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Abstract

This study addresses the persistence challenge of the toxicity associated with cadmium sulphide (CdS) thin films,
typically synthesised via chemical bath deposition technique and used as window layers of thin film solar cells.
Three-electrode potentiostatic electrochemical deposition technique was used to synthesize zinc sulphide (ZnS)
thin films from aqueous solution of zinc acetate and sodium thiosulphate penta-hydrate as a source of zinc and sul-
phur respectively. The thin films were characterized using Field Emission Scanning Electron Microscope (FESEM) to
study their morphology, X-Ray Diffractometer (XRD) to determine the structure of the samples, UV-Visible spec-
trometer (UV-Visible) to obtain the optical properties of the thin films, four-point probes to determine their resis-
tivity/conductivity, Hall effect measurement to determine their conductivity type and two-point probes to study
their [-V characteristics. The results obtained revealed that, the ZnS thin films were non-uniform but pin-hole free
with average particle size of 4.18 pum, polycrystalline with zinc blende cubic structure. The thin film exhibited high
transmittance in the visible region and the band gap is 2.94 eV. It is an n-type semiconductor with conductivity of
4.43 x 103 Q-lcmL. The I-V characteristics of ITO/ZnS/Ag structure is linear which implies that the junction be-
tween the ITO/ZnS and ZnS/Ag are ohmic. The study therefore concludes that, zinc sulphide thin films synthesized
using three-electrode potentiostatic technique is a suitable material for window layer of a thin film solar cells. Thus,
it was recommended that ZnS thin films deposited via three-electrode potentiostatic deposition technique should
be employed as a window layer in thin film solar cells to obtain environmental benign solar cells.
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1. Introduction

The thin film solar cells as a second generation of solar
cells after Silicon solar cells is a promising solar cell. It is
active layer is made up of a p-type semiconductor called
absorber layer and n-type semiconductor called window
layer. Most of these thin film solar cells uses cadmium
sulphide (CdS) thin films synthesized through chemical bath
technique as window layer. CdS contain cadmium (Cd)
which is toxic couple with the chemical bath deposition
technique mostly employed to synthesise it which introduces
large amount of Cd waste to the environment. Thus, the
process of fabrication and the Cd based solar cells are
therefore not environmentally benign. Thus, the need to
search for toxic free window layer and the deposition

technique that consume less material and introduce less
waste to the environment.

The window material introduced in this study is zinc
sulphide (znS) thin films. It is 11-VI group semiconductor
with a wide direct band gap of 3.5-3.7 eV (Vipin et al.,
2008). This is a wide energy band gap which permit
transmission of more high-energy photons to the solar cell
junction and thus enhance the blue response of the
photovoltaic cells. Murali and Kumaresan (2009) state that
ZnS thin films have n-type conductivity and is nontoxic to
human body, very cheap and abundant in nature. Thus, ZnS
is a good candidate material that can replace the toxic CdS
which is the widely used material for window layer in thin
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film solar cells.

In a similar vein, three-electrode potentiostatic
electrochemical deposition technique uses less amount of
material in deposition process and introduces less waste to
the environment. Thus, this study aims to synthesise ZnS
thin films via three-electrode potentiostatic electrochemical
deposition technique and characterize it to study its
suitability as an alternative window layer of thin film solar
cells.

2.0 Materials and Methods
2.1 Materials

The materials employed in this study are zinc acetate
dihydrate (CsHsO4Zn.2H,0) as a source of zinc ion, sodium
thio-sulphate penta-hydrate (Na,S,03.5H,0) as a source of
sulphur ion and hydrochloric acid (HCI) was used to adjust
the pH. The substrate employed in this study is ITO coated
glass. They were all of analytical grades from Sigma —
Aldrich and were used as received. The solvent employed
was Nano-pore deionized water prepared in the laboratory.
The substrate and all the glass wares employed were clean
ultrasonically in the isopropanol medium and rinsed
ultrasonically with nano-pore deionized water.

2.2 Deposition and Characterization of the Samples

The ZnS thin films were deposited using three-electrode
potentiostatic electrochemical deposition technique. 10.98 g
of zinc acetate dihydrate was dissolved in 250 ml of nano-
pore deionized water to make 0.20 M. 12.41 g of Sodium
thio-sulphate pentahydrate was also dissolved in 250 ml of
nano-pore deionized water to make 0.20 M. 25 ml of 0.20 M
of Zinc acetate dihydrate was measured into the cell
container, 25 ml of 0.20 M sodium thio-sulphate
pentahydrate was also measured and added to the content of
the container. HCI was added drop wise to adjust the pH of
the content to 2.0. A potential of -0.60 V was applied for
1800 s. The samples obtained were removed, rinsed with
nano-pore deionized water, dry in the air and kept in sample
holder.

The thin films were characterized using Field Emission
Scanning Electron Microscope (FESEM) to study their
morphology. The morphology of the thin film was obtained
using Nova Nano Sem 230 at FESEM laboratory, ITMA, U.
P. M., Malaysia. The beam current was 15 KV. Cobalt was
used as a standard to optimize the machine and the working
distance is 5 mm. The data obtained were analysed using
ImgeJ software package.

X-Ray Diffractometer (XRD) to determine the structure
of the samples. An Xpert-Pro Diffractometre was used to
obtain the structure of the samples at XRD laboratory,
Agency Nuclear, Malaysia. A High Score Plus software
package was used to analyse the data obtained. UV-Visible
spectrophotometer (UV-Visible) to obtain the optical
properties of the thin films, Four-point probe to determine
their resistivity/conductivity, Hall effect measurement to
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determine their conductivity type and a two-point probe
configuration to study their 1-V characteristics of
ITO/ZnS/Ag junction formed by using Silver paste to create
a contact on ZnS thin film surface. The Four-point probing
technique used to determine the resistivity of the samples
uses Keithley sourcemetre instrument with Leios Tm Tracer
software using Vander pauw array mode with Indium pellet
as ohmic contact. The Hall measurement was carried out
using the same arrangement but with Hall Tm Xpert
Professional software. These studies were carried out at
Electrical Properties Laboratory, Department of Physics,
University Putra Malaysia, Malaysia. The I-V characteristics
of the samples were obtained using Keithley sourcemetre
2611 attached with labtracer 2.0 software at Functional
Device Laboratory, ITMA, U. P. M., Malaysia.
3. Results and Discussions.
3.1. Morphological study of ZnS thin films

The morphology as shown in fig. 1 shows that, the films
is continuously distributed and is pin hole free. It reveals
further that, the particle grains agglomerates to form
Polycrystals. The particle size was estimated to be 4.18 um.
These are in agreement with the work of Sanders and Kitai
(1990), Liu et al. (2012) and Patil et al. (2015).
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Figure 1. FESEM micrograph of ZnS thin films on ITO
coated glass
3.2. Structural study of ZnS thin films

The XRD pattern as shown in fig. 2 reveals eight (8)
observed peaks. The compound with the best match was ZnS
(ICDD card number 01-079-0043). It has Zinc Blende cubic
crystal structure with lattice parameter a = b = ¢ = 5.318 A.
The Grain size was estimated to be 263.8632 A using Debye-
Scherrer equation and inter-planar spacing was estimated to
be 2.96387 A. The absence of observed secondary phases
indicates phase purity. This result is in agreement with
Sanders and Kitai, (1990), Kassim, et al, (2010) and Liu et al,
(2012) who have found various cubic structure for ZnS thin
film
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Figure 2. XRD Patterns of ZnS thin film on ITO coated glass

3.3. Optical study of ZnS thin films

The graph of transmittance and absorbance against
wavelength as shown in fig. 3 reveals that, ZnS thin film has
transmittance > 90 % and absorbance < 5 % in the Uv-
Visible region. This implies that, the film is a high optical
transmittance and a very low optical absorbance of Uv-
Visible light. This confirm the suitability of the deposited
film as a suitable material for window layer of thin film solar
cells. These results agree very well with the work of Sander
and Kitai (1990), Ndukwe (1996) and Liu et al. (2012) that
have found out that ZnS thin film is a high transmittance and
a very low absorber of Uv-Visible light and therefore can be
used as a material for window layer of thin film solar cells.
The Tauc plot of (ahv)? versus energy (eV) (fig. 4) reveals
that, the film has direct optical transition.

The energy band gap is found to be 2.94 eV. This is
quite differed from the results of Sze (1985), Sanders and
Kitai (1990), Ndukwe (1996), Liu et al. (2012) and Patil et.
al. (2015) who have reported energy band gap ranging
between 3.6 eV and 4.0 eV for ZnS thin films but is in
agreement with the work of Ahmad et. Al. (2011) who have
reported 2.96 eV for ZnS nanoparticle. This observed
difference may be due to the fact that the value of the energy
band gap reported in this study is for as-deposited
(unannealed) samples and annealing has been reported to
improve the surface smoothness, grain size and widen the
band gap of thin films. (Gedi et al., 2021; Nogami et al.,
2025).
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Figure 3. Absorbance/Transmittance of ZnS thin film
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Figure 4. Graph of (ahv)? versus Energy (eV) for ZnS thin film

3.4. Electrical study of ZnS thin films
The resistivity/conductivity is found to be 2.26E-04

Qcm/4.43E+03 Q'cm™. The Hall coefficient Ry is -1.35E-06
cm?/C, Hall mobility py is -3.30E+02 cm?/V-S and Carrier
density o is -7.41E+05 C/cm®. This implies that, the ZnS thin
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film deposited is an n-type semiconductor. The I-V
characteristics of ITO/ZnS/Ag junction as shown in fig. 5 is
linear. This implies that, the junction between ITO/ZnS and
ZnS/Ag are Ohmic.
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Figure 5. -V characteristics of ITO/ZnS/Ag heterostructure

5. Conclusion and Recommendation

The study demonstrates that ZnS thin films can be
successfully synthesized via a three-electrode potentiostatic
electrochemical deposition method. The films exhibit
continuous morphology, high transmittance, a direct band
gap of 2.94 eV, and n-type conductivity, confirming their
potential as window layers for thin-film solar cells. Based on
the results obtained in this study, it is recommended that
future studies should explore the effects of annealing and
thickness variation on the optoelectronic properties to further
optimize ZnS for application in developing environmentally
benign photovoltaic devices.

Abbreviations

CdS Cadmium sulphide

ZnS Zinc Sulphide

FESEM Field Emission Scanning Electron Microscope
XRD X-Ray Diffractometer
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