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Abstract 

In solar the conversation is based on the photovoltaic effect caused by the absorption of 

photons. A part of the absorbed photons generates pair of electron-hole in which an electric 

field created in the zone of load of space of a p-n junction. Thus, the p-n junction, its 

characteristics, its components and its dimensions are the parameters responsible of the 

efficiency and the performances of a solar cell. This paper reviews that an efficiency of the 

silicon solar cell which was analysed to demonstrate thickness and surface area as well as the 

surface recombination of the substrate that affects the performance of the solar cell, was 

investigated in detail by computer simulation using PC1D software.  
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Introduction 

Development of devices for conversion of solar energy into electricity has attracted a great 

attention in recent years due to strong interest in renewable green energy utilisation with 

strong concern on problems of global climate change. The most important part of solar 

energy system is PV CELL which decides the capital cost per watt capacity and conversion 

efficiency of solar energy. In the solar energy system, the two parameters, which are talked 

above, indicate the economic competitiveness of the PV electricity. The major material types 

are: Single- Crystalline Silicon, Polycrystalline and Semi crystalline Silicon, Thin-Film Cell, 

Amorphous Silicon, Spheral Cell, Concentrator Cell and Multijunction Cell. 

The simulation of the electrical and optical behaviour of semiconductor devices has been 

established as an essential tool for both the enhancement of existing devices and the 

development of new ones. Numerical modelling is increasingly used to obtain an insight into 

the details of the physical operation of solar cells. Several modelling tools such as Pc1D,[1] 

AMPS,[2.] SCAPS,[3] and ASA[4] specific to PV devices have been developed. The 

numerical simulation software PC1D (Personal Computer One Dimensional) is very used in 

the simulation of solar cells.  It is a user-friendly program which solves the quasi-one 

dimensional transport of electron and holes from fully coupled time-dependent nonlinear 

equation in the crystalline semiconductor devices [5]. This software has been developed in 
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Australia at the university South Wales of Sydney. It permitssimulating the behaviour of 

photovoltaic structures based on semiconductor by respecting to one-dimensional (axial 

symmetry). The PC1D contains libraries files with the parameters of the crystalline semi-

conductors used in the photovoltaic technology as the GaAS, a-Si, AlGaAs, Si, InP, and Ge. 

In this software the files of the solar spectrum are also available mainly AM0 and AM1.5 

spectrum.  

 

Simulation and Results 

 

 In this paper, crystalline silicon(c-Si) as both n and p type semiconductor by optimizing the 

solar cell layer. Before simulating any device we have to describe the materials that are used 

to build the structure as well as contacts. For the successful simulation of device, we need to 

tell Pc1D the parameters for each and every constituent material. 

Actually, several simulations has made to see the influence of various parameters on the 

efficiency of solar cells. The cell parameters values like short circuit current (Isc), open circuit 

voltage (Voc), maximum power (Pmax), fill factor and efficiency for various surface 

recombination (10 to 10
4
cm/s) with different thickness of 1 μm, 1.5 μm, 2 μm for device area 

100 cm
2
, the output values of our modelled structure is shown in Table1, Table 2 and Table 

3.From the table(1, 2 and 3) it has been observed that, surface recombination (Sn,Sp)mainly 

affect the short circuit current (Isc). With increasing surface recombination, the short circuit 

current decreases.  When surface recombination increases, the carrier starts to recombining at 

the defect surfaces which reduces the cell performance, effect of surface recombination at the 

back surface is very low because the generation rate at the back surface is very small. Surface 

recombination largely affects the whole performance of the solar cell[6]. The Voc value also 

decreases with the increase of surface recombination. Fill factor and efficiency of solar cell is 

related with Voc and Isc, so fillfactor and efficiency also decreases with the increase of surface 

recombination. Surface recombination is the important parameter which affects the 

performance of the solar cells. It has shown that Pc1D was able to design the experimental 

results for different multi-crystalline silicon solar cells that have been proven by number of 

research groups.  

Hence by keeping surface recombination, Sn= Sp = 100 cm/s, we also played on the thickness 

of the active region with various device area on The cell parameters values like short circuit 

current (Isc), open circuit voltage (Voc), maximum power (Pmax), fill factor and efficiency 

which is showing in table 4,5,6. From tables it is observed that the short circuit current (Isc) 

and maximum power (Pmax) decreases with increasing thickness of the region while open 

circuit voltage (Voc) increases with increasing thickness of region. Fillfactor is in conjunction 

with Voc and Isc. It is found that fill factor is high at thickness 1.5 μm whereas efficiency is 

decreasing with increasing thickness of the materials. 

 

Conclusion 

 

In the results, we found that if the surface is large, there will be a better output. Because of 

large surface area it enhances the power especially the increase of the value of the current 

according to the increase of the surface. As we increase the thickness of the region the power 

was decreasing and this may explain the fact that, this is the region that is responsible for 

generating the major part of the electrons. This electron will contribute to the electrical 

condition. Once the electron is generated they need to travel some distance to reach the 

external circuit through the cathode. If the distance is short, then we have more chances that a 

large number of electrons leave the cell and contribute to the conduction. Efficiency of the 
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material does not get affected by the device area in this simulation. It is affected by only 

surface recombination and thickness of the materials.  

 

Table 1: Device Area: 100cm
2
, Thickness: 1μm, Bulk Recombination:τn=τp=1000 μs 

Surface 

Recombination 

(cm/s) 

Isc 

(Amp) 

Voc 

(V) 

Pmax 

(W) 

Fill factor 

% 

Efficiency 

% 

10 0.7682 0.5550 0.3410 79.98 3.41 

100 0.7679 0.5549 0.3409 80.00 3.40 

1000 0.7649 0.5540 0.3390 79.99 3.39 

10000 0.7372 0.5470 0.3221 79.87 3.22 

 

Table 2: Device Area: 100cm
2
, Thickness: 1.5 μm, Bulk Recombination: τn=τp=1000 μs 

Surface 

Recombination 

(cm/s) 

Isc 

(Amp) 

Voc 

(V) 

Pmax 

(W) 

Fill factor 

% 

Efficiency 

% 

10 0.6001 0.5648 0.2818 83.14 2.82 

100 0.5999 0.5648 0.2816 83.11 2.82 

1000 0.5976 0.5642 0.2803 83.13 2.80 

10000 0.5772 0.5591 0.2683 83.13 2.68 

 

Table 3: Device Area: 100cm
2
, Thickness: 2 μm, Bulk Recombination: τn=τp=1000 μs 

Surface 

Recombination 

(cm/s) 

Isc 

(Amp) 

Voc 

(V) 

Pmax 

(W) 

Fill factor 

% 

Efficiency 

% 

10 0.4845 0.5758 0.2312 82.87 2.31 

100 0.4843 0.5758 0.2311 82.87 2.31 

1000 0.4828 0.5752 0.2302 82.89 2.30 

10000 0.4692 0.5707 0.2222 82.98 2.22 

 

Table 4: Device Area: 100cm
2
,  Bulk Recombination: τn=τp=1000 μs, Surface recombination 

sn=sp=100 cm/s 

Thickness 

(μm) 

Isc 

(Amp) 

Voc 

(V) 

Pmax 

(W) 

Fill factor 

% 

Efficiency 

% 

1 0.7679 0.5549 0.3409 80.00 3.41 

1.5 0.5999 0.5648 0.2816 83.11 2.81 

2 0.4843 0.5758 0.2311 82.87 2.31 

 

Table 5: Device Area: 120 cm
2
,  Bulk Recombination: τn=τp=1000 μs, Surface recombination 

sn=sp=100 cm/s 

Thickness 

(μm) 

Isc 

(Amp) 

Voc 

(V) 

Pmax 

(W) 

Fill factor 

% 

Efficiency 

% 

1 0.9215 0.5549 0.4088 79.94 3.41 

1.5 0.7198 0.5648 0.3376 83.04 2.81 

2 0.5812 0.5758 0.2772 82.83 2.31 
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Table 6: Device Area: 150 cm
2
,  Bulk Recombination: τn=τp=1000 μs, Surface recombination 

sn=sp=100 cm/s 

Thickness 

(μm) 

Isc 

(Amp) 

Voc 

(V) 

Pmax 

(W) 

Fill factor 

% 

Efficiency 

% 

1 1.152 0.5549 0.5106 79.87 3.40 

1.5 0.8998 0.5648 0.4215 82.93 2.81 

2 0.7265 0.5758 0.3463 82.78 2.31 
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