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Abstract 
The present paper is about a contribution to the bifacial PV cell performances 
improvement. The PV cell efficiency is weak compared to the strong energy 
demand. In this study, the base thickness impacts and the p+ zone size influ-
ence are evaluated on the rear face of the polycrystalline back surface field bi-
facial silicon PV cell. The photocurrent density and photovoltage behaviors 
versus thickness of these regions are studied. From a three-dimensional grain 
of the polycrystalline bifacial PV cell, the magneto-transport and continuity 
equations of excess minority carriers are solved to find the expression of the 
density of excess minority carriers and the related electrical parameters, such 
as the photocurrent density, the photovoltage and the electric power for si-
multaneous illumination on both sides. The photocurrent density, the pho-
tovoltage and electric power versus junction dynamic velocity decrease for 
different thicknesses of base and the p+ region increases for simultaneous il-
lumination on both sides. It is found that the thickness of the p+ region at 0.1 
µm and the base size at 100 µm allow reaching the best bifacial PV cell per-
formances. Consequently, it is imperative to consider the reduction in the 
thickness of the bifacial PV cell for exhibition of better performance. This 
reduced the costs and increase production speed while increasing conversion 
efficiency. 
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1. Introduction 

Silicon remains the basic material for the design of solar panels on the market. 
Currently, on the market in Sahelian countries, the most widely used technology 
is the polycrystalline silicon PV cell because of its best resistance to heat. The PV 
cell efficiency is weak, around 26% [1]. However, the energy demand is very 
strong. The PV cell performances improvement is a major preoccupation today. 
This improvement is obtained by optimizing various parameters [2] [3]. Among 
these parameters include the semi-conductor doping level, the quality of the 
material used in the manufacture of PV cells and the different layers of the bifa-
cial PV cell. 

Reducing the thickness of the bifacial PV cell results in better efficiency [4] 
When the thickness is reduced, the rear face recombinations are minimized. 
Then, for a monofacial cell, parameters such as photocurrent density, electrical 
power, fill factor, and efficiency increase as the optimum base thickness increas-
es [5]. On the other hand, the photovoltage decreases for a polycrystalline silicon 
PV cell made up of grains [6], separated from one another by boundaries which 
themselves also exhibit electrical activity [7]. In addition, generating sources of 
magnetic field located near photovoltaic installations have negative effect on the 
performance of PV cells [8]. It is therefore essential to associate these sources in 
this study to evaluate their influence on the PV cell while its layer size varied. 

However, some previous studies carried out in 1D do not allow this granular 
structure of the grains to be taken into account. In addition, some studies have 
found an overestimation in 1D models [9], hence the interest of carrying out in 
3D study which takes all these aspects into consideration during modeling, par-
ticularly through the boundary conditions of grain boundaries. 

This work provides in 3D study the influence of the thickness of the over-
doped rear region p+ on the electrical parameters of a polycrystalline back sur-
face field bifacial silicon solar cell. This takes into account not only multispectral 
illumination but also the contribution of an external magnetic field. This inves-
tigation will lead us to identify the best thickness range of p+ doped region which 
can help to optimize the contribution of the illumination by the rear side.  

In this paper, the assumptions and resolutions of the equations will be given 
in the section titled methods and theories. The impact of the base thickness and 
p+ region on the photocurrent density and photovoltage of the bifacial PV cell 
for simultaneous illumination on both sides will be presented in the section 
titled results and discussions. Conclusion will be drawn at the end of our work. 

2. Methods and Theories 
2.1. Assumptions and Basics Equations 

The model in this study is a three-dimensional (3D) grain extracted from a bifa-
cial Polycrystalline silicon solar cell, which possesses mainly three regions: The 
emitter, the base and overdoped p+ region with an active albedo surface. Figure 
1 provides the gain features. 
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Figure 1. 3D model of the grain of bifacial silicon PV cell [10].  

 
On This figure, in the emitter, we have 0W z− ≤ ≤ , while in the base 

0 z H≤ ≤  and in the p+ region H z H Wbsf≤ ≤ + . 
Different hypotheses are necessary in order to facilitate establishment and 

resolution of equations:  
1) The generation of minority excess charge carriers takes place along the di-

rection (OZ) which is perpendicular to the junction also called space charge re-
gion (SCR) where there is an electric field [11]. W, H and Wbsf are respectively 
the thicknesses of the emitter, base and the overdoped region, xg  and yg  are 
the sizes of grain along x and y axis, they determine the flat surface receiving the 
light.  

2) The joints of the grain are located at 
2

xg
x = ±  and 

2
yg

y = ±  for the ori-

gin of the coordinate system is in the center of the flat surface [11]. 
3) The emitter, base and p+ regions are quasi-neutral at the thermodynamic 

equilibrium. The internal electric field is neglected. The intensity of the magnetic 
field is constant and directed along (OY) axis, B=B j . 

4) The boarder’s effects induced by the magnetic field are neglected, for as one 
should in principle have charge spreading on the lateral sides of the grain be-
cause of the Hall Effect due to the presence of the magnetic field. The flat surface 
of the grain is considered to be square, which means x yg g= . 

5) The shading effects of the collector grids on the two sides of the solar cell 
are taken into account; but we only take into account the reflection on the sili-
con material, the external sides of the solar cell being covered with an an-
ti-reflecting layer. The effect of temperature on the performance of the solar cell 
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is not taken into account.  
The 3D continuity equations steady state in the base and p+ region obtained 

from the magnetotransport equations in these regions are given by [12]: 
 In the base 

( )( )
2 2 2

2
2 2 2 * *1 0n n n n

n n n

G
B

x y z D D
σδ δ δ δ

µ
τ

∂ ∂ ∂
+ + + − + =

∂ ∂ ∂
           (1) 

 In the p+ region  

( )( )
2 2 2

2
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GB
x y z L D

δ δ δ
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+ + + +

+ +
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Generation rate Gσ(z) is given by [13]:  
Simultaneous illumination on both sides ( 1, 2σ = ) 

( ) [ ] [ ]
3

12
1

e em mb W z b H Wbsf z
m

m
G z n a − + − + −

=

 = + ∑              (3) 

The coefficients are obtained from tabulated values of solar irradiance. The 
coefficient n is called “number of suns”. 

2.2. Exess Minority Charge Carriers Density 

The electrons are the excess minority charge carriers in the base and in the p+ 
region. However, minority charge carriers are the holes.  

The laws of evolution of the diffusion coefficient and lifetime of the electrons 
in these two regions as a function of the doping rate are also given in this sub-
section. 

The expressions of diffusion coefficient and lifetime in the base region are 
given by Liou et al. [14]:  

( )
18

11350
811
3.2 10

nD Nb Vt
Nb

Nb

=
+

+ ×

              (4) 

( )
16

1

1
5 10

n Nb
Nb

τ =
+

×

                    (5) 

The doping level of the base is represented by Nb and VT is the thermal vol-
tage. 

In the overdoped region p+ the diffusion coefficient and the lifetime are given 
by Swirhun et al. [15]: 

0.9

16

1180232
1

8 10

nD bsf Vt
Nbsf

 
 
 ′ = +
  +  ×  

               (6) 

12 31 2

1
3.45 10 0.95 10nbsf
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× + ×
           (7) 

Equation (1) is a second-order differential equation with constant coefficient 
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and whose solution is given by (8) below [12]:  

( ) ( ) ( ), , cos cos k
n n jk j

j k

c
x y z Z z c x yσ σδ

θ
 =  
 

∑∑             (8) 

where ( )22 1 Bθ µ= +  
For simultaneous illumination on both sides, Z is given by the following rela-

tionship: 
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The constants n jkA σ  and n jkB σ  are determined from boundaries conditions 
taken at two different positions which are: the junction (z = 0) and the rear side 
(z = H).  

At the junction 
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At the interface base-p+ region 
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Electron density in the base is obtained by replacing Z, in Equation (8). 
The electron density in the p+ region is evaluated through Equation (2) as 

well. 
For simultaneous illumination on both sides, we have the following relation-

ships, 

( )
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The real constants A and B are found by the boundaries conditions in p+ re-
gion are: 

At the interface base-p+ region 
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At the rear side 
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Once Z have been found, it is replaced in Equation (8) to obtain the density 
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carrier charges in p+ region. 

3. Photocurrent Density and Photovoltage 

For evaluation of photocurrent density and photovoltage, we will consider a 
square surface grain of bifacial solar cell of size 0.01 cm (gx = gy = 0.01 cm) with 
the same recombination velocity in the joints for the base and the emitter (Sg = 
100 cm·s−1). We consider the impact of the magnetic field which is a factor which 
degrades the fundamental parameters of the PV cell [16]. The doping rate of the 
base is set at 1016 cm−3, the p+ region at 1019 cm−3, and that of the emitter at 1018 
cm−3 [17]. 

3.1. Photocurrent Density  

The electrons and holes photocurrent density is a function of the gradients of 
excess minority charge carriers. For simultaneous illumination on both sides, the 
density of the photocurrent in the base is given by [18]:  

( ) [ ]
3

12
12 *

0 0 1
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For simultaneous illumination on both sides, the density of the photocurrent y 
is presented as follows in the overdoped p+ region:  
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3.2. Photovoltage 

The voltage which exists in the terminals of the PV cell under illumination is 
found using the Boltzmann relation [19]. 

For simultaneous illumination on both sides, the photovoltage in the base is 
given by the relation below: 
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For simultaneous illumination on both sides, the photovoltage in the over-
doped region p+ is evaluated by the relation (18). 
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The determination of the intrinsic parameters such as diffusion coefficient, 
lifetime and the densities of minority charge carriers in addition to the assess-
ment of the extrinsic parameters such as photovoltage and photocurrent density 
was carried out in this section. In the next section, the results and discussions 
about the thickness influence on the extrinsic parameters will be given. 
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4. Results and Discussions 

In the present section, the influence of both base thickness and p+ region thick-
ness on photocurrent, photovoltage and electric power is presented. It is first 
shown the impact of the base thickness on the bifacial PV cell photocurrent, 
photovoltage and electrical power. That will allow us to find a better base thick-
ness which u will be used to simulate the influence of the p+ region thickness 
variation on the density photocurrent, the photovoltage and the electrical power. 

4.1. Impact of the Thickness of the Base on the Photocurrent  
Density 

Figure 2 represents the photocurrent density versus recombination velocity at 
the junction for different base thicknesses under simultaneous illumination on 
both sides.  

It appears on this figure that the increase of the base thickness leads to the de-
crease in the photocurrent density from 100 µm to 300 µm in Short-circuit (high 
junction dynamic velocity) reveled an increase, in open circuit (low junction 
dynamic velocity) and in intermediate operating mode (between open circuit 
and short-circuit). Indeed, the increase in the base region size leads to a widen-
ing of the active area for the collection of excess minority carriers; this explains 
the improvement in intermediate mode. However, as the size of the base region 
increases, the distance to be traveled by the charge carriers exceeds the diffusion 
length and this leads to the drop of short-circuit photocurrent beyond 200 µm.  

 

 
Figure 2. Photocurrent density versus junction dynamic velocity for different 
thicknesses of the base (Nb = 1016 cm−3, Ne = 1018 cm−3, Wbsf = 0.1 µm, W = 
0.1 µm, B = 5 × 10−5 T). 
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4.2. Impact of the Thickness of the Base on the Photovoltage 

The figure below shows the photovoltage versus junction dynamic velocity for 
different base thicknesses under simultaneous illumination on both sides. 

As shown in Figure 3, the photovoltage decreases as the thickness of the base 
region increases. This decrease is clearly observed in open circuit, in interme-
diate operating mode and short-circuit. In fact, when the thickness of the base 
region increases, the carriers charge quantity stored at the junction decreases 
and this situation leads to the decrease in open circuit photovoltage. 

4.3. Impact of the Thickness of the Base on the Electric Power 

Figure 4 provides the electric power versus the junction dynamic velocity at the 
junction for different thicknesses of the base region under simultaneous illumi-
nation on both sides. 

The curves in Figure 4 show that the electric powers are zero in open circuit, 
then the curves increase up to reach a maximum value before decreasing until 
canceled in short-circuit. In addition, the electric power decreases when the 
thickness of the base region increases in open circuit, in intermediate operating 
mode and, in short-circuit. This is due to the decrease in the number of photons 
penetrating the base when the thickness of this region increases. So the reduc-
tion of the thickness of the base region improves the electrical parameters of the 
base, and the optimum thickness is at 100 µm. Subsequently, we will set the 
thickness of the base at 100 µm in order to determine the influence of the over-
doped region p+. 

 

 

Figure 3. Photovoltage versus junction dynamic velocity for different thick-
nesses of the base (Nb = 1016 cm−3, Ne = 1018 cm−3, Wbsf = 0.1 µm, W = 0.1 
µm, B = 5 × 10−5 T). 
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Figure 4. Electric power versus junction dynamic velocity for different 
thicknesses of the base region (Nb = 1016 cm−3, Ne = 1018 cm−3, Wbsf = 
0.1 µm, W = 0.1 µm, B = 5 × 10−5 T). 

4.4. Influence of the Thickness of p+ Region on the Photocurrent  
Density 

Figure 5 represents the photocurrent density as the function of the junction dy-
namic velocity for different thicknesses of the p+ region under simultaneous il-
lumination on both sides. 

It appears in the curves of Figure 5 that the short-circuit photocurrent is 
strongly affected by the thickness of the p+ region increase. Indeed, by moving 
from 0.1 µm to 10 µm, it is noted a decrease in the short-circuit photocurrent. 
The thicker the p+ region is, the fewer electrons cross the p-n junction to partic-
ipate in the external current. This observation was notified in the emitter [10]. 
Also, it should be noted a weak generation of electrons in the p+ region. The effi-
ciency of the bifacial solar cell necessarily depends on a judicious choice of the 
thickness of the p+ region. The decrease in the thickness of the rear p+ region al-
so leads to an improvement in the photocurrent. This phenomenon is the con-
sequence of the back surface field which sends back the minority charge carriers 
in order to prevent them from recombining on the rear side of the cell and en-
sure a better collection of carriers charge. 

4.5. Influence of the Thickness of p+ Region on the Photovoltage 

Figure 6 gives the photovoltage versus junction dynamic velocity for different 
thicknesses of the p+ region. 

The curve of photovoltage as a function of junction dynamic velocity decrease 
weakly when the thickness of the p+ region increases from 0.1 µm to 10 µm. In 
open circuit, the carriers charge quantity decreases when the thickness of the p+ 
region increases. When the thickness of the p+ region is large, the path of the 
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carriers’ charge is lengthened and they will be exposed to the phenomenon of 
recombination, since this region is an absorption region. In short-circuit there 
are almost no charge carriers at the junction, so no sensitivity of the photovol-
tage. 

4.6. Impact of the Thickness of p+ Region on the Electric Power 

Figure 7 represents the electric power versus junction dynamic velocity for dif-
ferent thicknesses of the p+ region. 
 

 

Figure 5. Photocurrent density versus junction dynamic velocity for 
different thicknesses of the p+ region (Nb = 1016 cm−3, Ne = 1018 cm−3, H 
= 100 µm, W = 0.1 µm, B = 5 × 10−5 T). 

 

 

Figure 6. Photovoltage versus junction dynamic velocity for different 
thicknesses of the p+ region (Nb = 1016 cm−3, Ne = 1018 cm−3, H = 100 
µm, W = 0.1 µm, B = 5 × 10−5 T). 
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Figure 7. Electric power versus junction dynamic velocity for different 
thicknesses of the p+ region (Nb = 1016 cm−3, Ne = 1018 cm−3, H = 100 
µm, W = 0.1 µm, B = 5 × 10−5 T). 

 
The curves in Figure 7 show that the electric power in open circuit in inter-

mediate operating mode and in short circuit, the electrical power decreases when 
the thickness of the p+ zone increases from 0.1 µm 10 µm. Therefore, the thin p+ 
region exhibits an improvement in maximum power; consequently, the conver-
sion efficiency is better for the small thickness of the p+ region. 

5. Conclusion 

By numerical simulation, the impact of the thickness of the base and the p+ re-
gion has been studied on the density of photocurrent, the photovoltage and the 
electric power of the polycrystalline bifacial silicon solar cell; those parameters 
decrease with the increases in the thickness of the base and the p+ region. The 
results obtained show that the thickness of the p+ region at 0.1 µm and that of 
the base at 100 µm allow reaching the best bifacial cell performance. It is there-
fore imperative to consider the reduction in the thickness of the bifacial PV cell 
for exhibition of better performance. Hence, both region thickness reductions 
can allow the fabrication of low-cost PV cells and PV modules. That can contri-
bute to developing countries’ accessibility to energy and a reduction of global 
climate change. 
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