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ABSTRACT 
The characterisation of the performance of a bifacial silicon cell in a simulation 
study is carried out through different simulation models. These are the one-
dimensional (1D) model, the classical three-dimensional model using constant 
diffusion parameters and the empirical 3D model which uses diffusion parameters 
varying with grain size. For each of these models, by comparing the electrical 
parameters of the solar cell subjected to front side illumination and then to double 
illumination, the different bifacial gains are obtained and then compared to each 
other. This study revealed a tendency for the classical 1D and 3D models to 
overestimate the bifacial gains compared to the empirical 3D model. 
 
Keywords: Silicon bifacial solar cell, simulation, study models, electric parameters. 
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INTRODUCTION 
Bifacial solar cells are designed to receive solar radiation from both sides. Bifacial cells are 
thus one of the solutions in the quest for better exploitation of the huge solar resource. Today, 
bifacial technology is increasingly being adopted. Thus, the market share of bifacial panels is 
constantly approaching that of their conventional single-sided cell equivalent [1]. 
Nevertheless, research in the field of bifacial solar needs to continue in order to improve their 
efficiency and thus make them more competitive. In the quest to improve the performance of 
bifacial cells, it is imperative to develop appropriate simulation tools. It is in this context that 
this study aims to conduct a comparative study on the electrical parameters of a bifacial 
silicon solar cell under different simulation models. As the cell is subjected to constant 
multispectral illumination, the study aims to compare the different bifacial gains obtained 
when switching from front side illumination to simultaneous illumination of both sides. This 
study is carried out using the classical 1D and 3D simulation models [2,3,4] which make use of 
constant charge carrier diffusion parameters and the so-called empirical 3D model [5,6] 
because it makes use of a diffusion length and a charge carrier lifetime that increases with the 
grain size of the material. The electrical parameters studied are the short-circuit photocurrent 
(Jsc), open-circuit photovoltage (Vco), the (P-V) characteristic, fill factor (F.F) and the 
conversion efficiency. 
 
The aim of this study is to choose, among those three simulation models, the one most 
suitable for the simulation of the performance strongly linked to the bifacial character of the 
solar cell. 
 

THEORETICAL BACKGROUND 
Analytical Formulation and Determination of Electrical Parameters 
 The solar cell studied is a bifacial n-p-p+ polycrystalline silicon cell subjected to constant 
polychromatic illumination in the AM 1.5 condition. The representation of the solar cell in a 
one-dimensional (1-D) model is given in figure 1. In this model, the cell is considered as a 
single grain with the thickness of the cell neglected compared to its lateral dimensions. In the 
three-dimensional (3-D) model, in the approximation of the columnar model, the solar cell is 
assumed to be made up of a parallel juxtaposition of identical grains separated by boundaries.  
 

  

Figure 1: One-dimensional model of silicon solar 
cell under double illumination 

Figure 2: Three-dimensional model of an 
isolate silicon solar cell under double 

illumination 
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This model then leads to take into account the size of the columnar grains and the possibility 
of charged carriers’ losses at the grain boundaries (g) characterised by the grain boundary 
recombination rate (Sgb). The three-dimensional (3-D) representation of the solar cell is 
shown in Figure 2. 
 
Whatever the study model, we make the following assumptions:  

• The contribution of the emitter is neglected; the study is thus reduced to that of the 
base of the cell and the origin of the axis system is taken at the junction 

• The base is assumed to be a quasi-neutral region [7]. 
• The generation rate depends only on the depth z of the base. 
• In the particular case of 3D models, the following assumptions are added to these: 
• In the approximation of the 3D columnar model considered, the grain boundaries are 

recombination planes perpendicular to the junction [7, 8]. 

• The diffusion parameters ( nD  and nL ) remain constant and independent of the grain 

size in the classical 3D model. 

• In the empirical 3D model, only the diffusion coefficient ( nD  ) and the mobility ( n ) 

are constant [5, 6]. The diffusion length of the carriers ( nL ) is related to the grain size 

(g) by equation (1) [6]: 
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In the static regime, according to the model, the density of excess minority charge carriers 
obeys to the following equations: 
 
One-dimensional Model (1D) 
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Three-dimensional Model (3D) 
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In these equations (2) et (3), ,  and  represent respectively the lifetime, the diffusion 

length and the diffusion coefficient of electrons. These are linked by the following 
relationship:  
 

 nnn DL .
2

=        (4)  

 
 For both 1D and 3D models, the generation rate depends only on the depth z of the base:  

n nL nD
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Front Illumination  
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Double Illumination  

( )
3

( )

2

1

ib H z

i

i

G z a e
− −

=

=       (6)  

 
 and are coefficients deduced from modeling of the generation rate considered for overall 

the solar radiation spectrum when AM=1.5 [9, 10]. Solving the continuity equations gives the 
charge carrier density expressions. According to the study model, from these charge carrier 
density expressions, the photocurrent density is deduced by the equations (7) and (8) [11]: 
 
One- Dimension Model (1-D) 
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Three-Dimension Model (3-D) 
 

 
/2

/2

/2 /2
0

( , , , )
yx

x y

gg

n
ph

x y g g
z

q D x y z g
J dx dz

g g z

 


− −
=

  
=  

  
      (8)  

 
The photovoltage are deduced respectively by the equations (9) and (10) [2, 13]: 
 
One- Dimension Model (1-D): 
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Three-Dimension Model (3-D): 
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Where q is electric charge, TV  is the thermal voltage given by: 
.B

T

k T
V

q
= , in  represents the 

intrinsic carrier concentration, with 
10 310in cm−=  for silicon, BN  is the base doping density (

16 310BN cm−= ) and Bk is the Boltzmann’s constant. From the expressions for photocurrent 
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and photovoltage, for both 1D and 3D models, the electrical power ( elP  ), fill factor ( FF  ) and 

conversion efficiency (  ) are determined by equations (11), (12) and (13) respectively [14 ]: 

 

el ph phP J V=         (11) 
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maxJ  and maxV  are respectively the photocurrent and photovoltage at the point of maximum 

power; maxP are maximum power with max max maxP J V=  . SCJ  and OCV  are respectively the 

short-circuit photocurrent and open-circuit photovoltage. incP  is the power of the incident 

light, referred to standard conditions of Mass Air 1.5 and temperature equal to 25°C. Its 

normalised value is 
2100 /incP mW cm=   

 
RESULTS AND DISCUSSIONS 

Figures 2-a and 2-b compare the J-V characteristics of illumination from the front and double 
illumination resulting from the 3D model and for different grain sizes of the classical and 
empirical 3D models. 

 

  
Figure 2-a: J-V characteristic in 1D, classic 3D 

and empirical 3D models at front 
illumination: 310 / , 0.015 , 0.03 .b nS cm s L cm H cm= = =  

Figure 2-b: J-V characteristic in 1D, classic 3D 

and empirical 3D models at double 

illumination 310 / , 0.015 , 0.03 .b nS cm s L cm H cm= = =  
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For all three simulation models, Figures 2-a and 2-b show an increase in the short-circuit 
photocurrent from front illumination to double illumination. This increase in short-circuit 
photocurrent at double illumination is clearly noticeable in the 1D model. This increase in 
short-circuit photocurrent is also quite noticeable in the classical 3D model. In the empirical 
3D model, the gain in photocurrent is only noticeable with increasing of the grain size.  
 
Furthermore, in contrast to the classic 3D model, in the empirical 3D model, the increase in 
grain size leads to an increase in the short-circuit photocurrent. This result is in the logic of a 
reduction of the charge carrier losses with the increase of the grain size which leads to a 
reduction of the grain boundaries. 
 
The same figures show that the open circuit photovoltage remains very little affected by the 
switch to double illumination.  
 
Figures 3-a and 3-b compare the P-V characteristics of illumination from the front and double 
illumination resulting from the 3D model and for different grain sizes of the classical and 
empirical 3D models. 
 

  

Figure 3-a: P-V characteristic in 1D, classic 3D 
and empirical 3D models at front illumination: 

310 / , 0.015 , 0.03 .b nS cm s L cm H cm= = =  

Figure 3-b: P-V characteristic in 1D, classic 3D 
and empirical 3D models at double 

illumination: 310 / , 0.015 , 0.03 .b nS cm s L cm H cm= = =  

 
These figures show that for the same photovoltage, from front illumination to double 
illumination, there is an increase in electric power. In particular, for the maximum power, its 
increase at double illumination is quite clearly noticeable in the 1D and 3D empirical models. 
This increase in maximum power at double illumination is less significant in the 3D empirical 
model and is more noticeable with increasing of the grain size. 
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Figures 4-a and 4-b compare conversion efficiencies of illumination from the front and double 
illumination resulting from the 1D model and those obtained as a function of grain size in the 
two 3D models. 
 

  
Figure 4-a: Conversion efficiency in 1D, 

classic 3D and empirical 3D models at front 
illumination: 

310 / , 0.015 , 0.03 .b nS cm s L cm H cm= = =  

Figure 4-b: Conversion efficiency in 1D, classic 
3D and empirical 3D models at double 

illumination: 310 / , 0.015 , 0.03 .b nS cm s L cm H cm= = =  

 
These figures show that when switching from front illumination to double illumination, there 
is an increase of efficiency for all simulation models. This result is in agreement with the 
increase in maximum power obtained earlier. As observed in the case of power, the bifacial 
gain in efficiency is very noticeable in the 1D model. For the same grain size, the efficiency 
gain is more noticeable in the classic 3D model compared to the empirical 3D model.  
 
Furthermore, it is observed that for both 3D models, the increase in grain size leads to an 
increase in efficiency. Moreover, the classic 3D model overestimates the conversion efficiency 
compared to the empirical 3D model. Finally, at front illumination, compared to the two 3D 
models, the 1D model overestimates the performance for grain sizes below about 80 µm in 
the classic 3D model and at about 180 µm. However, at double illumination, for the grain size 
limits considered in this study, the efficiency resulting from the 1D model is overestimated 
compared to the 3D empirical model. Compared to the classic 3D model, resulting from of the 
1D model is only overestimated for grain sizes below about 150 µm.  
 
Figures 5-a and 5-b compare form factors of illumination from the front and double 
illumination resulting from the 1D model and those obtained as a function of grain size in the 
two 3D models. 
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Figure 5-a: Form factor in 1D, classical 
3D and empirical 3D models at front 

illumination: 
310 / , 0.015 , 0.03 .b nS cm s L cm H cm= = =  

Figure 5-b: Form factor in 1D, classical 3D 
and empirical 3D models at double 

illumination: 
310 / , 0.015 , 0.03 .b nS cm s L cm H cm= = =  

 
Comparison of these two figures shows a small increase in the fill factor resulting from the 1D 
model when switching to double illumination. From the same figures, it appears that the effect 
of switching to double illumination is hardly noticeable across the two 3D models. 
 
Furthermore, it is observed that, as for the efficiency, for all 3D models, the increase in grain 
size leads to a significant increase in the efficiency independently of the illumination mode. 
Moreover, the classic 3D model overestimates the fill factor compared to the empirical 3D 
model. This fill factor is greatly overestimated by the 1D model compared to the two 3D 
models. For the different electrical parameters studied, the following table gives the different 
bifacial gains resulting from the 1D model and those obtained for different grain sizes in the 
two 3D models. 
 

Table 1: Different bifacial gains resulting from the 1D model and those obtained for 
different grain sizes in the two 3D models 
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1D  26.71 1.31 27.15 27.15 0.15 

Classic 
3D 
 

10 11.58 1.30 14.05 14.05 0.89 

100 12.26 0.89 13.46 13.46 0.18 

300 12.26 0.77 13.28 13.28 0.14 

Empirical 
3D 
 

10 0.29 0.04 0.34 0.34 0.02 

100 1.61 0.12 2.74 2.74 0.03 

300 5.19 0.26 5.54 5.54 0.05 
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Over the grain size range considered in this study, this table shows that compared to the 
empirical 3D model, the 1D and classic 3D models tend to overestimate the bifacial gain 
obtained on short circuit photocurrent, maximum power and efficiency. Compared to the 
classic 3D model, the 1D model in turn tends to overestimate the bifacial gain obtained on the 
same electrical parameters. 
 
For these three simulation models, the bifacial gain on the open circuit photovoltage can be 
considered negligible compared to that obtained on the photocurrent, which in turn affects 
the electrical power and efficiency. 
 
Concerning the fill factor, the bifacial gains, although small, have a significant impact on the 
performance of the solar cell and cannot be neglected. So, over the range of grain sizes 
considered, the classic 3D model gives the highest gain on the fill factor, followed by the 1D 
model. 
 
Finally, the same table shows that the increase in grain size leads to an increase in the bifacial 
gain resulting from the empirical 3D model. This result, which is more logical, is explained by 
the reduction of charge carrier losses at the grain boundaries as the grain size increases. In 
contrast, in the classic 3D model, this same increase in grain size has little impact on the 
bifacial gain, which in fact shows a slight downward trend. This notable difference obtained 
on the impact of the grain size on the bifacial gain is caused by the taking into account by the 
empirical 3D model of the effect of the grain size on the diffusion length of the charge carriers 
contrary to the classic 3D model. 
 

CONCLUSION 
A comparative study was made to investigate the impact of the simulation model and the 
grain size on the bifacial gain of a polycrystalline silicon solar cell. This study is done in the 
static regime under constant multispectral illumination. The models used are the classic 1D 
and 3D models using constant diffusion parameters and empirical 3D model which uses a 
diffusion length increasing with grain size. 
 
The study shows that for all three simulation models, when switching from front illumination 
to double illumination, there is a significant increase in short-circuit photocurrent, maximum 
power and conversion efficiency. Compared to the two 3D models, the 1D model 
overestimates the bifacial gains obtained on these different parameters. The classic 3D model 
in the same way, overestimates the bifacial gains in comparison with the empirical 3D model.  
For the three models studied, the bifacial gain on the open circuit photovoltage and the fill 
factor remain very low. For the fill factor in particular, the gain, although very small, is not to 
be neglected regard of its impact on the performance of the solar cell. The classic 3D model 
thus leads to the highest bifacial gain on fill factor (0.9%), followed by the 1D model (0.15%) 
and the empirical 3D model (0.05%). The bifacial gain obtained on the maximum power and 
conversion efficiency can be considered as essentially due to the photocurrent because the 
gain on the photovoltage in particular of open circuit remains very low. In view of all the 
results obtained in this work, although the empirical 3D model leads to lower bifacial gains 
compared to the other two models, its use would be more appropriate in the prediction of the 
performance of a bifacial solar cell. 
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