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Abstract— A theoretical study of a vertical junction silicon 

solar cell under multispectral illumination in steady state is 

presented. From the excess minority carrier’s density in the base 

of the cell, the photocurrent density, the photovoltage, the 

diffusion capacitance and the dark    capacitance were 

determined. All these parameters are studied according to the 

illumination level effect. 
 

Index Terms — Vertical junction, solar cell, capacitance.  

I. INTRODUCTION 

The solar cell is an essential device in the photovoltaic 

conversion chain so that any improvements in its conversion 

efficiency lead to general gain in energy production. Given 

their limited conversion efficiency [1] many studies have 

been made [2] to improve this efficiency; our contribution 

here will be a theoretical study of the capacitance of a vertical 

junction solar cell for various illumination levels.  

II. THEORY 

A. Vertical parallel junction solar cell 

Vertical junction solar cells [3]-[5] are illuminated parallelly 

to the junction plane so that all the photogenerated carriers in 

a given plane are at the same distance to the junction. We 

present on fig.1 the structure of a typical parallel vertical 

junction solar cell [6], [7].  
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Figure 1: Vertical parallel junction solar cell. 

B. Excess minority carrier’s density 

When the solar cell is illuminated, there are 

photogenerated minority carriers in the base of the solar cell. 

Their diffusion in the base is governed by the continuity 

equation: 

( )
0

²

),(

²

),(²
=+−





D

zG

L

zx

x

zx 
                (1) 

where is the excess minority carriers’ density, D is the 

diffusion constant and L the diffusion length; G(z) is the 

carriers’ generation rate for the multispectral light and is 

given by [8]: 
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n is the illumination level as called sun number,   is the 

absorption coefficient associated to the wavelength ,   is the 

reflexion coefficient and   the incident photon flux. A solution 

of equation (1) can be written as:  

( ) ( )
+








+








= −

g
zeK

L

X
B

L

X
Ax






0

sinh.cosh.)( (3) 

with ( ) ( )( )




RFn
D

L
K

g

−= 1)(
²

)(
0

0
 

Coefficients A and B is determined by the boundaries 

conditions:  

- At the junction (x = 0): 
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- At the middle of the base (x=H): 
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Here the gradient of the carriers’ density is supposed null 

[9]. Sf is the junction 

recombination velocity. 
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III. RESULTS AND DISCUSSION 

A. Excess minority carriers’ density 

On figure 2, the excess minority carriers’ density is 

represented according the base depth for various illumination 

levels. 

 
Figure 2: Excess carriers’ density versus base depth for 

various illumination levels. (D=26cm²/s, Sf=7.107cm/s, 

H=0.03cm, z=0,0225cm, L=0,001cm). 
 

One can observe that from the middle of the base, carriers 

flow towards the two junctions; that’s why a very remarkable 

decrease of the excess minority carriers’ density to the 

vicinity of the junction. With an illumination level increase, 

the incident photons flux increase too, that’s also lead to 

greater photogenerated carriers in the solar cell and 

consequently the increase of the excess minority carriers’ 

density in base. 

B. Photocurrent density 

The photocurrent density expression is given by: 
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q is the elementary charge. The coefficient 2 results from 

the two junctions. 

We illustrate on fig.3 the photocurrent density profile for 

various illumination levels. 

  
Figure 3:  Photocurrent density versus junction 

recombination velocity for various illumination levels. 

(D=26cm²/s, H=0.03cm, z=0,0225cm, L=0,001cm). 
 

Fig.3 shows that the photocurrent increases according to 

the junction recombination velocity Sf. One can note that an 

increase of Sf implies an increase of carriers flow though the 

junction and so, more minority carriers are collected to 

generate more current. 

When the illumination level increases, the incident 

photons flux also increase enhancing photogenerated carriers 

and leading to an increase of the photocurrent. Effectively, 

for increasing illumination levels, a part of photogenerated 

carriers fills the recombination centers so that the remainder 

can easily diffuse and cross the junction. 

C. Photovoltage 

The photovoltage across the junction is obtained by the 

Boltzmann relation as: 
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VT is the thermal voltage; ni the intrinsic carriers’ 

concentration; Nb the base doping density. 

 On fig.4, the photovoltage is represented versus   junction 

recombination velocity for various illumination levels. 

 
Figure 4: Photovoltage versus junction recombination 

velocity for various illumination levels: (D=26cm²/s, 

H=0.03cm, z=0,0225cm, L=0,001 cm) 
 

One can see that photovoltage decreases for increasing Sf 

values. When Sf increases, more and more minority carriers 

flow through the junction so that stocked carriers in the base 

are drastically reduced. This situation leads to the reduction 

of the photovoltage. 

When illumination level increases, the photogenerated 

carriers’ concentration in the base increase what also implies 

an increase of the photovoltage for a given operating point. 

D. Capacitance 

The diffusion capacitance of solar cell results from the 

diffusion process of minority carriers [10]. This capacitance 

can be expressed as: 
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Replacing the total charge Q by its expression, equation (8) 

becomes: 

T

O
V

q
CC

)0(
+=                                  

 (9) 

where CO is the dark capacitance. 

On fig. 5, the solar cell capacitance is plotted versus 

junction recombination velocity for various illumination 

levels. 
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Figure 5: Capacitance versus junction recombination 

velocity for various illumination levels. (D=26cm²/s, 

H=0.03cm, z=0,0225cm, L=0,001cm). 

Fig. 5 shows that near open circuit [0; 2.102 cm.s-1], the 

solar cell capacitance decreases slightly. But above 

2.102cm.s-1 the capacitance decreases markedly: there are 

practically no stocked minority carriers near the junction 

because of the carriers flowing. For an increase illumination 

level, the capacitance increases too for a given operating 

point [11].   

With equation (9), we obtain: 
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With the logarithmic function, equation (10) becomes: 
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A plot of the capacitance (log scale) versus photovoltage is 

presented on fig.6 

 
Figure 6: log(C) versus photovoltage for various 

illumination levels. (D=26cm²/s, Sf=7.107cm/s, H=0.03cm, 

z=0,0225cm, L=0,001cm). 

Fig. 6 shows that the logarithm of the capacitance versus 

photovoltage is a straight line for any illumination level. The 

slope of this line is 1/VT. The intercept point obtained with 

the capacitance axis is the dark capacitance value of [12]. The 

obtained value with this method, is C0 = 0.20µF/cm2.   

IV. CONCLUSION 

A theoretical study of a parallel vertical junction solar cell 

under multispectral illumination was done. The effect of 

illumination level on the electric parameters such as 

photocurrent, photovoltage, capacitance, has been presented. 

The dark capacitance of the solar cell was obtained for any 

illumination level. 

REFERENCES 

1. Neamen, D. A. ‘’Semiconductor Physics and Devices Basic Principle’’ 

(2003), New York, McGraw-Hill. 
2. B. MAZHARI and H.Morkoç, J. App. Phys. 73(11), (1993), pp.7509 

–7514. 
3. A. Gover, P. Stella, ‘’Vertical multijunction solar cell one  dimension 

analysis’’, IEEE Transactions on Electron Devices, Vol. Ed – 21, No.6 

(1974), pp.351-356 

4. G. E Ayvazian, G. H. Kirakosyan, G. A. Minasyan, ‘’Characteristics of 

solar cells with vertical p-n junction’’, Proc.19th European Photovoltaic 
Solar Energy Conference, (2004) pp.117 – 119. 

5. B. Terheiden, G. Hahn, P. Fath, E. Bucher, ‘’The Lamella silicon solar 

cell’’, Proc.16th European Photovoltaic Solar Energy Conference, 
(2000), pp.1377–1380. 

6. M. M. Dione, S. Mbodji, M. L. Samb, M. Dieng, M.Thiame, S. Ndoye, 
F. I. Barro, G. Sissoko “Vertical junction under constant multispectral 

light: Determination of recombination parameters”, Proceedings of the 

24th European Photovoltaic Solar Energy Conference, (2009), pp.465– 
469. 

7. Arora, J.D, S.N. Singh and P.C. Mathur, “Surface Recombination 
effects on the performance of n+p step and diffused junction silicon 

solar cells”, Solid State Electronics, 24(8) (1981) pp.739–747. 

8. Jose Furlan and Slavko Amon, “Approximation of the carrier generation 
rate in illuminated silicon”, Solid State Electr, Vol.28, No.12, (1985), 

p.1241-1243. 
9. M. M. Dione, S. Mbodji, M. L. Samb, M. Dieng, M. Thiame, S. Ndoye, 

F. I. Barro, G. Sissoko, “Vertical junction under constant multispectral 

light: determination of recombination parameters”, Proceedings of the 
24th European photovoltaic solar energy conference and exhibition, 

Hamburg, Germany (sept 2009), 465 – 468. 
10. F.I. Barro, M. Ndiaye, M. Deme, S. Mbodji, E. Ba, G. Sissoko, 

“Proceedings of the 23rd European photovoltaic solar energy conference 

and exhibition, (2008), p.608-611.  
11. H.L. Diallo, A. Seïdou Maiga, A. Wereme and G. Sissoko, “New 

Approach of Both Junction  and Back Surface Recombination Velocities 
in  a 3D Modelling Study of a Polycrystalline  Silicon Solar Cell”, The 

European Physical Journal, Applied Physics, Vol. 42, N°3, pp. 203 – 

211, 2008. 
12. G. Sissoko, B. Dieng, A. Correa, M. Adj and D. Azilinin, ‘‘Silicon Solar 

Cell Space Charge Region Width Determination by Modelling Study’’, 
Proceeding of the World Renewable Energy Conference and Exhibition, 

(1998), pp.1852 – 1855. 

AUTHOR PROFILE 

Mr. Ali Hamidou [ali.hamidouiconi@yahoo.fr] was born in Iconi, 

Comores, in 1985.  He received his Engineer degree in Telecommunications 
from Polytechnical Institute, Conakry, Guinea, Gabal Abdel Nasser 

University in the year 2011. He is working on his doctorate thesis at Cheikh 

Anta DIOP University Dakar, Senegal. His research interest is in the field of 
Renewable Energy  and Telecommunications. 

 
Dr. Amadou Diao [adiao07@gmail.com] was born in Kolda, Senegal, in 

1974. His received his Doctorate degree in 2011 in Solar Energy from FST, 

Dakar, Cheikh Anta DIOP University He is working as Assistant Prof. in the 
Physics Department of   Cheikh Anta DIOP University Dakar, Senegal. His 

research interest is in the field of Renewable Energy, Semiconductor devices 
characterization. 

 

Dr. Séré Ahmed Douani was born in Ouagadougou, Burkina Faso. He 
received his doctorate degree from    in    . His research interest is in the field 

of Renewable Energy. 
 

Mr. Ali Moissi M'madi [ali_mhaza@hotmail.com] was born in moroni, 

Comores, in 1983.  He received his Engineer degree in Telecommunications 
from Polytechnical Institute, Conakry, Guinea, Gabal Abdel Nasser 

University in the year 2010. He is working on his doctorate thesis at Cheikh 
Anta DIOP University Dakar, Senegal. His research interest is in the field of 

Renewable Energy  and Telecommunications. 

 

Dr. Fabé Idrissa Barro [barrofabe@gmail.com] was born in 

Ouagadougou, Burkina Faso in 1974. His received his Doctorate degree in 
2012 in Solar Energy from FST, Dakar, Cheikh Anta DIOP University He is 

working as Assistant Prof. in the Physics Department of   Cheikh Anta DIOP 

University Dakar, Senegal. His research interest is in the field of Renewable 
Energy, Semiconductor devices characterization and Electronics. 

 

Prof. Grégoire Sissoko [gsissoko@yahoo.com] was born in Bobo 

Dioulasso. His received his Doctorate degree in 1993 in Solar Energy from 

FST, Dakar, Cheikh Anta DIOP University He is working as Prof. in the 
Physics Department of   Cheikh Anta DIOP University Dakar, Senegal. His 

research interest is in the field of Renewable Energy and Semiconductor 
devices characterization. 

 

 
 

 
 

http://www.ijitee.org/

