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ARTICLE INFO ABSTRACT

The phenomena of excitons generation in the semiconductor such as silicon is observed when
interaction between the electrons and the holes become high. This interaction is evidenced by a
coupling coefficient denoted b. It takes values 107 cm’s™ to 107 cm’s™! according to the
interaction level. In this article, there are studied the variation of excess excitons density in function
to the doping level according to the two coupling model between electrons and excitons. This study
shows that, near the junction between the base and the space charge region, the excess excitons
density is very low. It decreases in function the doping level. Similarly, at the rear face, the higher
excitons density in this area decreases as the doping level becomes important. A strong interaction
between the charge carriers promotes the excitons generation.
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INTRODUCTION .
_ emifter
The equations of the excitons transport and excess minority 4
carriers in the silicon base are governed by a system of g
differential equations [1, 2]. The resolution of this system [2-4] polychromatic -
allowed to have an expression of the excess excitons density in light G
the base. The application of these results to a monocrystalline g base (P)
silicon solar cell permit to study the variation of these carriers metal contact:E " el i

in function the doping level on acceptor atom. As the excitons
density is considered null at the junction, this study was done in
its vicinity following the two types of interactions between

™ ICE

m=l =

carriers: high coupling and low coupling (1 nm from the
junction). The same study was done at the rear face for find
their variation in this region.

Principe of fonctionnement

In this study, we took the homojunction model of a silicon cell.
In the calculations, the contributions of the emitter and the
espace zone charge have been neglected.

*Corresponding author: Mamadou NIANE

Figure Diagram of the solar cell

When establishing the system of differential equations
governing the transport of excess minority carriers and the
excitons in the base, the phenomena of conduction due to the
electric field in volume have been neglected.

The systems of differential equations is following [1]:
d’An, _ An,

2
¢ dx T
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The excess excitons density in the base is given by the
following expression [2]:
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Variation of excess excitons density at the junction in
Sfunction to the doping level

When the expressions calculated by the Laplace transform
method are using, profiles of the excess excitons density are
obtained. The different figures obtained below show that the
excitons density decreases in function to the doping level on
acceptor atom when the cell is in dark and in polarization.

Weak coupling
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Fig 1 Variation in the excess excitons density in function to the doping level in
the vicinity of the junction x = 1 nm n;=1.5. 10" cm'3, D.~=33 cmz.s'l, D=17
em’s™, 1=4.10s, T=300K, 1,=6.69.10s, N,=10"°cm™, Va=0.5V.
When the coupling between electrons and excitons is low, the
value of the excess excitons density in the base is very
negligible. Indeed, the intervention of the electric field in the
space charge zone, greatly reduces the excitons density arriving
at the junction. Thus, in the vicinity, the excitons become
negligible. In addition, the low level of
coupling between electrons and holes
(10" em’.s" < b < 10" cm’.s™), translates almost nonexistent
interactions between electrons and holes. Thereby reducing the

excess excitons density [5-8].

When the carbon acceptor density in the base becomes high in
the vicinity of the junction, exciton density decreases because
of shielding phenomena that occurs between the carriers.

Strong coupling
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Fig 2 Variation in the excess excitons density in function to the doping level in
the vicinity of the junction x = 1 nm n;=1.5. 10" cm‘3, D.~=33 cmz.s'l, D=17
em’.s™, 1=4.10° 5, T=300K, 1,=6.69.10%, Sf=3.10° cm.s"' et No=10"%cm™,

Va=0.5V.

For a strong coupling, the electrical attractions between holes
and electrons become very higher, which increases the excitons
density in the base. By cons, a strong concentration for
acceptor atom in the base leads to the creation of intermediate
levels between the valence band of and conduction band
constituting recombination sites for minority carriers causing
several recombination mostly sheokley-Red-Hall type and the
reduction of the excess excitons density in the base [8-13].

Variation of excess excitons density at the metal contact in
function to the doping level

The excess minority carriers who are at the rear face are much
more related than those lying at the junction

Weak coupling

——b=10"cm’ "

2, T1E+008 4

——b=10""em’ s

——tb=10"em’

2.41E+008 <

=]

J11E+008 -

.81E+008 -

JS1E+008 4

1.21E+008 -

Excitons density (cm )

9. 10E+007 -

6,10E+007 -

3.10E+007 <

1.00E+006

12 13
log(NA)

Fig 3 Variation of excess excitons density in function to the doping level at the
rear face x=H, n=1.5.10"cm>, D&=33 cm’.s™", D,=17 cm’s”', 1=4.10"s,
T=300K, 1,= 6.69.10s, Nx=10'%cm’, Va=0.5V

Strong coupling
In volume, the influence of the electric field created in the
space charge region, is almost nonexistent [14]. The

interactions between the electrons and holes in that area are
more important, resulting in a phenomenon of excitons
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generation. This phenomenon is observed more when the
coupling is strong.
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Fig. 4 Variation of excess excitons density in function to the doping level at the
rear face x=H, n=1.5.10""cm>, D&=33 cm’s™', D=17 cm’s™!, 1=4.10"s,
T=300K, 1,= 6.69.10°s, S£=3.10° cm.s™ et N,=10"’cm?, Va=0.5V

It is against reduced when we consider that the interactions
between electrons and excitons are low (low coupling). It
should be noted that the excitons density in this region
decreases with the doping level in acceptor atom becomes high.
Both phenomena have resulted in both profiles below:

CONCLUSION

In this article, there are studied the variation of excess excitons
density in the base. This study allowed to understand that near
the junction, the phenomenon of excitons generation is
negligible. This is the result of a dissociation phenomena due to
the electric field created in the space charge zone. A weak
coupling between the charge carriers leads to a strong decrease
of excess excitons density in the silicon base.

At the rear face, the excitons density contracted a slight
increase especially when the coupling between electrons and
holes is strong to achieve a value 10" cm™.

A high doping levels results in a reduction of the excess
excitons density in the base. This is caused by the increase of
impurities in the cell that causes the electron and exciton catch.
Hence, the decrease of excess excitons density observed in the
base.

Nomenclature
symbols Name and unit
An Excess minority carriers density, cm™
An, Excess excitons density, cm?
b Binding coefficient, cm®.s™
Geno direct generation rate of carrier pairs, cm?.s?
Gy Excitons generation rate at the semiconductor
surface, cm™.s™!
Ange Excess minority carriers density at the junction,
cm’
X The base thickness, cm
Ny Doping level, cm™
D, Diffusion coefficient for electron, cm?.s™
D, Diffusion coefficient for excitons, cm>.s™
T, Electrons lifetime, s
T, Excitons lifetime, s
H base Thickness, cm
n Equilibrium constant, cm™
a Absorption coefficient, cm’!
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