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conversion efficiency and
the diffusion capacitance of a polycrystalline
silicon solar cell

Abstract

This study presents effects of baussian[ beam radius (r7)on the power and the conversion _ - { comment [G3]: Inscried: G
efficiency (1) of a polycrystalline silicon solar cell. The two-dimensional continuity equation o {C°m“‘e"t [G4]: Deleted:g
solved using finite element method, permits to determine the excess minority carriers density, _ - { Comment [€5]: Deleted:s

the photocurrent density and the photo voltage from which the power and the conversion
efficiency of the solar cell are calculated. The capacitance (C) and the space charge region
(SCR) width are also examined for various values of the radius of gaussian luminous flow.
The gaussian luminous flow effects on solar cell’s performances are highlighted in comparing
with those of a classical monochromatic illumination.

Keywords: solar cell, gaussian flow, conversion efficiency, capacitance, space charge region,
recombination velocity.

I. Introduction

Solar cells, generally designed to be illuminated by solar light, have an absorption spectrum
of which wavelengths extend from 300 to 1100 nm [1,2]. Thus, to improve their
performances, several studies have been carried out, by subjecting them to various types of
illuminations such as laser beams [2-4]. These studies have permitted to determine solar cell
electrical parameters, namely, the current-voltage characteristic, series resistance, and shunt

[1-4].TThese studies for most of the cases have not taken into account the solar cell power and

its conversion efﬁciency.L

This study aims to determine the effects of the [Gaussian| luminous flow radius on the power - { comment [GB]: Inserted: m
and the conversion efficiency of a polycrystalline silicon solar cell, on its diffusion .- { comment [69]: Inserted:

. . . . . W
capacitance andthe charge space region extension, using a finite clement method [2][4-8]. . { Comment [610]: insertes: G

The power and the conversion efficiency of the solar cell will be determined for various . ‘ | Comment[G11]: Deleted:c aim of th
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values of gaussian beam radius, as well as the diffusion capacitance, and the space charge \{c°m"‘e“t [G12]: Deleted:g

region (SCR) extension of the solar cell. { comment [613]: Deleted: on
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After solving the continuity equation using this method, we will determine the excess
minority carriers density [9-10], and a comparative study will be done when the solar cell is
illuminated respectively by a classical monochromatic flow, and by a Gaussian luminous
beam.
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II.  Theoretical approach

II.1 Continuity Equation
Let us consider a polycrystalline silicon solar cell, constituted by an emitter doped n-type
with a weak thickness and a base daped p-type with a depth H; according to x and a width H,
according to y, as represented in fiigure 1.When the solar cell is not illuminated, between the
emitter and the base there is a depletion region called space charge region (SCR) inside

electrons of the base and holes of the emitter. The charge carriers reach the space charge
region are accelerated by the internal electric field, thus creating a diffusion photocurrent

[11].
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Figure 1 : Crystal of a bifacial silicon solar cell

In this study, we neglect the current contribution of the emitter into the photocurrent and the
height of solar cell along the z-axis [9]. Thus the continuity equation which governs the solar
cell operation is given by [4, 12, 13]:

*8(xy) | 9%8(xy) _ 8Cxy) _ _ gxy) )

dx? ay? 12 D

d(x,y) represents the excess minority carriers density, i.e., the electrons in the base P.x and y
are the coordinates related to the base depth and the solar cell width respectively. L and D
indicate respectively, the diffusion length and the diffusion coefficient of the electrons, and
g(x,y), its generation rate.
When the solar cell is illuminated on its front surface, this generation rate is given by [2, 4, 6,
14]:

I,(1— R)exp(—ax)

2
Io(1 = R) —exp(—ax) - exp (— y—z) for a gaussian luminous flow (2b)’
Zmﬂf 21'”‘r

for a classical monochromatic flow (2 a)
g(xy) =

Ipis the incidental beam of photons. @ and R represent respectively, the absorption coefficient
and the reflection coefficient of the solar cell and r¢.the radius of gaussian luminous beam.
This continuity equation obeys to the following boundary conditions relating to the
conservation of the diffusion current and the recombination current on the boundaries of the
solar cell [2, 6]:
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Sj indicates the junction recombination velocity, Sy, the back surface recombination velocity
and Sbg, the boundary recombination velocity on the boundaries y=0 and y=H,.

Knowing the photo generated minority charge carriers density, the photocurrent density and
the photo voltage are calculated from the following relations (7) and (8) :

_ qD rHy [38(xy)
J’ - Hs J-O [ dx x=0 dy (7)
V=V Log (}:ff f:z 6(0,y)dy + 1) 8)

where V- represents the thermal voltage, N, the base doping level and n;, the silicon intrinsic
carrier’s density of the silicon.
Knowing the photocurrent density values and those of the photo voltage, one can easily
calculate the power P provided by the solar cell:

P=VJA ©)]
where A is the solar cell's surface.

1.2 Solar cell conversion efficiency
An important parameter in the solar cells characterization is the conversion efficiency given
by the relation (10) [15-16]:

PTI’I Vm;m
=== 10
n Pine ( )
where B, indicates the optimal solar cell power and Pj,. i.e, the incidental power. V,, and
I, are respectively, photo voltage and the photocurrent corresponding to the optimal power

B

Pine

Another interesting parameter is the fill factor which permits to evaluate the quality of a solar

solar cell is important. It is given by the relation (16):
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FF = Vinlim

VCO"{IC
(11
V.. indicates the open circuit photo voltage and /.. the short-circuit photocurrent.

I1.3  Diffusion capacitance and space charge region width

The diffusion capacitance of the solar cell is due to the diffusion of excess minority charge
carriers through the junction. It can be determined by the relation (12) [17, 18].

ni?
20 Ny il
¢= Fr Al T (V—r) (12)

This diffusion capacitance is composed of iwo terms: one term related to the intrinsic
capacitance and another term which depends on the solar cell operating point and thus on the
junction recombination velocity Sj [19]. It is related to the space charge region width Xp by
the relation [17, 18]:

€ =222 (13)

Xp

where A indicates solar cell surafce, &y, vacuum's dielectric permittivity and &,., the relative
permittivity of silicon.

III.  Results and Discussions

The continuity equation (1), which is solved using the finite element method computer code
that we have conceived, permits to determine the photo generated minority charge carriers
density from which the others quantities can be calculated by the relations (7-13).

To highlight effects of gaussian beam radius 7y on the improvement of the conversion
efficiency and on the diffusion capacitance of the solar cell, we have determined these
quantities for various values of 17, with a grain boundaries recombination velocity Sbg =

10%¢m/s and an incidental power Pi,. = 100 mW /em?.

In addition, when the silicon solar cell is illuminated by a gaussian luminous flow, the
variation of the generation rate according to the wavelength Ashows that this one is maximum
around a value ofd = 800 nm. For this wavelength of illumination, the corresponding
reflexion coefficient and absorption coefficient are R = 0,3448 and a = 8258cm™! [2,
4].

III.1  Solar cell Power

In Figure 2, we represented the power of the solar cell versus the junction recombination
velocity Sj and the grain width y, when the solar cell is illuminated on its front surface, by a
gaussian luminous flow.
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Figure 2 : Solar cell power versus Sj and y
As waited, the solar cell power increases according to Sj, reaches a maximum value

corresponding to the optimal power P, then decreases and cancels out, when Sj becomes
very great.

In Figure 3, we illustrated the solar cell power when it is illuminated by a gaussian luminous
flow and a monochromatic luminous flow.

1: Gaussian luminous flow
2 Classical monachromatic flow

Power { W/ cm 2)

Figure 3 : Solar cell power versus Sj : gaussian andclassical monochromatic flow

As waited, this power is higher when the solar cell is illuminated by a gaussian luminous
flow. In fact, for this illumination, the carriers generation phenomenon is more important. To
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illustrate the effects of the gaussian beam radius, we have represented the power of the solar
cell in figure 4, for various values of rf, versus the junction recombination velocity Sj.
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Figure 4 : Solar cell power

We can note that the gaussian beam radius has a considerable effect on the power of the solar
cell. The weaker it is, the more the solar cell power is important, because the reduction of the
gaussian beam radius led to the increase in the incidental power per unit of area since
incidental flow [, is constant.

I11.2  Conversion efficiency and fill factor of the solar cell

Using our matlab code for various values of rf, with Sh = 10°cm/s.S),, = 10%cm/sand
Sj = 3.9811-10* cm/s , corresponding to the optimal operating point of the solar cell. we

optimal power Py, the short-circuit photocurrent density /..and the open circuit photo
voltage V. The conversion efficiency of the solar cell, its fill factor FF, conversion
efficiency n can be easily calculated starting from the above relations (7-13). The results
obtained are given in table 1

Table 1 : Conversion efficiency and fill factor of the solar cell

rf Vm Jm Pm Jee Vco ar PF:
FF (%) .
(cm) (4] (mA) | (mW) | (mA) (4] < Sj (cm/s)
0.010 | 0.4596 | 3.2979 | 1.5160 | 3.5302 | 0.5374 | 0.7989 | 15.160 | 3.9811-10.
0.015 | 0.4529 | 2.5454 | 1.1528 | 2.7198 | 0.5308 | 0.7985 | 11.530 | 3.9811-10:
0.020 | 0.4472 | 2.0422 | 0.9536 | 2.1810 | 0.5251 | 0.7976 | 09.536 | 3.9811-10:
0.025 | 0.4423 | 1.6926 | 0.7487 | 1.8070 | 0.5203 | 0.7966 | 07.487 | 3.9811-10:
0.030 | 0.4382 | 1.4377 | 0.6308 | 1.5360 | 0.5161 | 0.7956 | 06.308 | 3.9811-10:

One can note that at the optimal operating point of the solar cell, the gaussian beam radius 7¢

has a significant effect on the conversion efficiency as shown in figure 5. , where 1 is

6




182 represented according to 77. On the other hand the variation of the gaussian beam radius does
183  not seem to influence the fill factor of the solar cell.
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186 Figure 5 : Conversion efficiency versus gaussian beam radius

187  The conversion efficiency increases with the reduction of the gaussian beam radius, owing to
188  the increase in the optimal power which is directly related to Py, and /. In the same way,
189 Jec and Vo are more important when 1y is weak. This conversion efficiency which reaches
190  the value of 15% for rf = 0.01cm, is definitely better than the conversion efficiency of 12%
191  or 13% obtained for polycrystalline solar cells subjected to usual solar illuminations [20].

192 1.3  Diffusion Capacitance

193 We were also interested in the behavior of the diffusion capacitance of the solar cell when it
194  is illuminated on its front surface by a gaussian luminous flow. It is represented in 2D in
195  figure 6, according to the junction recombination velocity §; and the width y of the grain of
196  the solar cell.
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198 Figure 6 : Diffusion capacitance versus Sj and the grain width y of the solar cell illuminated by a gaussian
199 luminous flow

200 In the same way, when we illuminate the solar cell by a classical monochromatic flow, one
201  obtains a diffusion capacitance as represented in figure 7.
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To compare the diffusion capacitance of the solar cell illuminated by a gaussian luminous
flow and what obtained when a classical monochromatic luminous flow illuminates it, we
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Figure 8 : Diffusion capacitance for a classical monochromatic flow and a gaussian luminous flow versus Sj

The diffusion capacitance is more important when the solar cell is illuminated by a gaussian’
luminous flow than when a classical monochromatic flow illuminates it. The photogenerated __ - { Comment [G49]: Inserted: illuminates it

charge carriers density being more important when the solar cell is illuminated by a gaussian
Iuminous flow [2], the diffusion of the charge carriers at the junction is also more important.
That leads to the increase in the diffusion capacitance.
One can also note that the effects of the gaussian beam radius on the diffusion capacitance are
mor¢ important on the open circuit diffusion capacitance and decreases with the increase of
7. These effects are illustrated in figure 9.

Capacity (F/cm2)

Figure 9 : Diffusion capacitance for various values of rfversus junction recombination velocity Sj

=Y

5

1. : : 1:t=0010cm
i : : 2-d=0015em|....... i

3:f=0.020cm

rf=0025cm|------- B
crf-0.030 cm

.

0 1 2 3

4
Log(S)

j - {Comment [G47]: Inserted: illuminates it

- ‘[Comment [G48]: Deleted:it is illuminated by

- ‘[Comment [G50]: Deleted:it is illuminated by




229
230

231
232
233
234
235
236

237
238

239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258

II1.4  Space charge region

Just like the diffusion capacitance, we have represented in figure 10 for a value ofry =
0.01 ¢m, when the solar cell is illuminated by a gaussian luminous flow and by a classical
monochromatic flow.

To examine the effects of gaussian beam radius on the widening of the space charge region,
we represented it for various values of 1;. These curves are given in figure 10.
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Figure 10 : Width of space charge region for various values of rf

When one vary the gaussian beam flow, the profile of the width of the space charge region
according to Sj is practically the same one and the saturation value is the same one for the
various curves. In general, one can note that the gaussian beam radius has an effect limited on
the width of the space charge region.

IV.  Conclusion

After determining the charge carriers density by solving the continuity equation using finite
element method from which the photocurrent density and the photo voltage of solar cell were
deduced, the effects of gaussian beam radius on the power and the conversion efficiency of
the cell have been highlighted. These effects are more remarkable on the capacitance of the
solar cell than on the width of the space charge region. One also can note that the grain width
of the solar cell does not have effects on the diffusion capacitance and the space charge
region width.

Thus, from this study, we can note that compared with a classical monochromatic
illumination, the gaussian luminous flow has considerable effects on the solar cell electrical
parameters. These effects are characterized by the improvement of the solar cell
performances, owing to the reduction of the gaussian beam radius leading to the increase in
the solar cell conversion efficiency. .

10
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