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Original Research Article
Study of the impact of the magnetic field on the electrical

parameters of the radial junction photovoltaic cell under
monochromatic illumination.

Abstract

The present work is a theoretical study of the radial junction photovoltaic cell subjected to a
magnetic field under monochromatic illumination. From a three-dimensional description, new
analytical expressions of photocurrent density, photovoltage and electric power as a function of
the magnetic field are established and by simulation on the Mathcad 15 software, we extracted
the different curves. These representations allowed a thorough investigation of the operation of
this model of a photovoltaic cell. It appears from this study that the amplitudes of parameters
such as photocurrent density, photovoltage and electrical power are strongly attenuated when the
photovoltaic cell is in the presence of a magnetic field assumed to be uniform over the entire region.

Keywords: Radial junction; magnetic field; photocurrent; photovoltage; electric power; monochromatic
illumination

1 Introduction

The concept of the radial junction cell with a material such as silicon aims to reduce manufacturing
costs and increase efficiency at the same time. To better understand the behaviour of such a cell,
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our study will be carried out in the presence of a uniform magnetic field. Indeed, several authors
have conducted similar studies to determine the influence of the tilt angle, such as Sahin [1] on
a parallelepiped cell with a vertical junction, Sourabi [2] on a bifacial cell and Oudraogo [3] on
the influence of a radio wave on a parallelepiped photovoltaic cell. Indeed, this geometry of the
photovoltaic cell favours the absorption of almost all the incident light above the band [4] [5] due to
its radial junction. To this end, we will first present the theories followed by the equations of our cell
model and the boundary conditions established. We will then turn to the results and discussions and
end with a summary of this study in the conclusion.

2 Theories

2.1 Model and theories.

We consider an elementary cell with a cylindrical silicon shape consisting of a P-doped base formed
by an inner cylinder of radius R and an N+ doped emitter constituting the outer cylinder of radius
R + d [6]. The intersection between the two cylinders represents the junction. The monochromatic
illumination is done through the front face.
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Figure 1: Photocurrent density as a function of the wavelength for different values
of the magpnetic field (D,, = 26cm?; Sb = 10°cm.s™'; L, = R = 50um; H = 100um
).
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2.2 Continuity equation

The magneto-transport equation which takes into account the magnetic field is given by the following
equation:

dn = eDuV8 = pujn A B + eund E (2.1)

eDnWS: iffusion current
unjn A B: the current induced by the application of the magnetic field

eund E': conduction current

The continuity equation established through the magneto-transport equation is given by the
following relation:

%5(r, z, \) L1 95(r,z,A) | 1+ (unBo)* 9°5(r,2,A) 1+ (unBo)* 6(r,z,A) _ 1+ (unBo)® G(z,))

or? r or 1+ unBo 022 1+ unBo Dt 14 punBo D,
2.2

G(z,\) = a(N).[1 — R/ (V)] .¢o.e M= is the electron generation rate
a(A): the absorption coefficient as a function of wavelength
R,’(\): the monochromatic reflection coefficient of the material (polycrystalline silicon)

2.3 Density of electrons in the base

The solution to the continuity equation is as:

5(r, 2 \) = é (Ak(/\)lo (L:k) + Mk()\)) sin (\/%z) (2.3)

Cy, reflects the concentration of charge carriers in the base. Ay et M) are constants that are
determined through the following boundary conditions:
e At the front

o(r,z=0,\)=0 (2.4)
e At the Transmitter-Base junction
w - _Zf){ _5(r = R, 2, A) (2.5)
e On the rear side
2 2) _=- 2L bz = H) (2.6)
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2.4 Photocurrent density

The expression for the photocurrent density is given by the following relationship:

H

_gbn [ Sf B

Jph = i / Dn*é(r = R,z,\)dz (2.7)
0

2.5 Photovoltage

The photovoltage of our photovoltaic cell model is obtained through the Boltzmann relation:

Vph =Vrln |14+ 27R (28)

H
Nb [ —2D* 96(r,z,\) ds
N2 Sf or

0 r=R

3 Results and discussions

3.1 Photocurrent density Jph

The curves in the figure above (Figure 2) show the photocurrent density profiles as a function of
wavelength for different values of the magnetic field.

. . .
Y 0054 | s p-10° T
5 4
< e B=3510" T '. i
< .o 3 [
< 004 B=385.10"T .
S v B=55103 T " |
2 J | _
B oo ;oo
3 \
° " ‘
= " \ g
-
3 LV s
o .l’ Ak 'val\ * .
2 001 ,l“‘"" Va0 1
£ x':' L Y
5 aaa ",
nst8le -
0,00 f T T T
400 600 800 1000 1200

Wavelength (nm)
Figure 2: Photocurrent density as a function of the wavelength for different values

of the magnetic field (D,, = 26cm?; Sb = 10°cm.s™'; L,, = R = 50um; H = 100um
).

From this representation, it is clear that the photocurrent density decreases as the magnetic
field increases [7][8][9]. On the other hand, the curves show a shift of the maximum value of the
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photocurrent corresponding to the wavelength for an almost zero magnetic field to the left, i.e. towards
the low values of the wavelength, as the field increases. This study shows us that the magnetic
field opposes the establishment of the photocurrent, hence the decrease in the curves. The shift
of the photocurrent maximum to the left can be explained by the fact that the short wavelengths
are absorbed in the surface with less recombination, whereas the generation of photocurrent at long
wavelengths is attenuated by the presence of the magnetic field through the increase in recombination
at depth. To further understand the behaviour of the photovoltaic cell, we will plot the profiles of the
photocurrent density as a function of the dynamic junction velocity for the maximum wavelength.
Following the representation of photocurrent density as a function of wavelength from which we have
identified a maximum value of photocurrent density corresponding to the wavelength, we proceed
to the representation of photocurrent density as a function of dynamic junction velocity for different
values of the magnetic field.
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Figure 3: Photocurrent density as a function of dynamic velocity at the junction
for different magnetic field values (A = 940um; D, = 26cm?; Sb = 10%cm.s™!;
L, = R =50um; H=100um ).

We find a low photocurrent density in the open circuit situation, but the curves show constant
curves in the short circuit [10]. Like the present observations, the magnetic field opposes the establishment
of the photocurrent, generating more recombinations in proportion to the intensity of the magnetic
field, hence a strong decrease in the photocurrent density. Indeed, a strong magnetic field tends to
cancel the photocurrent even in a short-circuit situation.

3.2 Photovoltage Vph

The figure below (Figure 4) shows the photovoltage versus dynamic junction velocity curves for
different magnetic field values.

In the open circuit situation, we have a high photovoltage in contrast to the short circuit where
the photovoltage decreases sharply. Moreover, the curves show a decrease in photovoltage as the
magnetic field intensity increases. This is because the magnetic field increases the recombination of
charge carriers, which results in fewer stored carriers and therefore a decrease in photovoltage even
in the open circuit situation.
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Figure 4: Photovoltage versus dynamic junction velocity for
different magnetic field values (A\ = 940um; D, = 26cm?; Sb =
102cm.sY; L, = R = 50pum; H = 100um ).

3.3 Electrical power PI

The electrical power is the product of the photocurrent density generated and the photovoltage, whose
relationship is as follows: Py = Jpn.Vph
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Figure 5: electrical power as a function of the dynamic velocity at the junction for
different values of the magnetic field(D,, = 26cm?; Sb = 10%cm.s™!; L, = R =
50um; H = 100pum ).

The electrical power is studied by representing its curves as a function of the dynamic junction
speed for different magnetic field values. Firstly, we note parabolic profiles which can be explained
by the fact that at low values of the dynamic junction velocity, the photocurrent is lower, but at
short-circuit, the photovoltage is lower. As the electric power is the product of the voltage and the
photocurrent, it is obvious that it decreases as the magnetic field intensity increases [11][12][13],
which is in agreement with previous observations. In addition, the power maximum shifts towards
the lower values of the dynamic junction velocity, which results in an increase in the load resistance
and a reduction of the load current. In this section it is also shown that the magnetic field hurts
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the performance of the radial junction photovoltaic cell by reducing the ability of the cell to generate
current, resulting in a decrease in efficiency and form factor. This phenomenon leads to overheating
of the cell due to strong recombinations, especially in volume and surface, which favours a rapid
deterioration of the cell.

We continue the studies by evaluating the behaviour of the cell when given a radius, a scattering
length, and the wavelength maintained at different values of the magnetic field. From this simulation,
we have extracted the values of the electrical parameters parameterised by the electric field and
recorded them in the table below (table 1).

Table 1: Electrical parameters of a radial junction photovoltaic cell for different magnetic field
values.

B(T) 10° 3.5.10¢ 3.85.103 55107
v.(V) 0.360 0.327 0.307 0.282
co
i

J.(mdem™) 422 19.1 103 8.6

\ 0,297 0.264 0.252 0,224

5

o (mAem ™) [P 17.3 9.0 7,7
FF (%) 749 73.1 720 711

The values of the electrical parameters including Jcc, Jphmax, Vco, and Vmax are recorded in
the table above (Table 1). The increase in the diffusion length leads to an increase in the values of the
parameters. From this table, we can see that the form factor (FF) is close to the ideal as the diffusion
length tends towards the radius of the base of the photovoltaic cell. The cell model studied has a
geometry that is favourable to increasing the efficiency parameters because it allows the reduction
of the number of materials to be reconciled with the electrical conversion efficiency. To achieve good
efficiency, the diffusion length must be close to the radius of the base of the photovoltaic cell. Thus,
the electrons will recombine closer to the junction which causes more photocurrent generation. In
addition, the increase in photovoltage reveals that the carriers are more resistant to the major trap
centres, which are partly responsible for the recombinations, leading to a decrease in surface and
volume recombinations, which essentially contributes to the decrease in photovoltage.

4 CONCLUSIONS

Through three-dimensional modelling parameterised by the magnetic field, this study has allowed us
to evaluate the impact of the magnetic field on the radial junction photovoltaic cell. In the present
work, we have first presented the photovoltaic cell with the theories that accompany this work. Then,
through the representation of the different curves obtained from a simulation on the Mathcad 15
software, we show the influence of the magnetic field on the radial junction photovoltaic cell. To show
that this approach has many advantages due to the geometry of the cell which allows for improving
the efficiency of the photocurrent generation while limiting the quantity of material used, reducing
at the same time the production costs of photovoltaic systems on an industrial scale. However,
photocells have potential limitations when exposed to a magnetic field, which is a factor opposing the
establishment of the current.
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