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Abstract The objective of this article is to study the effect of temperature and magnetic field on the capacitance 

and electrical power of a silicon solar cell under polychromatic illumination, in static conditions. From the 

continuity equation, the expressions for the photocurrent density, and the phototension were determined. Using 

the expression for the phototension of the solar cell, we deduced the expression for the capacitance. Then, we 

also deduced the power taking into account the diode current. 
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1. Introduction 

A solar cell is made up of three zones which are the transmitter, the base and the rear zone. Between the 

transmitter and the base is a space charge area. This area is generally similar to a planar capacitor called the 

transition capacitance due to the ionization of fixed charges [1,2,3]. The diffusion of minority charge carriers 

creates a diffusion capacity whose thickness depends on the rate of recombination at the junction that fixes the 

operating point, from open circuit to short circuit [4,5,6]. 

 Much research has been carried out on the diffusing capacity and power of a solar cell [7,8]. Under the 

operating conditions of the solar cell under darkness or under lighting, the temperature and the magnetic field 

influence the electrical parameters and consequently the efficiency of the solar cell [9,10,11,12]. In this work, 

we will study the effect of the temperature and the magnetic field on the capacitance C and the power P of a 

silicon solar cell in a static regime under polychromatic illumination. 
 

2. Theoretical study 

The solar cell considered is of the n + -p-p + type and its structure is shown in figure 1 [13,14]. 

 
Figure 1: Structure of a silicon solar cell n+-p-p+ 

Grids 
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When the solar cell is illuminated, there is a creation of electron-hole pairs in the base. The density of excess 

minority carriers in the base is modeled by the following continuity equation: 
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With  (x) is the density of the electrons generated in the base at position x. 

G (x) is the generation rate of minority carriers at position x of the base [15] given by: 
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The coefficients ai and bi are obtained from the tabulated values of the radiation under A.M1, 5 [16]. 

These coefficients are given by: 
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L is the diffusion length of electrons in the base, it depends on the temperature, 

is the lifetime of the electrons in the base, 
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D is the diffusion coefficient of the electrons in the base [17]. 

  42,2910.43,1  TT  cm2V−1s−1                                           (6) 

 T is the electron mobility coefficient [8], 

kb is Boltzmann's constant, 

q is the elementary charge of the electron, 

The general solution of equation (1) is: 
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The expressions of A and B are determined from the following boundary conditions [18]: 

i) At the junction (𝑥=0): 
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ii) At the back (𝑥 = H): 
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Sf denotes the rate of recombination of minority charge carriers at the base junction and also indicates the 

operating point of the solar cell [18,19] and Sb denotes the rate of recombination of minority charge carriers on 

the rear face of the solar cell. cell. base [20]. 
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3. Photovoltage 

The photovoltage of the solar cell is given by the Boltzmann relation [21]: 
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Where VT is the thermal voltage, it is defined as follows 
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Nb is the doping rate,  

ni is the intrinsic density of the minority charge carriers with  
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Eg is the gap energy, and corresponds to the difference between the energy of the conduction band Ec and that of 

the valence b and Eg. 

A is a constante. A = 3,87.10
16

 cm
-3

 K
-3 /2

[22] 

4. Capacity 

Using the expression of phototension, the capacity of the solar cell is expressed as [23,24,25]. 
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Taking into account the expression of phototension and the density of minority carriers, we obtain the following 

expression: 
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C0(T) is the capacity of the solar cell when it is short-circuited. 

Cd (Sf, B, T) is the diffusion capacity of the solar cell at temperature T, and of the magnetic field at an operating 

point given by Sf. 

We model the capacity on the following figure: 
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Figure 2: Simulink model of capacity 

 
Figure 3: Curve of the capacitance as a function of the recombination rate at the junction for different values of 

the temperature and for  𝐵 = 10−5 𝑇  

The capacity curve is decreasing and has two levels: 

a) The first level corresponds to the values of the recombination speed at the Sf junction less than 

2.102 cm.s-1, the capacity is maximum and constant. At this stage we tell ourselves that the solar 

cell works in open circuit. Minority charge carriers are stored at the junction because the thickness 

of the associated planar capacitor is small. 

b) The second level corresponds to the junction recombination speed values greater than 4.10
4 
cm.s

-1
, 

the capacity also becomes minimal and constant. At this level we say that the solar cell operates in 

short circuit. There the minority charge carriers will be able to cross because there is an 

enlargement of the thickness of the planar capacitor. 
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For the recombination speeds at the junction, 2.10
2 

cm.s
-1  

 Sf 4.10
4
cm.s

-1
, the capacity of the solar cell 

decreases considerably. This phase is this phase of discharge of the minority charge carriers. 

The effect of temperature on capacity is most noticeable in open circuit operation. At this operating point, the 

capacitor can be associated with a capacitor with a large thickness which depends on the temperature. 

The following figure represents the capacitance as a function of the recombination rate at the Sf junction for 

different values of the magnetic field. 

 

Figure 4: Curve of the capacitance as a function of the rate of recombination at the junction for different values 

of the temperature and for T = 300K 

 

When we are in open circuit operation, we notice that the capacitance is maximum for the different values of the 

magnetic field. This is reflected by the fact that in open circuit, the carriers are stored at the junction. 

For the recombination speeds at the junction, 2.10
2 
cm.s

-1  
 Sf 4.10

4
cm.s

-1
, the capacity of the solar cell drops 

dramatically. This is due to the rapid discharge of the minority charge carriers. 

We observe that the capacitance increases when the magnetic field increases because the magnetic field blocks 

carriers which will not be able to cross the junction. 

The effect of the magnetic field on capacitance is most noticeable in open circuit operation. At this operating 

point, the capacitance can be associated with a capacitor with a large thickness which depends on the magnetic 

field 

5. Power 

The power of the solar cell is given by the following expression [26,27,28]: 
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The diode current is given by the following relation [29] 
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Jd which represents the diode current will be modeled in the following figure 5. 

Sf intrinsic recombination rate 
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q the elementary charge of the electron. 

 
Figure 5: Modeling of the diode current 

 
Figure 6: Simulink power model 

 
Figure 7: Power curve as a function of the recombination rate at the junction for different temperature values 

with B = 10−5 𝑇 
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We observe here for low recombination speeds at the junction, the current is low, we are in the vicinity of the 

open circuit which results in a low power of the solar cell. 

However, when the recombination rate at the junction begins to increase, the current gradually increases, 

causing the power to increase until it reaches a maximum value. When we are in the vicinity of the short circuit, 

the photo voltage tends to cancel out, which simultaneously causes a decrease in power. 

Also, as can be seen the increase in temperature results in a decrease in maximum power. We can therefore 

expect a decrease in the quality of the solar cell with the increase in temperature. 

In the following figure, we have studied the behavior of power as a function of the recombination rate under the 

effect of the magnetic field. 

 
Figure 8: Power curve as a function of the recombination speed at the junction for different values of the 

magnetic field with T = 300K 

We find that the potency increases with increasing recombination speed and reaches a maximum. Then after this 

maximum, it begins to decrease as the rate of recombination at the Sf junction increases. We also find that these 

maximums decrease as the magnetic field increases. This can be explained by the fact that when the magnetic 

field increases, the minority carriers will be blocked at the junction and will not participate in the creation of the 

photocurrent. We can say that the magnetic field has a negative influence on the efficiency of the solar cell. 

 

6. Conclusion 

In this work after solving the continuity equation, the expression of phototension, capacitance and power have 

been proposed. Thus, we put into practice the effect of temperature and that of the magnetic field on the capacity 

and power of a solar cell. We note that the temperature is a very important parameter in the behavior of solar 

cells because the electrical performance of a solar cell is very sensitive to it. Likewise, the magnetic field 

decreases the efficiency of a solar cell. 
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