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The monochromatic absorption coefficient of silicon, inducing the 

depth of penetration of light into the base of the solar cell, is used 

through back surface recombination velocity expressions, to determine 

the optimum thickness necessary for the production of a large 

photocurrent. The absorption-generation-diffusion and recombination 

(bulk and surface) phenomena are taken into account in determining the 

optimum thickness of an n
+
 -p-p

+
 bifacial solar cell, for it manufacture 

process optimization. 
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Introduction:- 
The determination of phenomelogic parameters in the crystalline silicon solar cell (n+/p/p+) is very important, for 

the understanding of physical mechanisms [1, 2, 3] which, consequently, makes it possible to develop increasingly 

efficient architectural structures [4-19]. These phenomelogical parameters [20, 21, 22] are specific to excess 

minority carriers in the semiconductors constituting the solar cell (n+/p/p+) and are denoted by: 

1. Lifetime (τ)[23-28]; diffusion coefficient (D) [29, 30] and diffusion length (L) [ 31-39], as well as mobility (μ) 

[40, 41], connected by the relations of Einstein Mukolovich. 

2. Surface recombination velocity[5]: (Se) in the emitter[9, 12, 13, 16], (Sf) at the interface (n+/p) that constitutes 

the junction or space charge region(SCR) [42-45], (Sb) at the interface (p/p+) [2, 43, 46] and (Sg) at the grain 

joints in the 3D model [47, 48]. 

 

The use of a monochromatic light of wavelength (λ), with a constant incident flow on the solar cell, makes it 

possible to obtain a spectral response in current of minority charge carriers. 

 

This response is represented as a function of the inverse (α 
-1

) of the absorption coefficient, then analyzed and 

interpreted through a theory that makes it possible to extract the diffusion length of the minority charge carriers in 

the base of the solar cell [31, 49] with thickness (H). 

 

This technique allows the choice of the wavelength range that indicates the depth of penetration of monochromatic 

light into the solar cell, which would exclude the effect of surface recombination (p/p+) [50] in the solar cell 

response. 
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Decoupling [48, 50, 51, 52, 53] volume and surface recombination mechanisms is important in the assessment of the 

quality of the semiconductor, taking into account its geometric dimensions [1, 54, 55]. 

 

Some theoretical works [2, 43-47, 57, 58, 59] produced expressions of the recombination surface velocity (Sb) of 

minority carriers at the interface (p/p+). These expressions are dependent on the absorption coefficient (α(λ)) of the 

(Si)material, the diffusion parameters (D, L) and the thickness (H) of the base. 

 

These theoretical results lead to the determination of the optimum thickness of the base of the solar cell [60-63], 

placed under different conditions.  

 

The objective of this work is the determination of the optimum thickness of the base of a bifacial solar cell, when it 

receives through the back side (p+), a monochromatic illumination with constant flow, allowing to extract a 

maximum of photocurrent from minority charge carriers. 

 

Theory 

The illuminated bifacial silicon solar cell by the rear face with a monochromatic light (αλ), is presented on figure 1. 

 

 
Figure 1:- Bifacial silicon solar cell illuminated by the rear. 

 

Taking into account the phenomena of generation, recombination and diffusion, the excess minority continuity 

equation in the base under steady state is given by the following expression: 

   
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Where: 

x  is absorption depth  in the base of the solar cell 

  ,x  is the excess minority carriers density generated in the base. 

 ,xG  is the electron-hole pairs generation rate at depth x in the base under monochromatic illumination. Its 

expression [6, 7, 33]is given by: 

      xHRxG    exp1,                      (2)  

The   optical parameters [64, 65, 66] are:                                                                                           
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  is  monochromatic absorption coefficient of the silicon material for a wavelength λ  

R  is monochromatic reflection coefficient 

  is incident flow of monochromatic light, 

The electrons diffusion coefficient (D) and diffusion Length (L) in the base are related to the lifetime(τ) by 

Einstein’s relation as: 

D

L2

                                                                                                                                          (3)                             

The resolution of equation (1) gives the expression of minority carrier’s density in the following form: 
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The constants A and B are determined from the boundary conditions. 

- At the junction emitter-base (x = 0) 
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fS   represents the charge carriers recombination velocity at the junction imposed by both the external and 

internal(shunt resistance) charge and thus characterizes the operating point of the solar cell, varying from the open 

circuit to the short circuit condition[43, 44, 67]. 

- At the rear face (x = H)  
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     (7)  

bS   represents the minority carriers recombination velocity at the back surface. It is the consequence of the electric 

field created by the p/p+ junction and characterizes the high- low junction surface [43, 46, 47, 56-59]. 

 

Results And Discussions:- 
Photocurrent density  

The expression of the photocurrent density is defined by the following relation: 
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Figure 2:- shows the profile of the photocurrent density as a function of the recombination velocity at the junction 

for different low wavelength values (0. 5 µm <λ< 0. 7µm). 

 

Figure 2 shows that the photocurrent density (Jph) is almost zero for recombination velocities at the junction (Sf) of 

less than 2.10
2
 cm/s (open circuit situation). The photocurrent density is then increasing between 2.10

2
 cm/s and 

4.10
4
 cm/s. Beyond the recombination velocity(Sf) greater than 4.10

4
 cm / s the amplitude of the photocurrent 

density is maximum and constant (short circuit situation).  

 

Back surface recombination velocity 

The photocurrent density is constant for large recombination velocity values ofexcess minority carriers at the 

junction [42, 43, 44, 67]. 
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The resolution of this equation yields two solutions of the minority carrier’s recombination velocity at the back 

surface [33, 43, 44, 46], and both depend on the thickness, and expressed as: 
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Sb0 is an intrinsic quantity depending on electronic parameters (D, L) [32, 45], whileSb1 depends onabsorption 

coefficient of monochromatic light for a given wavelength (λ).
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Solar cell optimum base thickness determination: 

By comparing the two expressions of the recombination velocity of minority carriers on the back side in a graphic 

representation, with a double vertical axis [60-63], the optimum thickness (Hopt) of the base is obtained at the 

intercept point for each wavelength (Figure. 3). 

Figure 3:- The recombination velocity on the back side (Sb0(cm/s) and Sb1(cm/s) as a function of the thickness in 

the base for given wavelength values(0. 5 µm <λ< 0. 7µm). 

 

Table. 1:- Optimum thickness obtained by the intercept points according to the value of the wavelength(0. 5 µm <λ< 

0. 7µm). 
λµm) λ = 0.52  λ = 0.54  λ = 0.56  λ =0.58 λ = 0.60 λ= 0.62 λ= 0.64 λ=0.66 λ=0.68 

Hopt(cm) 0.0118 0.0087 0.0069 0.0056 0.0048 0.0040 0.0035 0.0029 0.0025 

Sb0(cm/s) 1966.9 1568 1290.3 1070.7 928.52 787.96 680.64 572.88 505.57 

Sb1(cm/s).10
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        

The table allows the representation of the optimum thickness as a function of the wavelength, on Figure.3.  
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Figure. 4:- Base optimum thickness versus wavelength. 

 

The optimum thickness is a decreasing function of the wavelength and the characteristic equation of the curve is as 

follows:    

𝐻𝑜𝑝𝑡 𝑐𝑚 = 0,3766𝜆2 − 0,5044𝜆 + 0,1717      (12) 

 

The results obtained from the optimum thickness of the base, for this spectrum of wavelengths(0. 5 µm <λ< 0. 7µm), 

illuminating the back side, shows the interest of thin film in the development of solar cells [10, 55].Thickness is a 

decreasing function already observed on solar cells by varying manufacturing parameters, such as the doping rate 

[63, 68] and those of external physical parameters such as: The irradiation flux by charged particles [69], the applied 

magnetic field [70], the temperature [71], the absorption coefficient of mono or polychromatic illumination with 

constant incident flow [60], the frequency of modulation [62] of the illumination, the combination of the magnetic 

field and temperature [72]. 

 

Conclusion:- 
This study focused on the region of the base of the bifacial silicon solar cell (n+/p/p+) illuminated by its back face 

(p+), showed the influence of the wavelength on the optimum thickness of the base.The expression of the density of 

the minority carriers as a function of the depth of the base, made it possible to represent the photocurrent, according 

to the recombination velocity of the minority carriers at the junction, for different operatingpoints of the solar cell, in 

particular from the open circuit to the short circuit. 

 

At the large (Sf) values, the analytical expressions of minority carriers’ recombination velocity (Sb) on the back side 

were established. 

 

The graphical study as a function of (H) of the expressions of the minority carriers’recombination velocity on the 

rear side, led to the determination of the optimum thickness of the base, which decreases with wavelength.  

 

Thus the technique of optimizing the thickness of the base presented here taking into account the depth of 

penetration (wavelengths), would reduce the amount of material (If) necessary for the manufacture of crystalline 
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solar cells in thin films, dedicated to a specific application of illumination by the back side and would also reduce 

the manufacturing cost and the resale price. 

 

References:- 
[1] Ayed Al Sayem, Yeasir Arafat, Md. Mushfiqur Rahman (2014) Thickness optimization and composition 

grading effect in heterojunction CIGS Solar Cell 

Conference Paper published Dec in 8th International Conference on Electrical and Computer Engineering 

http://dx.doi.org/10.1109/icece.2014.7026952   

[2] J.G. Fossum (1977). Physical Operation of Back-Surface-Field Silicon Solar Cells. IEEE Transactions on 

Electron Devices, 1977, 2, 322-325. https://doi.org/10.1109/T-ED.1977.18735 

[3] T.T Mnatsakanov, V.B Shuman, L.I Pomortseva, D Schröder, A Schlögl (2000). Effect of nonlinear physical 

phenomena on the photovoltaic effect in silicon p+–n–n+ solar cells .Solid-State Electronics Vol. 44 issue 3, 

Pp.383 to 392 http://dx.doi.org/10.1016/s0038-1101(99)00171-9  

[4] Le Quang Nam, M. Rodot, M. Ghannam, J. Cppye, P. de Schepper, J. Nijs, (1992) Solar Cells with 15.6% 

efficiency on multicristalline silicone, using impurity gettering, back surface field and emitter passivation. Int. J. 

Solar Energy. Vol. 11, pp.273-279. 

[5] De Vischere, P. (1986) Comment on G. J. Rees. Surface Recombination Velocity-A Useful Concept. Solid State 

Electronics, 29, 1161-1164.  https://doi.org/10.1016/0038-1101(86)90059-6 

 [6] D.L.Meier, J.M. Hwang and R.B.Campbell  (1988). The Effect of Doping Density and Injection Level on 

Minority Carrier Lifetime as Applied to Bifacial Dendritic Web Silicon Solar Cells. IEEE Transactions on Electron 

Devices, 35, 70-79. https://doi.org/10.1109/16.2417 

[7] A. A. Cuevas, A. luque, and J. M. Ruiz, A, (1980). n+/p/n+ double-sided solar cell for optimal static 

concentration, in Proc. 14
th
 IEEE Ptotov. Spec. Conf., San Diego, pp.76-81. 

[8] Gover, A. and Stella, P. (1974). Vertical Multijunction Solar-Cell One-Dimensional Analysis. IEEE Transactions 

on Electron Devices, Vol. ED-21: 6. pp.351-356, https://doi.org/10.1109/T-ED.1974.17927 

[9] J. Del Alamo, J. Eguren and A. Luque (1980). Operating limits of Al-Alloyed high-low junction for BSF solar 

cells. Solid-States-Electronics Vol. 24, pp. 415- 420. 

 [10] Chung F; Chung-Feng Jeffery Kuo, Hung-Min Tu, Shin-Wei Liang, Wei-Lun Tsai (2010). Optimization of 

microcrystalline silicon thin film solar cell isolation processing parameters using ultraviolet laser. Optics & Laser 

Technology, Vol. 42 issue 6, Pp. 945-955.   http://dx.doi.org/10.1016/j.optlastec.2010.01.013  

[11] R. Aliev, A. Mirzaalimov, S. Aliev (2013). Development and some photovoltaic parameters of 

a silicon solar generator with vertical p-n junctions. Applied Solar Energy, Vol. 49 issue 2, Pp 59-61 

 http://dx.doi.org/10.3103/s0003701x13020011  

[12] Arora, J.D, S.N. Singh and P.C. Mathur (1981). Surface Recombination effects on the performance of n+-p step 

and diffused junction silicon solar cells. Solid State Electronics, 24(8), pp.739–747 

 [13] Ramond Van Steenwinkel, Maeta Cristina Carotta, Guilliano Martinelli, Marco Mercli, Luigi Passari and 

Daniella Palmeri (1990). Lifetime measurement in solar cell of various thickness and related silicon wafer. Solar 

Cells, 28, pp 287-292 

[14] Ghania Azzouzi, Wahiba Tazibt (2013). Improving Silicon Solar Cell Efficiency by Using the Impurity 

Photovoltaic Effect. Energy Procedia, Vol. 41 Pp. 40-49 http://dx.doi.org/10.1016/j.egypro.2013.09.005  

[15]T.D. Dzhafarov, S.S. Aslanov, S.H. Ragimov, M.S. Sadigov, S. Aydin Yuksel 2012). Effect of 

nanoporous silicon coating on silicon solar cell performance. Vacuum,  volume 86 issue 12, Pp. 1875-1879. 

http://dx.doi.org/10.1016/j.vacuum.2012.04.042  

[16] M. Saad, A. Kassis (2003). Effect of interface recombination on solar cell parameters. Solar Energy Materials 

and Solar Cells vol. 79, issue 4, Pp. 507-517. http://dx.doi.org/10.1016/s0927-0248(03)00101-6  

[17] P.Verlinden and F.Van De Wiele (1983). Determination of Diffusion Length and Surface Recombination 

Velocity in Inter digitated Back Contact (IBC). Solar Cells Solid-State Electronics, 26, 1089-1094. 

https://doi.org/10.1016/0038-1101(83)90007-2 

[18] Abdelaziz Zouari, Adel Ben Arab (2011). Effect of the front surface field on 

crystalline silicon solar cell efficiency. Renewable Energy vol. 36 issue 6, Pp. 1663-1670 

 http://dx.doi.org/10.1016/j.renene.2010.11.034  

[19] Ahmed E. Ghitas, M. Sabry (2006). A study of the effect of shadowing location and area on the 

Si solar cell electrical parameters. Vacuum.  Vol. 81 issue 4, Pp. 475-478. 

 http://dx.doi.org/10.1016/j.vacuum.2006.07.001  

http://dx.doi.org/10.1109/icece.2014.7026952�
https://doi.org/10.1109/T-ED.1977.18735
http://dx.doi.org/10.1016/s0038-1101(99)00171-9�
https://doi.org/10.1016/0038-1101(86)90059-6
https://doi.org/10.1109/16.2417
https://doi.org/10.1109/T-ED.1974.17927
http://dx.doi.org/10.1016/j.optlastec.2010.01.013
http://dx.doi.org/10.3103/s0003701x13020011
http://dx.doi.org/10.1016/j.egypro.2013.09.005�
http://dx.doi.org/10.1016/j.vacuum.2012.04.042�
http://dx.doi.org/10.1016/s0927-0248(03)00101-6
https://doi.org/10.1016/0038-1101(83)90007-2
http://dx.doi.org/10.1016/j.renene.2010.11.034


ISSN: 2320-5407                                                                              Int. J. Adv. Res. 10(09), 409-418 

416 

 

[20] S.Gupta, P. Ahmed and S.Garg, . A Method for the Determination of the Material parameters D, L, S and α 

from Measured Short-Circuit Photocurrent. Solar Cells, 1988,25, 61-72. 

https://doi.org/10.1016/0379-6787(88)90058-0P. 

[21] R. R. Vardanyan, U. Kerst, B. Tierock, H. G. Wagemann (1997). Measurement of recombination parameters of 

solar cell in a magnetic field. Proceeding of the 14
th
 European Photovoltaic Solar Energy Conference (Barcelona, 

Spain). Pp 2367-2369. 

[22] M Chegaar, Z Ouennoughi, A Hoffmann (2001).A new method for evaluating illuminated solar cell parameters. 

Solid-State Electronics Vol. 45, issue 2, Pp. 293-296.        http://dx.doi.org/10.1016/s0038-1101(00)00277-x  

[23]Dhariwal, S.R. and Vasu, N.K. (1981) A Generalized Approach to Lifetime Measurement in pn Junction Solar 

Cells. Solid-State Electronics, 24, 915-927. 

https://doi.org/10.1016/0038-1101(81)90112-X 

[24] Kunst, M., Muller, G., Schmidt, R. and Wetzel, H. (1988). Surface and Volume Decay Processes in 

Semiconductors Studied by Contactless Transient Photoconductivity Measurements. Applied Physics, 46, 77-85. 

https://doi.org/10.1007/BF00615912 

[25] Chih Hsin Wang and Arnost Neugroschel (1991).Minority-carrier lifetime and surface recombination velocity 

measurement by frequency-domain photoluminescence. IEEE transactions on electron devices, vol.38, no. 9, 

pp2169-2180. 

[26] Muzeyyen Saritas and Harry D. Mckell (1988). Comparison of minority carrier diffusion length measurements 

in silicon by the photoconductive decay and surface photovoltage methods. J. Appl. Phys. 63 (9) pp. 4561-67. 

[27] J.A. Giesecke, M.C. Schubert, B. Michl, F. Schindler, W. Warta (2011). Minority carrier lifetime imaging 

of silicon wafers calibrated by quasi-steady-statephotoluminescence. Solar Energy Materials 

and Solar Cells Vol. 95 issue 3, Pp. 1011-1018 http://dx.doi.org/10.1016/j.solmat.2010.12.016  

[28] S. C. Joshi & C. M. Singal (1982). Minority carrier life-time determination from steady state and transient 

response of a solar cell under illumination, International Journal of Electronics, 52:4, 381-

403, DOI: 10.1080/00207218208901443 

[29] Rosling, M., Bleichner, H., Mundqvist, M. and Nordlander, E. (1992). A Novel Technique for the Simultaneous 

Measurement of Ambipolar Carrier Lifetime and Diffusion Coefficient in Silicon. Solid State Electronics, 35, 1223-

1227. https://doi.org/10.1016/0038-1101(92)90153-4 

[30] Takahashi, Y., Kondo, H., Yamazaki, T., Uraoka, Y. and Fuyuki, T. (2007). Precise Analysis of Surface 

Recombination Velocity in Crystalline Silicon Solar Cells Using Electroluminescence. Japanese Journal of Applied 

Physics, 46, 1149-1151. https://doi.org/10.1143/JJAP.46.L1149 

[31] E.D.Stokes and T.L.Chu, (1977). Diffusion Lengths in Solar Cells from Short-Circuit Current Measurements. 

Applied Physics Letters, 30, 425-426. https://doi.org/10.1063/1.89433 

[32] Y. L. B. Bocande, A. Correa, I. Gaye, M. L. Sow and G. Sissoko (1994). Bulk and surfaces parameters 

determination in high efficiency Si solar cells. Renewable Energy, vol 5, part III, pp. 1698-1700, Pergamon, 0960-

1481 / 94$ 700 +0.00. 

 [33] I. Ly, O.H. Lemrabott, B. Dieng, I. Gaye, S. Gueye, M.S. Diouf and G. Sissoko, (2012). Techniques de 

détermination des paramètres de recombinaison et le domaine de leur validité d’une photopile bifaciale au silicium 

polycristallin sous éclairement multi spectral constant en régime statique Revue des Energies Renouvelables Vol. 15 

N°2 pp 187 – 206. 

[34] K. Taretto, U. Rau, Thomas A. Wagner, Jens Werner (2003). A Simple Method to Extract the Diffusion Length 

from the Output Parameters of Solar Cells - Application to Polycrystalline Silicon. Solid State Phenomena Vol. 93, 

Pp 399-404  http://dx.doi.org/10.4028/www.scientific.net/ssp.93.399  

[35] V. Sivakov, G. Andrä, A. Gawlik, A. Berger, J. Plentz, F. Falk, S. H. Christiansen (2009). Silicon Nanowire-

Based Solar Cells on Glass: Synthesis, Optical Properties, and Cell Parameters. Nano Letters volume 9 issue 4 on 

pages 1549 to 1554  http://dx.doi.org/10.1021/nl803641f   

[36] Jain, G.C., Singh, S.N. and Kotnala, R.K. (1983). Diffusion Length Determination in n+-p+-p+ Based Silicon 

Solar Cells from the Intensity Dependence of the Short Circuit for Illumination from the p+ Side. Solar Cells, 82, 

pp.39-48.  https://doi.org/10.1016/0379-6787(83)90063-7   

[37] Viorel Badescu (2005). Simple optimization procedure for silicon-based solar cell interconnection in a series–

parallel PV module. Energy Conversion and Management volume 47 issue 9-10 Pp. 1146 - 1158 

 http://dx.doi.org/10.1016/j.enconman.2005.06.018   

[38] Martin Kittler, Winfried Seifert, O. Krüger (2001). Electrical Behaviour of Crystal Defects 

in Silicon Solar Cells. Solid State Phenomena volume 78-79, Pp. 39-48. 

 http://dx.doi.org/10.4028/www.scientific.net/ssp.78-79.39  

https://doi.org/10.1016/0379-6787(88)90058-0P
http://dx.doi.org/10.1016/s0038-1101(00)00277-x
https://doi.org/10.1016/0038-1101(81)90112-X
https://doi.org/10.1007/BF00615912
http://dx.doi.org/10.1016/j.solmat.2010.12.016
https://doi.org/10.1080/00207218208901443
https://doi.org/10.1063/1.89433
http://dx.doi.org/10.4028/www.scientific.net/ssp.93.399
http://dx.doi.org/10.1021/nl803641f
https://doi.org/10.1016/0379-6787(83)90063-7
http://dx.doi.org/10.1016/j.enconman.2005.06.018
http://dx.doi.org/10.4028/www.scientific.net/ssp.78-79.39


ISSN: 2320-5407                                                                              Int. J. Adv. Res. 10(09), 409-418 

417 

 

[39] C.T. Ho, J.D. Mathias (1981). Effect of short wavelength illumination on the characteristic bulk diffusion 

length in ribbon silicon solar cells. Solid-State Electronics vol. 24 issue 2 on Pp. 115-120. 

 http://dx.doi.org/10.1016/0038-1101(81)90004-6   

[40] Betser, Y., Ritter, D., Bahir, G., Cohen, S. and Serling, J. (1995). Measurement of the Minority Carrier 

Mobility in the Base of Heterojunction Bipolar Transistors Using a Magneto Transport Method. Applied Physics 

Letters, 67, 1883-1884. https://doi.org/10.1063/1.114364 

[41] Flohr, Th. and Helbig, R. (1989). Determination of Minority-Carrier Lifetime and Surface Recombination 

Velocity by Optical-Beam-Induced-Current Measurements at Different Light Wavelengths. Journal of Applied 

Physics, 66, 3060-3065. https://doi.org/10.1063/1.344161 

[42] G.Sissoko, S. Sivoththanam, M. Rodo and P. Mialhe (1992). Constant Illumination-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, Montreux, 12-16 October 

1992, 352-354. 

[43] Sissoko, G., Museruka, C., Corréa, A., Gaye, I. and Ndiaye, A.L. (1996). Light Spectral Effect on 

Recombination Parameters of Silicon Solar Cell. World Renewable Energy Congress, Pergamon, Part III, pp.1487-

1490. 

[44] G. Sissoko, E. Nanema, A. Correa, M. Adj, A.L. Ndiaye, M.N. Diarra (1998). Recombination parameters 

measurement in double sided surface field solar cell. Proceedings of World Renewable Energy Conference, 

Florence–Italy, pp. 1856–1859 

[45] Ndiaye, E.H., Sahin, G, Dieng, M., Thiam, A, Diallo, H.L., Ndiaye, M. and Sissoko, G. (2015) Study of the 

Intrinsic Recombination Velocity at the Junction of Silicon Solar under Frequency Modulation and Irradiation. 

Journal of Applied Mathematics and Physics, 3, 1522-1535. 

https://doi.org/10.4236/jamp.2015.311177 

[46]O.Diasse, A. Diao, I. Ly, M.S. Diouf, I. Diatta, R. Mane, Y. Traore and G.Sissoko (2018).  Back Surface 

Recombination Velocity Modeling in White Biased Silicon Solar Cell under Steady State. Journal of Modern 

Physics, 9, 189-201. https://doi.org/10.4236/jmp.2018.92012 

[47] H.L.Diallo, A.S. Maiga, A. Wereme and G. Sissoko, (2008). 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, 42, 193-211. http://dx.doi.org/10.1051/epjap:2008085 

[48] J.Ducas (1994). 3D Modelling of a Reverse Cell Made with Improved Multicrystalline Silicon Wafer. Solar 

Energy Materials & Solar Cells, 32, 71-88. https://doi.org/10.1016/0927-0248(94)90257-7 

[49] P.K.Basu and S.N.Singh (1994). On The Determination of Minority Carrier Diffusion Length in the Base 

Region of n+-p-p+ Silicon Solar Cells Using Photoresponse Methods. Solar Energy Materials and Solar Cells, 33, 

317-329. https://doi.org/10.1016/0927-0248(94)90234-8 

[50] E.Gaubas   and J. Vanhellemont (1996). A simple Technique for the Separation of Bulk and Surface 

Recombination Parameters in Silicon. Journal of Applied Physics, 80, 6293-6297. 

https://doi.org/10.1063/1.363705M 

[51] Demesmaeker, E., Symons, J., Nijs, J. and Mertens, R. (1991) The Influence of Surface Recombination on the 

Limiting Efficiency and Optimum Thickness of Silicon Solar Cells. 10th European Photovoltaic Solar Energy 

Conference, Lisbon, 8-12 April 1991, 66-67. 

https://doi.org/10.1007/978-94-011-3622-8_17 

[52]R.Van Steenwinkel, M.C. Carotta, G. Martinelli, M. Mercli, L. Passari and D. Palmeri (1990).  Lifetime 

Measurement in Solar Cell of Various Thickness and Related Silicon Wafer. Solar Cells, 28, 287-292. 

https://doi.org/10.1016/0379-6787(90)90063-BG. 

[53] N.Honma and C. Munakata (1987).  Sample Thickness Dependence of Minority Carrier Lifetimes Measured 

Using an ac Photovoltaic Method. Japanese Journal of Applied Physics, 26, 2033-2036. 

https://doi.org/10.1143/JJAP.26.2033 

[54] Nobuyuki Andoh, Kenichi Hayashi, Takatoshi Shirasawa, Toshiyuki Sameshima, Koichi Kamisako (2001). 

Effect of film thickness on electrical property of microcrystalline silicon. Solar Energy Materials and Solar Cells, 

Vol. 66 issue 1-4 Pp. 437-441 http://dx.doi.org/10.1016/s0927-0248(00)00205-1  

[55] D. J. Paez, E. Huante-Ceron, A. P. Knights (2013). A Vertical PN Junction Utilizing the Impurity 

Photovoltaic Effect for the Enhancement of Ultra-thin Film Silicon Solar Cells 

MRS Proceedings Vol. 1536, Pp.39 to 44 http://dx.doi.org/10.1557/opl.2013.750   

[56]K. Misiakos, C. H. Wang, A. Neugroschel and F. A. Lindholm (1990). Simultaneous extraction of minority 

carrier parameters in crystalline semiconductors by lateral photocurrent. J.Appl. Phys. 67(1): 321-333. 

http://dx.doi.org/10.1016/0038-1101(81)90004-6
http://dx.doi.org/10.1051/epjap:2008085
https://doi.org/10.1016/0927-0248(94)90257-7
https://doi.org/10.1016/0927-0248(94)90234-8
https://doi.org/10.1063/1.363705M
https://doi.org/10.1016/0379-6787(90)90063-BG
https://doi.org/10.1143/JJAP.26.2033
http://dx.doi.org/10.1016/s0927-0248(00)00205-1�
http://dx.doi.org/10.1557/opl.2013.750


ISSN: 2320-5407                                                                              Int. J. Adv. Res. 10(09), 409-418 

418 

 

[57] Zondervan, A., Verhoef, L.A. and Lindholm, F.A. (1988). Measurement Circuits for Silicon-Diode and Solar 

Cells Lifetime and Surface Recombination Velocity by Electrical Short-Circuit Current Delay. IEEE Transactions 

on Electron Devices, 35, 85-88. https://doi.org/10.1109/16.2419 

[58] Rose, B.H. and Weaver, H.T. (1983). Determination of Effective Surface Recombination Velocity and 

Minority-Carrier Lifetime in High-Efficiency Si Solar Cells. Journal of Applied Physics, 54, pp.238-247. 

https://doi.org/10.1063/1.331693 

[59]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 

[60] Meimouna Mint Sidi Dede, Mamadou Lamine Ba, Mamour Amadou Ba, Mor Ndiaye, Sega Gueye, El Hadj 

Sow, Ibrahima Diatta, Masse Samba Diop, Mamadou Wade, Gregoire Sissoko, (2020). Back Surface Recombination 

Velocity Dependent of Absorption Coefficient as Applied to Determine Base Optimum Thickness of an n+/p/p+ 

Silicon Solar Cell. Energy and Power Engineering, 12, 445-458 https://www.scirp.org/journal/epe 

[61] Sega Diagne, Ousmane Sow, Gora Diop, Richard Mane, Ibrahima Diatta, Djiby Ndiongue , Youssou Traore, 

Lemrabott HabiboullahMamadou Wade and Gregoire Sissoko. (2022) Optimization of silicon solar cell base 

thickness, while illuminated by a long wavelength monochromatic light: influence of both Lorentz law and Umclapp 

process. International Journal of Advanced Research, 10(08), 133-143. http://dx.doi.org/10.21474/IJAR01/151508 

[62] Sall. M, Diarisso .D , Faty Mbaye Fall. M, Diop. G, Ndiaye. M, Loum/ K and Sissoko, G. (2021). Back 

Illuminated N/P/P
+
 Bifacial Silicon Solar Cell under Modulated Short-Wavelength: Determination of Base Optimum 

Thickness. Energy and Power Engineering, 13, 207-220. doi: 10.4236/epe.2021.135014. 

[63] 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. 

[64] K.Rajkanan, R. Singh and J. Schewchun (1972). Absorption coefficient of silicon for solar cell calculations. 

Solid-State Electronics, 22, 793-795.https://doi.org/10.1016/0038-1101(79)90128-X 

[65] 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. 

[66] Antilla, O.J. and Hahn, S.K. (1993) Study on Surface Photovoltage Measurement of Long Diffusion Length 

Silicon: Simulation Results. Journal of Applied Physics, 74, 558-569. 

https://doi.org/10.1063/1.355343 

[67]Ly, I., Ndiaye, M., Wade, M., Thiam, N., Sega, Gueye. and Siaaoko, G. (2013) Sissoko Concept of 

Recombination Velocity Sfcc at the Junction of a Bifacial Silicon Solar Cell, in Steady State, Initiating the Short-

Circuit Condition. Research Journal of Applied Sciences, Engineering and Technology, 5, 203-208. 

https://doi.org/10.19026/rjaset.5.5105 

[68] Malick Ndiaye, Ousmane Sow, Ibrahima Diatta, Gora Diop, Dibor Faye, Khady Loum, Youssou Traore, 

Moustapha Thiame, Mamadou Wade And Gregoire Sissoko (2022). Optimisation de l’épaisseur de la base de taux 

de dopage (Nb) de la photopile (n
+
/p/p

+
) au silicium à multi jonctions verticales connectées en série et placée sous 

éclairement monochromatique en modulation de fréquence. Journal of Chemical, Biological and Physical Sciences, 

Vol. 12, N
0
 4, 266-280. https://doi.org/10.24214/jcbps.C.12.4.26680 

[69] Ba. M.L., Thiam, N., Thiame, M., Traore, Y., Diop, M.S., Ba, M., Sarr, C.T., Wade, M. and Sissoko, G. (2019). 

Base Thickness Optimization of a (n+-p-p+) Silicon Solar Cell in Static Mode under Irradiation of Charged 

Particles. Journal of Electromagnetic Analysis and Applications, 11, 173-185. 

https://doi.org/10.4236/jemaa.2019.1110012 

[70] Thiaw, C. , Ba, M. , Amadou Ba, M. , Diop, G. , Diatta, I. , Ndiaye, M. and Sissoko, G. (2020) n
+
-p-p

+
 Silicon 

Solar Cell Base Optimum Thickness Determination under Magnetic Field. Journal of Electromagnetic Analysis and 

Applications, 12, 103-113. doi: 10.4236/jemaa.2020.127009. 

[71] Francois Michel Ndiaye, Mamadou Lamine Ba, Mamour Amadou Ba, Gora Diop, Ibrahima Diatta, El Hadj 

Sow, Oulimata Mballo and Gregoire Sissoko, (2020). Lamella Silicon Optimum Width Determination Under 

Temperature. Int. J. Adv. Res. 8(06), 1409-1419. 

[72] Nouh Mohamed Moctar Ould Mohamed, Ousmane Sow, Sega Gueye, Youssou Traore, Ibrahima Diatta, Amary 

Thiam, Mamour Amadou Ba, Richard Mane, Ibrahima Ly, Gregoire Sissoko (2019). Influence of Both Magnetic 

Field and Temperature on Silicon Solar Cell Base Optimum Thickness Determination. Journal of Modern Physics, 

10, 1596-1605 https://www.scirp.org/journal/jmp.  

https://doi.org/10.1063/1.331693
https://doi.org/10.1016/0038-1101(89)90030-0
http://dx.doi.org/10.21474/IJAR01/151508
https://doi.org/10.4236/epe.2021.135014
https://doi.org/10.1016/0038-1101(79)90128-X
https://doi.org/10.1063/1.355343
https://doi.org/10.24214/jcbps.C.12.4.26680
https://doi.org/10.4236/jemaa.2019.1110012
https://doi.org/10.4236/jemaa.2020.127009

