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ABSTRACT 
We have studied the temperature’s effects on the short circuit current of a silicon solar cell .For this, we have 

considered Green’s theoretical model which considers excitons as charge carriers. In this study, we have defined two 

effective diffusion lengths L1 and L2, and a coefficient b, characteristic of coupling electron- exciton. The electrons 

are weakly bound excitons for small values of b, so that the coupling is very strong for high values of this 

coefficient. Furthermore, this study has allowed us to define an optimal temperature T0 at about 450 K, 

corresponding to the maximum value of the photocurrent. Moreover, the temperature has two contrasted effects on 

the short-circuit current depending on whether its value be lower or higher than the optimal temperature: The short-

circuit current increases for temperature inferior to T0 and decreases for temperature superior to T0.It is also 

important to point out that the temperature has no effect on the effective diffusion lengths L1 and L2 when the 

coupling electron-exciton is weak. However L1 decreases according to the temperature for a strong coupling. 
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     INTRODUCTION  
Generally, in classical theories applied to semi-

conductors, only generation, recombination and the 

transport of free carriers (electrons and holes) are 

taken into account. Nevertheless, it was pointed out 

that the density of the free exciton in silicon at room 

temperature has an impact on the density of minority 

carriers [1].Thus, the free exciton theory in the 

operation of the device is its importance, which has 

been shown theoretically   by R. Corkish and al and 

by Y. Zhang and al, for a silicon device [1]-[2]. 

However, these authors have not had the curiosity to 

study the behavior of these excitons in the silicon 

solar cell for various values of the temperature. 

As a complement to the work of Kane and Swanson 

and Corkish, Chan, and Green we examine the effect 

of excitons on a silicon solar cell, particularly on the 

short circuit current for various values of the 

temperature.  

To do this we consider a simplified model of n + p 

where the contribution of the emitter is neglected and 

we adopt the following assumptions solar cell: 

 The excitation energy is low , 

 Recombination in the depletion area are 

neglected 

 Minority carriers in bulk regions are assumed to 

flow predominantly by diffusion.  

 

THEORY 

Theoretical model 
Let us make again theoretical model of Y. Zhang and 

al [1] - [2]. 

 
Fig.1 schema of the solar cell 

 

In this basic model, only the minority carriers in the p  

-type base are considered. The problem consists of  

determining the densities of electrons and excitons in  

the band Xj +W ≤ x ≤ H. These densities are given 

by the following two differential equations 

[1]- [2]. 
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Subscripts n and ex denote electron and exciton, 

respectively. Δnn and Δnex are respectively the 

densities of electrons and excitons.                                                                                                   

The calculation of the densities of electrons and 

excitons through the resolution of the two coupled 

differential equations. The solution of this differential 

equation system is done by these expressions 

calculated in detail in the paper of Y. Zhang and al 

[2].  
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Short circuit current density of the 

electron/exciton coupled system. 
The short – circuit current is equal to the sum of short 

circuit respectively generated by the electrons and 

excitons. 
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We obtain: 
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Binding coefficient of the exciton 

The coupling coefficient in other words the linking 

coefficient of excitons is written down by 

b .According to its values, high or low we can have a 

strong or low electron-exciton coupling. 

Thus, we consider in this article, two different 

expressions of b as a function of temperature. 

The first, described by Green and al, corresponding 

to strong coupling is given by[1]:  
72

1623
101,5T102,5T10b(T)


  (10) 

And the second deduced from the first materializes 

the weak coupling. It has been given by: 







  72
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RESULTS AND DISCUSSION 

Diffusion length of electrons and excitons 

this section talks about the temperature’s effect on 

the effective diffusion lengths L1 and L2 depending 

on whether the electron-exciton coupling is weak or 

strong. 
Let’s consider an excitement wavelength of a value 

enough high (λ= 1010nm) which allows an important 

generation of carriers in the base region, its thickness 

fixed to H=1000μm and its doping level NA=1016 cm- 

 

Weak coupling case 

We trace in Fig.2, the curves of variation of the 

characteristics diffusion length L1 and L2 of the 

coupling electron – exciton according to temperature, 

compared with the own diffusion length Ln and Lex 

for very low values of the binding coefficient b. 
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Fig.2. characteristics diffusion length L1 and L2 for 

the coupled electron-exciton system as a function of 

the temperature at doping 

Level NA = 1016 cm-3 and 10-16≤ b ≤ 10-13 
  

We find that the temperature has a negligible effect 

on the characteristic diffusion lengths. These are 

more and less equal to the own diffusion length Ln 

and Lex. 

This is explained by the fact that an increase in 

temperature decreases the value of the coupling 
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coefficient b, whereas the coefficient b is already low 

because we are in the case of weak coupling. 

Strong coupling case 
 

We trace in Fig.3, the curves of variation of the 

characteristics diffusion length L1 and L2 of the 

coupling electron – exciton according to temperature, 

compared with the own diffusion length Ln and Lex 

for high values of the binding coefficient b. 
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Fig.3. characteristics diffusion length L1 and L2 for 

the coupled electron-exciton system as a function of 

the temperature at doping level NA = 1016 cm-3 and 

10-7≤ b ≤ 10- 4 

 

On weak values of the temperature, the effective 

diffusion length L1 is equal to the own diffusion 

length of exactions Lex. Moreover, this diffusion 

length, characteristic for the coupling, decreases 

progressively and stays equal to Ln towards 60K. The 

diffusion length L2 can be neglected whatever the 

temperature’s value. 

As an application, we will say that the temperature’s 

increase reduces the coupling coefficient .This is 

confirmed by the equation (11).This value decreases 

of b can bring about a progressive falling of L1. 

 

 

Short circuit current of the coupled  

electron/exciton 
 weak coupling case 
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Fig.4. short-circuit current generated by excitons, 

electrons and electron - exciton all as a function of the 

temperature for 10-10-16 ≤ b ≤ 10-13 and a doping 

level NA =1016 cm-3 

 

 The profile shows an increase in the photocurrent of 

the latter up to an optimal temperature T0 = 450 K; 

beyond this temperature the photocurrent decreases. 

 Indeed, this variation of the photocurrent is 

independent of the characteristic diffusion lengths L1 

and L2, for we have shown in Fig.2, in these 

circumstances, the characteristic diffusion lengths of 

the coupling electron- exciton remain confused to 

own diffusion lengths Ln and Lex.  

However, the interpretation of the curves would 

come to generation’s rate Gex and Gn, which 

increases with temperature [3]. Also if the 

temperature exceeds the optimal temperature, the 

carriers charges are heavily generated, so the events 

recombination and shielding increase. 

 strong coupling case 
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Fig.5. short-circuit current generated by excitons, 

electrons and electron - exciton all as a function 

of the temperature for 10-7≤ b ≤  10-4 and a doping 

level NA =1016 cm-3 

 

For values of temperature less than 100K, we note  

decrease in the photocurrent generated by the carriers 

charges, larger for electrons. Beyond 100K, you get  

the same profile as before. However the maximum of 

the short- circuit current decreases. 

As an explanation, we can say that for small values of 

the temperature, the decrease in L1 predominates 

over the increase of generation rates Gn and Gex. On 

the other hand, if the temperature is above 100 K, L1 

becomes constant and the generation rates impose 

their increase on the photocurrent. 

 

Photocurrent according to the binding 

coefficient of exciton. 
This part of the paper discusses the simultaneous 

effect of the temperature and the binding coefficient 

of exciton on the short - circuit. To better 

understand this, we consider two temperatures 

ranges: The range of temperature below the optimal 

temperature represented by Fig.6 and the range of 

temperature above the optimal temperature given 

by Fig.7. The wavelength is set to 1010 nm. 
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Fig.6. Density of the short – circuit current as a 

function of the binding coefficient of exciton b in 

the range of temperatures below the optimal 

temperature T0 = 450K, λ=1010 nm, H=1000µm, 

NA=1015cm-3 
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Fig.7. Density of the short – circuit current as a 

function of the binding coefficient of exciton b in 

the range of temperatures above the optimal 

temperature T0 = 450K, λ=1010 nm, H=1000µm, 

NA=1015cm-3 
 

We find that the short – circuit current increases with 

the binding coefficient of exciton. For low values of 

the coefficient of bond b (10-15 ≤ b ≤ 10-11), there is a 

significant variation of the short circuit current .This 

same observation is noted for very high values of the 

binding coefficient. On the other hand for 10-11 ≤ b ≤ 

10-8   a step of short circuit current is obtained. 

We note also that the profile of the photocurrent in 

Fig.4 and Fig.5 is confirmed by Fig.5 and Fig.6. T < 

T0, the short circuit current increases with the 

temperature and T > T0, it decreases. 

 

CONCLUSION   
In this paper, we have extended the work of Green 

and al by studying the behavior of silicon solar cell 

depending on the temperature. 

 
This study has allowed us to retain two fundamental 

concepts: 
Excitons have a positive effect on the short – circuit 

current of a silicon solar cell. 
There is an optimal temperature T0 at about  450 K 

corresponding to the maximum of the short circuit 

current  
It is also important to note that the temperature has 

negligible effect on the characteristic diffusion length 

L1and L2 when the coupling electron- exciton is 

weak. However, L1 decreases with temperature for a 

strong coupling. 
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NOMENCLATURES 

Symbols         names and units 

α                Absorption coefficient, cm-1 

Gn                      Generation rates of electron, cm-3  

Gex                     Generation rates of exciton, cm-3  

λ                 Wavelength, m 

T                Temperature, K              

b                 Binding coefficient of exciton,cm3 s-1 

Lex                     Diffusion length for excitons 

Ln                Diffusion length for electrons 

τp                Electron lifetimes,s 

τex                       Exciton lifetimes,s 

L1              Effective diffusion length 

L2              Effective diffusion length 

Xj               Emitter thickness, cm 

W               Depletion Region thickness 

n*                        Equilibrium constant, cm-3 

NA                    The rate of doping, cm-3 

Dn                     Diffusion coefficient of electron, cm2.s-1 

Dx             Diffusion coefficient of exciton, cm2.s-1 

∆nn                  The densities of electrons, cm-3 

∆nex                The densities of excitons, cm-3 

Jex                  Short circuit current density of exciton,            

mA.cm-2 

Jn                       Short circuit current density of electron, 

mA.cm-2  

Jscc                  Short circuit current density of electron and 

excitons, mA.cm-2 
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