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Finite element method simulation of interface evolution
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Epitaxial Lateral Overgrowth (ELO) is a method of epitaxial growth on a partially masked substrate. It can be a promising
method for photovoltaic applications due to a possibility of producing thin and high quality silicon substrates. Since the mask
prevents propagation of the substrate dislocations to the laterally overgrown parts of the ELO layer they are characterized by a
lower dislocation density than the substrate. It means that it is possible to fabricate good quality solar cells on a poor quality Si
substrate. The main goal of the research is to obtain a higher growth rate in the lateral direction than in the direction normal
to the substrate. The epilayer growth kinetics depends on many technological factors, basically the growth temperature, the
cooling rate, the solvent and the mask filling factor. For this reason the best way to achieve the goal is a computational analysis
of the epitaxial layer growth process. This work presents a two-dimensional computational study of such a process of growth for
different technological conditions. The computational model is based on the assumption of pure diffusion control growth.
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1. Introduction

In the Epitaxial Lateral Overgrowth (ELO) tech-
nique the amorphous mask is deposited on a silicon
substrate and a narrow window is created in the
mask by means of a standard photolithography pro-
cess. Epitaxial growth begins inside the window
and then proceeds over the mask with a different
growth rate which depends on the technological con-
ditions of the experimental process [1–7]. The Liq-
uid Phase Epitaxy (LPE) method, which offers high
crystal quality with cost-effective and simple appa-
ratus, may be used to produce epitaxialy overgrown
layers. The most common method is the horizontal
sliding graphite boat system in which a saturated
solution is placed over the growth substrate and the
temperature of the system is lowered with a constant
cooling rate. The initial temperature of the system
is set depending on the chosen solvent. Detailed
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descriptions of the sliding boat LPE method can be
found, for example, in [8].

The purpose of using a dielectric mask deposited
on the growth substrate is to stop the propagation
of dislocations from the substrate. This is the major
point of the ELO method as it reduces the defect
density in the new layer. The substrate defect filtra-
tion in the ELO method was demonstrated in [9],
where the layer was deposited on a buffer substrate
with a very high density of etch pits (∼108 cm−2).
It was shown that the dislocations present in the
substrate propagated only to the very narrow area
above the opened window (seed). The rest of the
layer was nearly dislocation free. A defect density
analysis of the ELO Si layers growth on a Si sub-
strate was shown in [10]. A comparison of the qua-
lity of the Si layers obtained by the standard LPE
and ELO methods was presented. The defect density
for the LPE layers was about 104 cm−2, whereas
this value was measured as 103 cm−2 in the ELO
method. It proves efficient defect filtering in the Epi-
taxial Lateral Overgrowth method. A sufficient ELO
procedure requires a high difference between the
lateral and normal growth rate (high aspect ratio).
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Fig. 1. Schematic view of the computational domain
used in the simulations. The growth cell consists
of two main parts: the solution and the epitaxial
layer region. The moving interface of the layer is
therefore the border between these two regions.

Unfortunately, finding an optimized set of techno-
logical parameters involves numerous experiments.
To reduce the number of experiments – numerical
calculations can be carried out. This paper presents
a two-dimensional computational study of the epi-
layer interface evolution during growth from a solu-
tion in the ELO method. As distinct from the well
known approaches to the ELO growth phenomena
described, for example, in [11–13], our model is
based on the assumption that growth is controlled
only by the diffusion of Si in the solution. It means
that a thermodynamic equilibrium and a high ratio
of the surface reaction exist on the boundary surface.
The interface position is obtained from the growth
rates calculated on the basis of the concentration
gradients in the normal direction to the interface.
A triangle adaptive mesh was used to improve the
solute concentration profiles near the grown layer
border.

2. Mathematical model
A 2D computational domain for ELO growth

is shown in Fig. 1. As can be seen, it consists of
two main parts: the first part is the solution area
which keeps information about the concentration
of the solute in the solution. The second part is the
moving interface grid represented by a set of con-
nected points which change their position in time
according to the calculated growth rates. Informa-

tion about the location of the moving points, on the
one hand, and the concentration field in the vicinity
of the interface, on the other hand, must be passed
between these two parts of the domain.

The set of equations for this problem can be
written as follow:
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where C(ξ , t) is the mass fraction of the solute and
D is the diffusion coefficient of the solute. Ceq is the
equilibrium concentration obtained from the phase
diagram, and νn is the interface growth velocity.
The solute concentration field in the liquid phase
is obtained by solving the transport Equation (1) in
absence of convection. This assumption is valid in
the horizontal sliding method of growth in which
the substrate is placed under the solution. Although
the convective mass transfer appears after a short
time just after the motion in the sliding process, it
disappears very fast and it does not have any influ-
ence on the layer growth which is controlled by the
diffusion only [14]. The initial concentration, C0,
for all the elements is set as the equilibrium con-
centration at the starting temperature, T0, according
to the formula (3) and it is taken from the phase
diagram of the Si–Sn solution. The phase diagram
is obtained from [8]. During the growth process the
temperature, T , decreases with time with a constant
cooling rate, hence, the equilibrium concentration
is calculated in each time step of the simulation. For
the two vertical walls as well as for the area between
the solution and the oxide mask no flux Neumann
boundary conditions (5) were used (Fig. 1). The
mass balance condition (2) was set for the interface.
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Fig. 2. Improvement of concentration field calculations
in vicinity of grown layer with the use of adaptive
mesh grid.

From this condition the gradients of concentration
in the normal direction to the local curvature of the
interface and the resulting growth rate can be de-
termined. After the growth rate calculation, each
point of the interface is moved to a new location
according to the advection relation.

The finite element method was used to solve the
equations given above. As the growth rate νn is de-
termined from the gradient of concentration, it is
very important to calculate the concentration field
near the layer very precisely. For this reason, the
adaptive mesh grid near the edge of the layer was
used (Fig. 2). As the interface moves with time it
changes the geometry of the computational domain.
In each time step a new grid is generated and infor-
mation of the concentration is passed to the grid. It
should be pointed out that in the presented method
the adaptive mesh evolves with time as well as the
interface. The computational procedure consist of
the following main steps:

1. Set initial values of the numerical process.
2. Generate the mesh for the given geometry of

the domain.
3. Set the initial concentration profile for every

node of the mesh.
4. Decrease the temperature with the given cool-

ing rate.
5. Set the equilibrium concentration on the in-

terface on the basis of the phase diagram.

Fig. 3. Surface concentration of Si solute in Si–Sn solu-
tion after 1500 s of ELO growth.

6. Calculate the concentration profile from
Equation (1).

7. Calculate the gradients, growth rate and new
position of the interface.

8. Update the geometry of the domain, mesh
and return to the next step.

3. Results and discussion
The computer simulations were performed for

the Si ELO layer grown by LPE on an Si partially
masked substrate. 100 µm windows in a domain
which was 1 mm wide were used. The initial tem-
perature of the system was set as 920 °C, 960 °C
and 1000 °C. The computations were performed
for different cooling rates which were as follows:
0.1°C/min, 0.5°C/min, 1.0°C/min. The diffusion co-
efficient was taken after [15] as D = 3.0 ·10−5 cm2/s.

Fig. 3 shows the Si concentration surfaces in
the Si–Sn solution with time. The calculations start
from the solute equilibrium concentration at the ini-
tial temperature for the whole domain. The decreas-
ing temperature in time leads to epitaxial growth
and, in consequence, to a decrease in the concentra-
tion of the solute species in the open window area.
The difference in the concentration of Si in the Si–
Sn solution causes the flux of the solute to move
towards the growing interface.

The concentration gradients calculated at the
edge of the layer are much higher than those calcu-



Finite element method simulation of interface evolution during epitaxial growth2 417

Fig. 4. Flux of Si towards growing layer in 30 s of si-
mulation. An early stage of the interface position
can be also seen.

Fig. 5. Flux of Si towards interface after few minutes of
growth. The epitaxial layer interface is created
due to growth.

lated for the planar regions of the layer. It can be
seen in Fig. 4 and Fig. 5. The flux of the solute in the
solution is marked by arrows. The arrow length is
proportional to the concentration gradient at a given
point. The number of arrows is connected to the
number of mesh triangles. It should be pointed out
that the difference is obtained due to the mask pre-
sence on the growing substrate. As there is no flux
boundary condition for the mask, all the Si species
move from the mask area towards the grown layer
region. It leads to a higher concentration gradient

Fig. 6. Comparison of lateral growth rates for different
cooling rates.

Fig. 7. Comparison of lateral growth rates for different
initial system temperature.

at the edges of the layer and to faster growth in this
region. Thus, the geometry of the system can be the
reason for the difference in the growth rate in the
lateral and normal direction.

The simulation results of the epitaxial layer
growth for different cooling rates and initial tem-
perature are shown in Fig. 6 and Fig. 7. As can be
seen, the growth rate is rising for the first 800 s and
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becomes constant after that time. It is caused by
the finite size of the domain. It is visible especially
in the third plot of Fig. 6 where the cooling rate is
1.0. After reaching the maximum, the growth rate
is decreasing due to a lower solute concentration in
the whole system domain.

Figs. 6 and 7 show also the dependence of the
lateral growth rate on the growth temperature and
the cooling rate. Increasing one of the parameters
results in an increase in the growth rate. This is a
desirable effect for growing thin and wide epitaxial
layers on a partially masked substrate. The experi-
mental results of the epitaxial growth of Si on a Si
substrate presented in [16] confirm that the layer
width (as the growth rate is in the lateral direction)
increases with an increase in the value of the cool-
ing rate. It leads to a higher aspect ratio which was
also presented in the above mentioned paper.

4. Conclusions
A two dimensional computer simulation of the

ELO layer growth was performed by the LPE
method on the basis of the assumption of the dif-
fusion limited growth. The Finite Element Method
with an adaptive mesh grid was used to obtain high
precision of the concentration gradient calculations
near the interface. The growth rate of the interface
was obtained from the concentration gradient in
the normal direction in the vicinity of the surface.
The interface evolution during the growth was in-
vestigated and the results of the calculations were
shown. The lateral growth rate dependence on the
initial temperature of the system and the cooling
rate observed in the numerical calculations as well
as the experimental work leads to the conclusion
that the diffusion-limited model could be applicable

to the description of the epitaxial layer growth on a
masked substrate.
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