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MODEL OF THE FORMATION OF THE MICROSTRUCTURE OF 
NANOCOATINGS

Derevianko O.I. (alex_di_46@ukr.com)
Oles Honchar Dnipro National University (Ukraine)

A simulation model of the PVD process is proposed and its adequacy is shown based on the 
criterion of fractal dimension. PVD (Physical Vapor Deposition) technology, in which the starting 
material is evaporated in a  separate chamber is transported through a gaseous medium and 
deposited on a substrate.

Interest in fractal nanosized diamond-like carbon films is associated with their physical 
properties, which are determined by the microstructure.  The PVD process is implemented in three 
stages:
1. Dissociation of molecules of the original substance.
2. Formation of structural elements of the film coating.
3. Deposition of formed elements and organization of their adhesion to the coating surface.
When carrying out reactions of dissociation of molecules the predominant losses are losses due to 
elastic collisions, and ionization reactions - inelastic and coherent energy losses.

The purpose of this work is to substantiate the fractal properties of nanoclusters formed during 
deposition from a gaseous medium and to prove their adequacy to the structures obtained by 
modeling the process of structure formation under conditions of chaotic diffusion.

Electron beams are concentrated energy sources with a high specific power (108...1012 W/m2), 
which are used in electron-beam CVD and PCVD technologies for obtaining carbon film coatings 
in vacuum [1]. In our studies, low-vacuum gas-discharge electron guns (NGEDs) operating in the 

The process of dissociation of the molecules of the original substance is due to the breaking of 
interatomic bonds in the molecule.  In this case, in the molecule as a nonlinear oscillatory system, 
one of the possible scenarios for the transition to chaotic vibrations is implemented [3]. The 
appearance of chaotic oscillations of atoms is associated with the occurrence of a chaotic resonance 
due to a change in the spectrum [4].

As a criterion for belonging to the geometric shapes of structural formations in film coatings 
obtained as a result of carbon deposition using PVD technology (Fig. 3), the paper considers scale 
invariance, which expresses itself in the form of values of the fractal dimension D different from the 
geometric dimension [5].

For a dynamic fractal object, while maintaining the growth conditions, the fractal dimension 
remains unchanged in time.

The fractal dimension D is an integral characteristic of the raster image of the fractal, and its 
value is determined by the topology of the image, so any changes in the structure of the fractal 
image cause a change in the value of D. So for structural formations in film coatings obtained under 
the same conditions (Fig. 3), the geometric dimensions (for example, the minimum radius of the 
circumscribed sphere) are different, at the same time, the corresponding values of D are close. The 
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appearance of a jump in the values of the fractal dimension is associated with the moment when the 
features of the topology appear.

To estimate the value of the fractal dimension in the studies, the "Box count" algorithm was used, 
which is focused on the study of lines - the boundaries of flat objects.

Fig.  1. Structural formations a) and b) in film coatings obtained as a result of carbon deposition 
using PVD technology

D = 1.137 D = 1.189
Fig. 2. The boundaries of structural formations Fig. 1 a), b)

After heating the sample and reaching a certain vapor pressure of the working substance, the 
supply of a positive potential to the anode leads to the appearance of a non-self-sustained discharge 
and the formation of plasma.

The technology of deposition and formation of functional coatings is characterized by non-
equilibrium process conditions, which lead to the dynamic formation of fractal clusters in the 
immediate vicinity of the surface and subsequent deposition.

A model of the process of interactions in an external force field of atoms of a vapor phase 
medium, described by the methods of nonlinear molecular dynamics, is considered. 2

,   (1)
where the conservative component of the interaction is determined by the Morse potential.

The growth of a fractal cluster is carried out during the transition of atoms to a more stable state 
with a lower value of free energy.  Because the transition from one state to another requires energy 
to create the liquid-crystal interface and the formation of structures is possible only if their energy 
decreases in the new state.

The developed computer model of cluster growth in a medium of randomly moving particles 
(Fig. 3) made it possible to obtain a number of effects that are inaccessible to observation in the 
case of using the limited diffuse aggregation (DLA) model.
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Fig. 3. Structural formations a) and b) obtained as a result of modeling carbon deposition
Comparison of estimates of the fractal dimensions of cluster boundaries, obtained during the 

formation of nanosized carbon films by the PVD method (Fig. 2) and the results of computer 
simulation, showed the coincidence of their values (Fig. 4), taking into account the measurement 
accuracy.  This can serve as a criterion for the adequacy of the developed computer model and the 
actual physical process of deposition using PVD technology.

D = 1.122 D = 1.139
Fig. 4. The boundaries of structural formations Fig. 3 a), b)
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