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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. For a
magnetic field of 0.35 mT and a diffusion length, the short-circuit current decreased by 59.75% and the open-
circuit photovoltage by 9.32%.
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1 INTRODUCTION

Today, there’s no need to demonstrate how closely
human activity is linked to energy, especially in its
electrical form. The current energy situation in the
countries of the South in particular, and in Burkina
Faso in particular, especially in the major cities, is
further proof of this. Economic development and the
improvement of people’s quality of life depend on the
availability of sufficient energy. This is not yet the case
with electricity generated from conventional sources.
Photovoltaic solar energy appears to be an alternative
to make up for this shortfall, hence the interest in studies
carried out on solar cells, which are so far the only
optoelectronic devices capable of converting sunlight
into electricity.

The concept of the radial junction cell with a material
such as silicon aims to reduce the manufacturing cost
and increase the efficiency at the same time.

However, a number of factors could influence the
parameters of the photovoltaic cell, such as the
magnetic field. Indeed, with the galloping development
of new technologies, we live in a world where mankind
could certainly no longer do without technologies,
most of which are sources of magnetic fields, such
as telecommunication antennas and certain electrical
appliances. To better understand the behavior of a

radial junction photovoltaic cell, we will investigate the
influence of the magnetic field on the photocurrent,
photovoltage and electrical power of our physical
cell model. 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, Sourabié [2] on a bifacial cell and
Ouédraogo [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

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.

Model and theories
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Fig. 1. Physical model of the radiale Radial junction cell model
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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:

j_n> = eDnﬁ - unj_g, AB + eunéﬁ (2.1)

eDnWS: diffusion current
unﬁi A ﬁ: the current induced by the application of the magnetic field

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

925(r, 2, \) " 106(r, 2,A) " 1+ (unBo)? 02%5(r, 2, \) 1+ (11nBo)? 6(r, z, \) _ 1+ (1tnBo)? G(z, )
or2 r  Or 14 pnBo 022 14+ unBo Dpt 14 p,Bo D,

(2.2)

G(z,A\) = a(N).[1 = R’ (V)] .¢o.e~*™M7 is the electron generation rate
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:

-~ r . Chk
o(ryz,\) = Z (Ak()\)lo (Tnk*) —+ Mk()\)> sin (\/mz) (2.3)
k20 1+4pn Bo

Cy reflects the concentration of charge carriers in the base. A et M;, are constants that are determined through
the following boundary conditions:
o At the front
d(r,z=0,1)=0 (2.4)

o At the Transmitter-Base junction

A0(r, z, \) _
87" r=R B 2Dn*

e On the rear side

2.4 Photocurrent density

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

D*H
Jph:an/,
0

gf* o(r=R,z,N)dz (2.7)
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2.5 Photovoltage

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

V;,h =Vrin [1+27TR

n

Sf

ar

3 RESULTS AND DISCUSSIONS

3.1

Photocurrent Density Jph

H
Ni)/ —2D 86(r,z,)\)‘ dz:|
‘ 0 r=R

The curves in the figure above (Fig. 2) show the photocurrent density profiles as a function of wavelength for
different values of the magnetic field.
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Fig. 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
[71[8]1[9]. On the other hand, the curves show
a shift of the maximum value of the 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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Fig. 3. Photocurrent density as a function of dynamic velocity at the junction for different magnetic field
values (\ = 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 (Fig. 4) shows the photovoltage versus

dynamic junction velocity curves for different magnetic
field values.
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Fig. 4. Photovoltage versus dynamic junction velocity for different magnetic field values (A = 940um;

D,, = 26cm?; Sb = 10%cm.s™;

L, = R=50um; H=100um)
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Fig. 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 = 50pm; H = 100um )

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.

3.3 Electrical Power Pél

The electrical power is the product of the photocurrent
density generated and the photovoltage, whose
relationship is as follows: Pe; = Jpn.Vph

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

B(T) 10° 3.5.104 3,85.10% 5,5.10°
v, (V) 0.360 0327 0.307 0,282
J.. (mA.cm_2 ) 47,2 19.1 103 8,6
V. (V) 0,297 0,264 0,252 0.224
s (I?’i:i.crrf2 :l 42,9 17,3 9.0 7,7
FF (%) 749 73.1 72,0 711

The values of the electrical parameters including J..,
Jmaz, Veo @and Vima, 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
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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. This
study shows that for optimum production from a radial
junction photovoltaic solar module, it is imperative to
isolate it from any source of magnetic field.
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