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Abstract: In this work, the author made a numerical
modeling of the capacitance of an inorganic semiconductor
silicon in the presence of excitons. The model obtained
allowed him to calculate a average temperature,
concentrations of carriers (electrons and excitons) and
capacitance. The motivation of the author is firstly to show
the effects of the average temperature and secondly those of
heat. To perform such work, the author chose the finite
volume method as a method of solving physical problems.
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Figure 1: Schematic diagram of a silicon inorganic
semiconductor based

INTRODUCTION
The study of the limiting parameters of solar cells
yield interest of authors numbers. Detailed knowledge of these
limiting parameters is a factor that contributed to the increase
in the performance of silicon solar cells.

The figure 1 above, shows the structure of an inorganic
semiconductor, containing silicon, n+ p junction. It shows the
different parts of our physical problems. The semiconductor is
subjected to a monochromatic illumination from the front side.
Therefore, there are phenomena of recombination, generation
and diffusion. These phenomena have governed the equations
of transport of electrons and excitons.

Some of these authors have studied the junction
capacitance. They developed an analytical model in a
dimension to show the effects of the base doping density on
the capacitance according to the surface recombination
velocity [1]. They also proposed a determination technique for
both dark capacitance [1]. Others have developed a numerical
model applicable to solar cells in the presence of excitons.
They also showed that the concentration of excitons can be
close to the concentration of the electrons. [2].
The purpose of this study is to develop a numerical
model applicable to inorganic solar cells, to solve a nonlinear
physical problem. This model will allow us to determine the
effects of average temperature, the thermal factor, as well as
the Fourier number on the capacitance according to the surface
recombination velocity. In addition the surface recombination
velocity, we will do this study the capacitance according to the
surface conversion of excitons.
FORMULATION OF THE PROBLEM
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They were adimentionnalised by considering the following
reference physical quantities: C r (concentration for the
electrons),
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(for the variation in temperature),
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L
W (for the space variable z ), Gr (generation rate of
the electrons and excitons).
0

The quantity D is the diffusion of the electrons coefficient
calculated starting from the ambient temperature Ta
considered as constant. The
adimensional DT* expression is:

T *
D 1 r T*
Ta

"diffusion

coefficient"

It is thus a function of the adimensional temperature
quantity

Fact  ch 
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these two quantities show:
Se
Sx
The surface recombination velocity of electrons S e and The
Sx ,
surface recombination velocity of electrons
BeL 
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These dimensionless equations are closed by the original terms
and conditions on which their expressions dimensionless
limits are reflected in the table below
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The resolution of these three partial differential equations fact
call for a numerical approach.. Before the numerical process,
the mathematical formulation is to be transformed by means of
a discretization process to result in an easy. In our present
study, we chose the finite volume method.
For the mesh we used a mesh of variable type. .
The numerical resolution allows us to calculate a first average
temperature and then to know the concentration of electrons
and that of the exciton. In addition one can determine the
photovoltage and capacitance. The expressions of the
photovoltage and capacitance are respectively given by
equations ( 4) and (5) .
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V phe and V phx are respectively the photovoltages of electrons
From these equations and conditions to the dimensional limits,
the dimensionless numbers very important characteristics for
our simulation are:

F0 

  D0
L2

Ratio between the time of diffusion and the

Tr
Ratio between heat imposed flow and
Ta

conduction (thermal factor)

E z  

C e and C x the electron capacitance and that excitons to a
monochromatic illumination from the front side.

lifetime (Fourier number) ;

Fact _ ch 

and excitons. They are given by the Boltzmann law.

Em
w  z  the electric field in the space charge
w

These phototensions and capacities depend on the average
temperature because they are functions of the thermal voltage,
given by the equation (6) .

VT 

K  Tmoy
q

( 6)

RESULTS AND DISCUSSION
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The simulation was performed for different levels of
Figure 3: Variation of the average temperature as a fonction of
illumination, different values of the thermal factor, the Fourier
logarithmic surface recombination velocity for different values
of the Fourier number
number and for different tests.
NA = 1016 cm-3 ; ND = 1019 cm-3 ; ni = 1.45 1010 cm-3 ; n_mott =
The tests we performed showed that the time step, the index
1.031018 cm-3 ; bs = 10-2 cm s-1 ; Fact_ch = 5.10-2
who locates the position of the interface zone of load of
espace/base, the number of nodes, the allowed relative error
The figure 4 shows an increase of the capacitance of non*
3
differentiated excitons in hole and electron in terms of the
i

81
and the parameter of relaxation t  10
; w
;
logarithmic surface recombination velocity. While Figures 5
im  201 ;   103 and w  0.15 is good compromises
and 6 show a decrease in the capacitance of electrons as a
function of the log of the logarithmic surface recombination
between an acceptable computational load and a reasonable
velocity and the surface conversion normalized of excitons to
calculating time. The voluminal coefficient of coupling which
a given temperature. The variations of the capacitance are
depends on the average temperature is given by
much sharper with larger values of the thermal factor. The
2
0.5
bv  102  Tmoy
 2.5 106  Tmoy
 1.5 107
decreased capacitance of electrons is due to expulsion of
electrons stored in the space charge layer to the base. While
[5].With Tmoy the average temperature.
the increase of the exciton is explained by a significant
presence of the latter in the middle of the base. Increasing the
The figures 2 and 3 we represent the average temperature as a
capacitance of excitons shows that excitons phocourant
function of the logarithmic surface recombination velocity for
involved in that after being separated. Therefore, increasing
different values of the thermal factor and the Fourier number.
the thermal factor causes the decrease in the capacitance of
electrons and increase the exciton.
The influence of the thermal factor and the Fourier number we
5.08
will build on the average temperature of the solar cell. The
-2
Fact_ch=3.10
5.06
-2
increase in these parameters leads to that of the average
Fact_ch=4.10
5.04
-2
Fact_ch=5.10
temperature. There is a special case of small values of the
5.02
Fourier number, the latter a little appreciable influence on the
5.00
variations of the average temperature. The findings in these
4.98
two figures, we will help the comments of the different
4.96
profiles of capacitance.
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Figure 4: Variation of the capacitance as a fonction of
logarithmic surface recombination velocity for different values
of the thermal factor
NA = 1016 cm-3 ; ND=1019 cm-3 ; ni = 1,45 1010 cm-3 ; n_mott =
1,031018 cm-3 ; bs = 10-2 cm s-1 ; Fo = 0.8
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Figure 2: Variation of the average temperature as a fonction of
logarithmic surface recombination velocity for different values
of the thermal factor
NA = 1016 cm-3 ; ND = 1019 cm-3 ; ni = 1.45 1010 cm-3 ; n_mott =
1.031018 cm-3 ; bs = 10-2 cm s-1 ; Fo = 0.8
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Figure 5: Variation of the capacitance as a fonction
logarithmic surface recombination velocity for different values
of the thermal factor
NA = 1016 cm-3 ; ND = 1019 cm-3 ; ni = 1.45 1010 cm-3 ; n_mott =
1.031018 cm-3 ; bs = 10-2 cm s-1 ; Fo = 0.8
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Figure 6: Variation of the capacitance as afonction of surface
conversion normalized of excitons for different values of the
thermal factor
NA = 1016 cm-3 ; ND = 1019 cm-3 ; n i= 1.45 1010 cm-3 ; n_mott =
1.031018 cm-3 ; Se = Sx = 10 cm s-1 ; Fo = 0.8
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Figure 7: Variation of the capacitance as a fonction of
logarithmic surface recombination velocity for different values
of Fourier number
NA = 1016 cm-3 ; ND = 1019 cm-3 ; ni = 1.45 1010 cm-3 ; n_mott =
1.031018 cm-3 ; bs = 10-2 cm s-1 ; Fact_ch = 5.10-2
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CONCLUSION
The numerical study of the effects of the average temperature,
the thermal factor and the Fourier number of capacitance in a
silicon semiconductor in the presence of excitons, led us to the
following results: the thermal factor and the Fourier number
have similar effects on the variation of the average
temperature, as well as the capacitance of the electrons and
excitons. Their increase causes a decrease in the capacitance
of electrons and an increase excitons. We emphasize that as
the thermal factor and the Fourier number act on the average
temperature and the latter causes an increase in the distribution
of electrons, excitons and that of the electric field in the space
charge layer.
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