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In the last years an interest in field of quantum dots devices creating has been increased. In this work
the nanocrystallite with Frank-Kasper structure was examined as the quantum dot in amorphous
film. An ability to create all-inorganic Quantum Dots Light Emission Device may be considered for
ThssFer, CogyCsy FessMn ;C and CosyPds, films.

The self-organisation of atomic structure in Ths,Fez, Cos)Csy, FessMn ;;C and CosgPds films, which
possess large values of perpendicular magnetic anisotropy (PMA) constant (K, ~ 10° erg/cm?), were
investigated by methods of electron diffraction and transmission electron microscopy, including
the method of bend contours. The crystallization of the films proceeds in an explosive way forming
different dissipative structures from initial nanocrystalline state. In previous works [2, 3] it was shown
that after crystallization (T,,,~ 260-330 °C) the atomic structures of TbsyFe;, CogyCy, FessMn;;C and
CosyPds, films are tetrahedrally close-packed Frank-Kasper structures. In this work the structural
model of thin film at mesoscale and its correlation with magnetic and optical properties is proposed.

Keywords: dissipative structures, explosive crystallization, bend contours, quantum dots.

Introduction

The creation of new materials with unique properties is a conclusive element of new technology
development. The structures arising during self-organization process are known as “dissipative
structures”. The term “dissipative structures” was introduced by 1. Prigogine [4]. These structures
appear in nonlinear open systems spontaneously. The corresponding processes are the result of
the considerable remoteness from equilibrium conditions. Strong internal bends of crystalline
lattice in thin solid films and solid bulk materials with high concentration of elastic stresses were
observed in [5, 6]. Due to the temperature gradients and pressure the hydrodynamic and thermal
effects during competing create the complex structures including periodic, quasiperiodic and

chaotic structures.
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1. Methods and Results

We investigated the structure and magnetic properties of Tby,Feyy, CogyCyg, FegeMn,;3C and Cos,Pds,
nanocrystalline films with strong PMA [2, 7]. The films were examined in the initial state and after
annealing at vacuum. The film samples were prepared by thermal explosive evaporation at vacuum
(residual pressure about 10~ Torr) and magnetron sputtering at vacuum (residual pressure about
10-¢ Torr) onto different substrates (glass, crystalline, amorphous silicon, fused silica, NaCl, CaF,,
MgO, and LiF). The microstructure and phase composition of the films were analysed using PREM-
200 and JEM-100C transmission electron microscopes. The chemical composition of the films was
checked by X-ray fluorescent analysis. PMA constant K was determined by the torsion magnetometer
at room temperature in magnetic fields with strengths up to 17 kOe.

In this article we bring results gained by using electron diffraction and transmission electron
microscopy methods [2, 7]. Examples of rotation effects are shown on Fig. 1. The self-organisation
of atomic structure in Cos,Pds, and Cog,C,, films, possessing large values of the PMA constant
(K, ~ 10° erg/cm?).

On electron microscopy image of Co-Pd film (Fig. 1(a)) explosive crystallization propagated
in periodic turbulent regime is observed. The presence of rate gradients during the movement of
nanoparticle groups relative to each other provided aligning action on every nanoparticle. The
anisotropic distribution of particles relative to their orientation in volume is established under the
action of simultaneous effect of orientating flow forces and disorientating movement [8]. As a result,
the phenomenon of explosive crystallization with the formation of pseudomonocrystals, both periodic
and quasiperiodic, was observed.

The crystallization of films occured by an explosive way is forming the large variety of
structures from initial nanocrystalline state to dendrit, fractal, lens (with hyperbolic and elliptic
ombilica morphology), Hele-Shaw cells, shock-wave fingers, Teilor vortex. The scale invariance
took place in these formations. On Fig. 2 it is shown that after crystallization (T,,,~ 260-330 °C) the
atomic structures of FegMn;;C and CosPds, films are forming tetrahedrally close-packed Frank-

@ (b)

Fig. 1. (a) The electron microscopy image of a Co-Pd film with bend contours. Periodic turbulent regime was
formed under the action of electron beam of transmission electron microscope; (b) Bright-field TEM image of a
CogoCy film with individual quantum dot in amorphous matrix with bend-contours aroused at explosive crystal-
lization under the action of electron beam of transmission electron microscope during investigation
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Fig. 2. (a) Bright-field TEM image showing the dark quantum dots on the surface of Co-Pd film after interaction
with an electron beam and the picture of electron microdiffraction; (b) Bright-field TEM image showing the dark
quantum dots on the surface of Fe-Mn-C film after interaction with an electron beam and the picture of electron
microdiffraction; formation of bend-contours and monocrystal inclusions are visible

Kasper structures [7]. Such a kind of atomic structures is usual for Tb-Fe alloys but is unknown for
Co-Pd alloys.

The correlation of nanocrystalline film structure with their magnetic characteristics in the process
of transition from the disorder to their regular structure is researched. The other problem considered in
this work is a decrease of saturation magnetization in nanocrystalline films of Cos,Pds, and FegsMn,;C
with tetrahedral close-packed Frank-Kasper structures.

The dependence of saturation magnetisation (Fig. 3) at annealing temperature shows decreasing
of temperature over the range 300° to 400°C. Probable reason of saturation decrease is significant
magnetostriction. The behavior of temperature coefficient of electrical resistivity indicates structural
reconstruction. The optical and structural properties of these nanoobjects (quantum dots — QD)
essentially differ from the properties of initial material states (See Fig. 1 (b)). One of the directions
using such properties of nanocrystalline materials is creation of displays of new generation on quantum
dots (QD).

Based on the bend-contours analysis using transmission-electron micrographs the evaluations
of internal tensions in the investigated films were made. This bend-contours analysis indicated
also considerable effective bending of crystalline lattice (~70°mkm). It is shown that the
peculiarities of the atomic structure of the films should cause large magnetostriction effects. It is
supposed that the formation of large values of PMA constant is defined by the magnetostriction
anisotropy.

The torsion angle 0 of crystal plane d,,, was determined using distances between bend contours

W on electron microscope images [1]:

T

0= @arcsin(L) Q)]
w 2d

the electron wavelength A was equal to 0.037 A, the radius of curvature r was determined by equation
from [5]:
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Fig. 3. (a) The dependence of (M,) — saturation magnetisation and (R/R,) — relative electrical resistivity at anneal-
ing temperature (T,,,) in nanocrysnalline films Cos,Pds; (b) Spectra of optical absorption and transmission from
nanocrystalline film of Co-Pd. At wavelength about 1300 nanometers distinct peaks with exciton nature can be
observed; (c¢) The spectrum of absorption from thin film FegsMn,;;C contains distinct peak on wave length of 1320
nanometers
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The torsion angle and curvature radius of crystal could be contributed to the equation:
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According to [8], rotation instability of atomic lattice is possible at shift deformation. In the case
when we have one variable value parameter and two directing, we would get assembling catastrophe.
In the case of two variable value parameters and three directing, the ombilic catastrophes are observed,
that is so-called pseudomonocrystal shape ombilics. In the case of others combinations of parameters
the shapes of tore, helix, fractal are realized. All mentioned above shapes were observed in our
experiments.
Analysis of the bend extinction contours in the films was performed according to the procedure

described in [5]. For presented studied films, the elastic stress is estimated at ~10"N/m?. In the case
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when the stress in the film does not exceed the elastic limit, PMA constant is approximately equal to
~107 erg/cm®. However, dark-field electron microscopic research of these films revealed a plastic flow,
which indicates a rotational effect, i.e. rotation of film regions with 1 pm size about. Consequently,
stresses arising during the formation of the crystal structure substantially exceed the elastic limit
and can make a considerable contribution to PMA due to magnetostriction effects. The possibility of
elastically-magnetic recording of information was shown in [9] and it can be the example of Fe-Tb
film. The recording was possible because the temperature gradient during recording by laser beam
caused the pressure gradient in the film. The authors [9] didn’t take into consideration changing of
viscosity, assuming that heating is negligible. However, it was shown in [10] that shear components of
tension provided strong influence on the distribution of uniaxial anisotropy along a thin magnetic film.
The intensification of magnetostriction effects by the substrate bending during evaporation of film
was reported in [10]. The bending was not more than 5°pum. With the help of bend contour analysis
it was shown that in our experiment the inner bend in film material could be 10 times more. The
magnetostriction constant of Fe-Tb is equal to 2:107, that is 1000 times more than in [11]. Therefore,
the effects related to varying of anisotropy field depending on rotation shifts would be much higher in

our films.

2. Conclusions

In this work the nanocrystalline films with Frank-Kasper structure were examined as the quantum
dots. An ability to create all-inorganic Quantum Dots may be considered for CogyC,y, TbsoFey,
FegsMn,;C and CosoPds, films. Advantages of all-inorganic Quantum Dots representing in [12].

In our opinion, there are sufficient reasons to conclude that the features of explosive crystallization
processes in metal films with a nonequilibrium structure can be described in the framework of the
modern STZ theory based on the excited-atom model [11].

The uniaxial magnetic anisotropy in film materials having large constant of magnetostriction is
able to change its sign and value due to inner stress gradients created by dissipative structures. The
data summarized in this paper have demonstrated that in nanocrystalline films of metal alloys exists
possibility of the quantum dots creation in the form of nanocrystallites with Frank-Kasper structure.
The appearance of this quantum dots one can connecting with spectrum of absorption, which shows
visible distinct peaks at wavelength in the area of 1300 nanometers, apparently, connecting with exciton

optical transition.
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Bo3MoOxHOCTH ()OPMUPOBAHMA KBAHTOBBIX TOYEK
B TOHKHX HAHOCTPYKTYPHPOBAHHBIX
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B.C. Kuranos?, JI.U. KBeriuc?®,

P.b. AobLikaabikoBa®, M.C. PaxumoBa®

“ Unemumym ¢huzuxu um. JI.B. Kupencxkoeo CO PAH

Poccus 660036, Kpacnospck, Axademeopodok 50

¢ Cubupckuil pedepanviviil yHugepcumem
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¢ Bocmouno-KazaxcmaHckuti 20cy0apcmeeHHblll yHugepcumem
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B nocneonue 200b1 606101 UHMEPEC NPUBTEKAIOM UCCAEO08AHUS, CEA3AHHbBIE C YCMPOUCMEAMU,
pabomarnwumMy Ha KEAHMOBbIX MOUKAX. B dannou cmamve HAHOKPUCTNAIUMbBL CO CMPYKMYPAMU
@panka-Kacnepa uccnedoganvl Kaxk KeAHMOsble MOUKU 8 AMOP@HBIX NAeHKax. Bozmoownocme
CO30aHUSL IMUCCUOHHBIX YCMPOUCME HA NOIHOCHbIO HEOP2AHUYECKUX KBAHMOBbIX MOUKAX MONCEm
ovims paccmompera 0ns CogyCyy, ThspF ez, FessMn ;C u CosyPds) nienox.

Camoopeanuzayus amomuou cmpykmypuot CogyCsy, ThspFes, FessMn;;Cu CosyPdsy6 nienxax, komopule
061a0ar0m 6bICOKUMU 3HAYEHUAMU KOHCMAHMbL, NePREeHOUKYIAPHOU MASHUMHOU AHU30MPONUU
(IIMA) K, ~ 10° spe/cm?, uccredosanvt memodamu s1eKmpoHHOl Oudpakyuu u npoceevusaioujell
INEKMPOHHOU MUKPOCKONUY, GKIIOYASL Memoo u32ubHblx KoHmypos. IIpoyeccwl 63puleHoil
KPUCMAAIU3AYUY AMOPPHBIX NIAEHOK (QOPpMUPYIOM pasiuuHble OUCCUNATNUGHbLE CIMPYKIMYDbL U3
HAHOKPUCTNAAIUYeCKUX 3apoodviuieli. B npedvioywux pabomax [2, 3] bvio nokaszano, umo nocie
kpucmanauzayut (Topyenea ~ 260-330 °C)  amomuas cmpyxkmypa TbhspFes, CogyCsy, FegsMn ;C
u CosPdsy Ovina onpedenena Kaxk mempas’opuyecku RIOMHO YNAKo8anHas cmpykmypa Ppauka-
Kacnepa. B smux pabomax cmpykmypHbie MoOenu MOHKUX NIEHOK, CO30aHHble O MUKpO- U
Me30Macumabos ceéa3vbl8AMC ¢ MASHUMHBLMU U ONMUYECKUMU CEOUCTNEAMU NIEHOK.

Knioueswie cnosa: ouccunamusenvle CMpyKmypbl, 63pbl6HAA KpUucmajiiuzayus, u3zeubHvle KOHmypeuol,
K8AHNoevble MOYKU.




