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ABSTRACT
This work put in evidence, magnetic field effect the electrical parameters of a silicon
solar cell illuminated by an intense light concentration: external load electric power,
conversion efficiency, fill factor, external optimal charge load. Due to the high photogeneration of a carrier in intense light illumination mode, in addition of magnetic field,
we took into account the carrier gradient electric field in the base of the solar cell. Taking
into account this electric field and the applied magnetic field in our model led to new
analytical expressions of the continuity equation, the photocurrent and the photovoltage.
In this work, we used the electric power curves versus junction dynamic velocity (Sj)
to determine, according to magnetic field, the maximum electric power Pelmax and we
calculate the solar cell conversion efficiency (η). We also used the J-V characteristics
to determine the solar cell short circuit density current (Jcc) and the open circuit voltage (Vco) under magnetic field and we calculate the fill factor (FF). Finally, we used
simultaneously the J-V characteristics and equipower curves to determine the optimal
external load resistance. The results of this study have showed that the maximum electric power and the conversion efficiency are higher than those of monofacial and bifacial
silicon solar cells illuminated by conventional light but they decreased with the increase
of magnetic field.
Keywords: conversion efficiency, electric power, fill factor, light concentration, magnetic field, optimal charge load.

INTRODUCTION
Many authors proposed experimental methods and modelling to study external magnetic
field’s effect on solar cells properties: InP/
GaInAs heterojunction bipolar transistor [1],
CdS/CuInSe2 photovoltaic cell [2], bifacial solar cells [3,4] and light concentration bifacial
silicon solar cell [5, 6].
It was proved in previous studies [5] that
the values of external magnetic field higher
than 7.10-5 Tesla do not have an influence on
solar cell electronic parameters, such as diffusion coefficient, diffusion length and carrier’s
density.

Also, in the order to define the influence
of magnetic field on solar cells, some authors
[7] proved that the magnetic field resulting of
electromagnetic waves produced by AM and
FM radio antennas is very weak to have an
influence on the solar cells behavior. But the
resulting electric field highly influences the
solar cell electronic parameters.
The effect of electric and magnetic fields
on the operation of three different types of
solar cells (i.e. mono, poly, and amorphous
Si solar cells) irradiated by spontaneous light
emitting flux was studied by Erel [8]. The experience showed that, taking into account magnetic field led to the reduction of the solar cell

133

Advances in Science and Technology Research Journal Vol. 11 (2), 2017

short circuit current I sc and open circuit voltage Vco. This result is contrary to usual ones
where the open circuit voltage increases with
magnetic field increase [9, 10]. This situation
may be the fact that the solar cell was illuminated by a light emitting diode. The effect
of magnetic field and doping density on J-V
characteristics, shunt and series resistances
have been also studied by Sané et al. [11] under a monochromatic frequency modulated
light. The study proved that for all doping
level, the magnetic field increase led to series
resistance, shunt resistance and short circuit
current increase.
Since some electrical parameters, such as
maximum electric power, conversion efficiency, fill factor and optimal load resistance are
directly linked to charge carriers mobility in
the base of a solar cell, therefore, a magnetic
field can influence these electrical parameters.
In previous works [9,10], these electrical parameters have been determined for a bifacial
silicon solar cell using the electric power versus junction dynamic velocity and using simultaneously the J-V and P-V characteristics.
In this work we studied the effect of external magnetic on the electrical parameters of
intense light concentration silicon solar cell
using the electric power curves versus junction dynamic and using simultaneously the J-V
characteristics and equipower curves.

50 suns). The light penetrates the junction at the
plane z = 0 and the back surface was situated at
z = H. Because of the light intensity, carrier concentration in the base was not uniform. So, we
took into account the electric field E(z) due to the
difference of carrier concentration on z axis [12].
To investigate the magnetic field influence
on electric parameters, we applied a variable external magnetic field with the induction, parallel
to the surface of the n-p junction, as shown in
Figure 1.
Taking into account the influence of the magnetic field B̅ = B̅ j and the electric field due to carrier gradient concentration electric field E̅ =−E(x)
i̅ (in intense light concentration mode), the expression of photocurrent density in solar cell base
j̅n was given by the equation of transportation phenomenon in Equation 1 [1, 5].

MODEL AND ASSUMPTIONS

Determination and resolution of continuity
equation

Analytical formulation
We considered a silicon solar cell operating
under a concentrated multispectral light. The
cell was excited uniformly on the emitter surface by an intense light concentration (more than

(1)
The expression of the electric field of carrier concentration gradient is given by Equation 2 [12].
(2)
In these expressions: Dn and Dp are respectively electrons and holes diffusion coefficients, μn and
μp are electrons and holes mobility, e is the elementary charge and δ(x) is the excess minority carrier
density in the base of the illuminated solar cell.

The resolution of Equation 1 taking into account the expression of electric field due to the
carrier concentration gradient, given by Equation
2, led to the electron photocurrent density expression along the x axis:
(3)
This expression is simplified as:

with
Fig. 1. Intense light illuminated silicon solar cell
under magnetic field
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D*np is the new expression of diffusion coefficient of the solar cell submitted to a magnetic
field and an intense light concentration.
The general expression of the distribution of
excess minority carriers distribution in the solar
cell’s base along the x axis is given by:
(4)
In steady state, Equation 4 becomes Equation 5:
(5)
L*np is the new expression of diffusion lenght
of the solar cell submited to a magnetic field and
an intense light concentration.
G(x) is the excess minority carrier generation
at depth x in the base of the solar cell and its expression is written as:
(6)
Coefficients ai and bi are deduced from modelling the generation rate considered for over all
the solar radiation spectrum [13] and C is the light
concentration in suns.
The solution of Equation 5 is:

In these expressions, Sf is the junction dynamic velocity and Sb is the back surface recombination velocity.
Expression of photocurrent density and
photovoltage
•• Photocurrent density
Photocurrent density expression is given by
Equation (10) [14,15]:
(10)
•• Photovoltage
The photovoltage is expressed by Boltzmann
law [14,15]:
(11)
In this expression, VT is the thermal voltage given by: VT = kB·T/q, no expresses the carrier concentration at thermodynamic equilibrium:
no=ni2/NB, ni represents the intrinsic carrier concentration (ni = 1010 cm-3 for silicon), NB is the
base doping density (NB = 1016 cm-3) and kB is the
Boltzmann’s constant.

RESULTS AND DISCUSSION
Effect of magnetic field on the external load’s
electric power

with

(7)

and

The expressions of the coefficients A1 and
A2 are obtained by solving Equation 7, with the
boundary conditions at the two edges of the base
region [4, 5]:
•• the junction interface at x = 0:
(8)

In Equations 10 and 11 photocurrent and
photovoltage are functions of magnetic field and
junction dynamic velocity (Sf). The solar cell
studied in this article is an ideal solar cell so the
losses of carriers at the junction interface are neglected and then, the intrinsic junction recombination velocity (Sf0) is null. The junction dynamic
velocity (Sf) is assumed equal to the one imposed
by an external load resistance (Sj), and then all the
carriers collected at the solar cell’s junction cross
this junction [9].
The electric power provided to an external
load resistance is a function of junction dynamic
velocity Sj and is expressed as:
(12)

•• the rear side at x = H:
(9)

As photocurrent and photovoltage are functions of magnetic field, therefore, the electric
power provided to an external load resistance is
also a function of magnetic field.
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(13)
In this expression, Pinc is the power of the incident light’s flux. For a light concentration solar
cell and under Air Mass 1,5 standard conditions
(1000 W/m2), the proportion of light, which is
concentrated, is around 720W/m2 [16]. Thus, for
a 50 suns light concentration, Pinc is assumed to
be: Pinc=0.072W/cm2·50=3.6W/cm2.
In Table 1 we presented the values of external load’s maximum electric power and conversion efficiency of intense light concentration solar cell under magnetic field effect.
These results showed that the solar cell external
load maximum electric power and its conversion efficiency decrease with the increase of external magnetic field, as shown in a previous work [9]. But the
maximum electric power delivered by the light concentration silicon solar cell and its conversion efficiency are higher than those of a bifacial silicon solar
cell. As the maximum electric power delivered by
the solar cell to an external load is a function of solar
cell’s photocurrent density and photovoltage, we can
deduced that the external magnetic field had an influence on the photocurrent and the photovoltage.

Fig. 2. Effects of junction dynamic velocity and magnetic field on an intense light concentration solar cell
(C = 50 suns) external load's electric power

The curves in Figure 2 show junction dynamic velocity and magnetic field effects on the
electric power delivered by the solar cell to an external load resistance.
Curves in Figure 2 had the same shapes than
those of a previous work [9]. For a given junction
dynamic velocity and a given magnetic field intensity, the maximum electric power delivered by
the light concentration silicon solar cell is higher
than the one produced by a bifacial silicon solar
cell. The maximum electric power decreases and
it moves towards small values of junction dynamic velocity with magnetic field increase. This
situation means that taking into account magnetic
field reduces the quantity of carriers which cross
the junction to participate to the photocurrent.

Effect of magnetic field on the solar cell’s fill
factor
The solar cell’s fill factor is a function of the
maximum electric power, the short circuit current
density, the open circuit voltage and its expression is given by Equation 14:
(14)

Effect of magnetic field on the solar cell’s
conversion efficiency

The short circuit photocurrent density Jsc and
the open circuit photovoltage Voc are determined
using J-V characteristics according to magnetic
field intensity [10].

The expression of the solar cell’s conversion
efficiency is given by the Equation 13 [9].

Table 1. Magnetic field effect on maximum electric power and conversion efficiency
Magnetic field intensity B (mT)
Maximum electric Pel max (mW/cm2)
Conversion efficiency η (%)

0
870
24.167

0.5
851
23.639

1.5
781
21.694

3
703
19.528

5
635
17.639

3
703
737
1104
0.864

5
635
756
952
0.882

Table 2. Magnetic field effect on short circuit current, open circuit voltage and fill factor
Magnetic field intensity B (mT)
Maximum electric (mW/cm2)
Open circuit voltage VCO (mV)
Short circuit current JCC (mA/cm2)
Fill factor FF
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0
870
717
1431
0.84793

0.5
851
721
1392
0.84795

1.5
781
734
1251
0.851
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In Table 2 we summarized the values of the fill
factor, the short circuit current density, the open circuit voltage of intense light concentration solar cell
under magnetic field.
These results showed that with the increase of
magnetic field, the fill factor and the open circuit
voltage increase, while the short circuit current density and the maximum electric power decrease. The
increase of fill factor with magnetic field increase is
the consequence of the strength of Lorentz which
leads to carrier storage near the solar cell’s junction
[5]. The carrier storage at the junction is the consequence of the open circuit voltage increase and leads
also to increase carrier’s recombination in the base
and then series resistance Rs increase [11]. This situation leads none the less to a reduction of the quantity
of carrier that crosses the junction to participate to
the photocurrent, but also to an increase of the shunt
resistance Rsh through the solar cell’s intrinsic junction recombination velocity increase [9].
Magnetic field effect on the external optimal
charge load
The curves in Figure 3 show another method
of electrical parameters (maximum electric power
Pel max, maximum power point photovoltage Vmax
and photocurrent density Jmax and optimal load resistance Ropt) determination different of the one
used by Zerbo et al. [10].
For the determination of the electrical parameters, we plotted in the same axes system (Figure
3), the J-V and equipower curves for a given magnetic field intensity.
The expression of the function that led to the
equipower curves is given by Equation 15:
(15)
The ideal operating point is the one corresponding to the intersection of the equipower curve and the
J-V characteristic. At this point, we determined the
optimal external load resistance Ropt of the solar cell,

Fig. 3. Light concentration solar cell's electrical
parameters determination using J-V and equipower
curves

whose inverse (1/Ropt) corresponds to the slope of the
straight line passing by the J-V curve origin and joining the maximum power point. The expression of the
characteristic of the optimal external load resistance
is given by Equation 16:
(16)
In Table 3 the values of the maximum electric
power, the maximum power point photovoltage
(Vmax) and photocurrent density (Jmax) and the optimal load resistance Ropt of intense light concentration solar cell for various magnetic field intensity are given.
We observed in this table that, with the increase
of magnetic field, the maximum power point photovoltage (Vmax) and the optimal load resistance
increase while the maximum power point photocurrent density (Jmax) decrease. The optimal load
resistance increase with magnetic field increase is
not benefitial for the solar and it is the consequence
of the carrier storage near the junction with the
magnetic field increase. Indeed, the carriers storage at the junction leads to the open circuit voltage
increase and to the decrease of short circuit pho-

Table 3. Magnetic field effects on maximum electric power, maximum power point photovoltage (Vmax) and photocurrent density (Jmax), and optimal load resistance
Magnetic field
intensity
B (mT)

Maximum
electric power
Pel max (mW/cm2)

Values of Vmax
(mV)

Values of Jmax
(mA/cm2)

Slopes of Ropt characteristics
(Ω-1.cm-2)

0
0.5
1.5
3
5

870
851
781
703
635

632
641
649
666
673

1376
1327
1205
1056
943

2.177
2.070
1.857
1.586
1.401

Values of Ropt
(Ω.cm2)
0.459
0.483
0.539
0.631
0.714
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tocurrent density and then to the reduction of the
photocurrent density that crosses the external load.
As the external load is in parallel with the solar
cell, an increase of the open circuit voltage with a
decrease of the photocurrent density that crosses
the external load leads inevitably to the external
load resistance increase.

CONCLUSION
This study showed that with the increase of
magnetic field, the maximum electric power produced by the solar decrease and moves to the small
values of junction dynamic velocity and this behavior means a reduction of the quantity of carriers
which cross the junction to participate to the photocurrent with magnetic field increase. We have also
put in evidence that the maximum electric power
leads to the solar cell external load and its conversion efficiency decreases with the increase of
external magnetic field. This result confirmed the
reduction of the quantity of carriers that cross the
junction with magnetic field increase.
The magnetic field effect on the solar cell also
led to the carrier storage near the solar cell’s junction
and had as consequence the increase of the fill factor
and the open circuit voltage. We noted that the optimal load resistance increase with the magnetic field
increase. That means for a given load resistance, the
increase of magnetic field induced a decrease of the
maximum electric power and the conversion efficiency, and therefore the magnetic field causes a deterioration of the solar cell efficiency.
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