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In this research work, ZnSe/MoS; based photovoltaic device were simulated using SCAPS
simulation for the materials reproducibility in the laboratory. Having achieved the
simulated materials, the materials were synthesized on a well-degreased Fluorine doped
Tin Oxide substrates using simple, fast, and inexpensive 2-electrode configuration
Electrodeposition (ED) technique. The optical properties and electrical conductivity of the
film of ZnSe and MoS; were determined. The grown heterostructured ZnSe/MoS2 on FTO
substrate was numerically modeled by utilizing the experimentally obtained optical
parameters in the SCAPS simulator for the extraction of the heterostructured device
electrical parameters heterostructured based photovoltaic device. In the fabrication of
photovoltaic cells, n-type ZnSe was first deposited on FTO using ED and heat-treated for
20 minutes in an oven furnace at temperature of 400°C before immersing it into the solution
containing the bath of MoS.. The deposited structure of ZnSe formed a junction with MoS
using electrodeposition. The variation of substrate temperature which have an influence on

the electrical parameters of the heterostructured based photovoltaic device was examined.
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INTRODUCTION

Semiconductors allow passage of electricity under
certain conditions in response to a voltage. With this
advantage over conductors and insulators, they have
been used to engineer numerous types of electronic
devices such as diodes, transistors, and
optoelectronics (Jenkins, 2005). Photoconductivity
involves the exposure semiconductor to photons with
energy more than that of the semiconductor’s energy
band gap which is usually sunlight. Doping is
basically the addition or introduction of impurities to
the semiconductor material (Dimitrijev, 2011).
Semiconductor materials have been reported as
viable materials capable of addressing high cost of
semiconductor-based devices with an improved
efficiency (Zhang et al., 2020). Among the various
semiconductor materials, silicon and germanium
have been the focus of research attention owing to the
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promising potential in the field of science and
industry (Yang et al., 2022). However, the industrial
application of silicon and germanium for the
fabrication of photovoltaic device has a very low
market penetration because of the expensive cost of
silicon-based electronics devices (Al-Ezzi & Ansari,
2022). In the quest of circumventing the bottleneck
placed by the utilization of silicon, research focus has
been shifted to compound semiconductor materials
because of their direct energy band gaps, cost
effectiveness, high conversion efficiency, ease of
production, etc (Faremi et al., 2021a; Olusola et al.,
2020; Samuel Oluyamo & Akande Faremi, 2020).
Most Solar Panels available commercially are at most
20% Power Conversion Efficiency which means
approximately 80% of Power Conversion Efficiency
is lost during the following process: (i) Radiative
Recombination, (ii) Thermalization Loss, (iii) Non-
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Absorption  loss and  (iv)  Non-Radiative
Recombination. According to NREL (National
Renewable Energy Laboratory), the highest cell
efficiency as at today is at 47.6% (Fig.5) (Green et
al., 2023), This Laboratory monitors solar cells
innovation around the world.

In this work, we take a look at electrodeposit
heterostructured ~ FTO/ZnSe/MoS;  solar  cell,
determine of the conductivity type of the
electrodeposited compound semiconductor; simulate
heterostructured FTO/ZnSe/MoS; solar cell, compare
the solar parameter achieved in the electrodeposition
of the heterostructured solar cell and the simulation
of the heterostructured solar cell and evaluate the
effect of temperature on the JV characteristics, solar
parameters and energy band diagram of the
heterostructured solar cell.

MATERIALS AND METHODS

Methodology

Figure 1 depicts the device structure of the thin film

Sunlight

Glass substrate
FTO
nSe

MOSZ

Figure 1 Device structure of the thin film

In this work, SCAPS-1D simulation software was
extensively used for the numerical modelling of the
materials. The SCAPS-1D simulation software solves
semiconductor equations in one dimension, such as
Continuity equation for electron and holes, Poisson's
equation — relating the charge to the potential (Eq.1
and Eg. 2), and Current density for electrons and
holes (Eg. 3 and Eg. 4 ) (Rassol et al., 2021; Sayed et

al., 2011):
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Where 'I' is electrostatic potential, ¢ is elementary

x

charge, . is relative permittivity of the material, £y

is vacuum permittivity, p is hole concentration, n is
electron concentration and are donor and acceptor
charge concentrations respectively, and are holes and
electrons distribution respectively. Eg.1 is the
Poisson’s equation of relation of electric field to the
electrostatic potential with respect to the thickness.
While Eq.3 is the Poisson’s equation of the relation
of the holes and electrons to the electrostatic
potential.

Current density for electron and holes is being
influenced mainly by drift equations which happens
as a result of the electric field and diffusion equation
which happens a result of the state of the material
according to Eq.9 and Eq.10, respectively, Eq.8 can
be derived at when the material is at equilibrium that
is when the drift equation is equal to the negative of
the diffusion equation this is from the Einstein
relation:

kT kT
n = pn?, Np = llp?
(Einstein relation)
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Where ¥ is potential difference, D.,and D, are
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electron and hole diffusion coefficient, respectively.
Iy and |1, are electron and hole mobility, Jn and lp
are electron and hole current density, respectively n

and p are electron and hole carrier concentration
(Sayed et al., 2011).
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Where ], and ], are hole and electron current

densities respectively, G and R are the net generation
rate and net recombination rates respectively by
external processes such as illumination by light

(Sayed et al., 2011). Both heterostructured
semiconductors were synthesised ( Olubosede et.al,
2021).
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The thin film’s thickness as indicated in the above
equation (Eq.7) is denoted as T, J is the current
density of the electrodeposited compound

semiconductor, t is the deposition time in seconds,
is the density of the electrodeposited compound
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semiconductor n is the total number of electrons

transferred per ion of the electrodeposited compound

semiconductor, F is the Faraday’s constant with a

numerical value of 96,485Cmol™, and M is the molar 0 o
weight of the electrodeposited  compound .

semiconductor.
© B W
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a1 is the absorption coefficient of the electrodeposited
compound semiconductor as denoted in (Eq.8), hv is
the incident photon energy, A is a constant usually
equal to one, Ey is the energy band gap of the
electrodeposited compound semiconductor, and n is
the transition time between the valence band and
conduction band of the electrodeposited compound
semiconductor, which is 0.5 for direct and 1 for
indirect transition.

PEC Signal = V(-Vp

Figure 3:Electrodeposited ZnSe at varied deposition
time

9)
Where V_ is the voltage under illumination and Vp is
the voltage under dark.
Results and Discussions
After the Implementation of the Electrodeposited
technique for the for ZnSe thin films, MoS; thin films
and a sandwiched ZnSe and MoS, we respectively
have what can be seen in figure 2 to figure 4..

Figure 4: Electrodeposited heterostructured
ZnSe/MoS;

Figure 2: Electrodeposited MoS; at varied deposition time

Table 1 shows the Extracted properties of the electrodeposited materials at varied deposition time

Table 1: Extracted properties of the electrodeposited materials at varied deposition time

Extracted properties of the electrodeposited materials at varied deposition time

Time of deposition | Thickness (nm) Energy band gap (eV) Electrical conductivity type
(minute)
MoS: ZnSe MoS: ZnSe MoS: ZnSe
5 62 135 2.17 2.46 P-type N-type
10 144 172 2.02 2.16 P-type N-type
15 198 205 1.87 2.03 P-type N-type
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Comparing of the Results of Electrodeposited Heterostructured Glass/FTO/ZnSe/MoS, and the Simulation

Results. We in have what is shown table 2.

Table 2: Comparison of the Experimental and Simulated Results

Solar Parameters Experiment Simulation
Open circuit Voltage 0.199 0.23526
short circuit current 1.4 1.0007

Fill factor 0.653 0.6754
Efficiency 1.82 1.7473
maximum voltage 0.182 0.17884
maximum current 1 0.97701

T Experiment Comparing of the Light and Dark Conditions J-V
4 O Simulation Curve Results

Figure 7 indicates the effect of illumination on the
34 simulated results
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Figure 6: J-V Curve with the Solar Parameters.
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Figure 13: Effect of Temperature on the JV curve

Table 1.3: Effect of temperature on the Solar Parameters

Temperature Efficiency Voc (V) Jsc FF (%) Vmpp (V) Jmpp
(%) (mA/cm?) (mA/cm?)
400 0.39532 0.08497 10.99453 42.3177 0.05172 7.64406
350 0.98922 0.15939 10.99614 56.4423 0.11126 8.89149
300 1.74725 0.23526 10.99659 67.5394 0.17884 9.77008
250 2.82809 0.3326 10.99706 77.3213 0.27384 10.32754

It can be seen that the electrodeposited compound
semiconductor energy band gaps decrease as the time
increases (2.49-2.03eV), this shows that the thickness
of the ZnSe material influences the energy band gap
of ZnSe. From figure 4.5, which is for MoS,, it was
noticed that there are energy band gaps (2.17-1.87eV)
are inversely proportional to the varied time of
deposition, this also shows that the thickness of MoS;
which is as a result of the deposition time influences
band gaps of MoS;.

The energy band gap values obtained from both ZnSe
and MoS; as time increases. The noticed changes in
the energy band gap of the electrodeposited
compound semiconductors thin films are being
caused by the quantum confinement effect which is
being resulted from the dependence optical properties
on the particle dimension, this phenomenon can be
attributed to nanostructure engineering.

In this research, electrodeposited heterostructured
Molybdenum disulfide and Zinc selenide thin film
material was both numerically and experimentally
modelled successfully, the obtained results for both
simulation and experimental are in consonant.
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Since solar cells would be used mainly for terrestrial
use ignoring its use by NASA (National Aeronautics
and Space Administration), solar cells would be
integrated in to the environment which encompasses
the weather and climate conditions, this is study has
to take in to consideration by the engineers and
scientist for future research of solar cells. Most
semiconductor modelling is done at 300K since it is
close to room temperature and a convenient number.
The extracted electrical parameters at 300K show that
the device can works efficiently at room temperature
if scaled up to industrial level.

The solar cell performance is determined by its
parameters such as short circuit current density, open
circuit voltage, fill factor and efficiency. The open-
circuit voltage and Vg are the major parameter
which undergo steady decrease all through as a result
of temperature. And also concerning the energy band
gap, the reaction of FTO was noticed as it shrinks as
a result of cold temperature and performs excellently
for high temperature, this justifies claims of FTO
having good thermal properties.
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Figure 14: Effect of Temperature on the Efficiency
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Energy Band Diagram at 300K

\'\.

0.54 —

0.0 Ec(eV)
Fn(eV)

. Fp(eV)
Ev(eV)

1
o
o

1

Energy bands (eV)

0.0 0.2 0.4 0.6 0.8
Thickness (um)

Figure 20: Energy Band Diagram of the
electrodeposited compound semiconductor
at room temperature. This shows the Effect
of Temperature on the Energy Band
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Figure 21: Effect of Temperature on the Energy Band
Diagram

It can be seen that the electrodeposited compound
semiconductor energy band gaps decrease as the time
increases. the thickness of the ZnSe material
influences the energy band gap of ZnSe. For MoS,, it
was noticed that there are energy band gaps are
inversely proportional to the wvaried time of
deposition, this also shows that the thickness of MoS;
which is as a result of the deposition time influences
band gaps of MoS;. It infers that ZnSe material is a
N-type material while MoS; is a P-type material.
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