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Introduction:-

University Cheikh Anta Diop, Dakar, Senegal.

The study of an n*-p-p* type silicon solar cell with vertical junction
series illuminated by polychromatic light and under irradiation was
realized under steady state. The aim of the work is to determine the
optimum thickness of this type of solar cell from the expressions of the
backsurface recombination velocity(Sbh) obtained by calculating the
derivative of the photocurrent density (Jph) with respect to the
recombination velocity at the junction (Sf) which tends to large values,
translating the short circuit situation.  Correlations between the
optimum thickness, the irradiation energy flow (¢p) and the intensity of
the damage coefficient (kl) have been established by a mathematical

relationship.
Copy Right, 1JAR, 2020,. All rights reserved.

Various studies have focused on determining the optimum thickness of the base of the solar cell as limiting
efficiency. It depends on several factors, including:
The type of solar cell such as: horizontal junction [1], multiple vertical junction [2] of parallel type [3] [4] or series

[5].

The operating mode and the illumination (monochromatic or polychromatic) of the solar cell that can be

maintained in regimes as:
1. steady [6] [7] [8],

2. transient dynamic [9] [10] [11] [12],
3. frequency dynamic [13] [14].

Influences from the external environment :

electric field [15] [16],

The applied external conditions, such as:
1. magnetic field {15], [16], [17], [18],

2. temperature [18], [19],

3. irradiation of charged particles [20], with (pp) flux and (k1) intensity.
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Among the previous techniques[ 8], [14], this workwill applied the technique for optimizing the thickness of the
base [17],[18], [20],[21] on a silicon solar cell with vertical junction series under polychromatic illumination and
under irradiation. In this one, the optimum thickness (Hopt(kl,@p)) is obtained through the expressions (Sb)
ofbacksurface recombination velocity of excess minority carriers[22].

Theory:
The structure of the series vertical junction solar cell, illuminated by polychromatic light and under irradiation is
represented by figure 1 below [2], [4],[5], [23].

Polychromatic illumination light
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Figure 1:- Vertical series junction silicon solar cell to the n*-p-p* type under irradiation and polychromatic
illumination.

The incidental polychromatic illumination is parallel to the surface of the space charge region (SCR), which
separates the emitter(n*) from the base(p). The zone (p*) allows the creation of a rear electric field area that allows
the minority carriers to be returned towards the space charge region, and then to be collected. This solar cell unit is
connected to several others in series, in order to increase the phototension.

Figure 2 shows the structure of a unit cell of the vertical series junction solar cell under polychromatic illumination
and under irradiation.
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Figure 2:- Unit vertical series junction solar cell under monochromatic illumination and irradiation.

The continuity equation governing the phenomena of generation, diffusion and recombination of excessminority
carriers in the base of the solar cell under both irradiation and polychromatic illumination, is defined by the
expression below:

)ﬁzé(x, z,kl, ¢, ) ~ 5(x,z, kl,¢p)

OX T
5(X, z,kl, ¢p)represents the excess minority carrier density in the base of the solar cell at the z-

D(kl, ¢, +G(z)=0 )

position, dependent of ¢p the irradiation energy flux, and kI the damage coefficient intensity.

D(kl, ¢p ) is the diffusion coefficient of excess minority carriers in the base of the solar cell.
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and 7 is the lifetime of excess minority carriers in in the base defined by the following Einsteinrelationship:
2
C(kig,)

" " Dlkl.g,) @

with L(k|,¢p) the excess minority carriers diffusion lengthin the base and also both, irradiation energy flux (¢p)

and damage coefficient intensity (kl) dependent. It is related to the diffusion length (Lo)without irradiation by the
following empirical relation [24] [25] [26]:

Lkt g, )= —

1
— +klxg¢ j
\/( L5 ’
Where:

L, is the diffusion length of the excess minority carriers in the base before irradiation,

®)

¢p is the irradiation energy flux, andkl the damage coefficient intensity.

G(z) is the carrier’s generation rate for a polychromatic illumination in the base. Its expression, for a series vertical
junction solar cell is given by:

G(z)=nx 3 (a, xexp(-b, x2)) @

i=1
The resolution of continuity equation (1) gives the expression of the excess minority carrier density in the base as:

§(X, Z, k|,¢p): Ax Ch(ak:—%)J + B x Sh{f(kl)f_%)] - iZ::(K(kl,¢5p)>< exp(— b, x Z))(S)

With :

a, xNx Lz(k|,¢p)
K(Kl.gp)= [2(k1, 4, )xb? —1]x D(kl, 4,) ©

The coefficients A and B are determined from the boundary conditions:

At the junction (x = 0):
05(x, 2, k1, gp)| S
=———x0(0,zKkl, ¢p,
x|, Dlgp) o0nK#) ¥

Sf is the recombination velocity of the minority carriers at the junction imposed by the external charge and thus
characterizes the operating point of the solar cell varying from the open circuit to the short-circuit [27] [28] [29].

At the rear face (x = H):

os(xzklgp) _ -8,
o L. "Dk S(H,z,kl,¢p)(8)

Sb is the recombination velocity of the excess minority carriers on the backsurface[22], [30], [31], [32]. It is the
consequence of the electric field created by the p/p+ (low-high) junction and characterizes the behavior of excess
minority carriers at the base-rear junction [33].

The photocurrent density is defined by the following relation:

ph(S, ,Kl.gp)= 0 D(kl,@)xw

Where q is the electrical charge of the electron.
At high recombination velocity of exess minority carriers at the junction (Sf), the photocurrent density is constant
and corresponds to (Jsc) the short-circuit current density. This yields to establish the following equation :

Sy

©)

x=0
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aIph(sf, ki, gp)|

osf Sf=4x10%cm.s7t

The resolution of the equation (10) gives two expressions of exess minoritycarriers recombination velocity at the
back surface [17] [27], respectively Sbl(H kI, 4, )and SbZ(H Kkl ¢, ),written below.

=0 (10)

D(kl, ¢, ) H
Sbl(H,kI,¢p)=—Wxtanh Tkig) (11)

. H
sz(H,k|,¢)=D(k"¢P)x smh[L(k""jp)J 12)
P Lkl g,) 1 cosh 1
)

Results and Discussions:-

Minority Carrier’s Density:

Figures 3 and 4 show the behavior of the minority carriers density in the baseof the solar cell, operating in short-
circuit conditions, for both, irradiation energy flow (¢p) and damage coefficient intensity (kl)respectively.
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Figure 3:- Minority carrier’s density versus depth in the base for different irradiation energy flow values with
Sf=6*10° cm/s, Sb2=f(kl,pp) cm/s, kl=16 cm“MeV, z=0.015 cm, D(kl,pp)=26 cm?/s.
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Figure 4:- Minority carrier’s density versus depth in the base for different intensity damage coefficient values with
Sf=6*10° cm/s, Sb2=f(kl,pp) cm/s, pp=170 MeV, z=0.015 cm, D(kl,pp)=26 cm?/s.

Photocurrent density:

Figures 5 and 6show the shape of photocurrent density as a function of excess minority carriers recombination
velocity at the junction for differents values of the irradiation energy flow (¢p) and the intensity of the damage
coefficient (kl). The photocurrent density is more sensitive to irradiation for large junction recombination value. At
low junction recombination velocity, the solar cell is under open circuit, while at large value it is in short circuit

condition. Thus the junction recombination velocity indicates the solar cell operating point, as gradient of excess
minority carriers at the junction.
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Figure 5:- Photocurrent density versus Sf for different irradiation energy flow values with kl=16 cm?%/MeV,
z=0.015 cm, D(kl,pp)=26 cm?/s, Sb2=f(kl,pp) cm/s.
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Figure 6:- Photocurrent density versus Sf for different damage coefficient intensity values with pp=170 MeV,
z=0.015 cm, D(kl,@p)=26 cm®/s, Sb2=f(kl,pp) cm/s.

Figure 7 below shows the influence of the thickness of the base on the profiles of the photocurrent density versus

junction recombination velocity,for given both, the irradiation energy flow (¢p) and the intensity of the damage
coefficient (kl).
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Figure 7: Photocurrent density versus Sf for different depth values with ep=150 MeV, kI=13 cm™?/MeV, z=0.015
cm, D(kl,pp)=26 cm?/s, Sb2=f(kl,pp) cm/s

Photocurrent at large junction recombination, is shown to be sensitive to base thickness whatever the irradiation.

Optimum thickness determination:

Influence the d’irradiation flow (¢p):
Figure 8 materializes the technique for determining the optimum thickness of the base through the expressions of the

recombination velocity at the rear face for differents values of the irradiation energy flow. Optimum thickness of the
base represents the abscissa of the intercept point of the two curves.
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Figure 8:- Graphical determination of optimum thickness in the base for different irradiation energy flow values
with k=16 cm#/MeV.

Table 1 shows the numerical values of the optimum thickness extracted from the figure 8, for different irradiation
energy flows.
Tableau 1:- Optimum thickness values for different op with kI=16 cm?/MeV.
op (MeV) 110 130 150 170 190
Hopt (cm) 0.01225 0.01217 0.01211 0.01206 0.01201

Figure 9 represents the profile of the optimum thickness according to the variations of the irradiation energy flow.

0.01225 J B— Hopt (cm)

0.0122
0.01215 1
0.0121

0.01205 1

Optimum thickness (cm)

oo2 +r—r-—"r—"rr"r-r———+———

109 129 149 169 189
Irradiation energy flow (MeV)

Figure 9:- Optimum thickness in the base versus irradiation energy flow.
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A correlation equation between the optimum thickness and the irradiation energy flow is defined by the following
expression:

Hopt(cm)= B*gp® — y*gp+y (13)
B =10"° MevZem y =710 Mevt.cm 7 =128+10""cm
Influence the intensity of damage coefficient (kl):

Figure 10 materializes the technique for determining the optimum thickness of the base through the intercept point
of the plots of back surface recombination expressions,for differentintensity damage coefficient values.
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Figure 10:- Graphical determination of optimum thickness in the base for different damage coefficient intensity
values with pp=190 MeV.

Table 2represents the numerical values of the optimum thickness extracted for different intensity damage
coefficient.
Table 2:- Optimum thickness values for different kl with gp = 190 MeV.

kil 7 10 13 16 19
(cm®?/MeV)
Hopt (cm) 0.01185 0.01178 0.01172 0.01168 0.01165

Figure 1lrepresents the profile of the optimal thickness according to the variations in the intensity damage
coefficient.
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Figure 11:- Optimum thickness in the base versus damage coefficient intensity.

A correlation equation between the optimum thickness and the intensity of the damage coefficient is defined by the
following expression:

Hopt(cm)=m=kI* —n*kl+c (14)

m=7%10" MeV2.cm?®n =3%10"MeV.cm®Cc =121%10* cm
We observe through these results modulated by mathematical relationships, a slight decrease in the optimum
thickness of the base of the solar when the flow and intensity of irradiation vary.

Conclusion:-

The influence of irradiation (flow @p and intensity kl) has been studied on the density of minority carriers of excess
charge in the base, on the photocurrent density and on the determination of the optimum thickness of the solar cell.
The optimum thickness of the base is deduced from the intersection of the back surface recombination velocity
curves for differents values of the radiation energy flow and the intensity of the damage coefficient. The variation
of these two elements induces a slight decrease in the optimum thickness of the base of the solar cell. This technique
for optimizing the thickness of the base contributes to reducing the quantity of material (Si) to be used for the
manufacture of solar cells which could operate in a radiative medium while retaining a good conversion efficiency,
to minimize the manufacturing costs and reduce the resale price.
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