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ABSTRACT: In this study, we propose a simple structure of an organic heterojunction solar cell of OTC/ED/EA type. Material
energy values are used for the first time. The study concerns a numerical simulation using SCAPS. Under standard conditions:
AM1.5 and T = 300K, the cell parameters are: Voc = 1.186V, Jsc = 14.314mA/cm?, FF = 88.57% and Eff = 15.04%. The effects of
parameters such as thickness, energy band gap, ND and NA charge carrier density of state, of the active layers were observed.
It appears that, apart from the ND density of state, all the other material parameters influence the values of the cell parameters.
It is still necessary to limit the value of NA to avoid degenerated cells. The influence of temperature has also been studied. It
was found that when the temperature increases, the performance of the cell decreases. This work is essential because it
provides the scientific community with data to make organic solar cells more efficient.
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1 INTRODUCTION

The need for energy is increasingly crucial. Energy is at the heart of the development of nations. African countries, faced
with their galloping demography and their need for industrialization, need to have abundant energy. As for developed
countries, they need to consolidate their energy needs. Thus, a lot of efforts are made in research as well as in policies to
diversify energy sources, but particularly renewable sources that are environmentally friendly. In this context, solar
photovoltaic is an interesting solution if we manage to diversify active materials and deposition techniques at lower cost.
Indeed, most of the solar panels marketed so far are made from silicon ([1], [2]). However, silicon is widely used in electronic
devices. This leads to its scarcity and consequently its cost [2]. Faced with this situation it is necessary to develop other
materials, especially organic ones, to address the problem of silicon abusive. Organic materials are particularly interesting
because they are abundant, diversified, flexible and easy to obtain ([3], [4], [5]).

Simulation is an interesting technique that allows apprehending the behavior and performance of a physical system. A
photovoltaic cell is a physical system that by receiving light wave produces electricity. All the physical mechanisms taking place
in the cell are governed by equations. These include the phenomena of charge generation, recombination and diffusion.
Numerical programs can be designed to solve these equations. The photovoltaic cell is a stack or blend of active materials. The
most efficient solar cells in terms of efficiency are made of inorganic materials. The efficiency can exceed 26% [6]. However,
organic solar cells would be interesting if they could compete with inorganic solar cells in terms of conversion rates. Indeed,
organic materials are light, easy to obtain and less expensive ([7], [5]) reported yields of 16% with organic solar cells. Many
works are published to improve the conversion efficiency ([4], [8], [9], [10], [11]). It all depends on the choice of materials and
their properties. Our work aims at studying the influence of the properties of the active layers of the solar cell by simulation.
SCAPS is a powerful tool to simulate the influences of the parameters of the photovoltaic cell ([12, [13]). However, it is true
that the experimental results do not necessarily reproduce the results of the simulation. This is due to the complex
manufacturing processes that introduce defects and impurities. However, this does not detract from the effectiveness of the
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simulation in providing the scientific community with manufacturing possibilities. In this work the simulation concerns a solar
cell with stacked layers of organic materials of the OTC/ED/EA type. More precisely in this study, we want to simulate the
influence of the donor and acceptor materials respectively. ED and EA constitute the active layers. The OTC material constitutes
the optical window. These materials have adjustable properties. This means that we can vary for example the energy gap, the
LUMO, HOMO values, the carrier densities of states.

2 METHODOLOGY

The physics of semiconductors is quite classical. The phenomena of generation, recombination of charge carriers are
governed by equations. The Poisson and continuity equations are fundamental equations in semiconductors. Based on these
equations (Eqn 1- Eqn 5), it is possible to develop algorithms to describe and simulate the physical phenomena at the interface
and in materials. This is what SCAPS does [14]. Indeed, SCAPS is a powerful program for the simulation of solar cells. It is
understood that the solar cell is a superposition of layers of active materials and charge collection electrodes. Figure 1 shows
the structure of the solar cell to be simulated.

Fig. 1.  Structure of the OTC/ED/EA solar cell
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Recombination rate. Dn (p): electron (hole) diffusion constant, un (p): electron (hole) mobility

SCAPS was developed at the Department of Electronics and Information Systems (ELIS) of the University of Ghent in Belgium
supervised by Dr. Marc Burgelman [15]. This program is free to download and is compatible with almost all Windows versions.
It was originally developed to simulate CdTe or CulnSe: solar cells. However, it has been improved to take into account
heterojunction thin film solar cells, even organic ones. 3310 version was used to integrate the Gaussian type defect levels. This
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version allows to have the J(V) curves under darkness and under illumination, the energy band diagrams, the charge carrier
densities, the generation and recombination profiles. It is possible to determine the energetic values of materials by
electrochemistry [16]. By integrating these values into the SCAPS program, one can see the influence of the ED donor material
layer or EA acceptor material layer on the cell parameters. Table 1 gives the standard values of the parameters of the material
layers of the cell.

Influence parameters of interest are the thickness Ep, the gap energy Eg, the charge carrier density. We can also see the
influence of temperature. Only one parameter varied at a time, the other parameters are kept constant. A similar study was
done by [7]. The radiation spectrum chosen is the AM1.5 standard and the default operating temperature is 300K.

Table 1. Standard parameters of the cell in the simulation

Materials

Parameters

OTC ED EA
Thickness (nm) 5,000 200 1000
Gap energy (eV) 3,8 1,7 1,5
Electronic Affinity (eV) 4.6 4.8 5,2
Dielectric Permittivity 10,000 10,000 10,000
Effective density of states in BC (cm-3) 4.10%8 2.10%18 2.10%18
Effective density of states in BV (cm-3) 9.10*18 9.10%1° 2.10%18
Thermal velocity of the electrons (cm/s) 1.10* 1.10" 1.10"
Hole thermal velocity (cm/s) 1.10% 1.10" 1.10"
Electron Mobility (cm?/V.s) 2.10"? 2.10% 2.10*%
Hole mobility (cm2/V.s) 1.10%? 1.10%? 1.10*%
Donor density ND (cm-3) 5.10*Y7 1.10%1° 0
Donor density ND (cm-3) 0 0 5.10*Y7

3 RESULTS AND DISCUSSION

J(V) curve in Fig. 2 is the curve simulated with the standard values from Table 1 above, and at temperature T = 300K. Under
these conditions, the cell parameters are such that Voc = 1.186V, Jsc = 14.314mA/cm? FF = 88.57% and Eff= 15.04%. The voltage
has been varied between 0 V and 1.200 V and it can be seen that the current increases with the voltage. This means that the
current depends on the voltage and the load carrying mechanisms. Thus, at high voltages, there is an increase in the number
of photo-generated charge carriers, which leads to an increase in current. These good results are certainly also due to the good
agreement between the energy levels between the donor and acceptor materials. Indeed, the electronic affinities of ED and
EA are respectively 4.8 eV and 5.2 eV.

10 4

15

Fig. 2.  J(V) curve of the simulated solar cell under standard conditions
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These interesting results led us to investigate the influence of the variation of the properties of both active materials on
the one hand and the influence of temperature on the other hand.

3.1 VARIATION OF THE THICKNESS OF THE ACTIVE LAYERS

It is known that the mobility of electrons is greater than holes ones [19]. So, it is logical to make the electron-accepting
layer (layer whose fermi level is close to the valence band) thicker than the donor layer (layer whose fermi energy is close to
the conduction band). So that there is a large number of charge carriers reaching the opposite electrode without
recombination. In this view, the thickness of EA is 1000 nm and that of ED is 200 nm (Table 1). Thus, by maintaining the thickness
of EA at 1000 nm, the thickness of the ED layer was first varied from 100 nm to 1000 nm (Figure 3a) in steps of 100 nm. There
is an increase in Voc from 1.173 V to 1.198 V. The short circuit current increases from 10.987 mA/cm? to 21.732 mA/cm?. Form
factor FF increases from 77.11% to 89.69. Regarding the efficiency, it increases with the increase of ED thickness from 9.94 %
to 23.36 %. The increase in thickness increases the number of absorbed photons. It is then logical to observe the increase of
the current Jsc and the open circuit voltage Voc by increasing the thickness of ED. This also increases efficiency as all parameters
increase.
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Fig. 3.  Variation of the parameters Voc, Jsc, FF and Eff as a function of thickness: (a). ED, (b). EA

In the same way the thickness of EA varied from 100 nm to 2000 nm in steps of 100 nm, maintaining the thickness of ED at
200 nm (Fig. 3b). It can be seen that Voc increases slightly from 1.184 V to 1.188. Jsc also increases slightly from 13.766 mA/cm?
to 14.998 mA/cm?. Form factor FF decreases from 89.36 % to 87.73 %. However, the efficiency increases from 14.57 % to 15.63
%. The decrease in FF form factor could be explained by the fact large thicknesses induce resistive components that affect the
form factor. Thus, it appears large thicknesses of EA do not affect the Voc whereas this is not the case for an increase in the
thickness of ED. But the efficiency of the solar cell is related to the thickness of EA and ED. Therefore, for a better compromise
of efficiency the ED layer should not be too thin and also the EA layer should not be too thick. This study proves that better
efficiencies would be obtained from thicknesses of ED = 1000 nm and EA = 2000 nm.

3.2 ENERGY BAND GAP VARIATION

In another time the energy band gap Eg of ED varied from 1.2 eV to 2.0 eV. Fig. 4 shows the variation of solar cell parameters
as a function of energy band gap. It can be seen short-circuit current Jsc, form factor FF and efficiency Eff decrease, while the
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open circuit voltage Voc varied little from 1.11 V to 1.12 V when Eg varied between 1.2 eV and 1.5 eV. Then from Eg = 1.5 eV
to 2 eV, Voc increased up to 1.60 V. Current decrease can be explained by the fact long wavelength photons are not absorbed
by wide band gap materials. Thus, a small amount of electron-hole pairs is observed. This affects the efficiency of the cell since
all parameters decrease.
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Fig. 4.  Variation of the parameters Voc, Jsc, FF and Eff as a function of Eg: (a). ED and (b). EA
3.3 DOPING OF DONOR AND ACCEPTOR MATERIALS

In addition, we were interested in the doping of the active layers. Fig. 5 shows the influence of active layer doping on solar
cell parameters. The doping of organic materials is different from inorganic materials ones. Here, it is a question of doping
active layers of organic materials by raising HOMO level for the donor and lowering LUMO level for the acceptor. This is done
by increasing the concentration of donor atoms ND for the donor and NA for the acceptor by adding specifics molecules. It can
be seen the variation in ND does not affect the cell parameters since they all remain practically constant. Only the NA variation
affects the parameters of the cell as confirmed by Joel et al [14]. Indeed, for a donor HOMO value, the process of generating
free charges is governed by LUMO level value of the acceptor. We can see that Voc increases with NA up to 1.1017 cm™3. Above
this value of NA, problems of convergence arise. This supposes that doping must not exceed a certain value in order not to
obtain degenerated semiconductors. Short-circuit current Jsc decreases as the charge carrier density increases. This can be
explained by recombination phenomena that take place at high charge carrier densities. Thus, the collection of charge carriers
by the electrodes decreases, which causes the Jsc to decrease.

ISSN : 2028-9324 Vol. 43 No. 4, Oct. 2024 1130



S. Tuo, K. J. Datte, S. A. Yapi, and D. Kone

5,00E+020

1,00E+021

[—m—Efi]

FF (%)

Jsc (mAkm2)

1,135 | —®—Voc

1,166

1,122

[ J

Fig. 5.

5,00E+020

1,00E+021

ND (cm-3)

34 TEMPERATURE VARIATION

(a)

—fi— J&C

(b)
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The cell has to operate under various climatic conditions. It is therefore essential to study the influence of temperature on
the stability of the cell. Thus, we have varied temperature from room temperature, 300 K to 400 K and even below 300 K, in
steps of 10 K. Fig. 6 shows the influences on temperature on the parameters of the solar cell. A decrease in Voc, FF and Eff is
observed as the temperature increase. Only short-circuit current increases with temperature. Indeed, when the temperature
increases, the energy band gap of the semiconductor decreases and thus more photons have enough energy to generate
electron-hole pairs, which justifies the increase of Jsc. On the other hand, the increase in temperature causes the electrons to
gain more energy and become unstable. Then they are more likely to recombine with the holes before reaching the area of
charge space. This contributes to decrease the values of Voc, FF and Eff.
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Fig. 6.  Variation of the parameters Voc, Jsc, FF and Eff as a function of temperature T

4 CONCLUSION

In this study the influence of properties such as thickness, energy band gap, carrier concentration of the active layers of the
organic solar cell was investigated. The simulation results showed that the cell parameters depend on the thickness, energy
band gap and carrier density of the active layers. However, the study showed that the carrier density of the donor material
does not have a significant effect on the cell parameters. For a good compromise it is preferable not to slice the electron donor
layer too thinly and not to widen the acceptor layer too much. In addition, the performance of the cell degrades with increasing
temperature.
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