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Abstract 
This study investigates the effect of the magnetic field on the transient density 
of excess minority charge carriers in the base of a series-connected vertical 
junction silicon solar cell. The solar cell is presented in open circuit transient 
operation. The magnetic field through the Laplace force which deflects the 
photogenerated carriers from their initial trajectory towards the lateral sur-
faces reducing their mobility, diffusion and conduction, will certainly influ-
ence the decay time of the transient regime. The transient density of excess mi-
nority carriers in the base is a sum of infinite terms whose decay time of the dif-
ferent harmonics is studied. 
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1. Introduction 

The study of the solar cell dates back centuries but continues to offer interesting 
results and could in the near future be ahead of the world economy. The solar 
cell is the exposed semiconductor electronic component that comprises a pho-
tovoltaic solar panel and which in the light produces electrical energy. It has 
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many characteristics which differ according to the diet and the type of cell. Thus, 
there are different techniques allowing the direct conversion of sunlight into 
electricity, the best known is the photovoltaic conversion carried out using sem-
iconductor materials such as Silicon (Si), Germanium (Ge), Selenium (Se) or 
semi-conductor compounds such as Gallium Arsenide (GaAs), Cadmium Tellu-
ride (CdTe). When the solar cell is exposed to light, electron-hole pairs are gen-
erated. The existence of an electric field that results from the bringing into con-
tact of two differently doped materials at the junction makes it possible to sepa-
rate these electric charges of opposite signs and obtain a current. These photo-
generated carriers succumb to different recombination processes during their 
diffusion within the solar cell; these recombination phenomena indicate the col-
lection of charge carriers and consequently the efficiency of the solar cell which 
is linked to the capacity of the solar cell to convert solar energy into electricity. 
There are several parameters that contribute to this improvement. Among the 
most important parameters, there are the phenomenological parameters [1] [2] 
[3] allowing quality control which are the coefficient of Diffusion (D) [4] [5], the 
Length (L) of diffusion [6] [7], the lifetime [8], and the recombination velocities 
at the Sf junction [9] and on the rear face Sb [10] [11] of the minority charge 
carriers and the electrical parameters [12] [13] which are the series and shunt re-
sistances as well as the space charge area capacitance. In order to evaluate their 
effect on the current or voltage response of the solar cell, the recombination pa-
rameters of excess minority charge carriers are studied under different experi-
mental [14] and theoretical [15] conditions and under different operating modes 
[16] in particular, in static regime [17], in dynamic frequency regime [18] [19] 
[20] and in transient dynamic regime [14] [21] [22] [23]. Crystalline silicon solar 
cells can come in different architectures, including vertical multi-junction (VMJ) 
solar cells [24] [25] [26]. Allowing, on the one hand, an incident illumination 
parallels to the space charge zone, uniform and constant over all the regions and 
on the other hand, the minority charge carriers in excess of short diffusion length 
to be better collected. These vertical multi-junction solar cells are of two types de-
pending on the connection between the cells (n/p or n/p/p+) base, in order to 
improve either the photogenerated current if the cells are connected in parallel 
[25] [27] or voltage if connected in series [28]. In this work, a transient study of 
a series vertical of junction solar cells obtained by variation of the operating 
point [29] is proposed. The solar cell is maintained under constant multispectral 
illumination and under a magnetic field. 

The boundary conditions allow us to find the transcendental equation [30] 
[31] from which the eigenvalues are drawn. These eigenvalues will make it poss-
ible to plot the curves of excess minority carrier densities in the base. 

2. Theorical Studies  
2.1. Experimental Apparatus 

Figure 1 presents the experimental device used to obtain the transient state by  
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Figure 1. Experimental device for the characterization of the solar cell. 
 
variation of the solar cell’s operating point [11] [32] [33]. This device includes a 
square signal generator (BRI8500) which supplies an RFP50N06 type MOSFET 
transistor, two adjustable resistors R1 and R2, a silicon solar cell placed un-
der a magnetic field, a digital oscilloscope, and a microcomputer for acquisi-
tion and processing of the signal and a multi-spectral light source to illuminate 
the solar cell.  

2.2. Operating Principle of the Experimental Device 

For the time smaller than zero (Figure 2) the solar cell under constant multis-
pectral illumination, the Mosfet transistor is open and the solar cell is closed in 
series with the resistor R2 alone: which represents the operating point F2 in 
steady state [34] [35] [36] (Figure 2), refractive indices very close to the optimal 
index of silicon. This leads to massive absorption of light flux in the TCO layer, 
causing almost zero reflections. 

For the time equals to zero, begins the closing of the MOSFET T and after a 
very short time (600 - 800 ns) the MOSFET is totally closed and the resistor R1 is 
in parallel with R2. This corresponds to the operating point F1 in steady state 
(Figure 2). 

The transient state is obtained between the two operating points in steady 
state F1 and F2. The transient voltage at the terminals of the solar cell is record-
ed by a digital oscilloscope (Tektronics) which then transmits it to a microcom-
puter for processing and analysis. 

By varying the resistors R1 and R2, the steady-state operating points F1 and 
F2 move over the current-voltage characteristic of the solar cell (Figure 2), 
which allows the experiment to be performed at any point of this characteristic. 
From open circuit to short circuit and record the voltage or current response of 
the solar cell under constant multispectral illumination. Figure 2 below, gives 
the I - V characteristic of the solar cell, under different values of the magnetic 
field. 

The straight lines with slopes 1/R2 and 1/R1 + 1/R2 respectively give the op-
erating points denoted F1 and F2 of the solar cell. 

We have represented in Figure 3 the structure of a series vertical junction so-
lar cell of the type n+-p-p+ [39]. 
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Figure 2. Theoretical I - V characteristic of the solar cell [37] [38]. 
 

 

Figure 3. Structure of an n+-p-p+ series vertical junction solar cell. 
 

Figure 4 shows the diagram of a series vertical junction unit solar cell under 
polychromatic illumination and under a magnetic field [39]: 

Magneto-transport equation 
The illumination arrives parallel to the plane of the junction under the influ-

ence of the magnetic field. Thus, there is absorption of photons, generation of 
electron-hole pairs which can diffuse or recombine on the surface or in volume. 
All of these recombination and generation diffusion phenomena are governed by 
the following continuity equation [40]:  

( ) ( ) ( ) ( )
2

2

x x
D B G Z

x
δ δ

τ
∂
⋅ − = −

∂
                  (1) 

τ: is the lifetime of excess minority carriers in the base of the solar cell. 
δ(x): represents the density of excess minority charge carriers photogenerated 

in the base of the solar cell at position x. 
G(z): is the generation rate of excess minority carriers in the base. Its expres-

sion is given by 

( ) ( )
3

1
expi i

i
G z a b z

=

= −∑                      (2) 

ai and bi are tabulated coefficients of solar radiation is the diffusion coefficient 
[41] of the minority charge carriers in the base under magnetic field [42]. Its ex-
pression is given by the following relationship. 
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Figure 4. Texturing of the silicon surface in pyramidal form. 
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The solution of the continuity Equation (1) is given by the following relation: 
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L(B) being the diffusion length of the excess minority carriers. 
The coefficients C1 and C2 are determined from the following boundary con-

dition. 
At the junction 

x = 0: ( ) ( ) ( )
0

, ,
0, ,

X

x z B
D B Sf z B

x
δ

δ
=

∂
⋅ = − ⋅

∂
           (5) 

Sf indicates the rate of recombination of charge carriers across the junction 
[43]. 

In the Back Zone: 

( ) ( ) ( )
, ,

, ,
X H

x z B
D B Sb H z B

x
δ

δ
=

∂
⋅ = − ⋅

∂
            (6) 

Sb is the recombination velocity [44] at the p/p+ junction where there is an 
electric field allowing the photogenerated minority charge carriers to be re-
turned near the (n+/p junction) to be collected. 

3. Photocurrent Density 

The photocurrent density of a solar cell is obtained from the gradient of the mi-
nority carrier density at the junction. Its expression is given by Fick’s law: 

( ) ( )
0

, , ,
, , , ,ph

x

Sf z x B
J Sf Sb H z B q D

x
δ

=

∂
= ⋅ ⋅

∂
          (7) 

4. Recombination Rate in the Back Zone  

The current photo density, of excess charge minority carriers in the base, being 

https://doi.org/10.4236/epe.2022.1412041


P. M. A. Samake et al. 
 

 

DOI: 10.4236/epe.2022.1412041 752 Energy and Power Engineering 
 

constant for large values of the recombination velocity at the junction  
( 5 110 cm sSf −≥ ⋅ ), this corresponds to the short-circuit photocurrent of the solar 
cell, its derivative is canceled [45]. 

( )
5 110 cm s

, , ,
0ph

Sf

J Sf Sb z B
Sf −≥ ⋅

∂
=

∂
                  (8) 

Solving this equation leads to two expressions for the recombination rate of excess 
minority charge carriers in the base in the back region Sb1 and Sb2 [46] [47] [48]. 
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The continuity equation relating to excess charge carriers ( ),x tδ  [49] in the 
transient state is as follows:  

( ) ( ) ( ) ( )2
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              (11) 

Equation (11) is solved by taking into account the following boundary condi-
tions: 

At the junction, x = 0: 
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At the Back zone, x = H: 
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,
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The system of Equations (10)-(12) constitutes a problem of Sturn Liouville 
[50] whose solutions are with separable variables of the type:  

( ) ( ) ( ),x t X x T tδ = ⋅                      (14) 

X(x) represents the spatial part of the minority carrier density and T(t) the 
temporal part.  

The general solution of Equation (19) is given by the following relation:  
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With n being an index. 
τc,n is called the decay time constant. 
Taking into account the eigenvalues and Equation (17), the definitive expres-

sion of the carrier density is written: 

( ) ( ), ,n
n

x t x tδ δ= ∑                        (18) 

5. Results and Discussions 

The solutions of the transcendental Equation (16) are obtained by the points of 
intersection of the tangential part of the equation and the right-hand side of the 
equation. 

A graphical resolution of the transcendental equation for different values of 
the magnetic field in the vicinity of the open circuit is shown. 

With 

( ) ( )
( ) ( )

1 , tanh
D B HSb H B
L B L B

 
= − ⋅   

 
               (19) 

Tables 1-3 below give some solutions of the transcendent equation obtained 
from Figures 5-7 and the decay time constants for different values of the mag-
netic field. 
 

 

Figure 5. Graphical resolution of the transcendent equation for a Field B = 0 T for an 
open circuit mode of operation Sf = 10 cm/s; H = 0.02 cm; D = 26 cm2/s. 
 
Table 1. Table of eigenvalues nω  and decay time constants ,c nτ  for B = 0 T. 

n 0 1 2 3 4 

nω  (s−1/2) 700 1600 2400 3200 4000 

,c nτ  (ns) 1694.9 375.93 170.64 96.70 62.10 
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Figure 6. Graphical resolution of the transcendent equation for a Field B = 0.0001 T for 
an open circuit mode of operation Sf = 10 cm/s; H = 0.02 cm; D = 26 cm2/s; Sb1. 
 

 

Figure 7. Graphical resolution of the transcendent equation for a Field B = 0.0005 T for 
an open circuit mode of operation Sf = 10 cm/s; H = 0.02 cm; D = 26 cm2/s; Sb1. 
 
Table 2. Table of eigenvalues nω  and decay time constants ,c nτ  for B = 0.0001 T. 

n 0 1 2 3 4 

nω  (s−1/2) 500 1300 2000 2600 3300 

,c nτ  (ns) 2857.1 558.7 243.9 145.8 91.00 

 
Table 3. Table of eigenvalues nω  and decay time constants ,c nτ  for B = 0.0005 T. 

n 0 1 2 3 4 

nω  (s−1/2) 400 900 1400 1900 2400 

,c nτ  (ns) 3846.2 1098.9 485.4 269.54 170.64 
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The analysis of the different curves 5, 6 and 7 and the tables of associated val-
ues respectively (1, 2 and 3) shows that for each case the eigenvalues nω  in-
crease and the decay constants decrease ,c nτ  and this for different eigenvalues 
of B = 0 T, B = 0.0001 T, B = 0.0005 T. 

However, when passing from a weak magnetic field to a larger magnetic field, 
the eigenvalues decrease and the decay constants also. 

n = 0 corresponds to the fundamental mode of decay and 0n ≠  corresponds 
to the harmonic of order n. We will then write nω  instead of ω  and all the 
expressions where the eigenvalue appears will be endowed with this index n. For 
example: 1ω , 2ω  and 3ω . 

Figures 7-9 represent the profiles of the densities of the minority carriers as a 
function of time for a magnetic field B = 0 T, B = 0.0001 T and B = 0.0005 T for 
the fundamental mode and the various harmonic states in the vicinity of the 
Circuit Open. 

Table 4 gives the values of t0 for different values of the magnetic field. 
Figure 10 shows that as the magnetic field increases, the carrier density de-

creases and the transient decay are slower. 
The densities of the minority charge carriers corresponding to the different 

values of n decrease and all tend towards the same limit for a relatively long ob-
servation time. However, we notice that the density of the total minority charge 
carriers merges with that of the fundamental mode from a time that can be 
noted t0. These figures also show that the density of the carriers decreases with 
time and after a time (to >1.8 μs), the densities of the modes other than the fun-
damental mode become negligible. 

This results from the fact that the magnetic field under the effect of the Lap-
lace force deflects the photogenerated carriers from their initial trajectory to-
wards the lateral surfaces, thus reducing their mobility, their diffusion and their 
conduction in the base of the solar cell [51]. The increase in the magnetic field is  
 

 

Figure 8. Open circuit solar cell minority carrier density profile for a magnetic field B = 0 
T Sf = 1 × 101 cm/s; H = 0.02 cm; τ = 1 × 10−5 s; μ = 1350 cm2∙V−1∙S−1. 
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Figure 9. Open circuit solar cell minority carrier density profile for a magnetic field B = 
0.0001 T Sf = 1 × 101 cm/s; H = 0.02 cm; τ = 1 × 10−5 s; μ = 1350 cm2∙V−1∙S−1. 
 

 

Figure 10. Open circuit solar cell minority carrier density profile for a magnetic field B = 
0.0005T Sf = 1 × 101 cm/s; H = 0.02 cm; τ = 1 × 10−5 s; μ = 1350 cm2∙V−1∙S−1. 
 
Table 4. Magnetic field values for different time values. 

B (T) 0 0.0001 0.0005 

t0 (μs) 0.12 0.14 0.18 

 
synonymous with the decrease in the gradient of the carriers at the junction and 
consequently the reduction of the carriers that can cross it, resulting in a slower 
decay time [52]. 

6. Conclusion 

This study of the transient regime obtained from a series of vertical junction sil-
icon solar cells was carried out through the transient density of excess charge 
minority carriers in the base. The graphical resolution of the transcendent equa-
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tion has been carried out. From this resolution, we obtained the eigenvalues and 
the decay time constants which are dependent on the magnetic field. Thus, the 
more the magnetic field increases, the more the eigenvalues decrease and this 
will have an impact on the transient decrease in the density of the carriers which 
will inevitably decrease because it depends on these eigenvalues.  

Conflicts of Interest 

The authors declare no conflicts of interest regarding the publication of this pa-
per. 

References 
[1] Gaubas, E. and Vanhellement, J. (1996) A Simple Technique for the Separation of 

Bulk and Surface Recombination Parameters in Silicon. Journal of Applies Physics, 
80, 6293-6297. https://doi.org/10.1063/1.363705 

[2] Gupta, S., Ahmed, P. and Garg, S. (1988) A Method for the Determination of the 
Materiels Parameters τ, D, L0, S and a from Measured A.C. Short-Circuit Photocu-
rent. Solar Cells, 25, 61-72. https://doi.org/10.1016/0379-6787(88)90058-0  

[3] Scofiels, J.H. (1995) Effects of Series Resistance and Inductance on Solar Cell Ad-
mittance Measurements. Solar Energy Materials and Solar Cells, 37, 217-233. 
https://doi.org/10.1016/0927-0248(95)00016-X 

[4] Sontag, D., Hahn, G., Geiger, P., Fath, P. and Bucher, E. (2002) Two-Dimensional 
Resolution of Minority Carrier Diffusion Constants in Different Silicon Materials. 
Solar Energy Materials and Solar Cells, 72, 533-539. 
https://doi.org/10.1016/S0927-0248(01)00202-1 

[5] Diao, A., Thiam, N., Zougrana, M., Sahin, G., Ndiaye, M. and Sissoko, G. (2014) Dif-
fusion Coefficient in Silicon Solar Cell with Applied Magnetic Field and under Fre-
quency: Electric Equivalent Circuits. World Journal of Condensed Matter Physics, 4, 
84-92. https://doi.org/10.4236/wjcmp.2014.42013 

[6] Stokes, E.D. and Chu, T.L. (1977) Diffusion Lengths in Solar Cells from Short-Circuit 
Current Measurements. Applied Physics Letters, 30, 425-426.  
https://doi.org/10.1063/1.89433 

[7] Rugider, M., Puzzer, T., Schäffer, E., Warta, W., Glunz, S.W., Würfel, P. and Trupke, 
T. (2007) Diffusion Lengths of Silicon Solar Cells from Luminescence Images. Jour-
nal of Applied Physics, 101, Article ID: 123110.  
https://doi.org/10.1063/1.2749201  

[8] Misiakos, K., Wang, C.H., Neugroschel, A. and Lindholm, F.A. (1990) Similtaneous 
Extraction of Minority-Carrier Parameters in Crystalline Semiconductors by Lateral 
Photocurren. Journal of Applied Physics, 67, 321-333.  
https://doi.org/10.1063/1.345256 

[9] Barro, F.I., Nanéma, E., Werème, A., Zougmoré, F. and Sissoko, G. (2001) Bulk and 
Surface Recombination Measurement in Silicon Double Sided Surface Field Solar Cell 
under Constant White Bias Illumination. Proceedings of the 17th European Photovol-
taic Solar Energy Conference, Munich, 22-26 October 2001, 368-371.  

[10] Diasse, O., Diao, A., Wade, M., Diouf, M.S., Diatta, I., Mane, R., Traore, Y. and Sis-
soko, G. (2018) Back Surface Recombination Velocity Modeling in White Bias Sili-
con Solar Cell under Steady State. World Journal of Condensed Matter Physics, 9, 
189-201. https://doi.org/10.4236/jmp.2018.92012 

https://doi.org/10.4236/epe.2022.1412041
https://doi.org/10.1063/1.363705
https://doi.org/10.1016/0379-6787(88)90058-0
https://doi.org/10.1016/0927-0248(95)00016-X
https://doi.org/10.1016/S0927-0248(01)00202-1
https://doi.org/10.4236/wjcmp.2014.42013
https://doi.org/10.1063/1.89433
https://doi.org/10.1063/1.2749201
https://doi.org/10.1063/1.345256
https://doi.org/10.4236/jmp.2018.92012


P. M. A. Samake et al. 
 

 

DOI: 10.4236/epe.2022.1412041 758 Energy and Power Engineering 
 

[11] Sissoko, G., Sivoththanam, S., Rodot, M. and Mialhe, P. (1992) Constant Illumina-
tion-Induced Open Circuit Voltage Decay (CIOCVD) Method, as Applied to High 
Efficiency Si Solar Cells for Bulk and Back Surface Characterization. 11th European 
Photovoltaic Solar Energy Conference and Exhibition, Monteux, 12-16 October 1992, 
352-354.  

[12] Chegaar, M., Ouennoughi, Z. and Hoffmann, A. (2001) A New Method for Evaluating 
Illuminated Solar Cell Parameters. Solid-State Electronics, 45, 293-296.  
https://doi.org/10.1016/S0038-1101(00)00277-X 

[13] Andoh, N., Hayashi, K., Shirasawa, T., Sameshima, T. and Kamisako, K. (2001) Ef-
fect of Film Thickness on Electrical Property of Microcrystalline Silicon. Solar Energy 
Materials and Solar Cells, 66, 437-441.  
https://doi.org/10.1016/S0927-0248(00)00205-1 

[14] Jung, T.-W., Lindholm, F.A. and Neugroschel, A. (1984) Unifying View of Transient 
Responses for Determining Lifetime and Surface Recombination Velocity in Sil-
icon Diodes and Back-Surface-Field Solar Cells, with Application to Experimental 
Short-Circuit-Current Decay. IEEE Transactions on Electron Devices, 31, 588-595.  
https://doi.org/10.1109/T-ED.1984.21573  

[15] Jain, S.C., Janssens, R., Cheek, G., Depauw, P., Mertens, R. and Van Overstraeten, R. 
(1983) The Effective Lifetime in Semicrystalline Silicon. Solar Cells, 9, 345-352.  
https://doi.org/10.1016/0379-6787(83)90028-5 

[16] Oualid, J., Bonfils, M., Crest, J.P., Mathian, G., Amzil, H., Dugas, J., Zehaf, M. and 
Martinuzzi, S. (1982) Photocurrent and Diffusion Lengths at the Vicinity of Grain 
Boundaries (g.b.) in N and P-Type Polysilicon. Evaluation of the g.b. Recombina-
tion Velocity. Revue de Physique Appliquée, 17, 119-124.  
https://doi.org/10.1051/rphysap:01982001703011900 

[17] Sissoko, G., Nanéma, E., Corréa, A., Biteye, P.M., Adj, M. and Ndiaye, A.L. (1998) 
Silicon Solar Cell Recombination Parameters Determination Using the Illuminated 
I-V Characteristic. Renewable Energy, 3, 1848-1851. 

[18] Belmonte, G.G., Boix, P.P., Bisquert, J., Sessolo, M. and Bolink, H.J (2010) Simulta-
neous Determination of Carrier Lifetime and Electron Density-of-States in P3HT: 
PCBM Organic Solar Cells under Illumination by Impedance Spectroscopy. Solar Ener-
gy Materials and Solar Cells, 94, 366-375.  
https://doi.org/10.1016/j.solmat.2009.10.015 

[19] Wang, C.H. and Neugroschel, A. (1987). Minority-Carrier Lifetime and Surface Re-
combination Velocity Measurement by Frequency-Domain Photpluminescence. IEEE 
Transaction on Electron Devices, 38, 2169-2180. https://doi.org/10.1109/16.83745 

[20] Honma, N., Munakata, C. and Shimizu, H. (1988) Calibration of Minority Carrier 
Lifetimes Measured with an Ac Photovoltaic Method. Japanese Journal of Applied 
Physics, 27, 1322-1326. https://doi.org/10.1143/JJAP.27.1322 

[21] Kunst, M., Muller, G., Schmidt, R. and Wetzel, H. (1988) Surface and Volume De-
cay Processes in Semiconductors Studied by Contactless Transient Photoconductiv-
ity Measurements. Applied Physics A, 46, 77-85.  
https://doi.org/10.1007/BF00615912 

[22] Lindholm, F.A., Liou, J.J., Neugroschel, A. and Jung, T.W. (1987) Determination of 
Lifetime and Surface Recombination Velocity of p-n Junction Solar Cells and Dio-
des by Observing Transients. IEEE Transactions on Electron Devices, 34, 277-283.  
https://doi.org/10.1109/T-ED.1987.22919 

[23] Barro, F.I., Maiga, A.S., Wereme, A. and Sissoko, G. (2010) Determination of Re-
combination Parameters in the Base of a Bifacial Silicon Solar Cell under Constant 

https://doi.org/10.4236/epe.2022.1412041
https://doi.org/10.1016/S0038-1101(00)00277-X
https://doi.org/10.1016/S0927-0248(00)00205-1
https://doi.org/10.1109/T-ED.1984.21573
https://doi.org/10.1016/0379-6787(83)90028-5
https://doi.org/10.1051/rphysap:01982001703011900
https://doi.org/10.1016/j.solmat.2009.10.015
https://doi.org/10.1109/16.83745
https://doi.org/10.1143/JJAP.27.1322
https://doi.org/10.1007/BF00615912
https://doi.org/10.1109/T-ED.1987.22919


P. M. A. Samake et al. 
 

 

DOI: 10.4236/epe.2022.1412041 759 Energy and Power Engineering 
 

Multispectral Light. Physical and Chemical News, 56, 76-84. 

[24] Meusel, M., Benssch, W., Berdunde, T., Kern, R., Khorenko, V., Kostler, W., La-
roche, G., Torunski, T., Zimmermann, W., Strobl, G., Guter, W., Hermle, M., Ho-
heisel, R., Siefer, G., Welser, E., Dimroth, F., Bett, A.W., Greens, W., Baur, C., Tay-
lor, S. and Hey, G. (2007) Development and Production of European III-V Multi-
junction Solar Cells. Proceeding of the 22nd European Photovoltaic Solar Energy 
Conference, Milan, 3-7 September 2007, 16-51.  

[25] Diallo, H.L, Dieng, B., Ly, I., Dione, M.M., Ndiaye, M., Lemrabott, O.H., Bako, Z.N., 
Wereme, A. and Sissoko, G. (2012) Determination of the Recombination and Elec-
trical Parameters of a Vertical Multijunction Silicon Solar Cell. Research Journal of 
Applied Sciences, Engineering and Technology, 4, 2626-2631.  

[26] Ayvazian, G.E., Kirakosyan, G.H. and Minasyan, G.A. (2004) Characteristics of So-
lar Cells with Vertical p-n Junction. Proceedings of 19th European Photovoltaic So-
lar Energy Conference, Paris, 7-11 June 2004, 117-119. 

[27] Ngom, M.I., Thiam, A., Sahin, G., El Moujtaba, M.A.O., Faye, K., Diouf, M.S. and 
Sissoko, G. (2015) Influence of Magnetic Field on the Capacitance of a Vertical Junc-
tion Parallel Solar Cell in Static Regime, under Multispectral Illumination. International 
Journal of Pure & Applied Sciences & Technology, 31, 65-75. 

[28] Terheiden, B., Hahn, G., Fath, P. and Bucher, E. (2000) The Lamella Silicon Solar 
Cell. Proceedings of the 16th European Photovoltaic Solar Energy Conference, Glas-
gow, 1-5 May 2000, 1377-1380.  

[29] Madougou, S., Nzonzolo, Mbodji, S., Barro, I.F. and Sissoko, G. (2004) Bifacial Sili-
con Solar Cell Space Charge Region Width Determination by a Study in Modelling: 
Effect of the Magnetic Field. Journal des Science, 4, 116-123.  

[30] Joardar, K., Dondero, R.C. and Schroder, D.K. (1989) A Critical Analysis of the 
Small-Signal Voltage-Decay Technique for Minority-Carrier Lifetime Measurement 
in Solar Cells. Solid-State Electronics, 32, 479-483.  
https://doi.org/10.1016/0038-1101(89)90030-0 

[31] Rose, B.H. and Weaver, H.T. (1983) Determination of Effective Surface Recombina-
tion Velocity and Minority-Carrier Lifetime in High-Efficiency Si Solar Cells. Jour-
nal of Applied Physics, 54, 238-247. https://doi.org/10.1063/1.331693 

[32] Mialhe, P., Sissoko, G., Pelanchon, F. and Salagnon, J.M. (1992) Régimes transitoires 
des photopiles: Durée de vie des porteurs et vitesse de recombinaison. Journal de 
Physique III, 2, 2317-2331. https://doi.org/10.1088/0022-3727/20/6/012 

[33] Sy, K.M., Diene, A., Tamba, S., Diouf, M.S., Diatta, I., Dièye, M., Traoré, Y. and Sissoko, 
G. (2016) Effect of Temperature on Transient Decay Induced by Charge Removal of a 
Silicon Solar Cell under Constant Illumination. Journal of Scientific and Engineering 
Research, 3, 433-445.  

[34] Mialhe, P., Sissoko, G. and Kane, M. (1987) Experimental Determination of Minor-
ity Carrier Lifetime in Solar Cell Using Transient Measurement. Journal of Physics 
D: Applied Physics, 20, 762-765. https://doi.org/10.1088/0022-3727/20/6/012 

[35] Sow, O., Zerbo, I., Mbodji, S., Ngom, M.I., Diouf, M.S. and Sissoko, G. (2012) Sili-
con Solar Cell under Electromagnetic Waves in Steady State: Electrical Parameters De-
termination Using the I-V and P-V Characteristics. International Journal of Science, 
Environment and Technology, 1, 230-246.  

[36] Dione, B., Sow, O., Wade, M., Ibrahima, L.Y., Mbodji, S. and Sissoko, G. (2016) Ex-
perimental Processus for Acquisition Automatic Features of I-V Properties and 
Temperature of the Solar Panel by Changing the Operating Point. Circuits and Sys-
tems, 7, 3984-4000. https://doi.org/10.4236/cs.2016.711330 

https://doi.org/10.4236/epe.2022.1412041
https://doi.org/10.1016/0038-1101(89)90030-0
https://doi.org/10.1063/1.331693
https://doi.org/10.1088/0022-3727/20/6/012
https://doi.org/10.1088/0022-3727/20/6/012
https://doi.org/10.4236/cs.2016.711330


P. M. A. Samake et al. 
 

 

DOI: 10.4236/epe.2022.1412041 760 Energy and Power Engineering 
 

[37] Mbodji, S., Mbow, B., Dieng, M., Barro, F.I. and Sissoko, G. (2010) A 3D Model 
for Thickness and Diffusion Capacitance of Emitter-Base Junction in a Bifacial 
Polycrystalline Solar Cell. Global Journal of Pure and Applied Sciences, 16, 469-478. 
https://doi.org/10.3906/fiz-0911-25 

[38] Bocande, Y.L., Corréa, A., Gaye, I., Sow, M.L. and Sissoko, G. (1994) Bulk and Sur-
faces Parameters Determination in High Efficiency Si Solar Cells. Proceedings of the 
World Renewable Energy Congress, 3, 1698-1700. 

[39] Wise, J.F. (1970) Vertical Junction Hardened Solar Cell. US Patent No. 3690953A. 

[40] Heinbockel, J.H. and Walker, G.H. (1998) Three-Dimensional Models of Conven-
tional and Vertical Junction Laser-Photovoltaic Energy Converters. NASA, Wash-
ington DC. 

[41] Furlan, J. and Amon, S. (1985) Approximation of the Carrier Generation Rate in il-
luminated Silicon. Solid-State Electronics, 28, 1241-1243. 
https://doi.org/10.1016/0038-1101(85)90048-6 

[42] Ngom, M.I., Zouma, B., Zoungrana, M., Thiam, M., Bako, Z.N., Camara, A. G. and 
Sissoko, G. (2012) Theorical Study of a Multijunction Silicon Cell under Multispec-
tral Parallel Vertical Illumination. The influence of External Magnetic Field on the 
Electrical Parameters. International Journal of Advanced Technology and Engi-
neering Research (IJATER), 2, 101-109. 

[43] Diallo, H.L., Maïga, A.S., Werene, A. and Sissoko, G. (2008) New Approach of Both 
Junction and Back Surface Recombination Velocities in a 3D Modeling Study of a 
Polycrystalline Silicon Solar Cell. European Physical Journal Applied Physics, 42, 
203-211. https://doi.org/10.1051/epjap:2008085  

[44] Sissoko, G., Museruka, C., Correa, A., Gaye, I. and Ndiaye, A.L. (1996) Light Spectral 
Effect on Recombination Parameters of Silicon Solar Cell. World Renewable Energy 
Congress, 3, 1487-1490. 

[45] Sissoko, G., Nanema, E., Ndiaye, A.L., Bocande, Y.L.B. and Adj, M. (1996) Minority 
Carrier Diffusion Length Measurement in Silicon Solar Cell under Constant White 
Bias Light. Renewable Energy, 3, 1594-1597. 

[46] Diop, G., Ba, H.Y., Thiam, N., Traore, Y., Dione, B., Ba, M.A., Diop, P., Diop, M.S., 
Mballo, O. and Sissoko, G. (2019). Base Thickness Optimization of a Vertical Series 
Junction Silicon Solar Cell under Magnetic Field by the Concept of Back Surface 
Recombination Velocity of Minority Carrier. ARPN Journal of Engineering and Applied 
Sciences, 14, 4078-4085. 

[47] Ndiaye, F.M., Ba, M.L., Ba, M.A., Diop, G., Diatta, I., Sow, E.H., Mballo, O. and 
Sissoko, G. (2020) Lamella Silicon Optimum Width Determination under Temper-
ature. International Journal of Advanced Research, 8, 1409-1419.  
https://doi.org/10.21474/IJAR01/11228 

[48] Faye, D., Gueye, S., Ndiaye, M., Ba, M.L., Diatta, I., Traore, Y., Diop, M.S., Diop, G., 
Diao, A. and Sissoko, G. (2020) Lamella Silicon Solar Cell under Both Temperature 
and Magnetic Field: Width Optimum Determination. Journal of Electromagnetic 
Analysis and Aplications, 12, 43-55. https://doi.org/10.4236/jemaa.2020.124005 

[49] Gover, A. and Stella, P. (1974) Vertical Multijunction Solar-Cell One-Dimensional 
Analysis. IEEE Transactions on Electron Devices, 21, 351-356.  
https://doi.org/10.1109/T-ED.1974.17927  

[50] Caputo, D., De Cerare, G., Irrera, F., Palma, F. and Tucci, M. (1994) Characteriza-
tion of Intrinsic a-Si:H in p-i-n Devices by Capacitance Measurements: Theory and 
Experiments. Journal of Applied Physics, 76, 3524-3541.  
https://doi.org/10.1063/1.357435  

https://doi.org/10.4236/epe.2022.1412041
https://doi.org/10.3906/fiz-0911-25
https://doi.org/10.1016/0038-1101(85)90048-6
https://doi.org/10.1051/epjap:2008085
https://doi.org/10.21474/IJAR01/11228
https://doi.org/10.4236/jemaa.2020.124005
https://doi.org/10.1109/T-ED.1974.17927
https://doi.org/10.1063/1.357435


P. M. A. Samake et al. 
 

 

DOI: 10.4236/epe.2022.1412041 761 Energy and Power Engineering 
 

[51] Mané, R., Diallo, H.L., Ba, H.Y., Diatta, I., Traoré, Y., Sarr, C.T. and Sissoko, G. (2018) 
Influence of Both Magnetic Field and Temperature on Silicon Solar Cell Photogenerated 
Current. Journal of Scientific and Engineering Research, 5, 2394-2630.  

[52] Traore, Y., Thiam, N., Thiame, M., Thiam, A., Ba, M.L., Diouf, M.S., Diatta, I., 
Mballo, O., Sow, H.E., Wade, M. and Sissoko, G. (2019) AC Recombination Veloci-
ty in the Back surface of a Lamella Silicon Solar Cell under Temperature. Journal of 
Modern Physics, 10, 1235-1246. https://doi.org/10.4236/jmp.2019.1010082 

https://doi.org/10.4236/epe.2022.1412041
https://doi.org/10.4236/jmp.2019.1010082

	Influence of the Magnetic Field on the Transient Decay of the Density of Charge Carriers in a Silicon Photocell with Vertical Multijunctions Connected in Series Placed in Open Circuit
	Abstract
	Keywords
	1. Introduction
	2. Theorical Studies 
	2.1. Experimental Apparatus
	2.2. Operating Principle of the Experimental Device

	3. Photocurrent Density
	4. Recombination Rate in the Back Zone 
	5. Results and Discussions
	6. Conclusion
	Conflicts of Interest
	References

