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Abstract The objective of this work is to do the theoretical study of the current — voltage characteristics of a
homojunction deposited on a substrate [CulnSe2(N)/CulnSez(P)/CdTe (P+)] in the presence of an additional
electric field of 2.105 Vecm™. The additional internal electric field is due to a doping gradient. In this case we
establish the calculation of the different expressions of the respective photocurrent by solving the continuity
equations which govern the variation of the minority carriers in each region and by using the boundary
conditions. A simulation of this photocurrent depending on the voltage is made by keeping the same values of
the geometric parameters. The results obtained shows that the maximum photocurrent is approximately equal to
27.5 mA.cm at low values of the voltage and that the maximum power is approximately equal to 7.329 mw.
Then, we studied the influence of the series resistance, the shunt resistance and the ideality factor. We observe
that the increase in the series resistance decreases the slope of the current-voltage characteristic, the increase in
the shunt resistance is manifested by an increase in the open-circuit voltage and as well as the ideality factor.
Our results are according with those found in the literature.
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Introduction

Photovoltaic conversion is the transformation of light energy into electrical energy. Devices capable of
performing this transformation are called solar cells. Their internal quantum efficiency were relatively very low,
which gave motivation to study the limiting factors of the photovoltaic conversion [1].

Theoretical Study
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In order to simulate a homojunction model corresponding to an N-P junction deposited on a doped substrate P+,
we assume that the junction is between the two first layers and that the thickness of the substrate is infinitely
large compared to the others geometrical parameters.

Figures 1 and 2 respectively represent the structure and the band diagrams of a homojunction model N-P
deposited on a P+ type substrate. In Figure 2: e2, €3 and e4 respectively represent the thicknesses of the emitter,
the base and the substrate and w represents the thickness of the space charge region. In figure 1 we have x2 =
e2,x3=e2 +w +e3and H=e2+w + e3 + e4.

Expression of the photocurrent in the emitter

The variation of the holes in the n-type emitter in static regime is determined by the continuity equation (1)
[2,3,4]:

d2A Up2.E dA A ayN(1-R)e%2¥
1272 ) P2 % + % (1-R) =0 (l)
dx DpZ dx LpZ DpZ

With up, the holes mobility, E the electrical field, Lp, the diffusion length of the holes in the emitter, a- the
absorption coefficient of CulnSe2, Dp, the diffusion coefficient of the holes in the emitter, N incident photon
number and R the reflection coefficient.

The general solution of equation (1) is of the type:
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Thus, by determining constants A and B, the boundary conditions are on below:

dAp
Dp; d_xz — Upz-E.Ap; = Sp,. Ap, pour x =0 ©))
Ap, =0 pour x = x, )
We obtain the expression of the photocurrent in the emitter given by:
X2 2 12
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With l= Tk and L' = T

Expression of the photocurrent in the space charge region
This component of the photocurrent is due to the carriers created only in the space charge region. It is given by
equation (5) [6,7]:

Jzce = qN(1 = R)(1 — e™%2¥)e™ 22 (6)

Expression of the quantum photocurrent in the base
The continuity equations reflecting the variation of electrons generated in the base and in the substrate are given
by equations (6) and (7) [5]:
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a, is the absorption coefficient of CdTe, Ln, is the diffusion length of electrons in the substrate, Dn, coefficient
of electron diffusion in the substrate.
The general solutions of equations (6) and (7) are of the type [8]:

X —X
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The constants are determined from the boundary conditions given by equations (8), (9), (10) and (11) [6,10]:

An, =0 for X = X', +W, (11)
dAn dAn _

Dn S —Dn 4 for X=X 12

* dx 4 dx 3 12

An, =An, for X=X, (13)

An, =0 for X=H (14)

The photocurrent describing the base contribution is given by equation (12):
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The total photocurrent resulting from the contribution of the different regions is given by equation (16):
Jiotat =Je +Joce ¥ (16)

Determination of the Characteristic Parameters of a solar cell
Equivalent model of the solar cell

The equivalent electrical model of the solar cell is shown in Figure 4. In this figure, we note a current source and
a diode in parallel with a series resistor which models the ohmic losses. We also note the presence of the shunt
resistor which models the parasitic currents which cross the cell.
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Figure 3: Equivalent electrical model of a solar cell in the presence of parasitic resistances
The current - voltage characteristic is represented by equation (17) [11; 12]:

V+Rs ]

e(V+R5])
o 1] a7

J=Jn=Js|e

With Jph is the photocurrent, Js is the diode saturation current, V is the voltage delivered by the solar cell, Rs is
the series resistance, Rsh is the shunt resistance, K is the constant of Boltzmann, T is the temperature, n is the
ideality factor.

The photocurrent Jph models the photogenerated current during absorption of incident photons. The shunt
resistance Rsh models the leakage currents that exist in the structure. These leakage currents can take place
along the periphery of the photodiode surface and through the emitter. The resistive losses in the semiconductor
material and the contact resistances at the metal/semiconductor interfaces are modeled by the resistance Rs in
series [14].

Determination of the short-circuit current (Jsc)

Rsh

In the case of a real solar cell modelled by equation (18), the short-circuit current is no longer equal to the
photocurrent generated, it is given by the following implicit relationship [13]:

Joo = nKT In (JLh _Jsc _ Rslsc + 1) (18)

qRs Is Is Rsnls
The short-circuit current therefore depends on the shunt and series resistance.

Determination of open-circuit voltage (\Vco)

It is the voltage from which the diode in the dark supplies a current equal to the short-circuit current Js. It is
obtained from equation (19) [13]:

no=%?xm(%hjﬁi+1) (19)
It is independent of the series resistance.
Maximum Power Point Determination
The solar cell power is defined by the relation:

P=JxV (20)

Where J is the current supplied by the solar cell and V the polarization voltage at its terminals.

Approximate resolution techniques are used to solve the various implicit equations. Considering that the space
charge zone is located only between the n and p regions of each structure and that the electric field is zero
outside this zone, the results obtained can be applied to the different structures considered.
The form factor FF
It defines the efficiency of the solar cell. It is obtained by the relation (21):
P
FF = —— 21
]SC'VCO ( )

Where Pm is the power of operating point of the solar cell
The energy conversion efficiency

It is determined by the ratio between the maximum power generated and that of the incident solar radiation.

s
P =
ﬁq: '\S
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Pm
Ne = (22)

Psolaire

Where Psoiar is the power of solar radiation (Psolar = 93,1 mW.cm? (AM 1) [12,13,14]

Results and Discussions
Absorption coefficients of the different materials used

For this structure, the theoretical model is proposed to determine the internal quantum efficiency. The variation
of absorption coefficients of the materials (CulnSe. and CdTe) is given according to the energy by the figure 1

[9].
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Figure 4: Evolution curve of the absorption coefficient as a function of energy
However, we note for some values of energy (1.04eV and 1.5eV) corresponding respectively to each material,
an abrupt increase of the absorption coefficients up to a certain value (105 cmt) where an increase is observed.

Indeed, these energy values correspond respectively to the gaps of these materials. For each material, we note
an abrupt absorption.

Absorption coefficient (cm™)

Current-voltage characteristic of a solar cell

In this part, we apply the established results to plot the current-voltage characteristic noted J(V) (J is the
photocurrent provided by the solar cell and V the voltage).

The figure 5 represents the evolution of the photocurrent density Jph and of the power of the solar cell P as a

function of the voltage V for a homojunction deposited on the substrate in the presence of an additional electric
field of the emitter.
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Figure 5: Jph(V) and P(V) characteristics of a photovoltaic cell

In Fig. 5, we note a maximum photocurrent density of approximately 27.5 mA.cm™2 at low values of the voltage
(OV to 0.15V). It corresponds to the short-circuit photocurrent density. It decreases considerably until it
vanishes for more elevated values of the voltage (0.25 to 0.5V). This is interpreted as a short-circuit where the
maximum photocurrent is reaches and an open-circuit at the maximum voltage. For the curve of the power of
the solar cell according to the voltage, the power of the solar cell varies linearly with the voltage up to the
vicinity of the limit value which corresponds to the maximum power of the solar cell. When the voltage tends
towards the value corresponding to the value of the open circuit, the power decreases until it cancels out.

The various electrical parameters characteristic of each model resulting from this study are summarized in
Table 1.
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Table 1: Values of the electrical parameters of the homojunction deposited on the substrate (CdTe) in the
presence of an additional electric field in the emitter

Rs Rsh Jsc Jm Vm Pm MNc

@em?)  (Qem?d)  (mAcm?) YoM FF

Model (mAcm?) (V) (mW.cm?) (%)

Homojunct
ion
deposited
substrate
in the
presence
of an
additional
electric
field

0,3
0

0,5

1 1000 30 0,42 24,43 82

7,329 7,87

Influence of series resistance Rs

In Figure 6, we have represented the evolution of the photocurrent density Jph in the case of the homojunction
deposited on the substrate in the presence of an additional electric field in the emitter as a function of the
voltage for different values of the series resistance Rs between 0 and 6 Q.cm?. The shunt resistance Rsh is fixed
at 1000Q.cm?.
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Figure 6: Influence of different values of series resistance on the J-V characteristic of an illuminated solar cell
In this figure 6, we note that the open circuit voltage (Voc) and the short circuit photocurrent (Jsc) are hardly
modified. The characteristic deforms very quickly under the influence of Rs. This influence results in a decrease
in the slope of the J-V characteristic in the area where the cell functions as a voltage source when Rs increases.
The table 2 summarizes the electrical parameters of the cell by varying of the series resistance.

Table 2: Values of the electrical parameters for different values of the series resistance

Rs Rsh Jsc n  Voc Jm Vm Pm FF Ne
(Q.cm?) (Q.cm?) (MA.cm? (V)  (mA.cm? Q) (mW. cm? (%)
0 1000 30 2 041 26 0,306 7,968 0,632 8,56

2 1000 30 2 041 24,8 0,285 7,07 0,539 7,6
4 1000 30 2 041 26,8 0,245 6,569 0,464 7,05
6 1000 30 2 04 23 0,268 6,2 0,439 6,66

Influence of the shunt resistance Rsh

In Figure 7, we have represented the evolution of the photocurrent density Iph in the case of the homojunction
deposited on the substrate in the presence of an additional electric field in the emitter as a function of the
voltage for different values of the resistance Rsh shunt.
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Figure 7: Influence of different values of shunt resistance on the J-V characteristic of an illuminated solar cell

In this figure 6, we notice that the short-circuit current is independent of the shunt resistance. While the open-
circuit voltage depends on it. We also notice that for values of the shunt resistance greater than or equal to
100Q.cm?, the open-circuit voltage hardly varies. However, for values of the shunt resistance lower than
100Q.cm?, the influence of the shunt resistance is manifested by a reduction in the open-circuit voltage.
The results of the electrical parameters are mentioned in the following table 3 when increasing the shunt

resistance.
Table 3: Values of the electrical parameters for different values of the shunt resistance
Rs Rsh Jsc n Veo Jm Vm Pm FF Ne
(Q.cm?)  (Q2.cm?) (mA.cm?) (V) (mA.cm?) Q) (mW.cm?) (%)
1 20 30 2 0,357 17 0,225 4,074 0,36 4,37
1 100 30 2 0,402 21 0,31 7,115 0,579 7,64
1 500 30 2 0,409 23 0,315 7,872 0,633 8,45
1 1000 30 2 041 24 0,306 7,968 0,64 8,56

Effect of the ideality factor

In Figure 8, we have represented the evolution of the photocurrent density as a function of the voltage for
different values of the ideality factor between [0.5;2] in the case of the homojunction deposited on the substrate
in the presence of an additional electric field in the emitter.
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Figure 8: Influence of different values of the ideality factor on the J-V characteristic of an illuminated solar cell
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We notice that the performance of the cell increases with the increase of the ideality factor. Indeed, this
improvement is explained by the fact that the ideality factor reduces the diode current, which allows an increase
in the open-circuit voltage.
Thus, the maximum power increases with the increase in the ideality factor.
The results of the electrical parameters are summarized in the following table 4 when increasing the ideality
factor.

Table 4: Values of the electrical parameters for different values of the ideality factor

Rs Rsh Jsc n Voc Jdm Vm Pm FF Ne
Q.cm?d)  (Q.cm?) (mA.cm?) (V) (mA.cm?) Q) (mW.cm?) (%)

1 1000 28 0,5 0,102 18 0,077 1,42 0,65 15

1 1000 28 1 0,204 24 0,147 3,557 0,645 3,82

1 1000 28 15 0,308 24 0,23 5,501 0,641 5,91

1 1000 28 2 0,41 24 0,306 7,444 0,64 7,99
Conclusion

The study and optimization of the spectral responses of photovoltaic cells require knowledge of the geometric
and electrical parameters of the structure studied. The photocurrent densities in each in the various regions of
the cell were calculated, which allowed us to deduce the expressions of the J-V characteristics of the structure
under consideration.

We have exposed the study of the influence of the J—V characteristics in order to optimize these parameters and
consequently increase the conversion efficiency (= 8%) for a value of the ideality factor equal to 2.

This work aims to model and determine the spectral responses and the photovoltaic characteristics of the solar
cell based on CulnSe,, and also aims to enhance the performance of the cell by optimising the electrical and
geometrical parameters
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