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Introduction

The tempestuous development of new technologies, especially in information science, brings
new challenges for basic research. In the forefront of research are studies of systems and their
properties on the nanoscale, i.e. systems with a characteristic dimension less than 100nm. On
this mesoscopic scale we meet with new problems. On one hand these systems are too small
for rigorous application of the concepts of thermodynamic and statistical physics concepts.
On the other hand they are too large for first principle calculations. Also the understanding
of the formation and stability of nanostructures is an open question. In statistical physics and
thermodynamics, processes are described by mean values of characteristics and controlled by
averaged processes. These concepts are well established on the macro scale. However, on the
mesoscopic scale we encounter different behaviors of these processes. The most probable or
fastest processes can play the decisive role, atoms in a special positions can play an important
role, nanostructures are formed at non-equilibrium conditions and they are in a metastable
state.

All the parts of this thesis try to analyze different STM experiments studying nano-size ob-
jects. In the case of Pb/Si(111) at a low coverage an STM with atomic resolution was realized
by the group of RNDr. Vladimi Chab in FZU AV CR at low coverages of Pb. In this part
we reconstructed the patterns which arise due to the quick diffusion of Pb inside the unit cell
and it is based on the Monte Carlo simulation of Pavel Jelinek. The analytical calculation
validates and specifies the result from the Monte Carlo simulation and can show the results
without the influence of the statistics. The results of MC and analytical calculations was
practically identical, but in applying these of the free parameters, the analytical method was
allowed to us determine the parameters with higher precision (Chapter 2).

The other parts of this thesis arise from the cooperation of the group of my supervisor Zdenek
Chvoj with the experimental group of prof. M. C. Tringides from Ames Laboratory at Iowa
State University. At first, we tried to analyze the experiments of prof. Morgenstein which
conflicted with previous experiments which had partly been done by the Tringides group. In
this part we tested if this difference between the experiments could be caused by the use of
the thermodynamical Gibbs-Thompson approximation on the ensemble of atoms which is too
small to be described by macroscopical values. The conclusions of the experiments, methods
and results are in Chapter 1.

The last two chapters of this thesis are dedicated to an analysis of the newest experiments of
the group from the Ames laboratory with the deposition of Pb island on the Si(111)-(7x7) sur-
face. At higher coverage, Tringides’s group observed quite unusual behavior - they observed
the self-organization of nano-island at given temperatures and coverages, the growth from
the perimeter towards the center of the island with the typical ring-shape, and at least the
existence of preferred heights and, with this phenomena, together with double-layer growth.
In this work are presented the microscopical models with new surface potentials which can
partly illuminate some of the mentioned problems. The Monte Carlo is used as the interme-
diary between the simple kinetic model and the results of the experiment.

The Monte Carlo simulation is used as a way to simulate the evolution of the system which
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is described by a kinetic model too complicated for analytical calculation. In the kinetic
model the averages variables (i.e. bond energy per unit length, density) are substituted for
by several elemental processes (jump). Due to this substitution the model is more precise,
but the analytical solution is even more remote. The Monte Carlo in the algorithm used in
this work simulate in each step the movement of one atom in the system. Each movement is
"random” which means that it is necessary to choose the most probable jump in each MC
step. But on average at long-time interval each jump is represent by its probability which is
given as parameter of the Monte Carlo simulation. This probabilities (of frequencies) of the
mentioned elemental processes must be either determined from other calculation (ab-initio,
Molecular Dynamics) or are free parameters of the model. Nevertheless the more accuracy
the kinetics model gave for some small systems gives different results in thermodynamic ap-
proximation which will be shown in Chapter 1. All these simulations are in agreement with
the experiment and also allow us to study details which can not be measured.
















































































































































































































































