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SUMMARY
Konorev S.I. Structural phase transitions at the interfaces of nanoscale

functional stacks "graphemmaetal” and "metasilicon" 1 Manuscript.

Thesis for receiving the candidate of technical sciences degree within the
specialtyi 05.16.01 Metal science and heat treatibof metalsi National Technical
University of Ukraine "Igor Sikorsky Kyiv Polytechnic Institute”, Ministry of
Education and Science of Ukraine, Kyiv, 2021.

The thesis is devoted to investigation of regularities of structural phase
transitions at the berfaces of "graphenmetal (Fe, Pt, Ti)" and "metal layer (Fe, Pt,
Mn) below 25 nmSi(100)" systems for formation of scientific bases of next
generation microdevices fabrication. The feature of this work is the fact that, in
contrast to other studies, cbmed approach for investigation of structural phase
transitions at the interfaces of different types was applied: computer simulation
methods of different scale levels were combined with modern experimental
investigation methodsi secondary ions maspedrometry, Xray diffraction,
transmission electron microscopy, feanobe resistometry.

Literature sources related to the topic of dissertation study were analyzed in
this work. Modern state of the field of technologies based on graphene application:
was eviewed. Features of experimental and theoretical investigation of structure anc
properties of contacting with graphene materials were shown. Influence of
manufacturing physical and technological parameters of condensed in vacuun
metallic materials on itstructure and properties was analyzed. The impact of layers
thickness and presence of additional layers in metallic layer stacks on the
development of diffusion phase formation process was determined.

Molecular dynamics approach was used for investigaifdigraphenemetal”

interfaces. Main part of calculations was realized at Huizhou University (PRC), using
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TianHell supercomputer. The models of pure metal, free graphene, "grapletak

system" of two different orientations for each metal, two temperstu300 K and
400K, three most densely packed metal planes were created in order to determine tl
impact induced by graphene coating. As a result, more than 70 model systems wel
analyzed, allowing to determine regularities of structural relaxation and
reconstruction processes at the interfaces of systems "graginghecrystal of metal

Fe, Pt, Ti of various surface orientations" as well as impact of temperature factor.

Interfaces of the second type "mesdicon" were investigated by means of
continuaus approach, using modern nonlinear mathematical analysis methods, theor
of differential equations with partial derivatives, integral equations as well modern
experimental methods.

The tasks of nucleation and growth of new phase particles (ensembleflike)
flat and cylindrical shapes, growing from the area with a limited diffusant source,
were considered as well. The solutions of these diffusion tasks in new forms were
obtained, allowing to determine the following parameters: growth rate of new
particlesduring heat treatment; maximum size of growing particles and time needed
to achieve this size; concentration and time distributions in the area close to thes
particles; diffusion characteristics.

For experi ment al st udy -siifc otneoc hsnyi sctad |
temperature range of 7231K1273 K the following methods were used: secondary
ions massspectrometry, Xay diffraction, transmission electron microscopy, four
point resistivity measurements, etc. It was determined that featureucfusal and
phase modifications in the investigated layers of silicides,@#nand intermetallics
(L1,-FePt) is a formation of structural elements ensemble of flat shape. Obtainec
solutions of diffusion tasks in a new form were used to forecast of piansnd

evolution of found structural elements.
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Computer simulation of growth kinetics of lyBi; silicide phase during eo

deposition of Mn and Si, in case of oversaturated3solid solution formation
during initial diffusion stages, reveled satisfiedjreement between calculation
parameters and transmission electron microscopy experimental results.

Using FePt/Si(100) system as an example, it was proved that molecular
dynamics is an effective approach to determine temperature dependence of vacan
formation energy, diffusion activation energy, migration energies of Fe and Pt atoms
in theL1,-FePt intermetallic.

Obtained results are of practical interest for scientific basis formation of
modern technologies of mict@and nane devices creation with layerof graphene,
metals and silicon.

Regularities of structural relaxation and reconstruction processes at the
i nterfaces -asingle fcrystab of netale(Fe, Pt, Ti) with different
crystall ographic surface or iraam faetdr weoen s ¢
determined for a first time using molecular dynamics method:

i At temperatures below 400 K structure of graphene on metal surfaces reveal
just relaxation changes (expansion up to 3%) without reconstruction.

i Level of relaxation andeconstruction goes down with a lowering of packing
density of the metal surface layer and increases with rise of the temperature up to 4C
K.

Il n order to provide struct uirmeelt adtoab
following criteria were propasd based on these regularities:

i in case of small mismatch between crystal lattice parameters of metal anc
graphene it is desirable to choose planes with a maximum surface packing density;

I in case of large mismatch between crystal lattice parameteret@ and

graphene it is desirable to choose planes with a lowest surface packing density;
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The tasks of nucleation and growth of new phase particles (ensemble like) of

flat and cylindrical shapes, growing from the area with a limited diffusant source,
were considered for a first time and solutions of these tasks were obtained, allowin
to deternme the following parameters:

T growth rate of new particles during heat treatment;

I maximum size of growing particles and time needed to achieve this size;

I concentration and time distributions in the area close to these particles;

T diffusion characteristics.

It was determined that feature of structural and phase modifications in the
investigated layers of silicides (M®i;) and intermetallicsL(1,-FePt) is a formation
of structural elements of flat and cylindrical shapes. Parameters andiavadiit
these particles could be predicted by obtained in this study solutions of diffusion
tasks in new forms.

Using FePt/Si(100) system as an example, possibility to apply molecular
dynamics method for characterization of diffusion mass transfer wasighow first
time: obtained by simulation results allow to determine temperature dependence G
vacancy formation energy, diffusion activation energy, migration energies of Fe and
Pt atoms in th&1,-FePt intermetallic.

Determined size, morphological, amdncentration effects during structural
and phase transitions in the investigated materials under heat influence are scientif

basis of manufacturing technologies of nanoscale materials of wide application range

Key words: graphene, surface, interfacesurface relaxation, reconstruction,

nanoscale stack, diffusion, structure, silicide, phase formation.
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