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Effects of Gaussian beam radius on the1

conversion efficiency and2

the diffusion capacitance of a polycrystalline3

silicon solar cell4
5
6
7

Abstract8
This study presents effects of Gaussian beam radius ( )on the power and the conversion9
efficiency ( ) of a polycrystalline silicon solar cell. The two-dimensional continuity equation10
solved using finite element method, permits to determine the excess minority carriers density,11
the photocurrent density and the photo voltage from which the power and the conversion12
efficiency of the solar cell are calculated. The capacitance (C) and the space charge region13
(SCR) width are also examined for various values of the radius of gaussian luminous flow.14
The gaussian luminous flow effects on solar cell’s performances are highlighted in comparing15
with those of a classical monochromatic illumination.16

17
Keywords: solar cell, gaussian flow, conversion efficiency, capacitance, space charge region,18
recombination velocity.19
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I. Introduction22

Solar cells, generally designed to be illuminated by solar light, have an absorption spectrum23
of which wavelengths extend from 300 to 1100 nm [1,2]. Thus, to improve their24
performances, several studies have been carried out, by subjecting them to various types of25
illuminations such as laser beams [2-4]. These studies have permitted to determine solar cell26
electrical parameters, namely, the current-voltage characteristic, series resistance, and shunt27
resistance, as well as the diffusion length, when it is illuminated by a Gaussian luminous flow28
[1-4].These studies for most of the cases have not taken into account the solar cell power and29
its conversion efficiency.30
This study aims to determine the effects of the Gaussian luminous flow radius on the power31
and the conversion efficiency of a polycrystalline silicon solar cell, on its diffusion32
capacitance and the charge space region extension, using a finite element method [2][4-8].33
The power and the conversion efficiency of the solar cell will be determined for various34
values of gaussian beam radius, as well as the diffusion capacitance, and the space charge35
region (SCR) extension of the solar cell.36
After solving the continuity equation using this method, we will determine the excess37
minority carriers density [9-10], and a comparative study will be done when the solar cell is38
illuminated respectively by a classical monochromatic flow, and by a Gaussian luminous39
beam.40

41
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II. Theoretical approach42
43

II.1 Continuity Equation44
Let us consider a polycrystalline silicon solar cell, constituted by an emitter doped n-type45
with a weak thickness and a base doped p-type with a depth according to x and a width46
according to y, as represented in figure 1.When the solar cell is not illuminated, between the47
emitter and the base there is a depletion region called space charge region (SCR) inside48
which the internal electric field , as opposed to the diffusion of the majority carriers A49
width and a capacitance , characterizes this region. When the solar cell is illuminated,50
the excess minority carriers photogenerated diffuse towards the space charge region i.e. the51
electrons of the base and holes of the emitter. The charge carriers reach the space charge52
region are accelerated by the internal electric field, thus creating a diffusion photocurrent53
[11].54

55
Figure 1 : Crystal of a bifacial silicon solar cell56

57
In this study, we neglect the current contribution of the emitter into the photocurrent and the58
height of solar cell along the z-axis [9]. Thus the continuity equation which governs the solar59
cell operation is given by [4, 12, 13]:60 ( , ) + ( , ) − ( , ) = − ( , ) (1)61 δ(x, y) represents the excess minority carriers density, i.e., the electrons in the base P.x and y62
are the coordinates related to the base depth and the solar cell width respectively. L and D63
indicate respectively, the diffusion length and the diffusion coefficient of the electrons, and64 g(x, y), its generation rate.65
When the solar cell is illuminated on its front surface, this generation rate is given by [2, 4, 6,66
14] :67

68 ( , ) = (1 − ) (− ) for a classical monochromatic (2 )(1 − ) (− ) ∙ − for a gaussian luminous (2 b).69

is the incidental beam of photons. and represent respectively, the absorption coefficient70
and the reflection coefficient of the solar cell and ,the radius of gaussian luminous beam.71
This continuity equation obeys to the following boundary conditions relating to the72
conservation of the diffusion current and the recombination current on the boundaries of the73
solar cell [2, 6]:74

- on the junction75
76
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( , ) = ∙ (0, ) (3)77

- on the back surface78
79 ( , ) = − ∙ ( , ) (4)80

- on the y=0 boundary81
82 ( , ) = ∙ ( , 0) (5)83

- and on the y=H2 boundary84
85 ( , ) = − ∙ ( , ) (6)86

Sj indicates the junction recombination velocity, Sb the back surface recombination velocity87
and Sbg, the boundary recombination velocity on the boundaries y=0 and y=H2.88
Knowing the photo generated minority charge carriers density, the photocurrent density and89
the photo voltage are calculated from the following relations (7) and (8) :90

91 = ∙ ∫ ( , ) (7)92

93 = ∙ ∫ (0, ) + 1 (8)94

where represents the thermal voltage, , the base doping level and , the silicon intrinsic95
carrier’s density of the silicon.96
Knowing the photocurrent density values and those of the photo voltage, one can easily97
calculate the power provided by the solar cell:98 = (9)99
where A is the solar cell's surface.100

II.2 Solar cell conversion efficiency101
102

An important parameter in the solar cells characterization is the conversion efficiency given103
by the relation (10) [15-16]:104 = = (10)105

where indicates the optimal solar cell power and . i.e, the incidental power. and106
are respectively, photo voltage and the photocurrent corresponding to the optimal power107
.108

109
Another interesting parameter is the fill factor which permits to evaluate the quality of a solar110
cell or a photovoltaic generator. The higher it is, the more exploitable power provided by the111
solar cell is important. It is given by the relation (16):112
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=113

(11)114
, indicates the open circuit photo voltage and the short-circuit photocurrent.115

116

II.3 Diffusion capacitance and space charge region width117

The diffusion capacitance of the solar cell is due to the diffusion of excess minority charge118
carriers through the junction. It can be determined by the relation (12) [17, 18].119 = = ∙

(12)120

This diffusion capacitance is composed of two terms: one term related to the intrinsic121
capacitance and another term which depends on the solar cell operating point and thus on the122
junction recombination velocity Sj [19]. It is related to the space charge region width Xp by123
the relation [17, 18]:124 = (13)125

where A indicates solar cell surafce, , vacuum's dielectric permittivity and , the relative126
permittivity of silicon.127

128
III. Results and Discussions129

The  continuity equation (1), which is solved using the finite element method computer code130
that we have conceived, permits to determine the photo generated minority charge carriers131
density from which the others quantities can be calculated by the relations (7-13).132

To highlight effects of gaussian beam radius on the improvement of the conversion133
efficiency and on the diffusion capacitance of the solar cell, we have determined these134
quantities for various values of , with a grain boundaries recombination velocity =135 10 / and an incidental power = 100 / .136

In addition, when the silicon solar cell is illuminated by a gaussian luminous flow, the137
variation of the generation rate according to the wavelength shows that this one is maximum138
around a value of = 800 . For this wavelength of illumination, the corresponding139
reflexion coefficient and absorption coefficient are = 0,3448 and = 825,8 [2,140
4].141

142
III.1 Solar cell Power143

In Figure 2, we represented the power of the solar cell versus the junction recombination144
velocity Sj and the grain width y, when the solar cell is illuminated on its front surface, by a145
gaussian luminous flow.146
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147
Figure 2 : Solar cell power versus Sj and y148

As waited, the solar cell power increases according to Sj, reaches a maximum value149
corresponding to the optimal power , then decreases and cancels out, when Sj becomes150
very great.151

In Figure 3, we illustrated the solar cell power when it is illuminated by a gaussian luminous152
flow and a monochromatic luminous flow.153

154

155
Figure 3 : Solar cell power versus Sj : gaussian andclassical monochromatic flow156

As waited, this power is higher when the solar cell is illuminated by a gaussian luminous157
flow. In fact, for this illumination, the carriers generation phenomenon is more important. To158
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illustrate the effects of the gaussian beam radius, we have represented the power of the solar159
cell in figure 4, for various values of rf, versus the junction recombination velocity Sj.160

161
Figure 4 : Solar cell power162

We can note that the gaussian beam radius has a considerable effect on the power of the solar163
cell. The weaker it is, the more the solar cell power is important, because the reduction of the164
gaussian beam radius led to the increase in the incidental power per unit of area since165
incidental flow is constant.166

167
III.2 Conversion efficiency and fill factor of the solar cell168

Using our matlab code for various values of rf, with = 10 / , = 10 / and169 = 3.9811 ∙ 10 / , corresponding to the optimal operating point of the solar cell. we170
have determined the optimal photo voltage , the optimal photo courrent density , the171
optimal power , the short-circuit photocurrent density and the open circuit photo172
voltage . The conversion efficiency of the solar cell, its fill factor , conversion173
efficiency can be easily calculated starting from the above relations (7-13). The results174
obtained are given in table 1175

176
Table 1 : Conversion efficiency and fill factor of the solar cell177

178
rf

(cm)
Vm
(V)

Jm
(mA)

Pm
(mW)

Jcc
(mA)

Vco
(V) FF (%) PF :

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

179

One can note that at the optimal operating point of the solar cell, the gaussian beam radius180
has a significant effect on the conversion efficiency as shown in figure 5. , where η is181
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represented according to . On the other hand the variation of the gaussian beam radius does182
not seem to influence the fill factor of the solar cell.183

184

185
Figure 5 : Conversion efficiency versus gaussian beam radius186

The conversion efficiency increases with the reduction of the gaussian beam radius, owing to187
the increase in the optimal power which is directly related to and . In the same way,188

and are more important when is weak. This conversion efficiency which reaches189
the value of 15% for = 0.01 , is definitely better than the conversion efficiency of 12%190
or 13% obtained for polycrystalline solar cells subjected to usual solar illuminations [20].191

III.3 Diffusion Capacitance192

We were also interested in the behavior of the diffusion capacitance of the solar cell when it193
is illuminated on its front surface by a gaussian luminous flow. It is represented in 2D in194
figure 6, according to the junction recombination velocity and the width of the grain of195
the solar cell.196
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197
Figure 6 : Diffusion capacitance versus Sj and the grain width y of the solar cell illuminated by a gaussian198

luminous flow199

In the same way, when we illuminate the solar cell by a classical monochromatic flow, one200
obtains a diffusion capacitance as represented in figure 7.201

202
Figure 7 : Diffusion capacitance versus Sj and the grain width y of the solar cell illuminated by203

monochromatic luminous  flow204

One can note that the capacitance of the solar cell decreases according to the junction205
recombination velocity Sj. For the weak values of Sj, i.e. in the vicinity of the open circuit, it206
corresponds to the open circuit capacitance . It is null for the great values of Sj,207
corresponding to a short-circuit operation. One also can note that the grain width of the solar208
cell has not effects on the capacitance, whether a gaussian luminous flow illuminates the209
solar cell or not.210
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To compare the diffusion capacitance of the solar cell illuminated by a gaussian luminous211
flow and what obtained when a classical monochromatic luminous flow illuminates it, we212
have represented in figure 8, both capacitances according to Sj, for = 0.01 .213

214
Figure 8 : Diffusion capacitance for a classical monochromatic flow and a gaussian luminous flow versus Sj215

216
The diffusion capacitance is more important when the solar cell is illuminated by a gaussian217
luminous flow than when a classical monochromatic flow illuminates it. The photogenerated218
charge carriers density being more important when the solar cell is illuminated by a gaussian219
luminous flow [2], the diffusion of the charge carriers at the junction is also more important.220
That leads to the increase in the diffusion capacitance.221
One can also note that the effects of the gaussian beam radius on the diffusion capacitance are222
more important on the open circuit diffusion capacitance and decreases with the increase of223

. These effects are illustrated in figure 9.224

225
Figure 9 : Diffusion capacitance for various values of rfversus junction recombination velocity Sj226

227

228
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229
III.4 Space charge region230

Just like the diffusion capacitance, we have represented in figure 10 for a value of =231 0.01 , when the solar cell is illuminated by a gaussian luminous flow and by a classical232
monochromatic flow.233
To examine the effects of gaussian beam radius on the widening of the space charge region,234
we represented it for various values of . These curves are given in figure 10.235

236

237
Figure 10 : Width of space charge region for various values of rf238

When one vary the gaussian beam flow, the profile of the width of the space charge region239
according to Sj is practically the same one and the saturation value is the same one for the240
various curves. In general, one can note that the gaussian beam radius has an effect limited on241
the width of the space charge region.242

243
IV. Conclusion244
After determining the charge carriers density by solving the continuity equation using finite245
element method from which the photocurrent density and the photo voltage of solar cell were246
deduced, the effects of gaussian beam radius on the power and the conversion efficiency of247
the cell have been highlighted. These effects are more remarkable on the capacitance of the248
solar cell than on the width of the space charge region. One also can note that the grain width249
of the solar cell does not have effects on the diffusion capacitance and the space charge250
region width.251
Thus, from this study, we can note that compared with a classical monochromatic252
illumination, the gaussian luminous flow has considerable effects on the solar cell electrical253
parameters. These effects are characterized by the improvement of the solar cell254
performances, owing to the reduction of the gaussian beam radius leading to the increase in255
the solar cell conversion efficiency. .256

257
258
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