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ABSTRACT

Performances of a solar cell are significantly influenced by the heating of the base. Two
phenomena contribute to the heating of the base of a PV cell: the heat due to the transfer by
conduction of the solar energy radiation received by the surface of the PV cell and the heat
generated inside the solar cell by various phenomena related to the movement of
photogenerated electrons and holes.

Thus, even if the increase of the quantity of carriers leads to improve the PV cell electrical
parameters, this phenomenon also leads to the increase of some internal phenomena like
thermalization, carriers braking and the carriers collisions which are sources of heating of the
base of the solar cell

Indeed, electrical parameters (photocurrent, photovoltage, electric power) are physical
quantities related to the movement of charge carriers and also to the illumination mode, this
means that changing of electrical parameters during the operation of the PV cell leads to a
variation of the temperature inside the base of the PV cell.

This work presents the effects of the increase of some electrical parameters (photocurrent,
photovoltage, electric power) on the behaviour of the temperature of the base of a silicon PV
cell under intense light illumination.
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1. INTRODUCTION

Current research on solar cells aims to improve the efficiency, which is a good indicator of the
performance of a PV cell. The performance of a PV cell is related to internal factors
(temperature of the base, recombination, grains sizes ...) and external factors (electric field,
magnetic field ...) given by Pelanchon et al. [1], Zoungrana et al. [2], Soika et al. [3]. Many
studies of illumination, temperature, grains recombination boundaries effects on solar cell have
been made by Gupta et al. [4], Miyakawa [5], Diatta [6], Agroui [7], O'Donnell [8], Soro et al.
[9]. Some studies have also been carried out on 3D modelling by Soro et al. [9], Samb et al.
[10], Mane et al. [12], Dugas [13]. They were mainly made on the effect of the light’s intensity
on the density of photogenerated carriers by Pelanchon et al. [1], Zoungrana et al. [2]; on the
solar cell photocurrent and photovoltage by Gupta et al. [4], Agroui et al. [14] and also its
efficiency and fill factor by Miyakawa [5].

The results of these studies have shown that increasing the intensity of illumination increases
the performance of solar cells. Also, the influence of temperature on the performances of a PV
cell has already made the topic of numerous studies such as the study of the influence of the
temperature on: the density of charge carriers done by Diatta [6]; the photocurrent and
photovoltage done by Agroui [7], Essalam et al. [15], Merahi et al. [16]; the electric power done
by Agroui [7], Merahi et al. [16], Belhadj et al. [17]. It should be noted that all these studies
were made with monofacial or bifacial monocrystalline, polycrystalline and multicrystalline
silicon solar cells or InGaAs. Moreover, studies done by O'Donnell [8] and Sze et al. [18], have
shown that increase of the temperature of the base leads to decreasing of the gap energy of the
semiconductor material.

It has been proved also by the study done by Mane et al. [12] that, there is a relationship between
the movement of charge carriers (mobilities and diffusion coefficient) and the temperature of
the base. Indeed, according the study done by Soro et al. [9], mobility and diffusion parameters
of electrons and holes decrease while the temperature inside the base increases. Since, the
recombination parameters of the PV cell (recombination velocity at the rear side Sb and
dynamic velocity at the junction Sf) and the electrical parameters (photocurrent Jph,
photovoltage Vph, electric power Pel ...) depend on the mobility and the diffusion coefficient
which are also depending of the temperature. In this work, we propose a 3-D modelling of the
effect of electrical parameters on the increase of the temperature of the base of a PV cell induced

by charge carriers thermalization, braking and collision.
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2. INFLUENCE OF ELECTRICAL PARAMETERS ON THE
TEMPERATURE IN THE BASE

2.1.  Effect of photocurrent density increase on the heating of the base

In this study, according to the assumption made by Zoungrana et al. [2], Soro et al. [9], Essalam

et al. [15], the contribution of the emitter is neglected and the study is conducted in the theory of

the Quasi Neutral Base (QNB). Under these conditions, the expression of the photocurrent density

Jon(T) is according Soro et al. [9], Merahi et al. [16]:

Jn(M) = q';g(T)I gJ. gy{aﬂx L T)J dxdy (1)

The curve of the figure 1 shows the effect of the increase of the density of photocurrent on the

behaviour of the temperature of the base of the PV cell.
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Fig.1. Temperature versus photocurrent density
(C=50 suns ; gx=gy=3.103cm ; Sgh=10%cm/s ; St=4.10*cm/s ; Sp =10%cm/s)

We observe on the curve of figure 1 that the increase of the density of photocurrent leads to an
increase of the temperature inside the base of the solar cell. In fact, the increase of the
photocurrent is characterized by an increase of the quantity of photogenerated electrons and
holes in the base and therefore the quantity of electrons crossing the junction. According the
study done by Soro et al. [9], the increase of the quantity of electrons and holes photogenerated
is accompanied by an increase of the quantity of energy released by thermalization, by collision
between charge carriers and braking by the electric field due to the gradient of electrons and
holes concentration. The increase of the energy released by these three phenomena leads to an
increase of the temperature in the base of the solar cell.
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2.2. Effect of the photovoltage increase on the heating of the base
The photovoltage expression is given by the following Boltzmann law in the study of Dugas
[13]:
N, ¢% 9
Vo, (T) =V, In 1+n_?B jzgz jgz 5(x,y,0Tdxdy | (2)

With v, = Kel

(VT is the thermal voltage) njis the intrinsic concentration of

electrons; Ng is the doping rate of the base.
The curve of the figure 2 illustrates the effect of the increase of the photovoltage on the

behaviour of the temperature of the base of the PV cell.
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Fig.2. Temperature versus photovoltage
(C=50 suns ; gx=gy=3.103cm ; Sgp=10%cm/s ; St=4.10%cm/s ; Sy=10%cm/s)

It appears on the curve of figure 2 that the increasing of the photovoltage is follow by the
reduction of the temperature in the PV cell’s base. Indeed, the increase of the photovoltage
corresponds to an increase of the rate of charge carriers blocked into the base. The blocking of
carriers in the PV cell’s base leads to a reduction of electrons and holes movement and collision
in the base, and then, to a reduction of the quantity of energy released by thermalization,
collision and braking. The reduction of the quantity of energy released by thermalization,
collision and braking with the increase of the photovoltage is the consequence of the reduction
of the temperature in the solar cell base.

2.3. Effect of the increase of electric power on the temperature in the base

The output power of the PV cell is the result of multiplying the photocurrent density and the
photovoltage. As the photocurrent density and the photovoltage depend on the temperature in

the base, the electric power will also depend on it. Its expression is given by Equation 3 :
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Py (M) =35 (T) -V, (T) @)
We illustrate on the curve of the figure 3, the behaviour of the temperature of the base with the

increase of the output power of the PV cell.
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Fig.3. Temperature versus power output
C=50 suns ; gx=gy=3.10"3cm/s ; Sgr=10%cm/s ; Sp=10%cm/s Si=4.10%cm/s

We observe on the curve of the figure 3 that the temperature of the base decrease with the
increase of the power output delivered by the PV cell. This result is in accordance with those
of figures 1 and 2. Indeed, it appears on these figures that the photocurrent density increase is
accompanied by the increase of the temperature in the base while the temperature decreases
with the increase of the photovoltage.
The electric power being the result of multiplying the photocurrent density and the
photovoltage, the decrease of the temperature in the base with the increase of the power output,
characterizes the fact that, with the increase of the photovoltage, the reduction of the
temperature in the base is more sensitive than it increases with the one of the photocurrent
density.
2.4. Influence of the temperature in the base on the fill factor
The fill factor or ideality factor is the ratio of the maximum output power (Pmax) that can be
extracted from a solar cell under the standard conditions to the theoretical maximum electric
power (open circuit voltage Vo multiplied by short current circuit density Jsc). Its expression is
given by Equation (4):

R == )

Voo (T)J(T)

It appears in Equation (4) that the fill factor depends on the temperature in the PV cell’s base.
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The curve of the figure 4 shows the influence of the heating of the base on the fill factor of the

PV cell.
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Fig.4. Fill factor versus temperature
C=50 suns ; gx=gy,=3.10"3cm ; Sgp=10%cm/s ; S+=4.10%cm/s ; Sy=10%cm/s

From the analysis of Figure 5, it appears that as the studies of Gupta et al. [4], Zoungrana et al.
[11] carried out that, when the temperature in the base increases, the fill factor of the solar cell
decreases. In fact, the increase of the temperature in the base is the consequence of the increase
of the collisions between electrons and holes and the braking which they undergo. Therefore,
these phenomena lead to an increase of carriers losses in the bulk of the base and then to a
reduction of the quantity of electrons which crosses the junction, and will have as consequence
the reduction of the maximum power output delivered by the PV cell. The decrease of the fill
factor with the increase of the temperature is then the consequence of the reduction of the
maximum power output with the increase of the temperature.

2.5 Influence of the temperature on the efficiency of the PV cell

According to the studies done by Agroui et al. [14], Subhash Chander et al. [19], the expression
of the efficiency of a PV cell is given by Equation (5):

(=l

inc

()

In the case of intense illumination, the incident power is given by the relation proposed by
Subhash Chander et al. [19]: Pinc = 0.072 W/cm? x C; C being the number of suns.

In accordance with the study of Pelanchon et al. [1], in this study, C = 50 suns and then

Pinc = 3.6 W / cm?.

The influence of the temperature on the efficiency of the PV cell is illustrated in Figure 5:
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Fig.5. Conversion efficiency versus temperature
(C=50 suns ; gx=gy= 3.103cm ; Sgp = 102cm/s ; St= 4.10*cm/s ; Sp= 10%cm/s)

We observe that in an intermediate operating point (St = 4.10* cm/s), the increase of the
temperature in the PV cell’s base results in a decrease of the efficiency. This result is in
accordance with the decrease of the power output and the fill factor with the increase of the
temperature in the base as observed previously.

3. CONCLUSION

In this paper, a 3-D modelling of the influence of electrical parameters on the temperature in
the base of a polycrystalline silicon PV cell under light concentration was studied. It appears
that the increase of the density of photocurrent is accompanied by an increase of the temperature
in the base. On the other hand, the increase of the photovoltage is accompanied by a decrease
of the temperature in the base. This study also shows that the increase of the power output
provided by the PV cell leads to a decrease of the temperature in the base. This result put in
evidence the fact that the low temperatures are the operating situations for a better performance
of the solar cells. Indeed, it appears from the study that the increase of the temperature in the
base leads to a decrease of the fill factor and the conversion efficiency, which are very important
parameters to appreciate the performance of solar cells. These results also highlight the need to

cool down the solar cells under intense illumination to optimize their performance.
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