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Abstract In this paper we present results of tdionensionalanalysis of a bifacial polycrystalline solar cell

under Gaussianillumination, in highlighting theGaussianbeam radius effects, on the solar cell electrical
parametersThe twadimensionalcontinuity equatin with aGaussiargeneration rate is solved using the finite

element method. Theffects ofGaussiarbeam radius, on the recombination and electrical parameters of the

sol ar cell are studied namel y: t h eheshadcirciitphotecurredte nsi t vy
density (Jcc), the photovoltage (V), the series resistance (Rs) and the shunt resistance (Rsh).

Keywords Solarcell, finite elementsGaussiarbeam, wavelength, photocurrent, photovoltage, recombination
velocity, diffusion lengthshunt resistance, series résistance.

1. Introduction

To characterize solar cells, several methods are us8H (3enerally, these methods consist of interacting the
sola cell with an external excitation, and examining the response of solar cell, namely, the photocurrent or the
photovoltage produced by that oriEhe analysis of this response leads to determine the microscopic and
macroscopic parameters which govern tHarseell working.

The solar cell illumination by a monochromatic beam not depending to its dadth not take account the
variability of the illumination on the solar cell surfade take into account this variability of illuminatiowe
propose in this study to characterize a solar cell excited Gpussiarradiation, permitting to have a better
modelling of the illumination of the solar cell surfd&. The continuity equation which results fromaitil be
solved using finite elemémmethod. Fronthe evaluation of the photocurrent and fifetovoltage, we will
determine for various values of ti@aussiarbeam illuminationradius, the diffusion length, the back surface
recombination velocity, as well as the series resistance anchtim¢ sistance, starting from the electrical
model of the solar cell [4, 5].

2. Theoreticalanalysis
Let us consider a rectangular crystal of a bifacial polycrystalline silicon solar cell having a base;dapthad

width H,, as represented in figure 1
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Figure 1: Rectangular Crystal of &ifacial silicon solar cell
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This solar cell is illuminated by a luminous flow which we consider as a monochromatic radiation.
To carry out this study, we consider the following assump{ishs

- no external electric or magnetic field is applied to the semiconductor substrate;

- the influence of the semiconductor substrate thickness on the carriers' dynamics is neglected;
- theemitter contribution to the photocurrent is not taken into account.

The continuity equation which governs the solar cell 6
: # e : e # o0 _ I ¢
P T- 1)

- T
wherett ¢,« T epresents the photogenereted excess minority

diffusion length, D, the diffusion coefficierl. e, ¢ is the generation rat&.o take into account the variability
of luminous flow, we suppose that this genenatiate has &aussiarform.
In these conditions, this generation rate is givethbyfollowing equation [1]:

a
o=t H:a”F70

Where'gis the ilumination intensity, supposetbnstant. R ang are respectively, the reflexion coefficient
andthe absorption coefficient on the front or the back of solar cell surfacéyahe radius of th&aussian
illumination.
One can note that in this relation, the classical monochromatic generatit@crate’@1 Y| Q' ¢ is

0
multiplied by the corrective ter%.
The continuity Equation (1) obeys to the following boundary conditions [1], namely, the current of diffusion and
the current of recombination are equal on the boundarief5]i.e

- on the junction

TG _ Yo .

- on the back surface

1o Y ey

- on theo= % boundary

1 G _ Yo .Q
o o 27 o N )

-on then= % boundary

1 Qo _ Y@ e
o o2 5 2 @ .(6)

Sj indicate sthe junction recombination velocity, Sthhe back surface recombination velocity a&gb, the
boundary recombination velocity on the boundabies %anctb: %.

2.1. Resolution of the continuity equation by the finite element metttb

This continuity equation is an elliptic differential equation, which can be written to the following general form:
nao +f M="Q  (7)

It obeys to the Neumann boundaries conditi®g], namely:

L O0NO0,® =0 0,m
v ol qc,;’ = O "Qa"g
rN' \ _ T v
Pe @ o =k o0
(Y .G - Q
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wherdh= 1] = 26=1 @&, 0= ;—(‘1 oNi= ;%ansz S
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a, b,caandiarethe constant such as

=9 W T = 5
Thevariatioral form associated tihe equation (7) can be written as follows:
06 =2 "6 2+ 2 1 02D | HInOd | BKn= 0(8)

wheretns the normal unit vector on the bordand®dno = ;—z,the normal derivative.

To solve equation (7), one models the crystal of the solar cell by a rectadguoiairg , delimited by x=0 and

x=H; according to ox, andb= % andw= % according to oy. This domain is subdivided into triangular
finite elements, with } the step othe mesh according to ox, ang the step according to oy [5, 8].

After minimization of the variational form (8), we obtain the equation [5]:

07Y = 0(9)

or inversely:

Y= 6 10(10)

Whered andi are the global matrix of all finite elements. Theteg Y= [0, 0,,03,8 .0+ 1]is the unknown
excess minor i tagdl ,ahe nodd nembérof the mesls. i t y

The resolution of the equation (10) then makes it possible to determine the excess minority carriers' density

photogenerated [5, 9], fromhich the photocurrent density and the photovoltage are determined.

2.2. Generation rate

Reflexion coefficient versus A
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Figure 2a: Refl exion coefficient of the sol ar
10" Absorption coefficient versus A
10°
E‘][)5
;:}
210
(=}
?10
g
10°
10'
10° L= i [ i
400 500 600 700 800 900 1000 1100
Wavelength (nm)
Figure 2b: Absorption coefficientaf he sol ar cel |l versus a[ 10].
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To solve equation (9), it is necessary to know the second meratike generation rat®ww given by the

equation (2).

In the silicon semtonductor, this generation rate depends on the reflexion coefficient R on thecedblar

surface, andhe absorption coefficient. Both these parameters depend on th
as represented in figures 2a and 22, 10].

The analysis of these curves shows that:

- the reflection is lower for the wavelengtinalues located between 700 and 980 nm. Thus for these values of
wavelength, the incidence luminous flow absorbed by the solar cell is more important [1, 2].

-The absorption is higher when &<365nm. |t decreases

2.3. Photocurrentdensity and photovoltage
The photocurrent density and the photovoltage are determined from relations (9) and (10), respectively, as

follows [5]:
b= 1R F T ae o ©)
%" 2 1o ao

N ndi cates the electronés charge and

L. O
0= @DEQ % 2] 0,0 Qo+ 1 (10)

2

V1 represents the thermal voltage, Nb: the dopinginthebaseand t he i ntrinsic carrier6.

2.4. Short-circuit photocurrent density

The photocurrent density J being constant for very lasgees of junction recombination velocity Sj, its
derivative is equal to zero [3] [4]. This condition permits to determine the back surface recombination velocity
Sb, given by [4]:

T N
%= “GoP 000D @ | D (11)

Knowing all other parameters, one can determine the-shrottitphotocurrentdensityJcc, and the photovoltage,
according to the diffusion length L [4].

2.5.Macroscopic parametersof the solar cell
If we neglect the diode current, the equéralelectrical circuit of the solar cell can be illustrated as in figure 3

[4].

tS [ . [

O Or
Figure 3 : Equivalent electricatircuit of the solar cell

where Iph represents the photocurent, Rs, the series resistance, Rsh, thesistamce, and R the load
resistance. These resistances are given respectively by [11]:

. @

Yio= o (12)

Y=g (13)
Where'@indicates the shoircuit photocurrent density anob, the open circuiphotovoltage.
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3. Results and Discussions

To determine the microscopic and macroscopic parameters of the solar cell illuminat€abgsariuminous

flow, it is necessary to know the generation rate of the photogenereted carriers, namely the re#foent

R, and the absorption coefficient In this objective, while basing itself on the curves of the figures 2a and 2b

giving the variationsof Randaccor di ng to &, we have represented in
rate versus- for various values of the base depth x, with0,015 cm and y=0 corresponding to the maximum
Gaussiarilow.
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Figure 4 : Generation rate versus @afor wvarious val

Thesecurves shows that the generati@te increases rapidly starting from 500 nm then reaches a maximum
before decreasingfhis maximum ishigher when the value of the base depth is I&le can note that the
maximum of the generationrateor r esponds t o x=10 & m anKkdowiagtheaaluel engt h

of &, it is easy to deduce starting from the curves
coefficient R, and the absorption coefficient U, C Ol
found resgctively'Y = 0.3448 and| = 8258 dB 1.

After determining the values of R and U, the generat:i

veraus to the base depth x, and grain width y, with a radius dbaussiatuminous flow, rf=300 m.
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Figure 5: Generation Rate dbaussiarflow versus to thbase depth and the grain width
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Obviously, this generation rate is higher at the center of the solar cell grain and in the vicinity of the junction
(x=0). It decreasespidly and tends towards zero, when the base depth increases.
To illustrate the effects of the radius of luminous flow on this generation rate, we represented it in figure 6 in the

vicinity of the junction, versus the grain width, for various values ef#dius ofGaussiariuminous flow.
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Figure 6: Generation ratesersus the grain width in the vicity of junction.

one can note that the generation rate increases when the radiuGatidsariuminousflow decreases.

3.1 Minority carriers density photogenerated

Knowing the second member of the continuity equation (1),we have solved this equation using the finite
element method and determined the excess minority camliemsity whichis represented in figure 7, with a
radius of luminous flow rf=0.01 cm.

o Minority carriers' density (cm-2)

Grain width (c(r)n) Base degtgz(cm)
0.0 0.01
¢ 001 0
Figure72 Minority carriers6 de’s;1700yomeSj=86yuSb=1Fans¥se dept h:
Sbg=1G cm/s.

To highlight the effect of the radius @aussiarflow rf on the minority carriers density, we represented in
figure 8, the photogenereted minority carriers' density versus the base depth for various values of rf.
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Figure8: Mi nority carriersé density for wvarious

As shown in these curves, th@nority carriers' density photogenereted bgaussianuminous flow, increases

when the base depth increases. It reaches a maximum value and decreases in tendinget@yardsn one
approaches the back surface.

One can note that the minority carriers' density photogenerated Wyatiesiariuminous flow, just like the
generation rate, decreases when the radius of luminous flow increases. That can be due to theHact tha
illumination intensity is the same for all values of rf. In fact the decrease of rad@msussianuminous flow

involves the increase of the incidence power density, leading to the photogenerated carriers' density increase.
This result is in agreeent with those obtained by previous studies [6].

3.2. Photocurrent density
After obtaining the photogenerated minority carriers' density, we have determined the photocurrent density,

which we represented in figure 9, versus the fjoncrecombination velocitysj, and the grain width of solar
cell, for rf=0.01cm.
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Figure 9 : Photocurrentdensityersus JunctiomecombinatiorvelocitySj. D=26 cni/s; L=0.01cm Sb=1GF
cm/s; Sbg=16cm/s.
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One can note that the photocurrent densitgult for the small values of junction recombination velic8y
which corresponds to the open circuit solar cell opreratidncreases when Sj increases and saturates for the
great values of Sj, corresponding to the solar cell stiortiit operation.

To illustrate the effect of th&aussialuminous flow radius on the photocurrent density, we represented it in
figure 10, for various values of rf, according to junction recombination velocity S;.

“ T T ; ; ; ;

—y
N

-
o

0

N

=

Phatocurrent density { Alcm =2 )

log(S))

Figure 10: Photocurrentdensity versus junction recombination velo&fyfor various values of rf. D=26 cifs;
L=0.01 cm; Sb=1&m/s; Sbg=18cm/s.

As we noted for the minority carriers' density, the photocurrent density, decreaseSatssiarflow radius
increases.

3.3. Phototovoltage
The photovoltage has been determined using our calculation code and represented according to the junction
recombination velocity Sj, and the grain width of the photovoltaic cell. This curve is represented in figure 11
with a value of rf=0.0&m.
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Figure 11: Photovoltage versus Sj and the grain width: D=26sm_=0.01 cm; Sh=19 cm/s; Sbg=18cm/s.
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We can note that for the low values of the junction recombination velocity, the photovoltage is constant. What
corresponds to the solar cell open circuit workiflis photovoltage decreases and then tends towards zero for
the great values of Sjge. values of Sj corresponding to the solar cell sleartuit working.

We represented in figure 12 the photovotagesérious values of rf.
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Figure 12: Photovoltageversus S;j for various valuesif D=26 cnf/s; L=0.01 cmSh=1Gcm/s; Shg=18
cm/s.

We can also note that the open circuit photovoltage decreases witgasgarflow radius increases.

3.4.Current-voltage characteristic

After determining the photocurrent density and the photovoltage, we have evaluated thevoltagat
characteristic and represented it versus Sj, for various values of rf. in figure 13.
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Figure 13: Currentvoltage characteristic for various values of rf. D=26%snL=0.01 cm; Sb=18cm/s;
Sbhg=1G cm/s.

These curves show that smaller is @aussiaduminous flow radius, higher are the shoircuit photocurrent
density Jcc, and the open circuit photovoltage Vco.
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