ratio (Z=1). 

Using hydrodynamic equations and numerical methods, the effects of the 

magnitude and direction of the external magnetic field and the effects of the 

presence of the second kind of the positive ion on the ion velocities, ion trajectories 

toward the cathode and the ion density distributions are investigated. Furthermore, 

it is shown that depending on the magnitude of the external magnetic field each or 

both of the positive ion species characteristics are changed. At the end, the 

obtained numerical results are compared with the previous works consisting of 

only one species of positive ion [3]. It is shown that the fluctuations of velocities 

and density distributions of the both ion species increase by increasing Lorentz 

force magnitude. 
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The interaction between electric arcs and electrode materials has important role 

in the description of most thermal plasma processes, such as surface treatment, 

plasma cutting or welding, and high voltage plasma switching. Doubtless the arc 

welding is the most important application of the arc melting. Obtaining the depth of 

the weld pool has great importance in the plasma or arc welding, because it 

determines the thickness and so the strength of the weld. So a model that is 

appropriately able to predict the properties of the whole arc processing system is 

major to understanding and also the controlling of the welding process. Arc current, 

arc length, and the anode material are the controlling parameters in the arc welding 

process [1-3].  

The molten region or weld pool is simply the region of a metal with temperature 

which is above the melting point, regardless of the change of material functions 

from solid to liquid, convection in the weld pool, or the latent heat of fusion of the 

metal. We use the compact package ANSYS 10 to analyze the thermal behavior of 

the aforementioned region.   The effect of the interaction of arcs with anodes on the 

weld pool (molten region) properties is modeled and simulated. In this case, the 

molten region for different anode materials under different free burning arc 

conditions is studied. This simulation and modeling allows us to predict 

qualitatively and simply the weld pool in various arc conditions for different 

anodes. Simulation results show that aluminum has deep weld pool with respect to 

iron and brass for the same arc current and arc length. Furthermore, high current 

arcs may produce deeper weld pool. And finally the depth of the weld pool 

depends inversely on the arcs length.  
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characteristics in nanocomposite combination coatings 

A.D. Pogrebnjak, V.V. Uglov, M.M. Danilionok, F.F. Komarov, N.K. Erdybaeva, 
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Belarus State University, Minsk Belarus 

East-Kazakhstan State Technology University, Ust’-Kamenoigorsk, Kazakhstan 

Lublin University of Technology, Lublin, Poland 

Coatings of 70-110 m thickness have been obtained with the aid of a 

magnetron sputtering and plasma-detonation deposition. A coating of PG-19N-01 

powder Ni-the base, Cr-8-14%, Mo -3-5%, Si-3.2%, B-2%, Fe-5% of different 

thickness from 90 up to 120 m was deposited on the substrate. 

Then, a thin film of TiAlN of 2.2-2.4 m thickness was with a magnetron 

sputtering. XRD analysis showed that the coating such phases as 

Ti2AlN+Ti2Al2N2 and also other phases formed in the result of interaction of 

plasma jet the thick coating material, which was preliminary deposited using 

plasma-detonation method. Analysis carried out with the aid of SEM, RBS and 

EDS on the sample angle crosssection, obtained from the nanocomposite coatings, 

showed from the nanocomposite coatings, showed the upper layer to have a 

nanostructure in the form of grains of 3-5 nm size, while the thick grain coating 

being of micron size a (3-12) m with nanosize phases (15-120) nm incorporated. 

Preliminary results of mechanical tests showed the nanocomposite coating 

hardness 19-22 GPa, while the corrosion resistance in the 2-3% of the order, the 

adhesion between the thick and thin coatings being also very high. 

The work was financed in the frames of ISTC-1198K and “Nanotechnologies, 

nanosystems and nanomaterials” projects NAS Ukraine. 
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Ti alloys were investigated after N-Ni; N-Zr: N-Mo; Mo-W implantation with 

about 60 kV energy and implantation dose of 5 1017 up to 1018 cm2.In the result of 

the implantation of gas and metal ions in the metal nitrides are formed in the alloys, 

resulting from the implantation of gas and metal ions. Nanocomposite secondary 

phases are formed under double metal ion implantation. Two hours vacuum 

annealing gives improved mechanical Ti alloys characteristics. Analysis of the 

structure and physico-chemical properties has been carried out by means of 

Ruserford  back scattering (RBS) and scanning electron microscopy(SEM). The  

x-ray structural analysis we carried out in two geometries including a small-angle 

beam at 0.5o. Messbaure Spectroscopy ( MS) as well as AES have been  also. 

Physico- mechanical properties have been obtained by means of measuring 

hardness (nano and micro), wear resistance at the cylinder friction on the surface. 

To analyse fatigue strength we used special samples in the form of “dump-bells”. 

We have shown that in some cases the double ion implantation is better than 

high-dose ion implantation N (up to 1018 cm2).

The work was partially financed in the frame of NAS Ukraine” Nanocomposite, 

nanomaterials and nanotechnologies”. New physical principles of obtaining 

coatings, films, nanomaterials by means of ion, plasma, and electron beams. 
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Using electro-arc Al metallization and micro-arc oxidation (anode-spark 

process), a coating of -Al2O3 on a graphite surface (i.e. C/Al/Al2O3) has been 

produced. After this, we applied: Ti ion implantation with 5 1017 dose, 60 to 90 kV 

and subsequent high-current electron beam irradiation (HCEB) in two regimes for 

a part of these samples. For our studies we used: a raster electron microanalysis,  

X-ray phase analysis, Rutherford ion back scattering and elastic resonance on 

protons (nuclear reactions), which have demonstrated formation of good quality 

Al2O3 and Al coatings before electron beam irradiation. Implantation of Ti ions 

into the combined coating surface resulted in a small increase in hardness in spite 

of a spread in initial state values. HCEB irradiation resulted in total melting of  

Al-sublayer and partial melting of the oxide layer. 

The electron-beam-induced modification of stoichiometry and acceleration of 

titanium diffusion in Al2O3/Al/C structures have been studied for the first time 

using He4 ion backscattering ,scanning electron beam microscopy and electron 

probe microanalyses techniques. 

The work was funded by Project STCU N3078, and by NAS of Ukraine 

«Nanosystems, Nanomaterials, Nanotechnologies». 
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Properties of amorphous and crystalline alloys Fe73.5Cu1Nb3B9Si13.5-xGex were 

studied by means of energy disperse X-rays (EDX), X-ray diffraction (XRD), 

differencial scanning callorimetry (DSC) and Mossbaues spectroscopy (MS), as-

quenched and after annealing [1]. Ge was shown to promote crystallisation of 

silicides and rather dumps crystallisation of borides. The alloys crystalise in 

structures characteristic for Finemet with proportional replacement of Si by Ge in  

-Fe3Si nanostructures, Fig 1. The magnetic properties of amorphous structures in 

a-q and a-samples do not substantially change with each other. The hyperfine fields 

Hhf slightly increases with increase of Ge content x, but both centre shift (CS) and 

quadrupole splitting (QS) change significantly with x. 

Figure 1. XRD diffraction patterns 

References 
[1] Brzozowski R., Wasiak, M., Uzna ski, P. Sovak P. and Moneta M., J. Alloys and Comp. (2008) 

doi:10.1016/j.jallcom.2008.02.048 
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Comparison of HA coatings obtained by hydrothermal method 

using solution containing (EDTA)
2-

 and Hank’s solution on pure 

Ti and Ti implanted with Ca
2+

A. Strza a, B. Petelenz, J. Kwiatkowska, and B. Rajchel 
Institute of Nuclear Physics, Radzikowskiego 152, 31-342 Kraków, Poland

In order to obtain a biocompatible and bioactive hydroxyapatite (HA) 

Ca10(PO4)6(OH)2 coating, that improves hip joint endoprosthesis integration with 

bone, hydroxyapatite was formed on pure titanium and Ca2+ implanted titanium 

substrates using hydrothermal method. Titanium is one of the most widely used 

materials in endoprosthesis fabrication. To synthesize HA two different solutions 

were used: one containing EDTA2-, calcium and phosphorus ions and the other was 

Hank’s solution whose composition is similar to the human blood plasma. The 

chemical and molecular composition of as deposited coatings were investigated by 

RBS method and Raman micro-spectroscopy.  

The effectiveness of the solutions in HA forming by the hydrothermal method 

and the influence of the substrate condition are discussed. 
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on Ti(N,C) substrate 
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The Ion Beam Sputter Deposition (IBSD) technique is frequently applied to 

obtain hard, complex coatings. The final mechanical properties of the coatings are 

dependent on the kind of substrate used. In the present studies the IBSD was used 

to form the carbon coatings on titanium substrates doped with both nitrogen and 

carbon prior to the formation process. The morphology of the obtained coating was 

studied in the temperature range of -140ºC to 450ºC by Raman microspectroscopy, 

revealing some phase transformation upon heating. RBS technique was also 

applied to determine depth profiles of elements’ concentration in the samples. 
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Magnetic and structural phenomena in metal glasses induced

by swift heavy ion irradiation  
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Russia
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The aim of the present work was to get information about the radiation effects in 

Fe77Ni2Si14B7 amorphous alloy after energetic heavy 155 MeV 40Ar or 245 MeV 
84Kr ion irradiation. These investigations were performed by means of transmission 

and conversion electron Mössbauer spectroscopy, X-ray diffraction, scanning 

electron microscopy and magnetic measurements. 

It was found that after irradiation the sizes of ribbon samples increased both in 

the plane and along thickness. For example, 84Kr-irradiated sample swelled up to 

10% at a fluence of 1014 ion/cm2. This swelling caused distortion of amorphous 

ribbon and appearance of specific surface patterns. However, according to X-ray 

diffraction, the alloy remains its amorphous state.   

Several differences between the Mössbauer spectra of irradiated and 

unirradiated samples may be observed. First of all, the spectral line intensities of 

irradiated samples decreased: I=7% for 40Ar-irradiated sample and I=5% for 
84Kr-irradiated sample. The hyperfine field distributions P(H) for amorphous alloy 

in initial state and before 84Kr ion irradiation were similar but the P(H) functions 

for 40Ar-irradiated sample differ from them, and thus suggests formation of several 

new types of the nearest atomic arrangement of Fe atoms (nanoclusters of 

precipitating crystalline phases). Additionally, we observed the difference in line 

intensities ratio between the Mössbauer spectra of 84Kr-irradiated and unirradiated 

samples – the decreasing of the 2-nd and 5-th lines intensities in the 84Kr-irradiated 

sample spectrum which reflects changes in magnetic anisotropy in it. 

The observed decrease of magnetic anisotropy in the sample irradiated by more 

massive 84Kr-ions is in connection with defects induced at the ion track end during 

the elastic collisions with amorphous alloy atoms. It corresponds to spin orientation 

modified by the stress field around these defects. We expect that the very 

compound process causes the curve deformation of amorphous ribbon.  
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Phase structure changes in intermetallic Ni-Nb-Al compounds 

irradiated with alpha-particles
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The structure of Ni-Nb-Al alloys irradiated with 2.5-3.25 MeV -particles to 

1013-1015 cm-2 was studied using X-ray diffraction and TEM. In initial state the 

studied alloys had structures of intermetallic compounds with followed type 

structure:  phase (Fe7W6 type), M-phase, Laves phase 1 (MgZn2 type), Heusler 

phase (Cu2MnAl type),  phase (FeCr type) and -W phase. It was found that 

1. some phase alloys (M,  and 1 phases) are amorphized relatively easy (after 

irradiation to 1013 cm–2);

2.  phase and -W type phase remain structure similar to initial type even after 

irradiation up to 1015 cm–2;

3. new structure-phase state in the alloy with initial structure of Heusler phase 

before it amorphization is formed.  

The results were discussed in terms of phase thermodynamic and structural 

features, structures of these alloys subjected by rapid quenching from melt and 

structures of irradiated Ni-Fe-Nb and Ni-Nb-V intermetallic compound alloys. 
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Effect of nitrogen bombardment on microstructure

and corrosion behaviour of titanium 
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The ion implantation technique has emerged as an efficient tool for surface 

engineering of materials. In this work, Ti is bombarded by nitrogen ions at energy 

of 30 keV and the implantation doses were in the range of 1×1017 to 1×1018. AFM 

analysis of bombarded samples clearly shows significant changes in Ti surface and 

the phases formation after nitrogen implantation were characterized by XRD. The 

corrosion resistance tests were performed by the electrochemical methods in 

solutions 1 M H2SO4 and temperature of 37°C. 
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Ion implantation has been widely used as a surface modification technique to 

improve surface properties. In this work, the implanted ion was Ar+ at energy of 

30keV and the implanted dose was in the range of 1×1017 to 1×1018 Ar+/cm2 in an 

AISI 304 stainless steel. The surface bombardment with inert gases mainly 

produces structural changes, modifying topography and morphology. The AFM 

analysis of implanted samples clearly shows significant changes in surface and In 

order to measure these modifications on the corrosion behavior, electrochemical 

noise tests at open circuit potential were performed. The results obtained show that 

Ar-implantation decrease the corrosion resistance of AISI 304 SS and this effect is 

more important with the increasing implantation dose. 

References 
[1] A. Shokouhy, M.M. Larijani, M. Ghoranneviss, S.H. Haji Hosseini G, M. Yari, A.H. Sari,

M. Gholipur Shahraki, Thin Solid Films 515 (2006) 571-575

[2] M. Seo, N. Sato, Trans. Jpn. Inst. Met. 21 (1980) 805. 

[3] P.Q. Zhang, J.X. Wu, Q. Zhang, X.Y. Lu, K. Wang, Corros. Sci. 34 (1993) 1343. 



P- -

160

Superconducting NbN nanostructures for single photon quantum 

detectors

Wojciech S ysz
1)

, Marek Guziewicz
1)

, Jan Bar
1)

, Maciej W grzecki
1)

,

Piotr Grabiec
1)

, Remigiusz Grodecki
1)

, Iwona W grzecka
1)

, Val Zwiller
2)

,

Irina Milosnaya
3)

, Boris Voronov
3)

, Gregory Gol’tsman
3)

, Jen Kitaygorsky
4)

,

and Roman Sobolewski
4)

1) Institute of Electron Technology, Al. Lotników 32/46, 02-668 Warszawa, Poland 
2) Delft University of Technology, The Netherlands 
3) Moscow State Pedagogical University, Russia 
4) University of Rochester, USA  

Practical quantum systems such as quantum communication (QC) or quantum 

measurement systems require detectors with high speed, high sensitivity, high 

quantum efficiency (QE), and short deadtimes along with precise timing 

characteristics and low dark counts. Superconducting single photon detectors 

(SSPDs) based on ultrathin meander type NbN nanostripes (operated at T=2-5K) 

are a new and highly promising type of devices fulfilling above requirements.  

In this paper we present results of the SSPDs nanostructure technological 

optimization. The base for our detector is thin-film (4nm) NbN layer deposited on 

350- m-thick sapphire substrate The active element of the detector is a meander-

nanostructure made of 4-nm-thick and 100-nm-wide NbN stripe, covering 

10 10 m2 area with the filling factor ~0,5. The NbN superconducting films were 

deposited on sapphire substrates by DC reactive magnetron sputtering whereas the 

meander element of the detector was patterned by the direct electron-beam 

lithography followed by reactive-ion etching.  

To enhance the SSPD efficiency at  = 1.55 m, we have performed an 

approach to increase the absorption of the detector by integrating it with optical 

resonant cavity. An optical microcavity optimized for absorption of 1.55 m

photons was designed as an one-mirror resonator consisting of a /4 dielectric layer 

and a metallic mirror. The microcavity was deposited on the top of the NbN SSPD 

meander. The resonator was formed by the dielectric SiO2 layer and metal mirror 

made of gold or palladium. Microcavity layers were deposited using a magnetron 

sputtering system. 
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The paper presents scanning electron microscopy (SEM) study of the magnetic 

microstructure of anisotropic sintered SmCo5 permanent magnets, produced by the 

powder metallurgy process and composed of grains with an average size of about 

20 µm. Observations were made in the thermally demagnetized state of the 

magnets at the surfaces both perpendicular and parallel to the alignment axis. The 

magnetic domains were revealed using the technique of type-I magnetic contrast 

(for the first time) and the colloid-SEM method. The domain structure consists of 

the main domains (which extend through the whole grain thickness) and surface 

domains of reverse magnetization (reverse spikes). The main domains form a maze 

pattern near the surface perpendicular to the alignment axis. The reason for the 

presence of the maze domain structure and reverse spikes at the surface 

perpendicular to the alignment axis is the reduction in the magnetostatic energy at 

the cost of a larger total Bloch wall area. Investigations carried out on the surface 

parallel to the alignment axis allowed to obtain much better insight into the 

orientation of grains. 
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Rapidly solidified (RS) aluminium based alloys with transition metals are 

widely used for production of light and highly loaded components in the aerospace 

and automotive industries. One of the important alloying elements in commercial 

Al alloys is Mn. Dependence of dope depth distribution from annealing 

temperature of RS foils of Al-2.1 Mn (at. %) alloy has been investigated by 

Rutherford backscattering spectroscopy (RBS) technique. RS foils were produced 

by method described elsewhere [1]. The resulting foils were typically 30-60 µm in 

thickness and 5-10 mm in width. The melt cooling rate was of the order of 106 /s. 

The relative error of concentration definition of Mn in the alloy did not exceed ~ 

2%. It is detected that Mn depth distribution in foils remains constant during 

annealing at 200º  for 1 h. Average measured dope concentration is 2.5 Mn. 

Annealing at 500º  for 1 h causes increasing of the average measured dope 

concentration till 3.3 at. %. Thin layer (0.02 µm) of alloy surface is enriched with 

Mn (4.2 at. %). It was carried out comparison of both surfaces of foils annealed at 

500º . It is found that Mn distribution near air surface is more irregular. The Mn 

concentration in thin layer of correspond surface makes 4.5 at. %. Thus the reasons 

of these changes in dope depth distribution of the foils during rising of annealing 

temperature up to 500º  thought to be both their phase composition and 

microstructure. As it is known the foil surfaces differs in the microstructure. 

Determined Mn redistribution patterns correlate with results obtained for RS 

annealed Al-Zn alloy foils [2]. 
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Coatings of materials are widely used to provide functional, protective or 

decorative layers. This study is devoted to investigation of Co coatings on silicon. 

The composition of Co based thin films deposited on silicon using a resonance 

vacuum arc source  and self ion assisted deposition (SIAD) method and 

accompanying radiation damage were investigated by utilizing the Rutherford 

backscattering of He+ ions in conjunction with channeling technique and RUMP 

code simulation. The hydrogen affinity at the coatings produced by means of SIAD 

was investigated applying 1H(15N, )12C nuclear resonance reaction. 

The cobalt films on silicon are found to have multicomponent structure. They 

include a high content of oxygen, carbon, hydrogen and substantial concentration 

of substrate. This high O, C and H content arises, we suppose, because of the used 

vacuum conditions which allows deposition of oxyhydrocarbons onto the growing 

film and accumulation them under the irradiation with the accelerated Co+ ions. So 

we may consider created by SIAD coatings as films, whose composition may be 

compared with that of solid lubricant films. Silicon appears in the coatings due to 

out diffusion processes from the bulk. Near 10% H content enrichment was found 

at the surface of coatings but no hydrogen enrichment at the coating – substrate 

interfaces was observed.

The channeling spectra show that the spatial distribution of defects is close to 

that expected. The mean range of the damage peak calculated from the 

experimental spectra and full width at the half maximum correspond to the 

theoretical average projected range and straggling of Co+ ions in silicon. 
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In the present work, low energy ion beam irradiation was implemented for 

surface modification of polymethyl-methacrylate (PMMA), using silicon (Si+) as 

the ion species. After high doses ion implantation of Si+ in the polymer material, a 

characterization of the optical properties has been made, using optical transmission, 

reflection and diffuse reflection measurements. The observed optical absorption 

increase with the ion dose has been attributed to ion beam induced structural 

changes, also revealed by the infra-red (IR) spectroscopy results. 
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Silicon ion implantation effects on the optical and photoluminescence (PL) 

properties of polymethyl-methacrylate (PMMA) have been studied. Low-energy 

ion implantation (E=50 keV) was carried out over a range of different ion doses 

(D=1013-1017 cm-2). Visible PL and optical transmission spectra in the range (330-

800 nm) have been measured. The existing visible range PL emission in the 

unimplanted PMMA samples is clearly affected by the Si+ ion implantation and the 

observed modification effect of photoluminescence enhancement (PLE) is 

essentially dependent on the implantation dose. For certain doses, the overall 

amplitude of the PL emission increases several times (up to 5 times). Optical 

absorption also gradually increases with the dose.  



P- -

166

Photoluminescence of Si
+
 and C

+
 implanted polymers 

T. Tsvetkova
1)

, S. Balabanov
1)

, L. Avramov
2)

, E. Borisova
2)

, I. Angelov
3)

,

and L. Bischoff
4)

1) Institute of Solid State Physics, 72 Tzarigradsko Chaussee, 1784 Sofia, Bulgaria 
2) Institute of Electronics, 72 Tzarigradsko Chaussee, 1784 Sofia, Bulgaria 
3) Institute of Organic Chemistry, Acad.”G.Bonchev” str., Bl. 9, 1113 Sofia, Bulgaria 
4) Forschungszentrum Rossendorf e.V., P.O.Box 510119, D-01314 Dresden, Germany 

Visible photoluminescence (PL) of ion implanted polymers was studied. 

Different polymer materials were used for the purpose: polypropylene (PP), poly-

tetrafluor-ethylene (Teflon), ultra-high-molecular-weight-polyethylene (UHMWPE) 

and UHMWPE+Bi. Ion implantation with Si+ and C+ was performed at energies of 

30 keV, with doses in the range 1013-1017 cm-2. The results show that a PL 

enhancement may occur for some polymer materials if proper implantation energy 

and doses are employed.  
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Neutral beam injection (NBI) is considered as one of the most promising candidate for 

plasma heating in future fusion devices like tokamaks and stellarators. The development of 

NBI systems based on negative ion beam (due to more efficient ion neutralization for 

higher beam energy compared to positive ion beams) requires detailed knowledge about 

negative ion production and transport phenomena, as well as beam extraction and formation. 

The computer simulations help to understand the above mentioned processes and support 

design and optimization of powerful plasma ion sources.  

It was experimentally shown that weak transversal magnetic field improves negative ion 

extraction [1] by stopping electrons and increasing negative ion flow into extraction area. 

This is due to the plasma tendency to maintain its neutrality. Such effect was also 

confirmed by two- [2,3] and three-dimensional [4] particle-in-cell (PIC) simulations.  The 

magnetic field helps also to get rid of unwanted electrons from extracted negative ion beam 

We have used PIC based three-dimensional code TRQR [5,6] which follows trajectories of 

charged particles in self-consistently calculated electric field and static magnetic field in 

order to investigate extraction of H- ions from large RF source by multi-aperture grid 

system resembling those tested at IPP Garching [7,8]. Transversal magnetic field was 

applied in the extraction region to hinder unwanted electron flow and increase extracted H-

current. The simple random-walk electron diffusion model, similar to those presented in [9], 

has also been implemented.  The electron diffusion enables electrons to travel across 

magnetic field and suppress their tendency [4] to create non-physical aggregations in the 

area of the magnetic field peak. 

In the paper we present the brief description of the simulation model. The evolution of 

plasma potential inside the plasma chamber is shown as well as its spatial profile for 

different simulation regimes (i.e. without magnetic filter; with the magnetic filter but 

without electron diffusion taken into account; and including both the magnetic field and 

electron diffusion). Current-voltage curves are compared for the three above mentioned 

cases both for negative ions and electrons. The influence of magnetic field strength on 

negative ion extraction current is under investigation. Results are compared for cases with 

and without electron diffusion taken into account. The influence of magnetic filter field 

width is also studied. 
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Thermoemission ion sources of various designs are still developed [1-3] and 

widely used for electromagnetic isotope separation, ion implantation and 

spectroscopy purposes [4-6]. Their characteristic features are: high working 

temperature in the range 2500-3300K and small dimensions of ionization chamber. 

The main advantage of thermoemission ion sources is their high ionization 

efficiency and small amount of substances needed to obtain stable ion current, 

which is especially important in the short-lived isotope on-line separation [6]. 

In our previous papers we presented both theoretical [7] and numerical [8] 

models of thermoemission ion source. In those models only the surface ionisation 

mechanism is taken into account. However, due to its high working temperature, 

the ionizer is also a source of electrons. Thermionic electrons are accelerated by 

extraction field penetrating ionizer’s volume and obtain energy sufficient to ionize 

even atoms of high ionisation potential (more than 6 eV). The presence of 

thermionic electron of such high energy was experimentally confirmed [9].   

The paper contains brief description of the numerical model of the source 

including both surface and electron impact ionization mechanisms. We estimate the 

values of mean free path of neutral atoms inside the ionizer. 
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The influence of ionizer’s temperature on ionization efficiency w is studied (see 

figure on the left). The electron impact ionisation enhances the source efficiency, 

especially for small values of ionisation coefficient . The efficiency of the ion 

source for different values of electron impact ionization cross-section is also under 

investigation (the figure on the right). 

Calculations were done both for realistic shape extraction field and for the 

simplified case of uniform field (so called ‘each ion’ work mode [7,8]). 
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Hard coatings based on nitrides of transitional metals obtained by physical 

vapor deposition techniques are widely used for cutting tool and wear applications. 

It is known that the coatings microstructure, physical and chemical properties 

depend strongly on deposition conditions. The aim of this paper is to study of the 

structure and tribological properties of (Ti,Cr)N coatings formed by different bias 

voltage (energy of process). The (Ti, Cr)N coatings were deposited by 

condensation chromium and titanium from a plasma phase in a residual nitrogen 

atmosphere in a vacuum with the simultaneous ion bombardment of the samples 

surface using Ti+ and Cr+ ions.

The microstructure and surface morphology of coatings were studied by 

scanning and transmission electron microscopy. X-ray diffraction with Cu K

radiation was used to identify crystalline planes. The element distribution within the 

coatings was obtained with help Auger electron spectroscopy.  

It was established that (Ti,Cr)N coatings had a single-phase solid solution 

structure with preferred orientation (220). Their lattice constants were between 

those of their parent binary compound. However, bias voltage influenced on 

chemical composition of coatings. It was revealed that the increase of titanium 

concentration and decrease of the content of chromium in the coatings with the 

rising in the bias voltage (more than 120 V).  

It was shown that the friction coefficient of the coatings enriched by titanium is 

two times less in comparison with the coatings contained the predominant 

concentration of chromium.  

Thus the bias voltage is the basic varied parameter, provided the possibility to 

change composition and tribological properties of coatings. 
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The nitride coatings are known to posses enhanced hardness, wear and corrosion 

resistance and thermal stability. The best results were found for composite 

multielement coatings on the base of solid solution of transitional metals nitrides. 

Therefore these systems are widely used as protective coatings. However the 

stability of these coatings under irradiation is investigated considerably less and 

that prohibits their usage as protective against various types of radiation. 

Ti-Zr-N and Ti-Cr-N composite nitride coatings were formed by vacuum arc 

deposition on NaCl, silicon and carbon steel substrates. The deposition regimes 

were as follows: nitrogen pressure in chamber of 10-1 Pa, bias voltage of 60..120 V, 

cathodes current of 100 A. Deposition time of 4..7 min resulted in coatings 

thickness of 150..500 nm. Samples with coatings were implanted using DC-60 

accelerator by ions of Ar (1 MeV, 1.6×1017 ions/cm2), He (40 keV, 1×1018

ions/cm2),  (100 keV, 1×1018 ions/cm2)

Original and implanted samples of coatings were studied with X-rays diffraction 

analysis, Rutherford backscattering spectroscopy, Auger electron spectroscopy, 

scanning electron microscopy with energy dispersive microanalysis, transmitting 

electron microscopy, hardness measurements and tribological testing. The 

influence of implantation parameters and ion types on the properties of coatings is 

discussed.
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The action of dense compressive plasma flows is a promising technique for 

obtaining new types of near-surface structures on materials. One of the possible 

ways of such a processing is the action of dense compressive plasma on metal-on-

semiconductor system. Iron-on-silicon structure is of a particular interest. Iron and 

silicon are known to form several types of compounds attractive for electronic and 

spintronic applications. 

The iron-on-silicon species were exposed to compressive plasma. Power density 

was chosen in order to provide appropriate melting and intermixing of silicon and 

iron. In our experiment its value was about 8 108 W/m2.

Scanning electron microscopy observations combined with X-ray microanalysis 

demonstrated presence of both iron and silicon in the plasma mixed layer and 

formation of dendrites. The average dendritic tip radius is about 0.4 µm. Iron is 

mostly located in the interdendritic spaces. In these spaces the formation of high-

temperature tetragonal iron disilicide -FeSi2, confirmed by X-ray diffraction data, 

is likely to occur. 

The mechanism of phase formation in iron-on-silicon system caused by the 

action of dense compressive plasma flows is discussed. 
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Ternary Ti-Cr-N coatings were formed by condensation from a plasma phase in 

a vacuum with the ion bombardment of the samples surface combining the plasma 

flows of titanium and chromium of variable density in a residual nitrogen 

atmosphere. Prior to the deposition, the surface of substrates was cleaned and 

heated by chromium ion bombardment. This stage provided the heating of the 

substrate to 400-450 C. Coatings were deposited by simultaneous increasing or 

decreasing of arc currents of Ti and Cr cathodes (from 50 to 100 A) and constant 

pressure of N2 gas in vacuum chamber of 10-1 Pa. 

The uniform distribution of titanium, chromium and nitrogen in the depth of 

coating is discovered by the method of AES. It is established that the ratio of 

titanium and chromium concentrations changes as function from the ratio of the 

cathodes arc currents. It is discovered by the method of X-ray diffraction analysis, 

that the formed coatings are the substitutional solid solution Ti0,68Cr0,32N with 

preferred orientation (200). 

SEM investigations of cross sections of ternary coatings showed that the 

coatings with the variable microstructure are formed: from the columnar to the 

globular. So the formation of the columnar structure of grow with average columns 

size of 30-40 nm is characteristic for constant composition coating. The weak 

columnar structure of grow is formed first with the summary plasma flow increase, 

and then is formed globular. In this case the size of columns corresponds to the size 

of globular grains (30-40 nm). The other effect is observed with the summary 

plasma flow decrease: the disordered structure (grains size is 60 nm), and then the 

weak columnar (columns size is 50 nm). 

The influence of variable plasma flows on the structure and the mechanical 

properties of Ti-Cr-N coatings is discussed in this work. 
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Superficial oxidation of pure titanium 9 mm diameter 5 mm thick disc samples 

by implantation and diffusion from inductively coupled plasmas is reported. Such 

rf plasmas are generated inductively in a 15 litre cylindrical Pyrex glass chamber 

containing pure oxygen in circulation. A quarter of wavelength solenoidal antennae 

capable of transmitting 500 W at 13.54 MHz from a 0-1200W rf generator through 

an automatic matching network is then attached to the chamber. The oxidation 

process is carried out during periods of 6 hours while varying the gas pressure 

between 100 Pa and 5×10-1 Pa and the sample bias between 0 and -3000 V DC. It is 

found that the sample temperature is a function both of the plasma density, which 

by itself is capable of taking the sample up to ~200ºC, and of bias voltage increase, 

leading to 680ºC. At the latter temperature the presence of the rutile phase is 

particularly evident to the x-ray diffraction analysis. According to SEM data, 

percent ratios of oxygen to titanium rose, in average, from ~0.06 for a untreated 

reference sample to a ~1.7 value for a sample treated up to 680ºC. 
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For the last two decades, there has been growing interest in metal ion 

implantation into dielectrics for nanoparticle formation. In particular DC current 

properties of granular thin films have been widely investigated and explained in the 

dielectric regime in terms of thermally assisted tunneling. The AC response such 

systems is not yet properly characterized in the limit where admittance rising from 

interparticle tunneling processes and interparticle capacitances become of similar 

magnitude. 

Thin (40 µm) polyethylene terephthalate foils were implanted by 40 keV Fe+

ions with .fluencies range of 2.5·1016 to 1.25·1017 cm-2 at ion current densities 4 µA

cm-2 in a residual vacuum of 10-5 Torr. The temperature dependence of the 

resistance was measured in the interval of 4,2 - 300 K using a standard quasi-four-

probe method in DC regime and at 300 K in AC regime in the frequency range of 

20 Hz to 1 MHz. Electrodes were deposited using silver paste providing ohmic 

contact.

Radiation-induced carbonization and formation of metallic clusters in the 

implanted polyethylene terephthalate leads the resistance decrease with dose 

increasing. At the critical dose Dc=7,5·1016 cm-2 the temperature coefficient of 

resistance change sign from negative to positive that means transition from 

insulating to metallic regime of conductivity. On the dielectric side of the insulator-

to-metal transition, the temperature dependence of resistance can be described by 

well-known Mott’s equation for variable range hopping. The phase shift of the 

voltage drop across the sample and current is negative showing contribution 

interclusters capacitance to the admittance of composite. Impedance spectrum 

(Im(Z)-Re(Z) – locus of impedance) has typical shape of semi-circle with maxima 

shifting from 20 to 300 kHz with dose increasing.  

In conclusion, we have observed insulator to metal transition in polyethylene 

terephthalate films implanted by 40 keV iron ions at critical dose Dc = 7.5·1016 cm-2.

Transition from insulating to metallic regime of conductivity because of 

carbonization of polymer matrix and formation metallic nanoparticles leads to 

change impedance characteristic from capacitive to inductive. 
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Ion implantation is one of the effective methods to control conductive properties 

of polymers. In general, an increase of conductance in the ion-implanted polymers 

is caused by radiation-induced carbonization, formation of carbon-rich clusters 

with conjugated bonds and sp2 hybridization, as well as metal atom coalescence 

into the nanoparticles for implantation ions of metal.  

Thin (40 µm) polyimide (PI) foils were implanted by 40 keV Co+ and Cu+ ions 

with .fluencies of 2.5·1016-1.25·1017 cm-2 at ion current densities of 4, 8 and  

12 µA cm-2 in a residual vacuum of 10-5 Torr. The temperature dependence of the 

resistance was measured in in DC regime in the interval 4.2-300 K using a standard 

quasi-four-probe method.  

Independently of kind of implanted ions resistance of polyimide decrease with 

dose and current density implantation increasing. For both kinds of ions it 

decreases more then four order of value for used regimes of implantation. On the 

dielectric side of the insulator-to-metal transition (IMT), the temperature 

dependence of resistance can be described by well known Mott’s equation for 

variable range hopping. It was estimated, that for cobalt ions implantation critical 

dose of the IMT is Dc=1.25·1017 cm-2 at ion density 8 µA cm-2. In the contrary 

implantation of Cu+ ions does not result IMT. For all regimes of Cu+ implantation 

temperature coefficient of resistance is negative. Since for maxima dose and ions 

current implantation resistance increase insignificantly with decreasing temperature 

up to 4,2 K we have analyzed temperature dependence of local activation energy. 

The slope of these dependences for all samples is negative confirming insulating 

regime of electron transport. The absent of IMT in copper implanted PI deals with 

the blocking of -electrons in carbonized polymer layer by copper atoms. 

Summarizing, at fluence 1.25·1017 cm-2 and ion current density higher than 8 µA

cm-2 we have observed the transition from insulating to metallic regime of 

conductivity in polyimide implanted by cobalt ions and did not observed the 

transition in the samples implanted by copper ions.  
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Manganin gauge produced by Dynasen Corp (US) in form of planar structure of 

2.5 m thick, and nominal resistance of 20 Ohms.were investigated The gauge was 

implanted to their open surface with 60keV energy Ti ions with surface dose of 

1016 ion/cm2 and then with 250MeV energy Kr ions with surface ion dose 1013 Kr 

ion/cm2. For Ti implantation a TRIM method of calculation gives maximum 

penetration range of about 50nm. In the Kr ion implantation, because of its too high 

energy, a special protection foil of 13 m thick was used. TRIM method of 

calculation gives information that Kr ions are located approximately with constant 

density of 0.4 1019 Kr ions/cm3 all over volume of specimen. Authors have 

assumed that during Kr implantation Ti ions were translated into manganin up to 

0.5 m depth. The temperature dependencies of electrical resistance of pure and 

implanted gauges were studied at temperature range (20-220)ºC. Using the 

modelling procedure for deeper interpretation of implanted foils having layers 

structure, described in details in [1], one can calculate that resistivity of mixed ion 

implantation volume decreases by about 40%. That means strong influence of Ti 

ions on conductivity of manganin. One can see that R-T characteristic of gauge in 

room temperature vicinity is improved in large measure. According to our data 

concentration of Ti ions in manganin is of order of 2 1022 Ti ions/cm3.
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Fig.1. Relative resistance of probe vs tem. for the implanted (red points) and not implanted probe 
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High performance rigid rod poly(1,4-phenylene-cis-benzobisoxazole) (PBO) 

provide great potential applications as reinforcement fibers for advanced 

composites due to the excellent thermal resistance and specific stiffness and 

strength. However, the interfacial adhesion between reinforcing fiber and polymer 

matrix is of concern for stress transfer in a low surface free energy system. In this 

paper, the effects of plasma processing on the modification of PBO fiber reinforced 

epoxy composite materials have been investigated using both as-spun (AS) and 

high-modulus (HM) PBO fiber systems. A radio-frequency oxygen plasma at 70 W 

was employed to minimize the damage to the materials. The characterization 

techniques included microscopy, surface analysis, and composite interfacial 

adhesion tests. The results showed that the AS fiber surface free energy could be 

increased from 49.9 mJ/m2 to 65.7 mJ/m2 (31.7%) and the HM fiber surface free 

energy could be increased from 46.2 mJ/m2 to 65.7 mJ/m2 (42.2%). The interfacial 

adhesion strength of PBO fiber reinforced epoxy composite was improved from 

34.7 MPa to 45.2 MPa (30.3%) for AS fiber system, and it was improved from 32.5 

MPa to 44.7 MPa (37.5%) for HM fiber system. The interfacial adhesion strength 

has been greatly improved by the cohesive failure that dissipated more fracture 

energy. 



P- -

179

Electrical properties of nano-structures (CoFeZr)x + (Al2O3)1+x

with use alternating current 

P. ukowski
1)

, T. Ko tunowicz
1)

, J. Partyka
1)

, Yu.A. Fedotova
2)

, A.K. Fedotov
3)

,

and A.V. Larkin
3)

1) Lublin University of Technology, 38d Nadbystrzycka St., 20-618 Lublin, Poland 
2) National Center of Particles and High Energy Physics of BSU, Minsk, Belarus 
3) Belarusian State University, Nezavisimosti, 4, 220050, Minsk, Belarus 

Layers of (CoFeZr)x + (Al2O3)1+x, 2 – 5 µm thick,containing metallic alloy nano-

particles  have been deposited on a dielectric base by means of magnetron 

sputtering with Ar+ ions of two targets – one of Co0,45Fe0,45Zr0,1 alloy and the other 

of Al2O3 [1]. Measurements of resistance and tg  have been performed within the 

frequency range of 50 Hz –  5 MHz, at the temperature ranging from 80K to 373K 

directly after the layer deposition as well as after 15-minute annealing in a tubular 

furnace within the temperature range from398 K to 673K with the 25K step has 

been performed. 

The obtained results have been analyzed based on a model of jumping 

conductivity at alternating current elaborated by the authors and presented in [2,3]. 

The model includes the time , when an electron remains in the potential well, 

probability of a jump from one well to another and of the electron returning back to 

the first well. It has been established that in samples that have not been annealed 

the probability of an electron returning to the first well is low. As the temperature 

grows that probability increases, which brings about growing dependence of 

conductivity on the alternating current frequency.  
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Testing has been performed on electrical properties of nano-composites 

(Co0,45Fe0,45Zr0,1)x + (Al2O3)1+x within the concentration range of 0.30 < x <0.65, 

produced by means of magnetron sputtering of a target composed of strips of 

metallic and dielectric alloys: Co0,45Fe0,45Zr0,1 and Al2O3. The desired concentration 

x can be obtained by adequate width selection for metal and dielectric strips [1].  

It has been found that the produced materials contain metal nano-particles of a 

diameter ranging from 6 to 10 nm. Alternating current conduction up to x of ca 

0.50 is realized by jumping recharging while at x > 0.50 metallic conductivity can 

be observed. 

The obtained results have been analyzed using a model of jumping conductivity 

at alternating current presented in [2,3]. Based on the analysis dependences of jump 

activation energy E  and jump times  on 15-minute thermal annealing 

temperatures within the range from 293K to 673K. have been obtained. 
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