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Abstract :
During this study, we are interested in the recombination speed at the rear face of a silicon
solar cell under polychromatic illumination. We have highlighted the effect of depth and
temperature on the speed of rear face recombination. This speed is deduced from the expression
of the density of photocurrent. The photocurrent density was obtained from the derivative of the
density of minority carriers, which was obtained by solving the equation of continuity of
minority carriers in the solar cell base.
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I . Introduction :
Solar cells are devices that allow photovoltaic conversion. These solar cells can be classified
under conventional ones and those with rear surface field or BSF (Back Surface Field) [1,2, 3].
Much research has been carried out on solar cells to optimize better and have better conversion
efficiency. The conversion efficiency may depend on the nature of the material structure, the
technique and the manufacturing process [4]. Thus, several techniques have been proposed to
measure the optoelectric properties of basic semiconductor materials that manufacture solar
cells. These non-destructive techniques maintain the solar cell in a static or dynamic regime
(transient or frequency) [5, 6, 7]. These technologies aim to evaluate the imperfections
(uncontrolled impurities, dislocations, dosage and impurity profile) of solar cells, which are at
the basis of the recombination processes [8, 9, 10,11] of minority carriers charges
photogenerated. These recombinations of the photogenerated charge carriers are thus the basis
of a reduction in their collection and, consequently, the photovoltaic conversion efficiency. This
article aims to study the effect of temperature and depth on the rate of rear face recombination.
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II. THEORY
The solar cell considered is of the n + -p-p + type, and its structure is presented in figure 1
[12].

Figure 1 Structure of an n + -p + p- silicon solar cell
The transfer of minority photogenerated charge carriers is the fundamental principle of the
solar cell. The continuity equation of these one-dimensional carriers is given by the following
equation [13]:
∂2 δ(x) δ(x)
G(x)
− 2 =−
L
D
∂x²

(1)

with
 (x) is the density of electrons generated in the base at position x
G(x) is the generation rate of minority carriers at position x of the base [14,15] given by:
3

G(x) = ∑ ai e−bi x

(2)

i =1

The coefficients ai and bi are obtained from the tabulated values of the radiation under
𝐺𝐿𝑘𝑗are𝑗𝑗𝑗given
𝑗 by:
illumination A.M1.5 [16]. These coefficients
: : : 20cm-3/s ; b =6630cm-1; b =1000cm-1;
a1=6,13.1020 cm-3/s; a2=0,54.1020cm-3/s ; a3=0,0991.10
1
2
-1
b3=130cm ,
2

(L(T)) = τD(T)

(3)

L is the diffusion length of electrons in the base, and it depends on the temperature,



is the lifetime of the electrons in the base,
𝐷(𝑇) = 𝜇(𝑇)

𝑘𝑏
𝑇
𝑞
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D is the diffusion coefficient of electrons in the base [17].
𝜇(𝑇) = 1,43. 109 𝑇 −2,42 𝑐𝑚2 𝑉 −1 𝑠 −1

(5)

𝜇(𝑇) is the electron mobility coefficient [8],

kb is the Boltzmann constant,
q is the elementary charge of the electron
The general solution of equation (1)
𝑥

𝑎𝑖 (𝐿(𝑇))

𝑥

𝛿(𝑥, 𝑇) = 𝐴 cosh (𝐿(𝑇)) + 𝐵 sinh (𝐿(𝑇)) + ∑3𝑖=1

2

2

𝐷(𝑇)[(𝐿(𝑇)) (𝑏𝑖 )2 −1]

𝑒 −𝑏𝑖 𝑥

(6)

The expressions of A and B are determined from the following boundary conditions [18]:
i) At the junction (𝑥 = 0)
∂δ(x, T)
Sf
|
=
δ(x, T)|x=0
∂x x=0 D(T)

(7)

ii) At rear (𝑥 = H)
∂δ(x, T)
Sb
|
=−
δ(x, T)|x=H
∂x x=H
D(T)

(8)

Sf denotes the recombination rate of the minority charge carriers at the base junction and
indicates the solar cell's operating point [20,21], and Sb denotes the recombination rate of the
minority charge carriers at the rear face of the base [22].
II.1 Expression of photocurrent density
The expression of the photocurrent is obtained [9]

Jph (T, H) = q × D(T) ×

∂δ(x,T)
∂x

|x=0

(9)

The rear face recombination rate represents the area where the photocurrent gradient is zero on
the curve of the variation of the photocurrent density as a function of the recombination rate at
𝜕𝐽

𝑃ℎ
the Sf junction [23,24,25]. This allows us to write : 𝜕𝑆𝑓
= 0 and to give an expression of the

recombination rate to the rear face.

Sb(T, H) =

H
H
))+sinh (
)
L(T)
L(T)
1
H
H
×[∑3i=1 bi ×sinh(
)+e−bi .H −cosh (
)]
D(T)
L(T)
L(T)

∑3i=1 bi ×(e−bi .H −cosh(

(13)

II.2 Rear face recombination speed Simulink model
In this paragraph, we represent the Simulink model of the rear face recombination rate. For each
value of the coefficients ai and bi, we have given the corresponding Simulink model then the
complete Simulink model of the recombination rate.
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Figure 2 Simulink model of the recombination rate at the back face Sb
III. Results and discussions
In Figure 3, we represent the profile of the recombination rate at the rear face for different
depths as a function of temperature. This curve represents recombination speed's variation at
the rear face as a function of the temperature for different values of the depth of a solar cell.
We observe that this recombination rate is much greater for average temperatures and decreases
when the temperature increases. Indeed, for large values of Sb, we have ohmic solar cells, and
for low values of Sb, we have BSF (Back Surface Field) solar cells, also called rear electric
field solar cells. This electric field allows the minority carriers to be returned to the base,
decreasing the recombination rate. We notice that the rear face recombination speed decreases
with increasing depth. We can also say that recombination speed is more important for solar
cells with thin thicknesses than solar cells with thick edges.

Figure 3: Recombination rate at the rear face in temperature concentration for different depth
values
This is because the more the illumination decreases, the deeper you go. And so few minority
carriers will arrive at the rear face. Figure 4 represents the logarithm profile of the
recombination rate at the rear face for different depth values as a function of the temperature.
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Figure 4: Logarithm of the rear face recombination rate depending on the temperature for
different depth values
This figure allows us to observe the effect of depth on the recombination rate as a function of
temperature. We note the same effects as the previous figure.

Figure 5: Rear panel recombination rate as a function of depth for different temperature
values

Figure 6: Recombination speed on the rear face depending on the depth for different temperature
values

Figure 5 shows the variation of the rear face recombination speed as a function of depth. We
notice that for low values of the depth of the recombination rate is maximum. It decreases as
the depth increases. So, for low depth values with high recombination rates, we have ohmic
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solar cells, and for large depth values with low recombination rates, we have back electric field
solar cells that will pull the minority carriers in the base, decreasing the rate of recombination.
We also notice that the rate of recombination decreases with increasing temperature.
The rear face recombination speed of a function on the too depth observations effect of the
temperature is shown in figure 6. We are witnessing the same phenomena as in figure 4.
IV. Conclusion
we studied here the variation of the recombination speed at the backside of a solar cell as a
function of temperature and depth. We noticed that the recombination rate decreased for both
parameters. This was more noticeable for rear electric field solar cells than for ohmic solar cells.
Finally, we can say that the rear face recombination speed is safe for the car. The more it
increases, the more the efficiency of the solar cell decreases.
References
[1].
[2].
[3].
[4].

[5].

[6].

[7].

[8].

[9].
[10].
[11].

[12].

[13].

W. A. Basit, A. M. A. Maksood and F. A. M. Saad Soliman «Mathematical Model for Photovoltaic
Cells», Leonardo Journal of Sciences pp: 13-28, (2013).
P. Sudeepika, G. Md. Gayaz Khan "Analysis of Mathematical Model of PV Cell Module in
Matlab/Simulink Environment" IJAREEIE Vol.3, Issue 3, (2014).
B.R. Chawla, H.K. Gummel, "Transition Region. Capacitance of Diffusion p-n Junction", IEEE
Transactions on. Electron Devices, ED-18, 3, pp: 178-195, (1971).
H. Y. Ba, B. Seibou, I. Gaye, I. Ly, G. Sissoko "Recombination Parameters Measurement of Silicon Solar
Cell Under Constant White Bias Light With Incident Angle Current" Trends in Technology and Sciences
ISSN: 2279-0535. Volume: 3, Issue: 6, pp: 411-415, (Oct.-Nov. 2014).
G.Sissoko, E. Nanema, A. Correa, P. M. Bitèye, M. Adj, A. L. Ndiaye,. Silicon Solar cell recombination
parameters determination using the illuminated I-V Characteristic Proceedings of the World Renewable
Energy Conference Florence-Italy, 1848-1851, (1998).
B. Dione, M. F. Thiam, S. Faye and M. Dieng Study of a silicon solar cell under dynamic frequency
regime: Effect of irradiation energy on the surface recombination rate Sb with MatLab/Simulink.
European Journal of Advances in Engineering and Technology, 8(6):1-7, (2021).
B. Dione, M. F. Thiam, P. T. Traore, M. Dieng Influence of Temperature and Magnetic Field on the
Capacity and Power of a Silicon Solar Cell under Polychromatic Illumination in Static Conditions
Journal of Scientific and Engineering Research, 8(5):56-64, (2021).
H. Ly Diallo, B. Dieng, I. Ly, M.M. Dione, M. Ndiaye, O.H. Lemrabott, Z.N. Bako, Werme and G.
Sissoko « Determination of the Recombination and Electrical Parameters of a Vertical Multijunction
Silicon Solar Cell» Research Journal of Applied Sciences, Engineering and Technology ISSN: Maxwell
Scientific Organization, Vol 6 pp: 1-6, (2012)
D. K. Schroder, J. D. Whitfield, and C. J. Varker, « recombination lifetime using the pulsed MOS
capacitor », IEEE Transactions on electron devices, Vol. ED-31, No. 4, pp : 462-467, (1984).
M. Kunst, and A. Sanders. Transport of excess carriers in silicon wafers, Semicond. Sci. Technol. 7, pp:
51-59 in the UK (1992)
M. Ndiaye, Z. Nouhou Bako, I. Zerbo, A. Dieng, F. I. Barro, G. Sissoko « Détermination des paramètres
électriques d’une photopile sous éclairement monochromatique en modulation de fréquence, à partir des
diagrammes de bode et de nyquist » J. Sci.Vol. 8, N° 3 pp : 59 – 68, (2008)
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" Eur. Phys.
J. Appl. Phys. 42, pp: 203–211, (2008)
I. Ly, O.H. Lemrabott, B. Dieng, I. Gaye, S. Gueye, M.S. Diouf and G. Sissoko « Techniques de
détermination des paramètres de recombinaison et le domaine de leur validité d’une photopile bifaciale

Copyright © 2012 CTTS.IN, All right reserved
1006

Current Trends in Technology and Science
www.ctts.in, ISSN: 2279-0535, Volume: X, Number: VI, November 2021

[14].

[15].

[16].
[17].

[18].

[19].

[20].
[21].

[22].

[23].

[24].
[25].

au silicium polycristallin sous éclairement multi spectral constant en régime statique » Revue des
Energies Renouvelables Vol. 15 N°2 pp : 187 – 206, (2012)
El-Adawi, M.K. and I.A. Al-Nuaim,. "A method to determine the solar cell series resistances from a
single I-V characteristic curve considering its shunt resistance-new approach". Vaccum, 64, pp: 33-36,
(2002).
M.I.Ngom, B.Zouma, M.Zoungrana, M.Thiame, Z.N. Bako, A.G.Camara, and G.Sisssoko "Theoretical
study of a parallel vertical multijunction silicon cell under multispectral illumination: influence of
external magnetic field on the electrical parameters". International Journal of Advanced Technology &
Engineering Research (IJATER), ISSN No: 2250-3536 Volume 2, Issue 6, (2012)
G.Sissoko, C. Museruka, A. Corréa, I. Gaye, A. L. Ndiaye, "Light spectral effect on recombination
parameters of silicon solar cell", World Renewable Energy Congress, part III, pp:1487-1490, (1996)
M.M. Dione, H. Ly Diallo, M. Wade, I. Ly, M. Thiame, F. Toure, A. Gueye Camara, N. Dieme, Z.
Nouhou Bako, S. Mbodji, F. I Barro, G. Sissoko, "Determination of the shunt and series resistances of a
vertical multijunction solar cell under constant multispectral light", 26th European Photovoltaic Solar
Energy Conference and Exhibition (2011)
S. Mbodji, I. Ly, H. L. Diallo, M.M. Dione, O. Diasse and G. Sissoko "Modeling Study of N+/P Solar
Cell Resistances from Single I-V Characteristic Curve Considering the Junction Recombination Velocity
(Sf)"; Research Journal of Applied Sciences, Engineering and Technology 4(1): ISSN: 2040-7467 pp: 17, Maxwell Scientific Organization, (2012)
M. S. Diouf, G. Sahin, A. THiam, K. Faye, M. I. Ngom, D. Gaye and G. Sissoko "Determination Of The
Junction Surface recombination Velocity Limiting The Open Circuit (Sfoc) For A Bifacial Silicon Solar
Cell Under External Electric Field"; IJISET - International Journal of Innovative Science, Engineering &
Technology, Vol. 2 Issue 9, September (2015).
S. Madougou, F. Made, M. S. Boukary, and G. Sissoko "I –V Characteristics For Bifacial Silicon Solar
Cell Studied Under a Magnetic Field"; Advanced Materials Research Vols. 18-19 pp. 303-312, (2007).
A. Dieng, N. Thiam, A. Thiam, A.S. Maiga and G. Sissoko "Magnetic Field Effect on the Electrical
Parameters of a Polycrystalline Silicon Solar Cell", Research Journal of Applied Sciences, Engineering
and Technology ISSN Maxwell Scientific Organization, (2011)
M. Zoungrana , I. Zerbo, F.I. Barro, R. Sam,F. Touré, M.L. Samb and F. Zougmoré “Modélisation à 3-D
de l’influence de la taille des grains et de la vitesse de recombinaison aux joints de grain sur une photopile
au silicium poly cristallin sous éclairement concentré Revue des Energies Renouvelables Vol. 14 N°4
pp : 649 – 664, (2011).
Sissoko, G., Sivoththanam, S., Rodot, M. and Mialhe, P. 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, pp.352-354, (1992).
G. Sissoko, C. Museruka, A. Corréa, I. Gaye, A. L. Ndiaye, Light spectral effect on recombination
parameters of silicon solar cell, World Renewable Energy Congress, part III, pp. 1487-1490, (1996)
B. H. Rose and H. T. Weaver, Determination of effective surface recombination velocity and minoritycarrier lifetime in high-efficiency Si solar cells. J. Appl. Phys. 54. Pp 238-247, (1983).

Copyright © 2012 CTTS.IN, All right reserved
1007

