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1. Introduction

Solar energy is an inexhaustible energy source. Solar cell technology has been

pioneered in space industry, essentially because solar energy is one of the main
power sources for satellites. However, space environment is a very harsh envi-
ronment for electronic devices, such as silicon solar cells and other semiconduc-
tor based detectors. We can obtain energy by converting the solar energy in
electrical energy with the semiconductor optoelectronic device, such as the ver-

tical junction solar cell or planar junction [1]. Solar cell geometry seems to be
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very important for solar high performance. Especially since study conducted on
cubic or cylindrical solar cell [2] showed a slight improvement in solar cell pa-
rameters in favor of a cylindrical model, notably the radial junction solar cell [3].
The originality of this work lies on its innovative and efficient aspect. The aim of
this study is to investigate on charge carriers’ density and photocurrent density
respectively in the base and in the emitter of a radial junction polycrystalline so-

lar cell.

2. Materials and Methods

In this study based on a 2D modeling of a polycrystalline silicon radial junction
solar cell, we made the following hypothesis:
- The grains have identical structures and electrical properties. Therefore, the
study is restricted to a grain whose model is schematized in Figure 1.
- The solar cell is subjected to monochromatic front side illumination;
- The electrical field of crystal lattice and the thickness of space charge region
are neglected.
Figure 1 presents a radial junction solar cell geometry.
The operation of radial junction solar cell is based on optical absorption in
vertical direction (z). The photogenerated carriers’ charge collection is made in

radial direction.

Study of Carriers’ Charge Density

The transfer phenomena of solar cell are model by the following equation of

continuity numbered Equation (1) in cylindrical coordinates [4].
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Figure 1. Radial junction model.
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where:

8(2) is carriers generation rate [4] [5]:
g=g(z)=a(A)p[1-R(A)]e " ()

- &(r,z) : minority carriers’ density
- D carriers’ diffusion coefficient
- L: carriers’ diffusion length
As, we have an azimuthal symmetry, the angle € is not processed [4] [5].
Therefore the continuity equation becomes:

e In the base region, the minority carriers’ movement is governed by:

o°s, (r,z)+ 1 00, (r,z)+82§n(r,z)_é’n (r,2) g(z)

=— 3
or? r o or oz’ L D, @)
¢ In the emitter region, the transport equation is given by:
0*s,(r,z) 106,(r,z) 0°6,(r.z) 6,(r,z) g(z)
p > +— P + 4 5 __r 3 = — (4)
or r or 0z L, D,
1) Electrons density and photocurrent in the base
a) Electrons density expression
Referring to Figure 1, the boundaries conditions are:
— Atthejunction(r= R)):
09, (7, S
ﬂ :——fé(r:Rb,z,/i) (5)
or 2D
r=Ry n
— At the rear side (z= H):
09, (r, S
95,(r.2) ——2b §(rz=H,A) 6)
0z D
z=H n
A solution of equation is give by:
8,(r.z)=2. f(r,A)cos(c,z) (7)
k=0
The eigenvalues ¢, which satisfy the boundary condition (6) are expressed by:
5,
¢, tan(c, H) ng (8)

Replacing the Equation (7) in Equation (5), the function f(r,4) can get the

form:
p
f(r,2)=4,(2)1, (L—JJer(/l) 9)
nk
where the following expressions gives Equation (10):

_ 28, (ﬁ) CkLik

M, (A
(4 D, ci+a’(2)
10
[¢;sin(c,H)-a (ﬂ)cos(ckH)] exp(-a(A)H)+a(A) (10
* ¢, H +sin(c,H)cos(c, H)
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Coefficients A4, (4) is obtained by boundary condition (5):
M, (2)

A, (A)=-
T o), (R
Lnka ’ Lnk ‘ Lnk

I,(x) is the modified Bessel function of the first kind of zero order and 7;(x)
is its first derivative with respect to its argument [6].

(11)

b) Electrons photocurrent density expression

The equation of photocurrent density is given by:

Jb, =D, jOHM dz (12)

or

r=Ry
Substituting &, (r,z) in Equation (12); this equation becomes:

S, & R
R AU

k k=0 'nk

]+Mk (A)Jsin(ckH) (13)

2) Holes density and photocurrent in the emitter
a) Holes density expression

Referring to Figure 1, the boundary condition in the emitter is:

— At the junction:
S
el _ 2 5, (r=R,.z) (14)
or |,_g 2D,
— At the rear side:
90y :—S—P P(r,z=H) (15)
or|._y Dp

— The continuity Equation (4) general solution is:

5, (r,z):kz(:)fp (r,A)cos(a,z) (16)
The eigenvalues a, which satisfy the boundary condition Equation (15) are
given by:
a, tan(akH)z—S—P (17)
DP
The function f,(r,A4) can be shown to have the form:
1, (r2)=5 (zwo[%]ww 18)
pk

Jy(x) is the modified Bessel function of the first kind of zero order and J; (x)
is its first derivative with respect to its argument.

b) Holes photocurrent density expression

The photocurrent density is given by:

06 (r,z,A
szh:qu.[H p(rz )

dz 19
, (19)

r=Ry
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After calculation of Equation (19); this equation can be rewritten:

=qD I { ZfP(E ﬂ)cos(ak )jdz (20)

p k=0
Solar cell photocurrent is then obtained by adding the above two conditions:

Jpl1:Jih+J5h (21)

dzj (22)

We present here the simulation results obtained from the previous modeling

So we can write this following Equation (22)

D[, =5

n06,(r,z,2) w06, (r,z,A)

dz+ qD.[ LA,
o, [ o or

3. Results and Discussions

equations by using Mathcad software.

3.1. Electrons Density and Photocurrent in the Base

The effects of wavelength and base radius on electrons density and photocurrent

density are presented and analyzed.

3.1.1. Radius R; Effects on Electrons Density
In Figure 2, we present the variations of electrons density versus base radius for
different values of base depth.

We observe that the electrons density and base radius of solar cell vary in the
same order. The generation of electrons in the base is important because base

radius increase. Also electrons density decrease versus base depth.

3.1.2. Wavelength Effects on Electrons Density
In Figure 3, we present the variations of electrons density versus wavelength for
different values of solar cell thickness.
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Figure 2. Electrons density profile versus radius. A = 800 nm, R, = 150 pym, S,= 10* cm/s,
8b=10% cm/s, H= 300 um, L, = 100 pm.

DOI: 10.4236/epe.2020.1210035 572 Energy and Power Engineering


https://doi.org/10.4236/epe.2020.1210035

M. Ouédraogo et al.

I | I I
w— H = 80um
e === H=180um
"-’E Y H =200um
12 B L \ === H=300um
L 3x10 g \
) ’ W
a 75 \
5 / ‘\
S 2x1012 [ g , X -
7] ’ ey T =N \‘
8 /, / S ‘\
j:-)» // P 4 \ ‘\\
o %102 g ’ \ \~‘..
m 7 . S =
l/ = o~
0 1 1 1 1
200 300 500 700 900 1100
A

Wavelength (nm)

Figure 3. Profile of the density of electrons in the base as a function of length wave A for
different values of the thickness H of the solar cell. R, = 150, S,= 10* cm/s, S, = 10° cm/s,
L,=100 pm.

Figure 3 shows low values of electrons density for low wavelength and big
wavelength. The variations due to big values are explained by silicon energy gap
(1.12 eV). Also, the weak absorption for low and big values explain these elec-
trons density variations. The absorption peak is observed around 700 nm.

3.1.3. Wavelength Effects on Photocurrent Density
Figure 4 shows the profile of photocurrent density versus wavelength for various
values of junction recombination velocity Sf.

We remark a low photocurrent density for low and big wavelength. The ab-
sorption peak is notified around 700 nm.

These phenomena are explained by electrons density variations. In additional,
photocurrent density increase for 10 cm/s < S, < 10° cm/s .

Because more electrons cross the junction. For §, < 10> cm/s .

Photocurrent density is almost zero because there is a low displacement and
strong accumulation of electrons near the junction. Solar cell is then an open
circuit state [1] [7].

3.2. Study of Holes Density and Holes Photocurrent Density in the
Emitter

The following figure presents variations of holes density as a function of emitter
thickness for different values of the depth creating more electrons because the

emitter thickness increases.

3.2.1. Emitter Thickness Effects on Holes Photocurrent Density
In Figure 5, below we study the evolution of photocurrent density versus holes
recombination velocity

It is observed that the holes density increase with the emitter thickness in-

crease. This behavior is explained by the increase of incident light absorption
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Figure 4. Profile of the photocurrent density as a function of the wavelength for different
values of the recombination speed of the radius R, of the base with, R, = 150 um, S, = 10*
cm/s, =300 pm, L, =120 um.
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Figure 5. Profile of the holes density in the emitter as a function of the thickness of the
transmitter for different values of the length of the depths z with: R, = 150 um, Sf= 10*
cm/s, Sb= 10’ cm/s, H= 300 um, Z, = 100 pm.

due to the emitter thickness increase. Also, the holes density decrease with the

base depth the holes photogeneration decrease.

3.2.2. Emitter Thickness Effects on Holes Photocurrent Density
In Figure 6, the variations of holes photocurrent density versus holes recombi-
nation velocity for various values of emitter thickness.

The increase of holes photocurrent density is observed with the emitter thick-
ness increase. This is due to the fact that more the emitter thickness increases,
more there is a large absorption of incident photons. These is consequently gen-

erates more carriers in the emitter region.
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Figure 6. Profile of the photocurrent density as a function of the speed of recombination
of holes at the junction for different values of the thickness of the transmitter with: R, =
150, S, = 10° cm/s, H = 300 um, L, = 120 pm.
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Figure 7. Profile of the photocurrent density as a function of the recombination rate of
holes at the junction for different values of the base radius with: $, = 10’ cm/s, H = 300
um, L, =120 um.

3.2.3. Solar Cell Photocurrent Density versus Base Radius and Emitter
Thickness

The photocurrent density of solar cell is linked to the electrons and holes re-
combination governed respectively by electrons recombination velocity and
holes recombination velocity.

In Figure 7, the profile of photocurrent density as a function of dynamic ve-

locity to the junction for various values of base radius R,.
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Figure 8. Profile of the photocurrent density as a function of the speed of recombination

of holes at the junction for different values of the thickness of the transmitter with: R, =
150 pm, S, = 10° cm/s, H =300 pm, L, = 120 um.

The photocurrent increases with the increase of base radius R,. The base ra-
dius increase creates a large incident light absorption, thus leading to a large car-
rier’s photogeneration in solar cell.

In Figure 8, we present the photocurrent density curves as a function of re-
combination velocity for different values of emitter thickness.

The photocurrent density increases versus carriers’ recombination velocity to
the junction and the emitter thickness. These variations are explained on previ-
ous lines.

These phenomena are explained by charge carriers’ density variations. Also
the charge carriers’ photocurrent density increase for 10° cm/s < S ;< 10° cm/s
because more charge carriers cross the junction.

For §, < 10> cm/s , photocurrent density is almost zero because there is a low
displacement and strong storage of charge carriers near the junction. So the solar
cell is an open circuit state [2] [7] and for Sf >10° cm/s the solar cell is a short

circuit state

4. Conclusions

This paper carried out 2D modelling of radial junction of solar cell. The effects
of base radius, emitter thickness and wavelength on carriers’ charge density and
carriers’ photocurrent density are investigated.

Also, the influences of base radius, emitter thickness and charges carriers’ re-
combination velocity on photocurrent density of solar cell are presented and
analyzed. The results of this study which are in good agreement with others re-
search works [3] validate thus ours results.

The 2D modeling of solar cell radial junction is studied in first time in cylin-
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drical coordinates according our research. So this work will permit to study bet-
ter the radial junction of solar cell. In the future, we will try to do an experimen-

tal study to confirm theoretical results with experimental results.
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