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Introduction:-

The photovoltaic conversion is provided by a solar photocell whose conversion efficiency depends on the nature and
structure of the semiconductor, its manufacturing technique and operation. Given the low efficiency of these solar
cells, researchers have invested in various research projects by proposing several characterization techniques for the
semiconductor material and in particular on the design of solar cells. Among the most important parameters in the
different characterization techniques, we can cite: the diffusion coefficient [1-2], the global carrier generation rate G
[3], the lifetime of the carriers, the speeds of recombination (at the Sf junction, on the rear face Sb) [4-5] and the
electrical parameters [6-7]. Based on theoretical studies, we propose in this article, a method for determining the
electrical power of a monofacial silicon solar cell under monochromatic illumination in a dynamic frequency regime
and under irradiation.

Theory
The solar cell considered is of the n+pp+ type and its structure is presented in figure 1
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Figure. 1:- An n+-p-p+ structure of a silicon solar cell.

Under the effect of excitation (optical or electrical), charge carriers are generated in the base of the solar cell. The
carriers thus generated can either cross the space charge zone where they participate in the external current, or they
undergo surface or volume recombinations. These are due to defects (grain boundaries, uncontrolled impurities,
dislocations, etc.) related to the manufacture of the solar cell. Taking into account the phenomena of generation,
recombination and diffusion within the solar cell, the continuity equation of the minority charge carriers in the base
at the abscissa x in frequency dynamic regime is of the form:

'8(xt) 18(xt) a5(xt)  G(xY) oL
o D o or b M

Where is the density of electrons generated in the base at depth x in the base, [8] is the diffusion coefficient, G[9]
the overall carrier generation rate and [10] the carrier lifetime. For the resolution of the continuity equation, the
global generation rate and the density of the minority carriers can be put respectively in the following form.

S(x,t) = 5(x)exp( jar) (o2)
G(x,t) = g(x)exp( jet) o3)
9(X) =@, (1- R )exp(-a;X) os)

The expressions of the diffusion coefficient and of the diffusion length as a function of the irradiation energy and of
the damage coefficient kl in the dynamic frequency regime are given respectively by the following equations [11]
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L (KI,(pp,a)): L(kl,gop). —_—

D ( Kl ,go) is the diffusion coefficient depending on the damage coefficient and the irradiation flux.

L( Kl ,(/)) is the scattering length as a function of the damage coefficient and the irradiation flux.

LO is the scattering length in the absence of pulsation, irradiation and magnetic field.
DO is the diffusion coefficient in the absence of pulsation, irradiation and magnetic field

L(KI @, B) is the scattering length as a function of the damage coefficient, the irradiation flux and the magnetic
field.

Thus equation (1) can be put in the form:
0% (x 1 X
CONE SPVN (€
x () D
The equation (04) being a differential of the second degree with second member therefore the general solution is:
X . (x) al,-R)®
o(x) = Acosh| — |+ Bsinh| — —%exp(—ax) (12)
L L) D(’*-1)
To determine the coefficients A and B, the following boundary conditions [7] are used.

(10)

00(0
At the junction( X =0) 8—5() = ;f* 5(0) (12)
0o(H
On the back side (= H) (X = H) %:— ;b 5(H) 13)

Where, Sf and Sb are the recombination rates of the minority charge carriers at the junction and at the back face,
respectively; H the thickness of the base. Sf is the sum of two contributions[8]
Sf = Sf, + Sf; (14)

Results and Discussions:-
Generation rate profile as a function of wavelength

The generation rate of minority carriers is given by equation (4). Its profile is shown in Figure 2 as a function of
wavelength.
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Figure 2:- Generation rate as a function of wavelength.
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x=0.001cm.

On this curve, we notice that the generation rate increases with short wavelengths and gradually decreases in the
case of long wavelengths. Indeed, with small wavelengths, we have a large absorption unlike with long wavelengths.
This is how, for the rest of our work, we will take a wavelength located in the short wavelength zone.

Profile of the diffusion coefficient as a function of the pulsation
We represent in Figure 3 the profile of the diffusion coefficient as a function of the logarithm of the frequency for
different values of the magnetic field.
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Figure 3:- Modulus of the diffusion coefficient as a function of the logarithm of the pulsation.
KI=10 MeV.s™ Graphically, we find that e, =10 rad.S™*

From this figure, we notice that the modulus of the diffusion coefficient is constant in quasi-static regime. However,
as soon as we are in the dynamic frequency regime, we observe that the diffusion coefficient increases gradually up
to a certain value of the so-called cyclotron frequency noted wc[9], where we observe resonance peaks. This is how
we made the choice of oc as the value to be fixed for the frequency in the rest of the work.

Photocurrent density

The photocurrent density is the photocurrent reported at the surface of the solar cell. It is due to the diffusion of
minority charge carriers across the junction. Knowing the expression for the minority carrier density, we can
determine the expression for the photocurrent density using FICK's law. It is given by the following relationship:

05(x, S ,Sb, A, 0.kl 0,, B)|

15
v (15)

x=0

J(SF,Sb, A, ,kl,,B) = q.D

The photocurrent density profile is shown in Figure 4 as a function of the recombination velocity at the Sf junction
for different values of irradiation energy.
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Figure 4:- Modulus of photocurrent density as a function of recombination velocity for different values of
irradiation energy KI=10 MeV.s*; 1=0.6um; B= 10-6T; ® =105.2 rad.S*

Note that the photocurrent increases with the recombination rate Sf and has two levels: one at low values of Sf and
the other at high values of Sf. The first level reflects an open-circuit situation while the second corresponds to tothe
short-circuit of the solar cell. Increasing the recombination rate at the junction allows maximum minority charge
carriers to cross the junction and participate in the photocurrent. There is a remarkable decrease in the short-circuit
photocurrent density when the irradiation energy increases. Indeed, the irradiation energy decreases the mobility of
the carriers. Thus there will be fewer or fewer charges in the base to participate in the photocurrent.

Study of photovoltage
When the solar cell is lit, a photovoltage V appears across it, the expression of which is given by the Boltzmann
relationship:

Nb
V =V, In| —6(0) +1 s
n;
Where Nb is the doping level of the base (N,=5.10" cm®) ni is the intrinsic density of the minority carriers
ni=1010cm-3.
VT the thermal tension defined by the following relationship:

KT
Vi=—@7
"og

Knowing that :

K the Boltzmann constant.

g the charge of the electron.

T the absolute temperature at thermal equilibrium (T=300K).

The profile of the phototension as a function of the recombination speed for different values of the irradiation
energy, is represented in figure 5
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Figure 5:-Modulus of the phototension as a function of the recombination rate for different values of the irradiation
6
energy.KI=10 MeV™.s™; A=0.6pm; B=10 T; ® =105.2 rad.S™

The photovoltage is maximum in open circuit. On the other hand, in short-circuit, the photovoltage is minimal and
becomes asymptotic if Sf is greater than 1011 cm/s. The maximum photocurrent is obtained. This empties the base
of its carriers, thus causing the phototension to drop. It is also noted that the increase in the irradiation energy leads
to a decrease in the phototension due to the reduction of the minority carriers by the irradiation energy.

Study of the electric power of the solar cell.

The power supplied by the solar cell under monochromatic illumination of wavelength (Ai) and for a given operating
point at Sf, is expressed by the product:

P=1-Vph(18)

We represent in figure 06 the variations of the power according to the recombination speed at the junction for
different values of the irradiation energy.
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Figure 6:- Variation of power as a function of Sf for different values of irradiation energy.KI=10MeV.s*: B= 10°
T;0=0,6pm; ©=10°rad.s™*
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These curves essentially show two parts. In the first part, the power increases with the recombination rate at the
junction up to a certain maximum, where the power decreases with the recombination rate at the junction, but it
should be noted that this decrease is less marked than the increase. This maximum power is the optimum power that
the solar cell can provide; it corresponds to a particular operating point (defined by a recombination speed Sf) for
which there is impedance matching between the dynamic impedance of the solar cell at this point and the external
load connected to the solar cell. Any difference between these two impedances (dynamic and external) causes a loss
in power transfer. If we now look at the energy dependence, we observe that the power decreases with the irradiation
energy; indeed, if the irradiation energy increases, the degradations will increase to a certain extent leading to a
decrease (weak here) in the available power.

Study of power as a function of photovoltage.
We represent in figure 07, the variations of the power according to the tension for various values of the energy of

irradiation.
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Figure 7:- Variation of electrical power as a function of photovoltage for different values of irradiation
energy.KI=10MeV ™' s; B= 10°T; 4=0,6pum

Table 1:- Maximum cell power as a function of irradiation energy.

Tp(MeV) Pmax(\y/cm?)
0 62,67. 10"
50 60,86. 10
100 59,49. 10
150 58,09. 10
200 56,78. 10
250 55,58. 10

The electrical power increases with the photovoltage to reach its maximum value corresponding to the maximum
operating point of the solar cell. From this value, the power clearly decreases and tends towards the zero value when
the voltage tends towards the value of the open circuit photovoltage. In addition, the power modulus decreases when
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the irradiation energy is increased, highlighting the harmful effects of irradiation on this electrical parameter of the
solar cell.

Conclusion:-

In this article, we have studied the electrical parameters such as: the photocurrent density, the photovoltage and
especially the electrical power. In most cases, we have highlighted the effects of phenomenological parameters such
as the recombination rate at the Sf junction and then of the macroscopic parameter which is the irradiation energy.
This study showed the influence of irradiation on all of these quantities considered, in particular the negative effects
of the degradations caused by irradiation on electrical power. Indeed, the irradiation energy decreases the
performance of the solar cell by reducing the efficiency of the solar cell.
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