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Abstract: This manuscript presents external magnetic field
and air mass effects on electrical parameters in
polycrystalline silicon solar cell under a multispectral flash
illumination. Firstly, from a theoretical approach based on
the columnar model of the grains and the quasi-neutral
base, the three-dimensional diffusion equation is
established. Also the boundaries conditions are defined in
order to use Green’s functions to solve this equation.
Secondly, magnetic field and air mass effects on carriers’
density
and
transient
voltage
are
presented.
Thirdly,magnetic field and air mass effects are pointed out
on electrical parameters such as shunt and series resistances
and junction capacitance.
Keywords: Air mass; Junction capacitance; Magnetic
field, Series and shunt resistances
1. Introduction
In order to reduce dependence on fossil fuels, renewable
energy sources have been studied intensively for many years
[1]. As solar energy, one major source of renewable energies,
depends on the fluctuating solar radiation and solar cell
properties.
However, solar spectrum and fields are environmental factors
that affects the performance of solar cell. Air mass and
magnetic field are two of the factors that influences
respectively the solar spectrum and solar cell efficiency [23].Nowadays a lot of solar cells research high performance or
solar cells operating under conditions that reduce solar cells
performances factors limiting: minority carrier recombination
photogenerated in the basis [4], in surface and grains
boundaries [5], photocurrent and photovoltage losses,
shadiness effects and resistive losses [6].The electronic and
electrical parameters of the solar cell are closely dependent on
carrier distribution in the solar cell. The magnetic field and the
air mass affected these parameters [7-8-9].
2. Method and material
In this study based on a 3D modeling of a polycrystalline
silicon solar cell; we made the following hypothesis:
- Considering the weak thickness of the emitter and zone of
space load, we neglected their contributions to the

IJER@2020

photocurrent, so the quasi-totality of the current is provided
therefore by the base [6; 7].
- The grains are under shape parallelepipedic (2a; 2b; H) and
the joints of grains are perpendicular to the junction;
-The surfaces between two adjacent grains and perpendicular
to the junction are characterized by the same carrier
recombination processes evaluated by a grain boundary
recombination velocity S g x  S g y  S g ;
- The electric field of crystal lattice is negligible [10];
- Only the contribution of the base in the processes of
generation is considered; the magnetic field is oriented
 





according to the direction o y , B  B o y .It is therefore
perpendicular to the depth of light penetration in order to
observe the effect of the strength of Lorentzon the carriers;
-The illumination is uniform. Then we have a generation rate
depending only on the depth in the base z;
-The solar cell is front side illuminated under the external
magnetic field and the tree type of air mass is illustrated on
figure 1 [11].

Figure 1: A model of grain in the polycrystalline sample.
In the base of the cell, the minority carriers are electrons, and
their density satisfies to the equation below:
 n
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E is the electric field of the crystal lattice and  n is the

mobility of the electrons.
Substituting equation (2) into (1) and taking into account the
assumption of quasi-neutrality of the base, the diffusion
equation of the electrons in the base becomes the equation 3:
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S f , S b and S g are the recombination velocity of minority

D is the diffusion coefficient of excess minority carriers in

carriers respectively at surfaces z = 0, z = H and x = ± a (or y
= ±b).
a, b and H are the grain sizes as indicated on figure 1.
A solution of equation (1) is given by expression (11)
according to the author of the reference [11].

the base of the bifacial cell in presence of magnetic field
[12;13]; it can be expressed as:
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mobility of electrons and the value of magnetic field applied.
The presence of the magnetic field in our model lead to new
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values of carrier diffusion length L and carrier diffusion
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In this expression of g ( z , t ) ,
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indicates the

I cco

illumination level. The coefficients

a m and

b m are the

modeling coefficients of AM1.5, AM1 and AM0 of air mass
[14; 15].
Equation (1) is solved with the following boundary
conditions:
─ At the junction z = 0
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At surfaces limited by x = ±a and y = ±b
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coefficient D which depend on magnetic field.  is a
coefficient which depend on magnetic field intensity.The
carriers’ generation rate under multispectral light at the depth
z in the base can be written by the following expression:

M iM jM

(11)
where:

D ,  , B are respectively coefficient of electrons diffusion,
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The expression (11) can write simply by the following
equation:
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is the expression of carriers density. Where:
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The quantities A l , A l and A  are obtained by normalizing
i

M i, M

j

k

j

and M k .The parameters k i , l j and  k are the

eigen values obtained from the boundary conditions.  k is the
initial phase and obtained by solving the equation
ta n   k H   k
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The transient voltage decay is defined by the next equation:
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The quantities  0  0 , 0  and   0 , 0  are defined by:
a

b

Z 111  x , y , 0  d x d y
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Figure 2: Carriers density curves versus air mass and time.

(23)

 0  0, 0  

8,00E+013

Time (s)

 0 (0, 0 )



F v ( k1 , l 1 ,  1 ) 

3 .RESULTS AND DISCUSSION
We present here the simulation results obtained from the
previous modeling equations.
3.1. Effects of magnetic field and air mass on carrier
density
We presents here the curves of carriers’ density versus air
mass and magnetic field.
Carriers density under AM1.5 (electrons/cm3)
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This decay can be explain by the reducing of the generation
rate during the time to the different air mass. So when the air
mass increase, the direction of normal irradiance decrease
reducing carriers’ generation.

  0, 0  
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a b

Z 1 1 1  x , y , 0  and d 1 1 1  x , y , 0  are respectively the spatial

component of   x , y , z , t  and the minority carrier density
during the phase of illumination.
l
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According to expression (18), we notice two types of V ( t )
decays:
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The time dependent tension is rewritten in the following way:
V
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This is a linear function of the time with a negative
slope  V T 
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V ( t ) can be rewritten in the form :
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V ( t ) is a time dependent decay exponential function.
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Figure 3: Carriers density curves versus magnetic field and
time.
The figure 4 presents the variation of carriers’ density versus
magnetic field and time. The figure 4 show that for increasing
magnetic field, the maximum of the excess minority carriers’
density increase also and are shifted left to the junction. This
increasing of the maximum of the excess minority carriers’
density translate an increase of the carrier concentration.
3.2. Effects of magnetic field and air mass on transient
voltage
Transient voltage curves versus magnetic field is presented
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phenomenon is accompanied by an increase of recombination
in the bulk and at the grain boundaries [13; 16].
The behavior of the transient voltage under magnetic field
characterizes an increase of resistive losses in the base (due to
material structure and electrical grids); this increase of
resistive losses leads to a decrease in the output voltage.
From our previous results, we propose below an equivalent
electrical model for the solar cell under external magnetic
field and air mass.

Transient Voltage Decay AM1.5 (V)
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Transient Voltage Decay AM1.5
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0,08

0,06

0,04

0,02

3.2. Equivalent electrical model of the solar cell under
magnetic field and different air mass
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Figure 4: Transient voltage curve versus time for various air
mass.
The figure 2 presents the curve of transient voltage decay with
the air mass from air mass 0 to air mass 1.5 but we remark the
same variation for air mass 0 and 1.This behavior is explain
by the substantially identical values of air mass 0 and 1 .
The decrease of transient voltage to air mass 0 to air mass 1.5
is explain by an important photogeneration of excess minority
carriers under AM0 than AM1.5.
The increasing of air mass creates the decrease of normal
irradiance by reducing illumination then the number of excess
minority carriers. In other words, much load carriers are
stored near the junction under air mass 0 because much
carriers are photogenerated.

Transient voltage decay B=0T (V)

0,40
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Transient voltage decay B=0.12mT

0,35
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In this model, the diode characterizes not only the diffusion
saturation current in the base and the emitter but also the
generation-recombination saturation current in the space
charge region [4-10]. It appears also in this model two
parasitic resistances [5].The shunt resistance R s h characterizes

the photocurrent is derived from this resistance andcould not
be
used
by
the
external
load.The
series

0,10
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resistance R s characterizes

0,00

0,00004
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Figure 5: Transient voltage decay curves versus magnetic
field.
The profile of figure 3 presents the transient voltage
increasing when the magnetic field increases.
The transient volt age which means an accumulation of
charges across the junction presents a maximum for very low
values (open circuit); this open circuit voltage increases

with increasing magnetic field. This is a consequence of
charge accumulation in the base and diminution of junction
recombination with increasing magnetic field; this
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Figure 6: Equivalent electrical model of the solar cell under
magnetic field and different air mass.

byintrinsic recombination ( S f 0 ) at the junction. Then a partof
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We present on figure 4 the equivalent electrical one diode
model of the solar cell under magnetic field and different air
mass:

currentlosses at the junction. These losses are induced
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the

contacts

resistance,

the

resistivity of the base material and the dynamic resistance of
the junction [6]. The presence of this resistance leads to a
decrease of the voltage across the external load.It is a
fundamental parameter [18] depending on the semiconductor
substrate, the temperature and the fabrication technology.
3.3. Effects of magnetic field and air mass on junction
capacitance
To exhibit the capacitive effects of the space charge region;we
introduce the capacitor with capacitance C to the place of the
diode.The solar cell junction behaves like a capacitor with
capacitance [6; 19] depending on the space charge region
width. So the equivalent model become 7:
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to AM1.5 so that the capacitance also decreased in this way.
Also the generation rate can explain this behavior of junction
capacity because the values of generation rate is great under
AM0 than others.
3.4. Effects of magnetic field and air mass on series
resistance

Figure 7: Equivalent electrical model of solar cell
Based on the carrier density in the base, the junction under
magnetic field capacitance is given by [20].

C ( a n , bn , B ) 

Q ( a n , bn , B )
(29)

V ( a n , bn , B )

Q ( a n , bn , B )  q

and an internal series resistance R s which causes a voltage
drop and thus decreasing the output voltage. The
determination of this series resistance is made near the open
circuit. Near this operating point there is a charge
accumulation in the cell so that any loss is due to the cell
structure and electrical grids.
Near this open circuit, the solar cell can be represented by the
following electrical model [12; 18; 21; 22]

with the following equation :
a

Near open circuit, the solar cell operate like a real voltage
generator, that is an association of an ideal voltage generator

b

   ( x, y, 0, a

n

, b n , B ) d x d y (30)

a b

where: -q: is the elementary charge. -V: is the transient
voltage across the junction.
We present here the junction capacitance with magnetic field
for various air mass.
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3,00E-009

Junction capacitance AM1.5
Junction capacitance AM0
Junction capacitance AM1

Junction capacitance AM1.5 (F)

2,80E-009
2,60E-009

Figure 9: Electrical model of the solar cell near open circuit.

2,40E-009

The load resistance R c h is taken very low to keep the solar

2,20E-009
2,00E-009

cell close to the short circuit. The expression of series
resistance giving by the following mathematical relation:
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R s ( a n ; bn ; B ) 
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Figure 8: Capacitance decay curve versus magnetic field for
various air mass

Serie resistance AM0
Serie resistance AM1.5
Serie resistance AM1

junction

capacitance with the magnetic field.
The junction capacitance seems not to depend on magnetic
5

field for values less than B  4 .1 0 T . But for more intense
magnetic field, the junction capacitance decreases very
rapidly.
This behavior of the junction capacitance is directly related to
the space charge region widening with magnetic field.
Indeed, the junction capacitance depends on the charge of
carriers, it is well understandable that the junction capacitance
is great under AM0, than AM1 or AM1.5 because the
concentration of carrier in the base is then decrease from AM0
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Serie resistance AM0 (Ohms/cm2)

130

The curves of figure 8 shows the decay of

I ph ( a n ; bn ; B )

(31)
The curve of figure 10 present the influences of the magnetic
field and air mass on series resistance.
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Figure 10: Series resistance curve versus magnetic field for
various air mass.
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It can be notified that the series resistance increase with the
magnetic field called magneto resistance [6]. As noted of
junction capacitance; the series resistance for the values of
5

marked for B  4 .1 0 T . So when the magnetic field
increases, the diffusion coefficient decreases considerably
because of the incurved path of carriers due to Lorentz law.
Also; the magnetic created the braking of carriers decreasing
the loss of load carriers.
Indeed, relatively to the air mass to AM1.5 to AM0, the series
resistance increase. This is the consequences of the carrier’s
density which is greater than other air mass hoverer the loss
that the load carriers can be suffered. So AM0 optimize series
resistance operating.
3.5. Effects of magnetic field and air mass on shunt
resistance
The

shunt

resistance

R s h [6]

results

from

carrier

Shunt resistance AM0 (Ohms/cm2)

5

magnetic field B  4 .1 0 T , increase slowly but more

12000

Shunt resistance AM0
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Shunt resistance AM1.5
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Figure 12: Shunt resistance curve versus magnetic field for
various air mass.
The profile of curves of shunt resistance with the magnetic
field and air mass show that, the shunt resistance increases
slowly for the small values of magnetic field

recombination in the bulk and the interfaces of the cell. R s h

B  4 .1 0

characterizes the leakage current in the cell; the higher R s h is,

field B  4 .1 0 T .
Shunt resistance also increase with magnetic field; when
magnetic field increases, the number of excess minority
carrier crossing the junction will decrease because essentially
of incurvated path, that is, the leakage current of the junction
will also decrease and this decrease correspond to an increase
of the shunt resistance.

the lower the leakage current is considering the solar cell near
short circuit, the behavior of current generator lead us to
represent the system solar cell+load‖ as follow (figure 11)
[12;18;21;22]:

5

T and rapidly for the values of magnetic
5

Comparatively to the magnetic field; the shunt resistance
decrease with the air mass from air mass 0 to air mass 1.5
however the loss of load carriers in grains boundaries or to the
junction; the width of light spectrum AM.5 have the greater
loss than AM1 and AM0.Then the loss of load carriers or the
recombination are not sensitive with the AM0 than AM1 and
AM1.5.

Figure 11: Equivalent electrical model of the solar cell in
short circuit
Shunt resistance expression is given by:
R sh ( a n ; bn ; B ) 

V ph ( a n ; bn ; B )
I cc ( a n ; bn ; B )  I ph ( a n ; bn ; B )

(32)
We present the effects of magnetic field and air mass on this
figure

It was shown that magnetic field decreases junction
capacitance and increase series and shunt resistances.
4. CONCLUSION
This 3D study of magnetic field effect and air mass on solar
cell lead us to put in evidence analytical expressions of
carriers density and transient voltage in the base of the solar
cell and electrical parameters such as; R s ; R s h and C .It
was shown that magnetic field decreases junction capacitance
and increase series and shunt resistances. It seems that
5

magnetic field less than 4 .1 0 T has no effect on electrical
parameters
The analysis of the magnetic field and air mass effects show
practically that terrestrial magnetic field and electromagnetic
waves (AM antenna and FM antenna) has not effects on solar
cell.
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Globally the magnetic field has negative effects and AM0 was
the air mass which optimizes solar cell operating.
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