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doi:10.3906/fiz-1505-10

Turkish Journal of Physics

http :// journa l s . tub i tak .gov . t r/phys i c s/

Research Article

External magnetic field effect on bifacial silicon solar cell’s electric power and

conversion efficiency

Issa ZERBO∗, Martial ZOUNGRANA, Idrissa SOURABIE, Adama OUEDRAOGO,
Bernard ZOUMA, Dieudonné Joseph BATHIEBO
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Abstract:This article presents a modelling study of external magnetic field effect on a bifacial silicon solar cell’s electric

power and conversion efficiency.

After the resolution of the magnetotransport equation and continuity equation of excess minority carriers, we

calculate the photocurrent density and the photovoltage and then we deduce the solar cell’s electric power before

discussing the influence of the magnetic field on those electrical parameters.

Using the electric power curves versus junction dynamic velocity we determine the maximum electric power, the

operating point of the solar cell, and the conversion efficiency according to magnetic field intensity. The numerical data

show that the solar cell’s maximum electric power and conversion efficiency decrease with magnetic field intensity.
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1. Introduction

The efficiency of a solar cell depends on the electric power delivered to an external circuit but some external

factors such as magnetic field, external electric field, and electromagnetic field [1,2] can influence this electric

power and so the solar cell quality.

Many studies on electronic and electrical parameters of solar cells under constant magnetic field have been

proposed with a one- or three-dimensional approach. Many authors proposed experimental methods to study the

magnetic field’s effect on solar cell properties. Betser et al. [3] proposed an experimental method to determine

InP/GaInAs heterojunction bipolar transistor’s photocurrent and minority carriers’ mobility under constant

magnetic field, while Vardanyan et al. [4] proposed another method for measurement of all recombination

parameters (diffusion length, diffusion coefficient, carriers mobility, back surface recombination velocity) in the

base region of bifacial solar cells. Erel [5] studied the effect of electric and magnetic fields on the operation of a

CdS/CuInSe2 photovoltaic cell. The experience showed that the open circuit voltage and the electron effective

mass increase while the magnetic field intensity increases. Other authors proposed studying the modelling of the

magnetic field’s effect on solar cell properties. Madougou et al. [6] showed that photocurrent density decreases

with the magnetic field for each illumination mode of the bifacial solar cell, while the photovoltage increases with

the magnetic field for front side and simultaneous front and back side illumination. I–V characteristics of the

bifacial silicon solar cell also decrease with the magnetic field. Zoungrana et al. [7,8], with a three-dimensional
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approach, studied light concentration bifacial silicon solar cells and they showed a decrease in photocurrent and

an increase in photovoltage with the magnetic field. They also noted that magnetic field values greater than 7

× 10−5 T influence carriers’ diffusion length and diffusion coefficient.

In this work, we study modelling of the influence of magnetic field intensity on a bifacial silicon solar

cell’s maximum electric power and conversion efficiency. From the electric power curves versus junction dynamic

velocity, we determined the values of maximum electric power delivered by the solar cell to an external circuit

and the values of corresponding junction dynamic velocity that we called junction dynamic velocity at the

maximum power point, and then we calculated the solar cell conversion efficiency.

2. Theory

2.1. Excess minority carriers’ density

We study the base region of a polycrystalline back surface field bifacial silicon solar cell in the quasi-neutral

base assumption (Figure 1).

Figure 1. Bifacial silicon solar cell illuminated by multispectral light and under magnetic field influence.

The quasi-neutral base assumption [9] means that the solar cell internal electric field (crystalline electric

field) is neglected so that only the junction electric field will be taken into account.

When the bifacial solar cell is illuminated simultaneously on both sides, the solution of excess minority

carriers’ continuity equation [6], which takes into account carriers’ generation, their diffusion under magnetic

field, and their recombination, is

δ (x,B) = A · ch
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In these expressions L∗
n and D∗

n are respectively electrons’ diffusion length and diffusion coefficient in

the presence of a magnetic field. Coefficients a i and b i are tabulated values obtained from modelling of the

generation rate considered for over all the solar radiation spectrum under Air Mass 1, 5 standard conditions

[10] and H is the base thickness.

The excess minority carriers’ (electrons) density is completely determined solving the two boundary

conditions:
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- At the solar cell’s junction (x = 0)

D∗
n · ∂δ (x)

∂x

)
x=0

= Sf · δ (x = 0) (2a)

- At the solar cell’s rear side (x = H)

D∗
n ·∂δ (x)

∂x

)
x=H

= −Sb · δ (x = H) (2b)

Sf is the junction dynamic velocity [11] and it quantifies the number of excess carriers that are collected to the

junction in a given operating condition (open circuit, intermediate operating point, short circuit).

The junction dynamic velocity (Sf) is the sum of two contributions: the intrinsic junction recombination

velocity (Sf0) related to the losses of carriers at the junction interface and the junction dynamic velocity (Sfj)

that defines the operating point of the cell because it is the carriers’ flow imposed by an external load resistance

[12].

Sf = Sf0 + Sfj (3)

The solar cell studied in this article is an ideal solar cell and so the losses of carriers at the junction interface are

neglected and the intrinsic junction recombination velocity (Sf0) is null. The junction dynamic velocity (Sf) is

equal to the one imposed by an external load resistance (Sf j) and all the carriers collected at the solar cell’s

junction cross this junction.

Therefore, when the junction dynamic velocity Sf tends to zero, there is no current flux that crosses the

junction and so carriers are stocked on both sides of the junction [13]; that also means that the current flux

imposed by an external load resistance is null and this resistance tends to higher value. The solar cell operates

in an open circuit. Conversely, when the junction dynamic velocity Sf goes to large values, the maximum of

carriers crosses the junction because the external load resistance value tends to zero. The solar cell operates in

a short circuit.

Sb, which quantifies the losses of carriers at the solar cell’s rear side, is the back surface recombination

velocity.

2.2. Photocurrent density

The photocurrent density expression is obtained applying Fick’s law at the solar cell junction.

Jph (Sf,B) = q ·D∗
n · ∂δ(x,Sf,B)

∂x

)
x=0

(4)

The photocurrent density versus junction dynamic velocity curves are plotted in Figure 2 for different values of

magnetic field intensity.
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Figure 2. Photocurrent density versus junction dynamic velocity for different values of magnetic field intensity (L =

0.02 cm; H = 0.03 cm; D = 26 cm2 /s; µn= 1000 cm2 /V s).

The curves in Figure 2 show that for large values of junction dynamic velocity (Sf), the photocurrent

density is constant and this operating point is the short circuit and the corresponding photocurrent density is

short circuit photocurrent density, but for low values of junction dynamic velocity (Sf) the photocurrent is null

and this operating point corresponds to the open circuit. One also notes that the short circuit photocurrent

density is a decreasing function of magnetic field intensity.

In fact, the strength of Lorentz deviates, towards the lateral surfaces, a part of the electrons photogener-

ated in the base of the solar cell [8]. Thus, the magnetic field increases carriers’ presence near the junction and

the quantity of carriers that cross the junction decreases with magnetic field increase [7].

From the analysis of the curves, one notes that the photocurrent density decreases strongly with magnetic

field intensity and the values of junction dynamic velocity (Sf) corresponding to short circuit and open circuit

conditions decrease with magnetic field increase. Therefore, the magnetic field precipitates the establishment

of photocurrent and also the short circuit because while the magnetic field intensity increases, the strength of

Lorentz increases and deviates strongly carriers towards the lateral surfaces of the solar cell. This deviation of

carriers that increases with magnetic field generates a current in the base of the solar cell.

Applying the concept of junction dynamic velocity initiating the short circuit [14], we determine the

values of junction dynamic velocity initiating the short circuit (Sfcc) according to magnetic field intensity.

The results are given in Table 1 below.

Table 1. Junction dynamic velocity initiating the short circuit for different values of magnetic field intensity.

B (mT) 0 1 2.5 5 7.5 10
Sfcc (cm/s) 1.22 × 106 9.243 × 105 2.983 × 105 1.818 × 105 9.543 × 104 6.10 × 104

These results confirm that the values of junction dynamic velocity initiating the short circuit decrease

when the magnetic field intensity increases. The magnetic field precipitates the establishment of the short

circuit.

2.3. Junction photovoltage

Knowing the excess minority carriers’ density, the photovoltage across the solar cell junction is expressed using

Boltzmann’s relation:
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V ph (Sf,B) = VT · ln
(
NB

δ (x = 0,Sf,B)

n2
i

+ 1

)
(5)

VT is the thermal voltage, n i is the electrons’ intrinsic concentration at thermodynamic equilibrium, and NB is

the base doping density.

We plot in Figure 3 photovoltage versus junction dynamic velocity curves for different values of magnetic

field intensity.
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Figure 3. Photovoltage versus junction dynamic velocity for different values of magnetic field intensity (L = 0.02 cm;

H = 0.03 cm; D = 26 cm2 /s; µn = 1000 cm2 /V s).

The shapes of the different curves in Figure 3 show that the photovoltage is null for large values of

junction dynamic velocity (Sf ≥ 1013 cm s−1), while it is maximal (open circuit photovoltage) and depends

on magnetic field intensity for low values of junction dynamic velocity (Sf ≤ 102 cm s−1). The open circuit

photovoltage increases slightly while the magnetic field intensity increases. This behavior of open circuit voltage

is the consequence of charge carriers’ accumulation across the solar cell junction with magnetic field increase.

This accumulation is a consequence of charge due to the Hall effect, which modifies electrons trajectories [4,7]

and deviates them towards the lateral surfaces of the solar cell. Thus, the magnetic field increases carriers’

presence in the neighborhood of the junction (the open circuit voltage increases slightly) and the quantity of

carriers that cross the junction decreases (the photocurrent density decreases strongly) with magnetic field

increase [7].

It appears through the magnetic field effect on the solar cell in short circuit and open circuit conditions

that the solar cell has resistive behavior under the magnetic field. Thus, the solar cell behaves like a resistance

that increases with the magnetic field, resulting in a reduction in the photocurrent and an increase in the open

circuit voltage. The resistive behavior of solar cell’s base under the magnetic field effect is the magnetoresistance.

3. Simulation results and discussion Solar cell electric power and conversion efficiency

The expression of electric power delivered by the solar cell base to an external circuit is [1,2]

P (Sf,B) = V ph (Sf,B) · Jph (Sf,B)T (6)
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In this expression, Jph (Sf,B)T = q · Sfj · δ (x = 0, Sf,B) is the photocurrent density that crosses the load

resistance.

The variations in electric power versus junction dynamic velocity for different values of magnetic field

intensity are plotted in Figure 4.

1 10
0.000

0.005

0.010

0.015

0.020

 B= 0 T
 B= 1 mT
 B= 2.5 mT
 B= 5 mT
 B= 7.5 mT
 B= 10 mT

log(Sf)

Junction dynamic velocity (cm/s)

E
le

ct
ri

c 
p

o
w

er
 (

 W
/c

m
2 )

Figure 4. Electric power delivered by the solar cell versus junction dynamic velocity for different values of magnetic

field intensity (L= 0.02 cm; H = 0.03 cm; D = 26 cm2 /s; µn = 1000 cm2 /V s).

The shapes of the different curves show that the electric power delivered by the solar cell base is null

to the neighborhood of the open circuit and short circuit. Each curve passes by a maximum situated in an

intermediate operating point between the open circuit and the short circuit. The maximum electric power

decreases with magnetic field increase and it is obtained for values of junction dynamic velocity that moves

towards the open circuit (low values of Sf) when magnetic field intensity increases.

Using the electric power curves versus junction dynamic velocity, we determine, according to magnetic

field intensity, the values of maximum electric power and the values of corresponding junction dynamic velocity

(junction dynamic velocity at the maximum power point) and then we calculate the solar cell conversion

efficiency using Eq. (7) below:

η (B) =
Pel (Sf,B)max

Pinc
(7)

P inc is the power of the incident light’s flux and P inc = 100 mW/cm2 in Air Mass 1, 5 standard conditions.

The results are given in Table 2.

Table 2. Maximum electric power delivered by the solar cell, junction dynamic velocity at the maximum power point,

and solar cell conversion efficiency for different values of magnetic field intensity.

B (mT) 0 1 2.5 5 7.5 10
Pmax (mW/cm2) 19.759 18.757 16.526 14.775 13.810 13.104
SfMPP (cm/s) 2.928 × 104 1.942 × 104 1.027 × 104 5.727 × 103 3.862 × 103 2.922 × 103

Efficiency η (c/o) 19.759 18.757 16.526 14.775 13.810 13.104

These results show that the solar cell’s maximum electric power and the corresponding junction dynamic

velocity (junction dynamic velocity at the maximum power point) decrease while magnetic field intensity

increases and that corresponds to a displacement of the solar cell’s operating point. The junction dynamic
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velocity and the load resistance evolve in reverse senses. Indeed, when the junction recombination velocity

decreases one evolves towards the open circuit and the load resistance increases. On the other hand, when the

junction dynamic velocity increases, one evolves towards the short circuit and the load resistance decreases.

Thus, the decrease in junction dynamic velocity at the maximum power point with magnetic field increase

corresponds to an increase in the charge resistance at the maximum power point.

4. Conclusion

One-dimensional modelling of the magnetic field effect on a bifacial silicon solar cell’s maximum electric power

and conversion efficiency is presented. It appears that the magnetic field has a large influence on the mobility and

concentration of charge carriers that cross the junction. This situation leads to effective magnetic field influence

on the solar cell’s short circuit photocurrent and open circuit photovoltage; the magnetic field precipitates the

establishment of photocurrent and also the short circuit.

We note also that, under magnetic field effect, the solar cell behaves like a resistance that increases with

the magnetic field, resulting in a reduction in the photocurrent and an increase in the open circuit photovoltage.

This resistive behavior under the magnetic field has been called magnetoresistance.

The numerical data, obtained from the analysis of electric power curves, are evidence of a decrease in

the maximum electric power, the junction dynamic velocity at the maximum power point, and the solar cell

conversion efficiency. The decrease in junction dynamic velocity at the maximum power point with magnetic

field corresponds to an increase in the charge resistance at the maximum power point and so a displacement of

the solar cell’s operating point.
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