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Abstract 
In static regime with polychromatic illumination, using the expression of the solar cell capacitance 
to determine the silicon solar cell capacitance C0(T) in short-circuit, is the purpose of this article. 
The expression of the excess minority carries density δ(x) from the continuity equation. The ex-
pression of δ(x) is used to determine the photovoltage expression. The capacitance efficiency de-
pendence on Xcc(T) is studied. Xcc(T) is the abscissa of the maximum of δ(x). 
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1. Introduction 
The depletion region of a solar cell called transitional capacity due to ionization of fixed charges can be assimi-
lated to a plane capacitor [1]. Recombination velocity at the junction which sets the operating point, the open 
circuit to short circuit [2] [3] determines the diffusion capacitance thickness. The latter is due to the diffusion of 
minority charge carriers [4]. From different regimes i.e. steady state [5] [6], transient state [7] [8] or frequency 
dynamic [9] [10], the solar cell can be studied. 

The aim is to determine the doping rate [11], and diffusion capacitance has been studied several times in static 
regime [12] [13]. The space charge region (SCR) expansion is also obtained under transient regime [14]. The 
excess minority carrier recombination parameters in the bulk and surface are detailed in frequency dynamic state 
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[15] [16]. Electrical parameters [17] [18]: capacitance, inductance united to each solar cell area, the series and 
shunt resistors [19] [20] are also produced. Thus for separated areas of excitation frequencies of the solar cell, 
equivalent electrical models [21] are established. The temperature acts on the electrical parameters and the solar 
cell performance [22]. This influence is in the solar cell operating conditions in darkness or in light. Under static 
state and polychromatic illumination, by using the expression of solar cell capacitance, we determine in this 
work the capacitance C0(T) of a silicon solar cell in short circuit.  

2. Theoretical Background  
The solar cell is n + -p-p + type and its structure is shown in Figure 1. 

When the solar cell is illuminated, there is creation of electron-hole pairs in the base. The excess minority 
carriers’ density in the base is modeled by the following continuity equation: 

( ) ( ) ( )2
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                                   (1) 

with 
δ(x) is the electrons density generated in the base at position x, 
G(x) is the minority carriers generation rate at position x in the base [23] and given by 

( )
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Coefficients ai and bi are obtained from tabulated values of the radiation in A.M1, 5 condition [24].  
These coefficients are given as follow: a1 = 6.13 × 1020 cm−3/s; a2 = 0.54 × 1020 cm−3/s; a3 = 0.0991 × 1020 

cm−3/s; b1 = 6630 cm−1; b2 = 1000 cm−1; b3 = 130 cm−1, L is the electron diffusion length in the base, and τ their 
lifetime. D(T) is the electron diffusion coefficient in the base given by the well known Einstein relation, tem-
perature dependant, expressed as: 
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( )Tµ  is the mobility, [25]. Coefficient for electrons, given as:  

( ) 9 2.42 2 1 11.43 10 cm V sT Tµ − − −= × ⋅ ⋅                              (5) 

kb is the Boltzmann constant, q is the elementary charge of an electron Equation (1) has the general solution 
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Figure 1. An n + -p-p + structure of a silicon solar cell. 
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Expressions of A and B are determined from the following boundary conditions [13] [14]: 
1) At the junction (x = 0)  
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2) At the back surface (x = H)  
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Sf is the excess minority carriers recombination velocity at the junction, it also characterizes the operating 
point of the solar cell [3] [4]. 

Sb is the recombination velocity on the back of excess charge minority carriers in the base [4]. 

3. Excess Minority Carriers Density 
3.1. The Effect of Temperature on the Minority Carriers Density 
Figure 2 illustrates the minority charge carriers density when the solar cell is in short-circuit state in function of 
the depth in the base for different temperature values. 

Three parts are noted in Figure 2. 
The first part which is the negative gradient. This gradient corresponds to the passage of minority carriers 

created ted in this part. The second part represents a zero gradient. This gradient defines the point of maximum 
density corresponding to the abscissa Xsc(T). This gradient is a concentration of minority carriers. This gradient 
at this point defines the storage barrier of minority charge carriers. The third part corresponds to a negative gra-
dient. This gradient prevents the minority carriers passage towards the barrier. These carriers will be recombined 
in volume and in solar cell back surface. 

The variation of temperature is more sensitive at the maximum density point corresponding to the abscissa 
Xsc(T). The shift of the maximum in depth when the temperature rises, causes a space charge zone enlarge-
ment. 

3.2. Operating Point Effect on Relative Minority Carriers Density 
The minority carrier density profile in function of depth in the base is proposed in Figure 3 when the solar cell 
is in short circuit and in open circuit. 
 

 
Figure 2. Minority carriers density versus base depth for different 
temperature values, Sf = 6 × 106 cm/s, in short-circuit operation. 
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Figure 3. Normalized minority carriers density versus base depth. 

 
Xoc(T) is the space charge zone thickness when the solar cell operates in open circuit. 
Xsc(T) is the space charge zone thickness when the solar cell operates in short-circuits. 
Then the solar cell capacitance efficiency η(T) can be defined from the Xoc(T) and Xsc(T) abscissae in the form 

[12].  

( ) ( )
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sc

X T
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X T
η = −                                      (9) 

The capacitance model study of a plane capacitor SC
X
ε

=  can be done by comparing two relative density  

maximum abscissae. Looking for the Performance capacitance simplifies to that of the Xsc(T) abscissa, because 
the value of Xoc(T) is negligibility compared to that of Xsc(T). 

4. Photovoltage 
The solar cell photovoltage is given by Boltzmann’s equation: 
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where VT is the thermal voltage, it is given as follows: 

b
T
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Nb is the doping rate and ni is the minority charge carriers intrinsic density [7] expressed as:  
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Eg is the energy gap, it corresponds to the difference between the energy of the conduction band Ec and the va-
lence band Eg. Eg = 1.12 × 1.6 × 10−19 J; A is a constant. A = 3.87 × 1016 cm−3∙K−3/2. 

5. Capacitance 
Using the photovoltage expression, the solar cell capacitance is obtained as:  
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Equation (16) can be written as follows: 
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Taking into account the photovoltage expression and the minority carrier density, we get the following rela-
tion: 
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C0(T) is the solar cell capacitance when operating under short circuit.  
Cd(T, Sf) is the solar cell diffusion capacitance at temperature T, at a given operating point represented by Sf. 
Figure 4 shows the solar cell capacitance profile in function of the recombination velocity at the junction for 

different temperature values. 
This curve (Figure 4) shows three levels and is decreasing: 

 

 
Figure 4. Capacitance versus junction recombination velocity. 
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1) The solar cell zone in open circuit, the recombination velocity is less than 2 × 102 cm/s. There is a stability 
and maximum capacitance. So there is storage of minority carriers in the emitter-base junction. 

2) The solar cell zone in short circuit, the upper junction recombination velocity is 4 × 104 cm/s. low capaci-
tance is reached. Then there is an important passage of minority charge carriers in the emitter-base junction. 

The part between the open circuit and short circuit, the solar cell capacitance is decreasing. The latter is due to 
crossing of minority charge carriers in excess at the emitter-base junction. 

When the solar cell is in open circuit (Sf < 2 × 102 cm∙s−1), the temperature influence is more visible. The dif-
fusion capacitance comes a bit, it is the temperature that affect through C0(T). This capacitance C0(T) decreases 
as the temperature increases. Low capacitance causes the narrowing of its thickness. This shrinkage is due at the 
motion of short circuit operating point.  

Influence of Temperature on the Solar Cell Capacitance in Short Circuit Operation 
The Figure 5 shows the solar cell capacitance profile in short-circuiting in function of temperature. 

In the limit of a minimum value Xsc(T) for abscissa Topt, the solar cell capacitance has a linear decrease with 
temperature. This reduction takes place at temperatures below Topt. The depletion zone extension is identical to 
the decreased of capacitance solar cell. 

A large slope-related linear increases in capacitance. This increase occurs at temperatures higher than Topt. 
This increase corresponds to the narrowing of the thickness Xsc(T). The optimum temperature provides a high 
performance capacitance.  

The projection of the two tangents meeting point to the curve on the temperature axis provides Topt Designing 
a solar cell capacitance theoretical model through the curve progression is given by [26]: 

C T γχ=                                        (21) 

with,  
χ is determined from the intercept, it is equivalent to a capacitance, 
γ is the slope with Tγ homogeneous to a capacitance. 
Table 1 gives the values of χ and γ obtained from the curve of Figure 5. 
The optimum temperature Topt = 362 K and the corresponding yield is η = 0.999. 

 

 
Figure 5. Capacitance versus temperature (Sf = 6 × 106 cm/s). 

 
Table 1. Values of χ and γ in term of the temperature. 

Zone χ (F∙cm−2) γ 

T < Topt 1.09 × 10−4 −1.12 

T > Topt 3.12 × 10−81 28.52 
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6. Conclusions 
Capacitance efficiency dependence on Xsc(T) is shown in this study. Xsc(T) is the thickness of the solar cell space 
charge zone in short circuit. The explanation of the capacitance of the solar cell is used to determine the expres-
sion of C0(T) and Cd(T, Sf). 

Optimum temperature Topt is defined by fluctuations of the solar cell capacitance in term of temperature. The 
optimum temperature provides a high performance capacitance. In the limit of a minimum value Xsc(T) for ab-
scissa Topt, the solar cell capacitance has a linear decrease with temperature. This reduction takes place at tem-
peratures below Topt. The space charge zone extension is identical to the solar cell capacitance decrease. How-
ever, the capacitance per unit length increase with temperature is observed. This increase occurs at temperatures 
higher than Topt. This increase corresponds to the Xsc narrowing. 
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