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ABSTRACT
The aim of this article is to study the effect of temperature and irradiation energy on the surface combination rate
of a silicon solar cell, in dynamic frequency regime under monochromatic illumination. We derived the expression
of the diffusion length from the diffusion coefficient of the minority carriers and that of the rear surface
recombination rate from the equation of continuity of the density of the minority carriers of excess charge in the
base. The study showed that the recombination rate increases regardless of the value of the depth H.
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1. INTRODUCTION

Conventional energy sources are unable to meet the demand for energy around the world. In this context,
photovoltaic energy is an interesting source of energy; it is renewable, inexhaustible and non-polluting, and it is
used as an energy source in various applications [1]. But for reasons of efficiency and high cost, it is therefore
essential to have efficient and flexible models, to allow us an easy manipulation of certain electrical parameters
[2,3] or phenomenological parameters [4,5] of solar cells. . These solar cells operate under different static [6],
transient [7] and frequency dynamic [8] regimes. Their operation can take place under different conditions under
the effect of temperature [9], under the effect of irradiation energy [10] etc.

When we illuminate the solar cell, we observe that a diffusion of minority charge carriers that travel a distance
called the diffusion length before recombining on the surface (front face or back face) or in volume [11,12].
Several studies concerning the rate of recombination on the rear face of minor carriers have been carried out by
different methods [13,14]. With matlab / simulink, we will try to make a study of the surface recombination rate
by modeling its equation and by simulating it for different values of the temperature and the irradiation energy in
dynamic frequency regime.

2. MATERIALS AND METHODS
The solar cell considered is of the n + -p-p + type and its structure is presented in figure 1 [15].
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Structure of an n + -p-p + silicon solar cell

The solar cell being under monochromatic illumination, the expression of the rate of generation of charge carriers
is given by the following relationship [16].

G, (x,1) = g, (x).exp(jwr) O]

with g(x) = D(4)a(A)(1-R(A))expl-a(A)x) @)

We assume a base with great defects in which we have strong generations, due to the lighting mode.

The light enters the p* — n junction in the plane x=0 and travels down the base to the position, where the position
x=H, where the rate of recombination is estimated to be Sb.

Taking into account the phenomena of generation, recombination and diffusion in the base volume, the electron
continuity equation can be written as on the abscissa x in dynamic frequency regime is given by the following
equation [17, 18]:

« 02 8,(x,t) Sn(x,t) 9 Sp(xt)
D TSRS oni  CORED = —G(xt) 3)

Where [ (x) is the density of electrons generated in the base at position x
Where D * is the diffusion coefficient

The general solution of equation (3) is:

8(x, w, kl, (j)p,T) = A((j)p,kl, w,T).cosh (m) + B((j)p,(u, ki, T).sinh (m) +
Y3Ki.exp (—bi.x) (4)

The expressions of A and B are determined from the following boundary conditions [19,20]:

i) At the junction (x = 0)
88(x,w,klpp,T) _ Se
ox x=0  D(xwklL¢pT) 6(x, w, kL, ¢y, T) |X=0 (5)
ii) In the back (x=H)
88(x,w,klpp,T)
ox x=H D(xa)kldz T)S(x w, ki, ¢p'T)|
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Simulink model of the diffusion coefficient

The diffusion coefficient D * is a very important parameter in the characterization of the semiconductor material
[21].

This coefficient, which describes the diffusive character of minor carriers in the material, is represented as a

function of temperature, irradiation energy and damage coefficient.
Kb'T

D(T) = u(T) " (7

The diffusion length before irradiation Lo is given by:

Ly(T) = /D(T).7 )

The diffusion length of excess minority carriers in the base of the solar cell denoted L is related to the flow of
irradiating particles as well as to the damage coefficient by the following relationship [22]:

L(kL §, T) = |———— ©)

oz kLep

From equation 3, we give the expression of the diffusion coefficient depending on the temperature, the irradiation
L(kLgp,T)?
T

energy and the damage coefficient in the following equation 4 [23,24]: D*(kl, bp) T) =
(10)
The diffusion length dependent on the pulsation, the temperature, the damage coefficient is given by the following
equation (10):

1-jor

+(jo)

Simulink model of the recombination rate at the rear face Sb

L'(w,kl,®p,T)= L(KI,®p,T) (11)

Sb denotes the rate of recombination of the carriers on the rear face; it reflects how carriers are lost at the rear
interface of the solar cell.

This rear face recombination rate represents the area where the photocurrent gradient is zero [25,26,27]. This
allows us to write:

0Jph (wKLdp,T)
e = 0 (12)

and give the expression of the recombination rate to the rear face.

H H
sinh ﬁ -a;.L m,Kl,(Dp,TA cosh ﬁ —exp(—H.a;)
D(m,Kl,(Dp,T) L !U»Kl,@p,T L w,KlJDp,T

Sb(!u,Kl,CDp,T): L(m,Kl,(Dp,T)A P P
a, AL(m, Kl, (Dp ,T)sinh m —| cosh m +exp(-H.a,)
3. RESULTS AND DISCUSSION

The simulink model of the recombination speed at the rear face is given in the figure above:

(13)
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Simulink model of Sb rear face recombination rate

We present in Figure 3 the curve of the rear face recombination speed as a function of depth
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Figure 3 Curve of rear face recombination rate as a function of depth
T=250K ; K, = 10cm?/s ; o = 107rad/s

We notice that the rate of recombination increases for low values of the depth until reaching a maximum then
decreases until a certain value and becomes linear throughout the depth. We also observe that the rate of

htytp: // www.ijesrt.com© International Journal of Engineering Sciences & Research Technology

[77]

IJESRT is licensed under a Creative Commons Attribution 4.0 International License.




.:E THOMSOMN REUTERS

ISSN: 2277-9655

[Dione ef al., 10(6): June, 2021] Impact Factor: 5.164
IC™ Value: 3.00 CODEN: IJESS7

an increase in the number of particle-matter interactions and the density of the carriers is affected, which decreases
the number of carriers stored on either side of the rear face. .

In Figure 4 below, the maximums in Figure 3 have been plotted as a function of depth
The equation line: Log(Sb)=alog(H)+b
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Courbe du logarithme de la vitesse de recombinaison Sb en fonction du logarithme de la profondeur H

Figure 4 shows two affine lines whose guide coefficients and their ordinates at the origin are calculated and listed
in Table 1 below:

Table 1: Value of slopes and coordinates at the origin

Coefficients a(sh) b(cm/s)
Dept H (cm)
H< 4.401*10°3 0,857 14,269
H>4.401*1073 0,955 14,822

We notice whatever the value of H the recombination speed increases.
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Curve of rear face recombination rate as a function of depth K; = 10cm?/s ; w = 10"rad/s P, =100 Mev

In this figure, we note three parts: a first part corresponding to an increase in the recombination speed at the rear
face for low values of the depth, a second corresponding to peak of the recombination speed at the rear face and
finally a third part corresponding to a rapid decrease to a certain value and a constant rate of recombination
throughout the depth. For an applied temperature, we note a decrease in the rate of recombination at the rear face
as the temperature increases. Indeed, the increase in temperature causes thermal agitation, the solar cell will no
longer have time to relax and therefore many carriers will be recombined in volume.

4. CONCLUSION
In this work the expression of the rear face recombination rate is determined and its evolution as a function of the
depth in the base for different values of temperature and for different values of irradiation energy is presented.
From this expression we have proposed a simulink model of the rear face recombination rate. Thus, as the
irradiation energy increases, the rate of rear face recombination decreases as well as when the temperature
increases. On the other hand, this same speed increases when the depth increases.

REFERENCES

[1] Equer, B. Energie solaires photovoltaique, volume 1, Collection Ellipses, (1993).

[2] G. S. May, S. M. Sze, Fundamentals of Semiconductor Fabrication, First Edition, John Wiley & Sons, 2014

[3] Lago-Aurrekoetxea, R.M., del Can Izo, C., Pou, 1., & Luque, A. Fabrication Process for Thin Silicon Solar
Cells. 17th European PVSEC, Munich, 1519-1522, (2001).

[4] Schneider, A., Gerhards, C., Huster, F., Neu, W., Spiegel, M., Fath, P., Bucher, E., Young, R.J.S., Prince,
A.G.,Raby, J.A., & Carollal, A.F. BSF for Thin Screen-Printed Multicrystalline Si Solar Cells. 17th European
PVSEC, Munich, 1768-1771, (2001).

[5] Ricaud, « Photopiles Solaires », Photopiles au silicium cristallin, Presses polytechniques et universitaires
romandes, ,pp. 244-245 (1997).

[6] G. Sissoko, E. Nanéma, A. Corréa, P. M. Biteye, M.Adj, A. L. Ndiaye. Silicon Solar cell recombination
parameters determination using the illuminated I-V Characteristic, Renewable Energy, vol-3, pp.1848-51-
Elsevier Science Ltd, 0960- 1481, (1998)

[7] L Gaye, R. Sam, A.D. Ser¢, LF. Barro, M.A. Ould El Moujtaba, R. Mané, G. Sissoko, Effect of irradiation
on the transient response of a silicon solar cell. IJETTCS, Volume 1, Issue 3, pp.210-214, (2012)
www.ijettcs.org

[8] J.N. Hollenhorst, and G. Hasnain. Frequency dependent hole diffusion in InGaAs double heterostructures
Appl. Phys. Lett. Vol.67 (15), pp 2203 — 2205, (1995).

[79]

IJESRT is licensed under a Creative Commons Attribution 4.0 International License.




THOMSOMN REUTERS

ISSN: 2277-9655

[Dione et al., 10(6): June, 2021] Impact Factor: 5.164

IC™ Value: 3.00 CODEN: 1JESS7

[9] Traore, Y.; Thiam, N.; Thiame, M.; Thiam, A.; Ba, M., L.; Diouf, M., S. Diatta, I.; Mballo, O. Sow, El1 H.;
Wade, M.; Sissoko, GAC Recombination Velocity in the Back Surface of a Lamella Silicon Solar Cell under
Temperature. Journal of Modern Physics, 10, pp.1235-1246.(2019) https://www.scirp.org/journal/jmp

[10]Ould El Moujtaba, M.A., Ndiaye, M., Diao, A., Thiam, M., Barro, LF. and Sissoko, G. Theorical Study of
Influence of Irradiation on a Silicon Solar Cell under Multispectral Illumination. Research Journal of Applied
Sciences Engineering and Technology, 23, 5068-5073, (2012).

[11]Ndiaye, E.H., Sahin, G., Dieng, M., Thiam, A., Diallo, H.L., Ndiaye, M. and Sissoko, G. 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, (2015). https://doi.org/10.4236/jamp.2015.311177

[12]Diallo, H.L., Seidou, A., Maiga, Wereme, A. and Sissoko, G. 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, pp.203-211, (2008). https://doi.org/10.1051/epjap:2008085

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

[14]E. D. Stokes and T. L. Chu, Diffusion Lengths in Solar Cells From Short-Circuit Current Measurements »
Applied Physics Letters, Vol. 30, No 8, pp.425-42, (1977)

[15]Nam, L., Rodot, M., Nijs, J., Ghannam, M. and Coppye, J. Réponse spectrale de photopiles de haut rendement
au silicium multicristalline. Journal de Physique III, EDP Sciences, 2, pp.1305-1316, (1992).
https://doi.org/10.1051/jp3:1992108,

[16]Daniel .L. Meier, Jeong-Mo Hwang, Robert .B. Campbell, 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, Vol. ED-35, No. 1, pp 70-78, 1998

[17]Diao A., Wade M., Thiame M., Sissoko, G. Bifacial Silicon Solar Cell Steady Photoconductivity under
Constant Magnetic Field and Junction Recombination Velocity Effects. Journal of Modern Physics, 8, 2200-
2208, 2017.

[18]Diallo, M. M.; Tamba, S.; Seibou, B.; Ould M. L. C., Diatta, I.; Ndiaye, El H.; Traore, Y.; Sarr, C. T.;
Sissoko, G. Impact of irradiation on the surface recombination velocity of a back side monochromatic
illuminated bifacial silicon solar cell under frequency modulation. Journal of Scientific and Engineering
Research, 4(1), pp.29-40, (2017) www.jsaer.com

[19] Diallo, H.L., Seidou, A., Maiga, Wereme, A. and Sissoko, G. 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, pp.203-211, (2008) https://doi.org/10.1051/epjap:2008085

[20] Diallo, M.M., Seibou, B., Ba, H.Y., Zerbo, I. and Sissoko, G. One Dimensional Study of a Bifacial Silicon
Solar Cell Illuminated from the Front Surface by a Monochromatic Light under Frequency Modulation.
Current Trends in Technology and Sciences, 3, pp.416-421, (2014).

[211M. K Alam and Y. T. Yeow, Evaluation of the surface photovoltage method of minority-carrier diffusion
length measurement. Solid Solar Electronics, Vol. 24, N°12, pp.1117-1119, (1981)

[22]GAYE, I; El Moujtaba, M., A. O.; THIAM N., TALL, I. and SISSOKO, G. Influence of Irradiation and
Damage Coefficient on the Minority Carrier Density in Transient Response for a Bifacial Silicon Solar Cell.
Current Trends in Technology and Science ISSN: 2279-0535. Volume : 3, Issue : 2, pp.98-104, (2014)

[23]Ba, M.L., Thiam, N., Thiame, M., Traore, Y., Diop, M.S., Ba, M., Sarr, C.T., Wade, M. and Sissoko, G. 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, (2019).
https://doi.org/10.4236/jemaa.2019.1110012

[24]Dieng, A.B., Seibou, B., Ndiaye, S.A., Wade, M., Diouf, M.S., Ly, 1. and Sissoko, G. Illumination
Wavelength Effect on Electrical Parameters of a Parallel Vertical Junction Silicon Solar Cell under Steady
State and under Irradiation. International Journal of Research in Engineering and Technology, 5, 128-135,
(2016).

[25]Sissoko, G., Sivoththanam, S., Rodot, M. and Mialhe, P. Constant [llumination-Induced Open Circuit Voltage
Decay (CIOCVD) Method, as Applied to High Efficiency Si Solar Cells for Bulk and Back Surface
Characterization. 11" European Photovoltaic Solar Energy Conference and Exhibition, Montreux, pp.352-
354, (1992).

(80]

IJESRT is licensed under a Creative Commons Attribution 4.0 International License.




THOMSON REUTERS

. ISSN: 2277-9655
[Dione ef al., 10(6): June, 2021] Impact Factor: 5.164
IC™ Value: 3.00 CODEN: IJESS7

[26]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 I11, pp. 1487-1490, (1996)

[27]B. H. Rose and H. T. Weaver, Determination of effective surface recombination velocity and minority-carrier
lifetime in high-efficiency Si solar cells. J. Appl. Phys. 54. Pp 238-247, (1983).

(81]

IJESRT is licensed under a Creative Commons Attribution 4.0 International License.




