Available online www.jsaer.com

Journal of Scientific and Engineering Research, 2020, 7(2):69-77

1502 o\ 2N _ ISSN: 2394-2630
.E" @ \f :n‘ Research Article CODEN(USA): JSERBR

Surface recombination velocity concept as applied to determinate back
surface illuminated silicon solar cell base optimum thickness, under
temperature and external magnetic field effects

Maimouna Mint ELY?, Ndeye Thiam?, Mor Ndiaye, Youssou Traore’, Richard Mane’,
El hadji Sow', Oulimata mballo®, Masse Samba Dieng*, Cheikh Tidiane Sarr?, Ibrahima
Ly?, Gregoire Sissoko

!Laboratory of Semiconductors and Solar Energy, Physics Department, Faculty of Science and Technology,
University Cheikh Anta Diop, Dakar, Senegal

?Laboratory of Sciences and Techniques of Water and Environment, Polytechnic School of Thiés, BP A10,
Thiés, Senegal

Email: gsissoko@yahoo.com

Abstract From back surface illuminated silicon solar remained under temperature and external magnetic field,
new expressions of back surface recombination velocity of excess minority carriers in the base are expressed
dependent of both, the thickness and the diffusion coefficient. This later parameter is in relationship with both,
the temperature and the applied magnetic field that express, Umklapt and Lorentz physical phenomena that take
place in the base of silicon solar cell. The plot of back surface recombination velocity expressions for given
diffusion coefficient, as a function of thickness, yields intercept point, that gives the optimum thickness of the
base of the solar cell to be manufactured.

Keywords Silicon solar cell-Umklapt and Lorentz processes- Diffusion coefficient- Surface recombination
velocity-base thickness

Introduction

Measurement of both diffusion and mobility coefficients of excess minority carrier goes through spectroscopic
techniques [1-4] and current or voltage responses measurement of material or solar cell under specific
theoretical and experimental conditions [5-6]. Mathematical correlations are established between the diffusion
coefficient and:

a) the doping rate of the emetter and the base [7-9]

b) the operating temperature [10,11]

c) frequency of electrical or light excitation [12,13], with magnetic superimposed [14,15]

d) the magnetic or electrical field [16-19]

e) the excess minority carrier recombination velocity at junction surfaces (n/p, n */ p, p/ p *), grain boundaries,
grain size and structures dimensions [20-27]

f) Irradiation parameters (flux and intensity) [28-34] by charged particles on the solar cell

From the diffusion coefficient, these different parameters influence minority carrier recombination velocity in
volume and surfaces [35; 36] of the solar cell.

The current and voltage responses of the solar cell, under these different conditions, are studied as a function of
the minority carrier recombination velocity in order to evaluate the quality of the solar cells.
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In this work, the minority carriers recombination velocity in volume, (1) at the emitter-base junction (Sf) and at
the back surface (Sb) are studied to determine, optimum thickness (H) bifacial silicon solar cell to the
illuminated by the rear face. That leading to the optimum short-circuit current, as a function of the temperature
T and the magnetic field B, inducing the diffusion coefficient (D (B, T)) [37].

2. Theory

2.1. Bifacial silicon solar cell

figure 1 represents a n*-p-p* bifacial silicon solar cell type and under polychromatic illumination [35,36], by
back side (p*), through the collector gates. The space charge region, (in x = 0) constitutes the junction (n*-p),
allowing the separation of photogenerated electron-hole pairs, subjected to a junction recombination velocity
(Sf) [20-23]. The back surface corresponds to a zone of higher doping rate (p*), in x = H, and produces an
electric field (Back surface Field), which allows the return of the minority carriers towards the junction, and
minimizes the recombination velocity (Sb) in this rear face [19, 6, 20]. Metal grids are placed on the back (p*)
and allow illumination by the rear face.

Emitte(n*) SCR BSF(p+)
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Figure 1: Back side illuminated n*-p-p* silicon Solar cell, under both the magnetic field and the temperature
When the solar cell is under illumination, the minority carrier density 6(x) photogenerated for a low injection in

the base, is governed by the following equation

2
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tand D are, respectively, the lifetime and the diffusion coefficient of the minority carrier in the base, connected
by the relation of Einstein
L%(B,T) = D(B,T)«t (2)
with L(B,T)the diffusion length of the minority carrier which depends on both, the magnetic field and the
temperature. The diffusion coefficient of the excess minority carrier is related to the magnetic field and the
temperature by the following relations [10; 37]:

- Db
D(B, T) - 1+(u(T)*B) 0 (XMH/G) (3)
kp.T
D(T) = u(T).bT (4)
The minority carrier mobility coefficient with temperature is given by [10]:
w(T) = 1.43 = 10°T 242 ¢cm?v st )

T is the temperature of the solar cell, kb = 1.43 10-23m? kg.s2K™ is the Boltzmann constant and q is the
elementary charge. D (B, T) is therefore the result of the coexistence of the Umklapt and Lorentz processes,
describing respectively the thermal agitation and the deflection of the minority charge carriers [37].

8(x) the excess minority carrier density of photogenerated in the illuminated base by the (p +) face, is produced
by the generation rate [36, 38], expressed by the following equation:
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G(x) =33, a;.e b=
(6)
Where, ai and bi are coefficients obtained from the modeling of the radiation under A.M1.5
The expression of the excess minority carrier’s density at point x in the base is given by the resolution of the
continuity equation and is written by:

— x ; x 3 g —b;(H—x)

§(x,B,T) = A(B,T). cosh (L(D)) + C(B,T).sinh (L(D)) +Y3 K,(B,T).e )
a;.L(B,T)%(B,T)

D(BT[1—(L(B,T).b)?] ®)

A(B,T) and C(B,T) are coefficients deduced using boundary conditions of the base. They respectively introduce

the junction recombination velocity (Sf) and at the back surface (Sb) of the excess minority carrier.

» Atthe junction x = 0 (SCR)

as(;cf,r) =Sf+8(x=0,B,T) 9)

Where : K;(B,T) =

x=0
Sf indicates the minority carrier velocity of passage across the junction. This minority carrier velocity of
passage is imposed by the resistance of the external charge of the solar cell which indicates the operating point
[20-23]. Thus, the minority carriers that are not collected and not crossing the external load, constitute the
losses, and are therefore linked to the electrical model through the shunt resistance [31, 39]. The velocity is
associated with the concept of the intrinsic recombination velocity, defining the solar cell under open circuit
condition [21].
» At the back surface (x=H)

35 (x,B,T) =—Sh*8(x=H,B,T) >

ox x=H
Sb is the excess minority carrier recombination velocity at the rear face [19, 6, 20], at x = H, where there is a
rear electric field (p/p*i.e. low-high junction), which returns electric charges towards the junction (SCR). At this
surface where there is a potential barrier, the minority carriers can cross this junction p / p + [19].

2.2. Results and Discussions
2.2.1. Photocurrent Density
The expression of the photocurrent density is given by the following equation:

95 (x,B,T) C(B,T)
Jph(Sf,B,T,H) = qD(B,T) * ;X o =qD(B,T) TGT) Zi:1 b;K;(B, T)] (1)

FIG. 2 gives the profile of the photocurrent density as a function of minority carrier recombination velocity at
the junction for different depth values H of the base. At large values of SF (> 10° cm / s), the short-circuit
current, represented by the plates, decreasing with thickness: reduction of Lorentz forces with thickness.
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Figure 2: Photocurrent density as a function of the junction recombination velocity for different thicknesses H,
B=10"*Tesla ; T=276K ; D=30.23cm?/s
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Figures 3 and 4 represents the calibration curves of the photocurrent density as a function of the minority carrier
recombination velocity at the junction. The bifacial silicon solar cell of thickness H is placed under magnetic
field and temperature, leading to the D values of the minority carrier diffusion coefficient [25, 37], and for
recombination velocity respectively Sbl and Sh2 [21, 22].

aE“ 0015
L
<
=
2
3 001-
&
g
=]
§ s memem B=10"(-3.45)Tesla;T=276K ; D=30.23cm2/g
510 *» o B=10"(-3.36) Tesla; T=298K ; D=26.77cm?/d |
o om0 B=107(-3.3)Tesla; T=315K ; D=24.69cm?/s
= 2 2 B=10"(-3.2)Tesla;T=347K ; D=21.57cm?/s
P B=10"(-3.1)Tesla;T=382K ; D=18.84 cm?/s
L ] ] ]
% 2 4 6 8

Junction Recombination Velocity (cm/s)
Figure 3: Photocurrent Density versus junction recombination velocity for different values of the magnetic field
and the temperature, H=0.02 cm
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Figure 4: Photocurrent density versus junction recombination velocity for different values of magnetic field and
temperature H=0.02 cm
For values of Sf<10°cm/s, the photocurrent is practically zero (depending on the illumination level), which
corresponds to an open circuit operating point of the solar cell. For the junction recombination velocity range
from 10%m / s to about 10* or 10°cm/s, depending on the diffusion coefficient (D), the photocurrent density is
increasing.

Beyond 10°cm/s, the photocurrent density is almost constant with Sf and corresponds to the short circuit current
density Jphsc, which is a plateau.

*
)

=

Iy
=)

N7

A

l Journal of Scientific and Engineering Research

72



ELY MM et al Journal of Scientific and Engineering Research, 2020, 7(2):69-77

This short circuit density decreases with D, therefore with increasing thermal agitation and magnetic field
(reduction of Lorentz forces). In the case where Sb2 (Figure 3) is smaller than Sb1 (Figure 4), this produces
much larger short-circuit photocurrent densities (Jsc2 of Figure 3 is larger than Jscl in Figure 4) regardless of
the values of T and B.

2.2.2. Back Surface Recombination Velocity Sb(B, T)
Figures 2, 3 and 4 has showed a tray regardless of, D, H, and n, thus the derivative of the expression of the
photocurrent density relative to the junction recombination velocity Sf, is zero [10; 13; 17, 26]:

aJp h(Sf.BT.H) _
asf =0 (12
The resolution of this equation yields to expressions of back surface recombination velocity Sbl (bi, H, D) and

Sbh2 (H, D), with D function of B and T:

D(B,T o H
Sb1(B,T,H) = — L((B,T)) * tanhEﬁQL(B,T)) -

Sb1 (B, T, H) <0, is the minority charge carrier velocity crossing the junction p / p*. Itis the flux of minority
carriers towards the (p) part (FICK law), justifying the potential inducing the electric field on the rear face [6].
It represents the intrinsic recombination velocity of minority carrier at the p/p* junction.
s DB [sinh (L(B T))+L(B T)xb;*cosh (m)]e*b'”—L(B,T)*bi

i=1 L(B,T) 1- [cosh (L(D))+L(B T)b;sinh{ (L(D))]e_biH

Where appears the effect of the absorption of the light in the material through the coefficients (bi) and leads to a
generation velocity for (bi.H >> 1). Sbl indicates the velocity of excess minority carrier sent back to the
junction n */p, to participate in the photocurrent.

The recombination velocity expressions i.e. Sbl and Sh2 give an asymptote under the conditions where H / L
>> 1, equal to D/ L, who represents a diffusion velocity [10 ; 13 ; 26].

FIG. 3 gives the profile of the recombination velocity at the rear face versus solar cell base thickness, for
different values (B, T) leading to the diffusion coefficient values of the minority carrier in the base ( table 1).

(14)

Sb2(B, T, H) =

800

meme B=10/(-3.45)Tesla. T=274K , D=30.23cm?/
vece s B=10°(-3.36)Tesla:T=298K : D=26.7 7z}

iowamn L]

s00f § 2 5x10
E E
2 400r x10°
200 A 1.5%10°

B=10"{-3.3)Tesla;T=315K ; D=24.68cm?s
o B=10"-3 2)Tesla;T=34TK ; D=21 57cm?'s
B=10"{-3.1)Tesla;T=382K ; D=18 84cm?'s )
0 — : : 1x10"
1] Sl 0.01 0.015 0.02
Depth in the base (cm)

Figure 5: Back surface recombination velocity Sb1 and Sh2 versussolar cell base thickness
The intercept point on the plot of the curves Sh1 and Sb2, for each diffusion coefficient, allows to deduce the
optimum thickness of the base of the bifacial silicon solar cell, illuminated by the rear face, et sought by other
authors [40, 41, 42] using macroscopic values of current and voltage.
Table 1 summarizes the variation of the thickness of the base of the solar cell illuminated by the rear face and
placed under the conditions (B, T) et leading to the specific values of the diffusion coefficient and the respective
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short-circuit currents Jsc1 and Jsc2. Jsc1 and Jsc2 values remain maximum and constant, corresponding to Sh1l
and Sh2.

Table 1: Values of the thickness H for different diffusion coefficients D (B, T)
Magnetic field (Tesla) 10°*  10°%*  10%° 1072 101

Temperature (K) 276 298 315 347 382
D(cm?s) 3023 2677 2469 2157 1884
H(cm).102 0.44 0.58 0.50 0.48 0.47
Jsc1(Alcm?) 0.028  0.028 0027 0027  0.027
Jsc2(Alcm?).107 5.36 5.26 5.15 5.28 5.29
Sb1(cm/s) 217.831 246.181 283.589 235.816 230.513
Sb2(cm/s).10? 2650 21730 19860 17550 15360

Figure 6 gives the required thickness of the base of the solar cell manufactured for each case of the diffusion
coefficient.
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Figure 6: Depth H as a function of diffusion coefficient D.
The correlation between the diffusion coefficient and the optimum thickness of the base is established for 18
cm?/s < D <35 cm?/s, as:

2 2
H(cm) = [—0.202 (%) +13D(%) - 149] 1074 (15)
It makes it possible to manufacture the bifacial solar cell with a thickness H of the base, illuminated by the rear
face, maintained under the conditions of a magnetic field B and at the temperature T. It leads to a minority
carrier diffusion coefficient D(B,T), who results from the coexistence of the Umklapt and Lorentz processes,

respectively due to the thermal agitation and the deflection of the minority charge carriers.

3. Conclusion

In this work, a technique of the intersection of back surface recombination velocity is proposed for the
determination of the optimum thickness of the base of the bifacial solar cell illuminated by the rear face et
submitted to temperature and magnetic field variation. The calibration curves of the photocurrent as a function
of the excess minority carrier recombination velocity at the junction, are produced under:

i) different thicknesses H of the base

ii) different values (Sb1 and Sb2) of the minority carrier recombination velocity to the rear face of the base

iii) different diffusion coefficients, Dmax (T, B) obtained at the resonance points of the D (T) curves while B is
kept constant, lead to recombination velocity obtained in the rear face, depending on both, the thickness and the
diffusion coefficient D(B, T) of the minority carrier in the base.
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The study of the profile of the minority carrier recombination velocity at the rear face, through the two
expressions obtained, made it possible to establish the optimum thickness of the base under magnetic field B,
associated with the optimum temperature, leading to an optimum short-circuit current, through a mathematical

correlation.
References

[1]. D. Sontag, G. Hahn, P. Geiger, P. Fath, E. Bucher (2002). Two-dimensional resolution of minority
carrier diffusion constants in different silicon materials. Solar Energy Materials & Solar cells, 72. Pp.
533-539

[2]. J. Philibert (1991). Diffusion et transport de matiere dans les solides, Les éditions de physique, ISBN
2-86883-004-8, 472 p.

[3]. R. A. Kumar, M. S. Suresh, J. Nagaraju (2001). Measurement of AC parameters for Gallium Arsenide
(GaAs/Ge) solar cell by impedance spectroscopy. IEEE Transactions on Electron Devices. Vol. 48,
No.9. Pp. 2177-2179.

[4]. Ivan Mora-Sero, Germa Garcia-Belmonte, Pablo P. Boix, Miguel A. Vazquez and Juan Bisquert
(2009). Impedance spectroscopy characterisation of highly efficient silicon solar cells under different
light illumination intensities. Energy and Environmental Science, Vol.2, No.6. Pp.678-686.

[5]. Albert Zondervan, Leendert A. Verhoef, and Fredrik A. Lindholm, (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, Vol. 35, N°1, pp 85-88.

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

[7]. JJ. Liou and W.W. Wong. (1992). Comparison and optimization of the performance of Si and GaAs
solar cells. Solar Energy Materials and Solar Cells Volume 28, Issue 1. Pp: 9-28.

[8]. Andres Cuevas, Jerry G. Fossum and Rosa T. Young, (1985). Influence of the dopant density profile on
minority-carrier current in shallow, heavily doped emitters of silicon bipolar devices: Solid-St.
Electron. 28 (3), pp.247-254.

[9]. Khady Faye, Idrissa Gaye, Sega Gueye, Séni Tamba, Grégoire Sissoko (2014). Effect of Doping Level
of a silicon solar cell under Back Side illumination. Current Trends in Technology & Sciences
(CTTS).Volume: 3, Issue: 5. Pp 365-371.

[10]. M. Kunst and A. Sanders, (1992). Transport of excess carriers in silicon wafers, Semicond. Sci.
Technol. 7, pp: 51-59 in the UK.

[11]. Ibrahima Diatta, Ibrahima Ly, Mamadou Wade, Marcel Sitor Diouf, Senghane Mbodji, Grégoire
Sissoko (2016). Temperature Effect on Capacitance of a Silicon Solar Cell under Constant White
Biased Light. World Journal of Condensed Matter Physics, 6. Pp. 261-268.
www.scirp.org/journal/wjcmp

[12]. Konstantinos Misiakos and Dimitris Tsamakis, (1994). Electron and Hole Mobilities in Lightly Doped
Silicon. Appl. Phys. Lett. 64(15), pp2007-2009.

[13]. Andreas Mandelis(1989). Coupled ac photocurrent and photothermal reflectance response theory of
semiconducting p-n junctions. Journal of Applied Physics, Vol. 66, No.11 pp. 5572-5583

[14]. A. Neugroschel, P.J. Chen, S.C. Pao and F.A. Lindholm (1978). Experimental determination of series
resistance of p-n junction diodes and solar cells, IEEE Transactions on Electron Devices, 25. Pp.386-
388.

[15]. Amadou Diao, Ndeye Thiam, Martial Zoungrana, Gokhan Sahin, Mor Ndiaye, Grégoire Sissoko
(2014). Diffusion Coefficient in Silicon Solar Cell with Applied Magnetic Field and under Frequency:
Electric Equivalent Circuits; World Journal of Condensed Matter Physics, 4. Pp. 84 — 92.

[16]. A. Dieng, A. Diao, A.S. Maiga, A. Dioum, I. Ly and G. Sissoko (2007). A bifacial silicon solar cell
parameters determination by impedance spectroscopy. Proceedings of the 22" European Photovoltaic
Solar Energy Conference and Exhibition. Pp. 436-440.

[2.-5\5‘
%’*ﬁ\\" Journal of Scientific and Engineering Research

75


http://www.scirp.org/journal/wjcmp

ELY MM et al Journal of Scientific and Engineering Research, 2020, 7(2):69-77

[17].

[18].

[19].
[20].

[21].

[22].

[23].

[24].

[25].

[26].

[27].
[28].

[29].

[30].

[31].

[32].

[33].

P
LI

A. Dieng, M.L. Sow, S. Mbodji, M.L. Samb, M. Ndiaye, M. Thiame, F.l. Barro and G. Sissoko (2009).
3D study of a polycrystalline silicon solar cell: Influence of applied magnetic field on the electrical
parameters. Proceedings of the 24™ European Photovoltaic Solar Energy Conference and Exhibition,
Hamburg, Germany, September. Pp. 473-476.

Th. Flohr and R. Helbig (1989). Determination of minority-carrier lifetime and Surface recombination
velocity by optical beam induced current measurements at different light wavelengths. J. Appl. Phys.,
66(7). Pp. 3060-3065.

Fossum, J.G. (1977). Physical operation of back-surface-field silicon solar cells. IEEE Trans. Electron
Dev. 2. Pp. 322-325.

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 I11, pp. 1698-1700

G. Sissoko, E. Nanéma, A. L. Ndiaye, Y. L. B. Bocandé and M. Adj, (1996). Minority carrier diffusion
length measurement in silicon solar cell under constant white bias light. Renewable Energy, Vol 3,
pp.1594-1597.

G. Sissoko, C. Museruka, A. Corréa, |. Gaye and A. L. Ndiaye, (1996). Light spectral effect on
recombination parameters of silicon solar cell. Renewable Energy. 3pp. 1487-1490.

H. Ly Diallo, A., S. Maiga, A. Wereme and G. Sissoko, (2008). New approach of both junction and
back surface recombination velocity in a 3D modelling study of a polycrystalline silicon solar cell. Eur.
Phys. J. Appl. Phys., 42: 203-211.

Kalidou Mamadou SY, Alassane DIENE, Séni TAMBA, Marcel Sitor DIOUF, lbrahima DIATTA,
Mayoro DIEYE, Youssou TRAORE, Grégoire SISSOKO (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, 2016, 3(6): 433-445.

Attoumane Mamadou Moustapha KOSSO, Moustapha THIAME, Youssou TRAORE, Ibrahima
DIATTA, Mor NDIAYE, Lemrabott Habiboullah, Ibrahima LY, Grégoire SISSOKO (2018). 3D Study
of a Silicon Solar Cell under Constant Monochromatic Illumination: Influence of Both,
Temperature and Magnetic Field. Journal of Scientific and Engineering Research, 5(7):259-2609.

Deme, M.M., Mbodj, S., Ndoye, S., Thiam, A., Dieng, A. and Sissoko, G. (2010). Influence of
[llumination Angle Grain Boundary Recombination Size and Grain Velocity on the Facial Solar Cell
Diffusion Capacitance. Review of Renewable Energy, 13. Pp.109-121.

N. R. Zangenberg, J. Fage-Pedersen, J. Lundsgaard Hansen, and A. N. Larsen (2003). Boron and
phosphorus diffusion in strained and relaxed Si and SiGe, J. of Appl. Phys., 94(6), 3883

H. W. Kraner, (1983). Radiation damage in silicon detectors, 2nd Pisa Meeting on Advanced Detector,
Grosetto, Italy, June 3-7.

Amadou Diao, Ndeye Thiam, Martial Zoungrana, Gokhan Sahin, Mor Ndiaye, Grégoire Sissoko
(2014). Diffusion Coefficient in Silicon Solar Cell with Applied Magnetic Field and under Frequency:
Electric Equivalent Circuits. World Journal of Condensed Matter Physics, 4.Pp. 84 - 92

H. W. Kraner (1983). Radiation damage in silicon detectors. 2" Pisa Meeting on Advanced Detector,
Grosetto, Italy, June 3-7.

El Hadji NDIAYE, Gokhan SAHIN, Amary THIAM, Moustapha DIENG, Hawa LY DIALLO, Mor
NDIAYE, Grégoire SISSOKO. (2015). Study of the Intrinsic Recombination Velocity at the Junction
of Silicon Solar Under Frequency Modulation and Irradiation. Journal of Applied Mathematics and
Physics 03(11):1522-1535.

Mamadou Lamine Ba, Hawa Ly Diallo, Hamet Yoro Ba, Youssou Traore, Ibrahima Diatta, Marcel
Sitor Diouf, Mamadou Wade, Gregoire Sissoko (2018). Irradiation Energy Effect on an illuminated
silicon solar cell: maximum power point Determination Journal of Modern Physics, , Issue. 9. Pp.
2141-2155, http://www.scirp.org/journal/jmp

Mint sidihanena Selma, Youssou TRAORE, Ibrahima DIATTA, Marcel Sitor DIOUF, Mamadou
WADE, Lemrabottould Habiboulahh and Grégoire SISSOKO (2018). Diffusion capacitance in a

}’-‘ Journal of Scientific and Engineering Research

76


https://www.researchgate.net/journal/2327-4352_Journal_of_Applied_Mathematics_and_Physics
https://www.researchgate.net/journal/2327-4352_Journal_of_Applied_Mathematics_and_Physics
https://www.researchgate.net/journal/2327-4352_Journal_of_Applied_Mathematics_and_Physics
http://www.scirp.org/journal/jmp

ELY MM et al Journal of Scientific and Engineering Research, 2020, 7(2):69-77

silicon solar cell under frequency modulated illumination: Magnetic field and temperature effects.
Journal of Scientific and Engineering Research, 5(7), 317-324.

[34]. Ibrahima TALL, Boureima SEIBOU, Mohamed Abderrahim Ould El Moujtaba, Amadou DIAO,
Mamadou WADE, Grégoire SISSOKO (2015). Diffusion Coefficient Modeling of a Silicon Solar Cell
under Irradiation Effect in Frequency: Electric Equivalent Circuit. International Journal of Engineering
Trends and Technology (IJETT) — Volume 19 Number 2 — Pp.56-61, (http://www.ijettjournal.org).

[35]. G.C. Jain, S.N. Singh and Kotnala (1983). Diffusion length determination in n+pp+ based silicon solar
cells from the intensity dependence of the short circuit for illumination from the p+ side. Solar cells.
Pp. 8239-8248.

[36]. D.L. Meier; J. M. Hwang and B. Campbell (1988). The effect of doping density and injection carrier
lifetime as applied to bifacial dendrite webs silicon solar cell. IEEE. Trans: on elect. Dev. Vol.E.D-35,
n. 1. Pp.70-79.

[37]. Mane, R., Ly, I., Wade, M., Datta, I., Diouf, M.S., Traore, Y., Ndiaye, M., Tamba, S., Sissoko, G.
(2017). Minority Carrier Diffusion Coefficient D*(B, T): Study in Temperature on a Silicon Solar Cell
under Magnetic Field. Energy and Power Engineering, 9, 1-10.

[38]. J. Furlan, and S. Amon (1985). Approximation of the carrier generation rate in illuminated silicon.
Solid State Electron, 28. Pp. 1241-43.

[39]. Fatimata BA, Boureima SEIBOU, Mamadou WADE, Marcel Sitor DIOUF, lbrahima LY and Grégoire
SISSOKO (2016). Equivalent Electric Model of the Junction Recombination Velocity limiting the
Open Circuitof a Vertical Parallel Junction Solar Cell under Frequency Modulation. IPASJ
International Journal of Electronics & Communication (11JEC), Volume 4, Issue 7.Pp.1-11

[40]. Noriaki Honma and Chusuke Munakata, (1987). Sample Thickness Dependence of Minority Carrier
Lifetimes Measured Using an ac Photovoltaic Method, Japanese Journal of Applied Physics, Vol. 26,
N°12. Pp. 2033-2036.

[41]. J.E. Guren, J. Del Alamo, A. Luque (1980). Optimization of p+ doping level of n*-p-p* bifacial BSF
solar cells by implantation. Electron Letters Vol, n. 16. Pp 633-34

[42]. E. Demesmaeker, J. Symons, J. Nijs, R. Mertens (8-12 April 1991). The influence of surface
recombination on the limiting efficiency and optimum thickness of silicon solar cells; 10" European
photovoltaic solar energy conference lisbon, portugal-pp.66-67.

N

}’-‘ Journal of Scientific and Engineering Research

77



