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Abstract: This work is a theoretical study of a parallel vertical junction solar cell under multispectral illumination in static
regime. The expression for the density of the minority carriers in excess (electrons) in the base is determined from the equation
of continuity. It's an equation that takes into account the process of generation of the charge carriers, the process of diffusion of
these carriers and their processes of recombination process. The aim of this work is to study the evolution of this density
depending on temperature and its distribution in depth following x and the thickness z in the base for different values of the
temperature.
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1 Introduction
The operation of a photovoltaic cell is based on the
interaction between a photon and an electron of the
semiconductor. An important part of incoming solar radiation
(about 84%) arriving at the solar cells is stored in the form of
heat. And it creates an increase in the temperature prevailing
in the material [1]. This appears high if this heat is not
evacuated.
The aim of this work is to investigate the influence of
temperature on carrier's density.
In the first part of this work, we are going to determine the
excess minority carrier's density from continuity equation
and in the second part, present our simulation results on
evolution of this density depending on temperature and its
distribution in depth following x and the thickness z in the
base for different values of the temperature.

2. Mathematical Study

Fig. 1. Vertical parallel junction solar cell (H =0,02cm; W =0,03cm).

We assume that the following hypotheses are satisfied.
The contribution of the emitter is neglected.
Illumination is made with polychromatic light, and is
considered to be uniform on the z = 0 plane.
There is no electric field without space charge regions.

2.1. Hypotheses

2.2. Electrons Density

This study is based on a vertical parallel junction silicon
solar cell [2] presented on figure 1. The solar cell is
illuminated along the z axis in steady state.

When the solar cell is illuminated, there are
simultaneously three major phenomena that happen:
generation diffusion and recombination.
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These phenomena are described by the diffusionrecombination equation given [2]
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D is the diffusion constant and is related to the operating
temperature through the relation
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with q the elementary charge, k the Boltzmann constant and
T the temperature.
Gn= g(z)+gth is the carrier generation rate.
g(z) is the carrier generation rate at the depth z in the base
and can be written as [2]:

g ( z ) = ∑ ai e − biz

is called recombination velocity at the junction. Sf
determines the charge carriers flow through the junction and
is directly related to the operating point of the solar cell [6]
The higher Sf is, the higher the current density will be.
in the middle of the base (x=W/2) [6], [7] :
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3. Results and Discussion
The height of the gap or the energy gap (Eg) plays an
important role in the interaction of a semiconductor with
light radiation. This height strongly depends on the
temperature; [8], [9].
The following figure shows the evolution of Eg depending
on the temperature.

(3)

ai and bi are obtained from the tabulated values of AM1.5
solar illumination spectrum and the dependence of the
absorption coefficient of silicon with illumination
wavelength.
gth is the thermal generation rate. But in the absence of
temperature gradient gth is uniformity compensated by the
thermal recombination rate [3],
It is given by:

gth = c.ni2

(4)
Fig. 2. Energy gap versus temperature.

with
3
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ni refers to the intrinsic concentration of minority carriers in
the base, An is a specific constant of the material
(An=3.87x1016 for silicon) and Nb is the base doping
concentration in impurity atoms.
And τ =

1
C. Nb

(6)

When a solar cell is subjected to illumination an important
fraction of the incident energy is stored as heat. The heat
creates a positive temperature gradient in the material. The
rise in temperature causes a decrease of the energy gap [8],
[9]
3.1. Evolution of the Electrons Density Depending on the
Temperature
The following figure illustrates the evolution of the density
of these carriers (electrons) with the temperature.

n(x), L, τ, and µ are respectively the excess minority carriers
density, diffusion length, lifetime and mobility and C is the
proportionality coefficient.
The solution of equation (1) is:
a
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) (7)
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Coefficients A and B are determined through the following
boundary conditions at the junction (x=0) [4], [5], [6]:
∂n(x)
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This boundary condition introduces a parameter Sf which

Fig. 3. Excess minority carriers density in the base versus temperature.
x=10-3cm, z=10-3cm, Sf=100cm.s-1.
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Figure 3 shows the evolution of density of the charge
carriers minority in excess in the base (electrons), depending
on the temperature prevailing on average in the base.
We note that the carrier density increases when the
temperature increases.
Indeed when the photocell is enlightened, much of the
incident energy is stored as heat in the cell. The increase in
temperature reduces the height of the band gap of the
material [9].
Thus the solar cell becomes sensitive to the excitement of
the wide band of wavelengths of the light spectrum [8]. And
therefore many electrons are easily extracted from the
valence band and pass into the conduction band. This
photogeneration is accompanied by thermalagitation due to
the increase in temperature, and which also ejects electrons
in the conductionband. This carrier generation process
caused by the temperature is called thermogeneration [10].

15

3.3. Distribution of the Density of the Charge Carriers
Following the Thickness z of the Base.
The figure5 shows the distribution of the density of the
charge carriers following the thickness z of the base.

3.2. Distribution of the Electrons Density Following the
Depth X in the Base

Fig. 5. Electrons density versus thickness z of the base for various
temperatures x= 10-3cm, Sf=100cm.s-1.

The distribution of the density of the charge carriers
following the depth x in the base is illustrated by Figure4
below.

Figure5 shows that the excess minority carriers density in
the base, decreases depending on the thickness of the base.
This decrease is even more important that the temperature is
low.
This simple constant allows us to highlight the generation
of charge bulk carriers. In other words the photoelectric
effect is not only surface, it is also volume. There is therefore
some photons which penetrates deeply into the material and
cause electron extraction. But it has less generation of
electrons in volume than in surface exposed to sunlight. High
volume recombinations due by the defects in structuring and
traps center for photogenerated electrons are so important
that the electron density remains low. Moreover high
thickness retains heat for a long time and the solar cell
considerably loses its ability to store charge carriers at the
junction with increasing temperature

Fig. 4. Electron density versus depth x in the base for various temperatures.
z=10-3cm, Sf=100cm.s-1.

The figure. 4 shows that:
For a given temperature, the density of the charge
carriers (electrons) is maximum in the middle of the
base and decreases when we approach junctions,
at the centre of the base, the density of the charge
carriers decreases when the temperature increases.
There are depths in the base from which, observed an
inverse situation compared to the center of the base.
Everything looks as if in these levels a storage of
charge carriers begin and which intensifies when the
temperature increases.
All this can be explained by the theory of the photoelectric
effect. The lot electrons is photogenerated with a large
kinetic energy due to the reducing of the height of the band
gap caused by the increase in temperature. Therefore they
start moving. And the electrons in excess, more will leave,
(when the temperature is high), the center of the base where
they are heavily generated to move the joints where they will
be strongly stored.

4. Conclusion
In the present work we have done a study of a solar cell
simulation parallel vertical junction. We have shown that
temperature strongly contributes to the generation of the
charge carriers.
The carrers photogenerated under the effect of temperature
are equipped with a high kinetic energy and start moving.
The density of electrons in the base is maximum in the
middle and decreases depending on thickness. This study can
be confirmed by studying the solar cell electrical parameters
under the influence of thickness
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