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Abstract: In the present work, we have simulated the structure i-ZnO/n-CdS/p-CZTS/Mo based on copper-zinc-tin-sulphur (CZTS).
CZTS has become a candidate material for new photovoltaic solar cell because of its excellent properties. We have used solar cell
capacitance simulator one-dimensional (SCAPS-1D) to examine the impact of bandgap and thickness of CZTS on the performance of
solar cells. It has been obtained the efficiency of 15.04% for the optimum thickness of 2,000 nm and the bandgap of 1.4 eV. For the best
performance cell FF = 76.28%, J,. = 23.51 mA/cm?, and V,. = 0.84 V.
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1. Introduction

Today, energy is the key element of modern

development [1]. Economic development, the

environment and energy of a country are closely related.

The energy consumption has been increasing as a result

of population increases and economic growth
worldwide [2].

Fossil fuels are presently the major source of energy
consumed worldwide. In 2015, the worldwide total
primary energy supply was 13,647 Mtoe and more than
86% of that energy is on fossil fuels and nuclear [3].
But the fossil fuels are limited available resources and
create pollution by emission of carbon dioxide, impurities
of arsenic and other heavy metals which are harmful to
ecological as well as to human health. So, given the
challenges related to climate change and dependency
from fossil fuels which increase in prices, there is a
growing need for renewable energy sources. Because
the most renewable energy comes either directly or
indirectly from the sun, photovoltaic (PV) technology

is promising alternative as a clean energy source.
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PV cells have the ability to convert the sun’s
energy, available in abundance during a major part
of the year, directly into electrical power that was used
in every day human life. Solar cells are divided into
four generations depending on the basic material used
and the level of commercial maturity [4]. Silicon based
PV cells have been dominating the PV world market
for more than 30 years. But the expensive
manufacturing technology and waste of energy by
producing heat have been pulling back the prospects of
PV cells. The reduction of these costs and large-scale
applications are achieved by the second generation also
called thin film solar cells. Among thin film
(CdTe) and

Copper-Indium-Gallium-Diselenide (CIGS) have been

technologies, Cadmium-Telluride
extensively researched for the last several decades and
have reached to efficiencies around 22.1 and 23.3%,
respectively [5]. However, the existence of toxic heavy
metal (Cd) and high cost of In, Te and Ga elements in
these compositions limit their mass production of PV
devices based on CdTe or CIGS materials [6]. In this
context, Copper-Zinc-Tin-Sulphide (CZTS) appears to
be a very attractive material applied as an absorber in
thin film solar cells, regarding the fact that it is made
from low cost, non-toxic, high efficiency and earth
abundant materials. CZTS is a quaternary p-type
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semiconductor with excellent PV properties such as

" and an

high absorption coefficient over 10* cm
optimal direct band gap energy of 1.4-1.5 eV which is
within the ideal range for solar energy conversion
[7-9].

Thin film CZTS solar cells can be fabricated using
many kinds of techniques such as spray pyrolysis,
sulfurization, soluble

sol-gel electrodeposition,

molecular metal salt precursors and
nanocrystal-ink-based approaches [10]. In 1988, Ito
and Nakazawa discovered for the first time the PV
effect in CZTS films prepared by atom beam sputtering
with an efficiency of 0.66% [11]. Wang et al. [12]
reported the highest conversion efficiency of 12.6% of
a CZTS obtained by a hydrazine pure solution process.
However, all the efficiencies reported until now are
still far below the physical limit of about 32% [13].
Numerical simulation has become an economic and
effective way to predict the effect of changes in
material properties, measure the potential merits of cell
structures and then optimize the structure of devices.
Therefore, in this work, we have wused the
one-dimensional numerical analysis based on Solar
Cell Capacitance Simulator (SCAPS-1D) to investigate
the performance dependency of a CZTS solar cell as a
function of band gap and thickness of absorber layer
and temperature. In our simulation study we have used
AM 1.5 G solar spectrum with an intensity of 1,000

W/m® and temperature between 260 and 360 K.
2. Materials and Methods

SCAPS-1D s solar cell

simulation software developed at the department of

an one-dimensional

Electronics and Information Systems of the Gent
University, Belgium [14]. Its advantages are that it is
fast, interactive, flexible, with an intuitive user
interface and can simulate various thin film layers with
measurement from everyday PV practice: J-V, QE,
C-V, C-f all under a variation of input parameters. The
SCAPS software is freely available to the PV research

community on request from the authors.

This code is based on the two equations of continuity
of the holes and the electrons and the resolution of the
Poisson’s equation which are used to describe the
phenomena of transport in a device-based
semiconductor.
of a

In absence magnetic field and in

one-dimensional case, the Poisson’s equation
connecting the potential to the densities of the charge
carriers is given by Refs. [15, 16]:
f%%[p(x) —n(x) + Np = Ny + pp = pa] =0 (1)
where ¢ is the electron charge, ¢ is the dielectric
constant, N4 and Np are densities of acceptor-like and
donor-like, ¥ is the electrostatic potential p and » are
hole and electron concentration, p, and p, are holes
and electrons distribution, respectively. All of these
parameters are function of the position coordinate x.
Under steady state conditions of illumination,
carrier continuity equations are given by:

1djp

T = Gop(0) —R(x) 2
T = —Gop(x) + R(x) 3)

where J, and J, are the current densities of hole and
electron, Gop(x) is the optical generation rate and R(x)
is the net recombination from direct and indirect
recombination.

CZTS is the I,-II-IV-VI4; quaternary compound
semiconductor by substituting the selenium with
sulphur, the rare metal indium with zinc and tin in CIS
ternary compound. Each component of CZTS is
abundant in the earth’s crust (Cu: 50 ppm, Zn: 75 ppm,
Sn: 2.2 ppm, S: 260 ppm) and they possess extremely
low toxicity. On the other side, in the case of CIS
compound, the contents of indium and selenium in the
earth’s crust are 0.05 ppm or less [9].

The cell structure used in our simulation study is
shown in Fig. 1. It consists of the following material
layers: i-ZnO/n-CdS/p-CZTS/Mo. p-CZTS and n-CdS
are absorber and buffer layers, respectively, that form
the p-n junction and constitute the key parts of the
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Fig. 1 Structure of CZTS based solar cells.

Table 1 Physical parameters used for numerical analysis
of CZTS solar cells.

Parameters i-ZnO n-CdS p-CZTS
d (nm) 200 50 600-5,000
E,(eV) 33 2.4 1.4-15
x(&V) 4.4 42 4.5

(1) 9.0 10 10

N, (cm™) 2.2x1018 2.2x1018 2.2x1018
N, (cm™) 1.8x101° 1.8x101° 1.8x101°
Vi 107 107 107

Vinp 107 107 107

Uy (cm*/s) 25 25 100

4, (cm’/s) 100 100 25
Ny(em™) 1018 1018 0

N, (cm™) 0 0 1.0x10%7

device. Intrinsic ZnO

transparent conductive oxide.

and ZnO layer is used as

During this research work, to get the result from

simulation program uses the various electrical and
optical parameters for different layer materials. The
basic input parameters used in the simulation were
adopted from experimental study, theories, literatures
or reasonable estimates in some cases [10, 17-19],

which are summarized in Table 1.

3. Results and Discussion

Under standard condition, the optimum band gap
for a maximum efficiency around 32% is in the range

of 1.2-1.4 eV [13, 20]. For this reason, we have fixed
the energy band gap at 1.4 eV and studied the impact of
thickness of CZTS absorber layer on cell performance.
By varying the thickness of CZTS from 600 to 5,000
nm with keeping other input parameters like CdS and
ZnO layers thickness unchanged. Fig. 2 shows the
effect of the thickness of CZTS on the cell performance
parameters, such as short circuit current density (Jy),
open circuit voltage (V,.), fill factor (FF) and efficiency
(). It seems that all the cell performance parameters
increase with increasing CZTS thickness. Because, if
thickness is increased, then more photons are absorbed,
and as a result more electron hole pairs are generated.
From Fig. 2, the optimum thickness for CZTS layer is
2,000 nm.

In our simulation, the influence of energy band gap
of CZTS on cell performance is also investigated. We
kept unchanged the thickness of CZTS and varied the
band gap from 1.4 to 1.5 eV and simulation results are
shown in Fig. 3. It can be seen that by increasing the
band gap of CZTS, V. is increased from 0.83 to 0.93
V. Obtained greater V. at higher ban gap is due to the
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Fig. 2 Effect of variation of CZTS thickness on cell
performance.
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Fig.3 Effect of the CZTS band gap on cell performance.

larger quasi Fermi energy level splitting. In contrast
Jsc decreases drastically with the increase of CZTS
band gap, due to the decrease of absorption coefficient.
FF follows the same trend as observed in V,. and
enhanced with the increase of band gap from 1.4 to
1.5 eV. The increase of FF may be due to the lowering
of J, that is caused by the absorption loss. The
efficiency of the solar cell decreases with the band gap,
which can be explained by the creation of defects in
the volume of the absorber [21].

4. Conclusion

In the present study, we carried out numerical
simulation by using SCAPS-1D package to observe
the solar cell performance by varying thickness and
band gap of CZTS absorber layer. The simulation
shows that the optimized thickness and band gap of
absorber layer is 2,000 nm and 1.4 eV, respectively. In
the range of calculation, the optimal cell properties
have been achieved with an efficiency of 15.04%, FF

of 76.28%, Js. of 23.51 mA/cm® and Voo of 0.84 V.
The results above will play a guidance role in
fabricating higher efficiency CZTS based thin film
solar cells.
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