Mechanics of Advanced and Smart Materials Journal 2(4) (2023) 385- 392

Mechanics of Advanced and Smart

Ll\/l A.S.M—| Materials Journal

http://masm.araku.ac.ir Aizilk

Mechanics of Advanced and Smart Materials Journal University

ISSN: 2783-4220

Design and numerical modeling of CdTe nanostructured thin film
solar cell and the effect of CdSexTe1-x intermediate layer on the
efficiency enhancement by SCAPS-1D software

Saeedeh Souri 2, Maziar Marandi *

abphysic Department, Faculty of Science, Arak University, Arak 38156, Iran.

Original Article

Use your device to scan
and read the article online Citation: Souri S, Marandi M. Design and numerical modeling of CdTe nanostructured thin film

solar cell and the effect of CdSeXTel-X intermediate layer on the efficiency enhancement by
SCAPS-1D software. Mechanics of Advanced and Smart Materials. 2023; 2(4): 385-392.

d https://10.52547 /masm.2.4.385

KEYWORDS ABSTRACT

Thin film, In this study, we combined the experimental work performed using a one-dimensional
numerical modeling, simulation program to simulate the capacity of a solar cell. Simulation can be used to show the
SCAPS-1D, real effects of a phenomenon on the target subject, under controlled and regulated conditions.
CdSexTel- x. In this here, CdTe based thin film solar cell has been investigated under AM 1.5 ghobal

spectrum with using Solar Cell Capacitance Simulator-1D (SCAPS-1D) software. Initially, solar
cells with nanostructured FTO/TiO2/n-CdSe/p-CdTe were considered as the elementary cells
and FTO/ TiO2/n-CdSe/p- CdSel_xTex/p-CdTe as the upgraded cells. The purpose of this study
was to investigate the key role of layer CdSe xTe 1-x. The results of the analyzes showed that
the presence of CdSe xTel- x nanostructured layer, between p- type CdTe absorber layer and
n- type CdSe layer increased PCE from 14.05% to 21.98%, ]JSC from 20.42. mA/ cm2 to 26.06
mA/cm2, FF from 54.73% to 57.69% and VOC from 1.25 V to 1.46 V compared to the
elementary cell.

Extended Abstract

1. Introduction

uch research has been done in the field of third generation thin film solar cells, such as Cu (In, Ga) Sez (CIGS)

and cadmium telluride (CdTe). The reason for the popularity of these types of cells is their cost-effectiveness

because in their production, less material is consumed compared to ordinary monocrystalline cells [1, 2]. CdTe

technology is about 30% cheaper than CIGS technology and about 40% cheaper than a-Si technology [3]. Various
researchers around the world have used different software to simulate CdTe-based photovoltaic cells. This process has
continued until the desired values are achieved. Using numerical modeling, without wasting cost and materials, different
structures can be designed and analyzed to finally obtain the useful amount of parameters needed to build new structures with
greater efficiency and stability. In photovoltaic cells, CdTe (E ;=1.5 eV at room temperature) is used as an absorbed layer
because it illustrates high absorption behavior with an absorption coefficient of around 104 cm* in the visible spectral region.
Recent reaserch has concentrated on the use of a CdSe layer to partner CdTe, either in addition to or as a substitution for
CdS. A group of researchers reported higher current densities and higher responses from 860 nm to 910 nm in CdSe / CdTe
solar cells. In contrast to CdS, CdSe is also known as an attractive partner layer material for CdTe due to its low lattice
mismatch of about 6% with CdTe (compared to CdS) and

higher solubility in the CdTe adsorbent layer. Previous research at the university of toledo has reported the efficiency of
about 15% of CdSe / CdTe thin film photovoltaic devices with an area of 0.08 cm? [4]. The diffusion of Se in the CdTe layer
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is expected to reduce the bandgap of CdTe due to bowing effects, which clarifies the increased response for long-wavelength
photons. Full penetration of the CdSe layer into the CdTe layer has been reported that increased light current in short
wavelength regions. In recent years, the presence of CdSexTe1_x hanostructured layer has led to a significant increase in power
conversion efficiency, which mainly leads to an increase in optical current and improved lifetime of the absorber carrier [5].
By changing the band gap of the CdTe layer towards the theoretically optimal values, it is possible to increase the
photocurrent and thus the efficiency in the photovoltaic cell. Various ways can be taken to change the band gap of the CdTe
layer. One of these hopeful ways is doping of Se element in the CdTe and forming the CdSexTex_x layer because it can reduce
its band gap to 1.36 ev [6].

In this work, we investigate photovoltaic performance FTO/TiO2/n-CdSe/p-CdSexTe1 x/p-CdTe/Pt nanostructured thin
film solar cell using Scaps Software (1D) under an AM 1.5 light spectrum, in which FTO serves as the front contact, TiO2
layer as the window layer, CdTe as the absorber layer and CdSe partner layer for absorber layer and CdSexTe1 x secondary
absorber layer, Pt as back contact play role in this cell.

2. Numerical Modeling

Software analysis and evaluation, with considering all aspects (without cost loss), have a significant role in the design
and production of high-performance solar cells. Popular software such as COMSOL, SILVACO ATLAS, AMPS-1D,
WXAMPS and SCAPS-1D, by numerical modeling to solve the equations of properties of semiconductor materials used in
photovoltaic cells. Among the mentioned software, Solar Cell Capacitance Simulator (SCAPS-1D) is more favorite than
other simulators by modeling a maximum of seven layers and unusual measurements. It is advanced by Electronics group and
Information Systems (ELIS) of the University of Gent, Belgium. SCAPS can have the most alternating.

Table 1. The physical parameters required for the simulation the FTO/TiO,/CdSe/ CdSexTe;.x/ CdTe/Pt thin film solar cell [9-

11].
Parameter FTO TiO, CdSe CdSexTesx CdTe
Thickness (nm) 300 160 50 500 50
Bandgap (eV) 35 3.3 1.7 1.39 1.5
Dielectric permittivity 9 10 10 10 9.4
CB effective density of states (cm™) 1E19 1.8E 18 1E 17 1E17 1E17
VB effective density of states (cm®) 1E18 25E19 1E 18 1.8E 18 1E18
Electron mobility (cm?/Vs) 20 100 100 320 320
Hole mobility (cm?/Vs) 10 25 25 40 40
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Figure 1. (a) the structure plan and (b) Schematic band diagram of the FTO/TiO2/CdSe/ CdSexTel_x / CdTe/Pt thin film solar
cell.

current (AC) and direct current (DC) measurements in dark and light situations. It containing the current voltage diagram
(J - V), that various parameters such as power conversion efficiency (PCE), short circuit current density (Jsc), open circuit
voltage (Voc), fill factor (FF%) are extracted at various temperatures. Also quantum efficiency (QE%), capacitance
frequency spectroscopy C(f), capacitance +voltage spectroscopy C(V), generation and recombination profiles, carriercurrent
densities, band diagrams that describe correctly the energy bands Ec and Ev at the interface between the layers, etc [1, 2].
Figure 1 shows the structure plan and Schematic of band diagram of the FTO/TiO2/n-CdSe/ p-CdSexTe1 x/ p-CdTe /Pt thin
film solar cell. The materials parameters required for the simulation are listed in Table 1.
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3. Results and discussions

Figure 2 shows the current-voltage and quantum efficiency curves for elementary and upgraded nanostructured thin film
solar cell. The effect of CdSexTe1_x layer between the CdTe absorber layer and the CdSe layer in the Simulation results is
quite evident. In Figure 2 (b), quantum efficiency (QE) as a function of wavelength of the solar cell structure is shown.
Photovoltaic parameters are listed in Table 2. The absorption maximum wavelength (A max) from UV spectrum is obtained
from the equation (1) that Eq = bandgap energy (eV) is (Observed from UV-Vis Spectrum).

Mnm) = 1240(ev.nm) / Ebg(ev) 1)
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Figure 2. J-V (a) and (b) quantum efficiency (QE) curves for elementary and upgraded thin film solar cell.

Table2 The photovoltaic parameters (PV) of the elementary and upgraded cell

Cell Voc (v) Jsc (mA/cm?) FF (%) PCE (%)
Elementray cell 1.25 20.42 54.73 14.05
Upgraded cell 1.46 26.06 57.69 21.98

3.1. Effect of CdSexTel-x absorber layer defects on the PV performance

Defect density of CdSexTel_x absorber layer effects the solar cells efficiency. Decrease in defect densities effect yield
limited recombination and trap cores and increase the performance of solar cells. Defects at the interface level has a key task
to controlling of the surface recombination [9-11]. According to Figure 3 with incrementing the defect density of CdSexTel-
x layer leads to reduce in all photovoltaic parameters, beacause faster electrons and holes of the interface are captured, the
higher is the surface recombination velocity.
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Figure 3 The simulated curves of JSC (a), VOC (b), FF(c), PCE(d) of the CdSexTel_x layer vs the defect density

4. Conclusion

In this article, we simulated FTO/TiO2/n-CdSe/p-CdTe/Pt a thin film solar cell using SCAPS- 1D software. The effect of
changing different structural and electronic parameters of the layers was investigated until to achived the optimal value. The
presence of the CdSexTel-x intermediate layer (X =0.32 and the Eg = 1.39 ev) between CdSe nanostructured thin film and
CdTe nanostructured thin film improved incident light harvest in long wavelength, so more photogenerated charge carriers
are produced and increased the power conversion efficiency from 14.05% to 2198 %.
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