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ABSTRACT

The electrical power is a nominal quantity which indicates the performance
of the solar panels. It depends on the sunshine and also on the properties of
the material used.

In this work we are interested in the properties of materials to study the
evolution of electrical power as a function of the temperature of the
following cells based on (Si silicon, InAs indium arsenide and GaAs gallium
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L INTRODUCTION

When solar panels are exposed to the sun, they build up
heat. It is important to find materials that adapt better to
the increase in heat. In this article we study the evolution
of the electric power of solar cells based on: silicon Si,
gallium arsenide GaAs, Indium arsenide InAs.

All three cells are identical and are parallel vertical
junction solar cells used in the same solar lighting
condition. This solar panel is an improvement of solar
panels. It is manufactured in such a way that the radiation
which arrives simultaneously touches the emitter, the
base and the junction [1]. This facilitates the collection of
electrons.

IL. THEORETICAL BACKGROUND
The vertical junction solar panel is represented by Fig. 1,
[1, 2].
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Fig. 1: Parallel vertical junction solar éell
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The base region plays a very majority role in the
generation of electrons. It is represented by fig.2.
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Fig. 2: Solar cell unit

1. Diffusion-recombination equation

Taking into account the generation, recombination and
diffusion phenomena in the base, the equation, governing
the variation of the electrons in static regime can be
written as [1, 2].
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n(x) and L are respectively the electrons density, diffusion
length.

D is the diffusion constant and p the mobility [2, 3 ]

K
D = ,U—T (2)

q

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 thickness z in the
base and can be written as:

9(2) = Zaie_biz (3)

aj and b; 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 [ 4]

It is given by:

— 2
On =GN 0
With

n =AT?2 .exp(ﬁ) (5)

n; refers to the intrinsic concentration of minority carriers
in the base, A, is a specific constant of the material, Eg is
the energy gap

N; is the base doping concentration in impurity atoms and
C is the proportionality coefficient and Tt lifetime

1
B C.NB (6)

The energy gap is given by:
aT?

b+T 7

Eg = Eg, -

2. Electrons density
The solution of equation (1) is:

e X X & 2 -biz
n(x) = Asinh(—) + Bcosh(—) + » — L™ +
(x) (L) (L) > 5 -
2
L ca mrepEL
D KT

Coefficients A and B are determined through the following
boundary conditions

Boundary conditions:
» atthe junction (x=0):

an(X) Sf
I = 21 o
I 5 (0) 9)
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» inthe middle of the base (x=W/2):

on(x) _0

X W (10)
2
The photocurrent Iph is given by
on(x)
| ,=adD (11)
ph
aX x=0

2.1. Photo-voltage
The photo-voltage derives from the Boltzmann relation:

_ kT n(0)
Voh —an(NB._2+1} (12)

2.2. Electric power
The electric power is given by

Pph: I ph'Vph (13)

I11. RESULTS AND DISCUSSION
The variation of the electric power according to the
junction recombination velocity is illustrated by the fig. 3:
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Fig.3: Electric power versus junction recombination
velocity

This fig. 3 shows that there is a value of the Electric power
versus junction recombination velocity.

(Sf= 105cm.st) where the electric power is maximum.

Indeed, a high recombination reduces the storage of
electrons. Therefore the power decreases. This reduction
is all the more important as the width of the bandgap is
low.

» The evolutions of the electric power according to the
temperature are illustrated by the fig. 4
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Fig. 4 -Electric power versus temperature

This fig.4 shows that the electrical power decreases when
the temperature increases [4]. This decrease is all the
more important as the width of the forbidden band is
small. Strong heat in the materials decreases the electric
power of the solar cells. It is therefore necessary to find
materials which have a wide forbidden band to better
resist the negative effect of temperature [5].

L CONCLUSION

We can therefore retain from this study that a high heat in
the materials and a junction recombination velocity
strongly contribute to the decrease in the electric power of

solar cells. The best materials that are capable of
producing in sufficient quantity are those that have a wide
bandgap. This work can be deepened by making a
comparative study of the diffusion capacity of different
solar cells made from different materials.

REFERENCES

[1] Dieme Nf. | Sane M. | Honadia P. Ab. Aziz | Barro F. Id.
"Comparative Study of Parallel Vertical Junction
Solar Cell Photovoltages" Published in International
Journal of Trend in Scientific Research and
Development (ijtsrd), ISSN: 2456- 6470, Volume-3 |
Issue-6, October 2019, pp.1118-1121,

[2] Nf. Dieme, “Study of the Electrons Density in the Base
of the Parallel Vertical Junction Solar Cell under the
Influence of the Temperature”, American Journal of
Optics and Photonics. Vol. 3, 1, 2015, p. 13-16.

[3] Nf. Dieme and M. Sane, “Impact of Parasitic
Resistances on the Output Power of a Parallel
Vertical Junction Silicon Solar Cell”, Energy and
Power Engineering, 8, 2016, pp. 130-136.

[4] Nf. Dieme “study of the performance of a parallel
vertical junction Silicon solar cell under thermal
influence”, Asian Academic Research Journal of
Multidisciplinary, vol.2, 1, 2015, p. 8-16

[5] F. Levy “Traité des matériaux 18: Physique et
technologie des semi-conducteurs”, Presses
Polytechniques et Universitaires Romandes, 1995, pp
15-35,

@IJTSRD | Unique Paper ID -IJTSRD30241 |

Volume - 4 | Issue -3 |

March-April 2020 Page 12



