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This thesis is divided into seven chapters.

Chapter 1: General Introduction

In this chapter we shall introduce the initial-boundary value problem for a nonlinear parabolic
equation of fourth order on two-dimensional bounded domain. Such a problem was presented by
Johnson-Orme-Hunt-Graff-Sudijono-Sander-Orr in order to describe the large scale features of a
growing crystal surface under molecular beam epitaxy.

Our research is devoted to solving the problem by to ways, one is mathematical analysis and the
other is numerical computation, such as finite difference methods. Finite-difference methods
involve discretization of the spatial domain, the differential equation, and boundary conditions,
and a subsequent solution of a large system of linear equations for the approximate solution

values in the nodes of the numerical mesh.

Chapter 2: Mathematical Models of Epitaxial Growth

This chapter is concerned to introduce the mathematical models equations of main physical
effects for describing the process of growing crystal surface under molecular beam epitaxy

This problem is handling by two main effects. One is diffusion of adatoms on the surface caused
by the difference of the chemical potential proportional to the curvature of the surface. The
adatoms have tendency to migrate from the position of large curvature to those small one. Such a
current is called the surface diffusion. The other is uphill current of adatoms from hopping down
from the upper terraces to lower ones. As a consequence, diffusing adatoms preferably attach to
step from the terrace below rather than from above and non-equilibrium uphill currents are
induced. Such a current is called roughening. With combining these positive and negative

diffusion equation, we can obtain obtain the initial value problem of our study.

Chapter 3: Dynamical System for Epitaxial Growth Model under Dirichlet Conditions
In this chapter we construct a dynamical system generated by the initial value problem




under the Dirichlet boundary conditions and we verify that the dynamical system has a
finite- dimensional attractor. Also this chapter is devoted to presenting a Lyapunov function
of the dynamical system whose values are monotonously decreasing along trajectories.

Chapter 4: Longtime Convergence for Epitaxial Growth Model under Dirichlet Conditions
This chapter is devoted to showing longtime convergence of trajectory. We shall prove that

every trajectory converges to some stationary solution as & — 2. In this chapter, we assume

that Q is a rectangular domain or €* domain.

Chapter 5: Homogeneous Stationary Solutions to Epitaxial Growth Model under Dirichlet
Conditions
In the previous chapters 3 and 4, we constructed a dynamical system generated by the

problem and showed that every trajectory converges to some stationary solution ast — oo.

This chapter is then devoted to investigating stability or instability of the null solution
which 1s a unique homogeneous stationary solution. Indeed, we shall prove that, when the
surface diffusion is stronger than roughening, the null solution is globally stable, and in the
meantime, when the roughening is stronger than the surface diffusion, the null solution is
unstable.

Chapter 6: Numerical Results for the Model Equation
In this chapter, first we shall construct a discretization scheme by Finite-Difference Methods
for the model equation. Second we shall illustrate some numerical results.

Chapter 7: Conclusions

This chapter is devoted to the review of our results in the present thesis.
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