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Abstract

The present paper is devoted to the several aspects of the development of specialized
software for the modelling of crystal growth processes. Due to the complexity of underlying
mathematical models for such processes, the modern technology of software design and
implementation has to be used. Our experience in the field of numerical modelling of crystal
growth processes has shown that such approach facilitates the development of complex
software systems. The general guidelines of software development are discussed in this paper.
It involves so called object oriented design and programming as well as the usage of powerful
software libraries in order to benefit from its functionality. To illustrate the programs created
by our group, some examples are briefly described in this paper also.

Introduction

Our praxis has shown that a wide range of problems in modelling of crystal growth
cannot be solved or investigated by the available software packages on the market. Therefore
often the only solution is to create the specialized software on our own. To overcome the
difficulties in the development of complicated software, the modern technology of design and
programming has to be used.

The modern software technology is based on the object orientation (OO) and in our
experience it turned out that the OO is effective tool in specialized software development for
crystal growth modelling. The OO means that the complex software is build by combining the
smaller parts - “objects”. The similarity between software objects and the objects in real world
simplifies the process of software development greatly. Another important aspect is usage of
already developed parts of software - code libraries (commercial or open source). This allows
us to use and benefit from the functionality implemented previously.

Our positive experience in using the modern software development technology in
applications for crystal growth problems is illustrated by several developed complex
programs. In the present paper three specialized software tools are presented: 1) Shape3D —
program for the steady-state 3D modelling of phase boundaries during the floating zone (FZ)
crystal growth process used for four cornered crystal growth without crystal rotation; 2)
HFEM3D - tool for the high frequency (distinct skin-effect) electromagnetic field 3D
modelling based on boundary element technique; 3) EM3D — tool for the low frequency (eddy
currents) electromagnetic field 3D modelling based on finite edge element technique.
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1. Aspects of the software design and implementation for applications in crystal growth

1.1. Complexity of numerical software

The complexity of specialized software tools for the crystal growth modelling is
determined not only by the physical problem itself, but also by necessity of additional
components like geometry/mesh creation, visualization and user friendly interface etc. Usually
we can distinguish the following components of the tool:

1) Numerical core — the structure of numerical core are based on modules. Each
module solves a certain subtask, for instance: the implementation of numerical methods like
Finite Element Method (FEM), Boundary Element Method (BEM) and Finite Volume Method
(FVM); mesh adaptation/generation; linear algebraic equation solver, integrator e.c. Then
modules are combined in composite structures. For example, to calculate the temperature
field, the temperature FEM solver and radiation solver (view factors) are combined.

2) Geometry Modelling — to reflect the real world objects in numerical model the
geometry modelling must be used. In crystal growth processes when the geometry of the
system is changing in time essentially, this program component can be significantly complex.

3) Visualization — this component of software ensures that the user can follow the
calculated results visually. For interactive programs this part is essential because the user must
see the actual state of the system before changing anything.

4) User Interface — also is very important part of numerical software, because it allows
user to control the modelling process with minimal effort.

Our experience has shown that the modern software development technology can help
to handle the implementation of such complex software systems very effectively.

1.2. Object oriented approach

One of the basic principles in OO is following that every software system consists of
objects and classes, which can be thought as the building “bricks” of system. Class defines a
set of objects with common properties in the system. For example, in the context of crystal
growth, the class can be solid silicon and objects - single crystal and feed rod. Additional OO
principles are as follows:

1) Control over data and procedures (encapsulation)

2) Reuse of code (inheritance)

3) Dynamic context-dependent behavior (polymorphism)

The first principle basically means that the developer has ability to work with data and
corresponding routines together. In old procedural programming technique this was a real
problem because a special care must be taken to avoid the mix-up of independent routines and
data variables. Second principle states that in OO it is possible to use an existing code by
inheriting the functionality from existing parts of system (classes). Practically it means that a
new class can be derived from an existing one. Third principle ensures the dynamic behavior
of the system, in practice it allows to design a part of the software system such that the actual
actions taken at runtime will be object dependent. For example, a code “draw shape”, can be
used to draw the circle or square, because both are shapes, nevertheless, at runtime the actual
drawing procedure will be different in case of box (rectangular shape) and circle (circular
shape).

During the implementation (programming) of software it is good practice to create the
graphical sketch of the system. Most widely used tool for this purpose is Unified Modeling
Language (UML, [1]). In UML each entity of the software system (class, object) has its
graphical representation. Thus UML allows designing the principal structure of the software
system by neglecting the specific implementation details.
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1.3. Avoiding the “re-invention of the wheel”

Our experience on the field of modeling in applied physics shows that during the
specialized software development it is important to use the available results from other
research groups as much as possible. There can be distinguished two different types of
existing work, which can be used. First, a wide class of problems in software design can be
solved by so called Design Patterns [2]. For example, some problems where Design Patterns
can help are: the isolating the operational system dependent code (Abstract Factory); using
independently designed systems (Facade) etc.

The second case is the usage of code libraries in order to solve a special task. Below
are mentioned some of the most popular libraries which can be used in the field of numerical
modeling:

1) Linear algebraic equation system solvers: SparseLib++; IML++ [3], [4]; PETSc [5];

2) Mesh generation: Triangle [6]; TetGen [7];

3) Visualization: OpenGL [8]; Visualization Toolkit [9];

4) Geometry modelling: BRL-CAD [10]; OpenCasCade [11].

2. Samples of developed software

2.1. Steady-state 3D modelling of phase boundaries during the floating zone crystal growth
process by Shape3D

The specialized software package Shape3D is developed for the steady-state 3D
modelling of phase boundaries during the floating zone (FZ) crystal growth process (see e.g.
[12], [13]) used for four cornered crystal growth without crystal rotation. Such crystal growth
processes are being developed for the applications in solar cell technology. Shape3D allows
investigation of the growth process of four cornered crystal under the influence of specially
designed 3D inductor. The program has a convenient user interface and 3D visualization
based on code library OpenGL [8]. The main components of this software are: free surface
calculation in 3D, see Fig. 1; temperature field calculation in crystal and melt by accounting
the radiation (view factors), see Fig. 2; a special algorithm of the formation of square-like
shape of the crystal, see Fig. 3; calculation of the shape of crystallization interface, see Fig. 4.

2.2. Electromagnetic field modelling by HFEM3D and EM3D

To solve the AC 3D electromagnetic problems at high and low frequencies the special
tools were created: HFEM3D, see Fig. 5, and EM3D, see Fig. 6. Both programs have user
convenient interface with integrated interactive 3D visualization features which were
implemented by using software libraries [8], [9]. The HFEM3D uses boundary element
method to calculate the induced currents linear density on the surfaces of bodies while EM3D
uses finite element method based on so-called edge elements to calculate eddy current density
inside the conducting bodies.

Conclusions
Our experience in development of specialized software tools has shown that the usage
of modern software development technologies helps to overcome the technical difficulties

very efficiently. Another important conclusion is that the implementation of software can be
accelerated (or improved) by using available code libraries.
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Fig. 1. Free surface shape 3D modeling

by Shape3D.
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Fig. 2. 3D heat radiation modelling using
view factors by Shape3D.
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Fig. 3. Four cornered shape crystal
growth modelling in 3D by Shape3D.
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Fig. 4. Crystallization
in 3D by Shape3D.
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Fig. 5. GUI of the high frequency electromagnetic field solver - HFEM3D.
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Fig. 6. GUI of the 3D low frequency finite element electromagnetic
field solver - EM3D.
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