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Abstract The structure and morphology of ZnS thin films were investigated. ZnS thin films have

been grown on an indium tin oxide glass substrate by electrodeposition method using zinc chloride

and sodium thiosulfate solutions at room temperature. The X-ray diffraction patterns confirm the

presence of ZnS thin films. From the AFM images, grain size decreases as the cathodic potential

becomes more negative (from �1.1 to �1.3 V) at various deposition periods. Comparison between

all the samples reveals that the intensity of the peaks increased, indicating better crystalline phase

for the films deposited at �1.1 V. These films show homogeneous and uniform distribution accord-

ing to AFM images. On the other hand, XRD analysis shows that the number of ZnS peaks

increased as deposition time was increased from 15 to 30 min at �1.1 V. The AFM images show

thicker films to be formed at �1.1 V indicating more favourable condition for the formation of

ZnS thin films.
ª 2010 King Saud University. All rights reserved.
1. Introduction

The synthesis of binary metal chalcogenides in a crystalline
form has been a rapidly growing area of research due to their

important physical and chemical properties. Zinc sulphide is
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an important II–VI semiconductor with a wide band gap

which is suitable for applications in solar cells, solar selective
decorative coatings, UV light emitting diode, photocatalysis
and phosphors in flat panel displays. ZnS thin films are non-

toxic to human body, very cheap and abundant.
A variety of techniques such as SILAR (Ates et al., 2007),

electrodeposition (Huang et al., 2008), chemical bath deposi-

tion (Zhou et al., 2009), spray pyrolysis (Yazici et al., 2003)
and vacuum evaporation (Kumar et al., 2006) have been used
for deposition of ZnS thin films. Among various other meth-
ods, the electrodeposition method is found to be a cheap and

simple way to deposit large area polycrystalline metal chalco-
genide thin films. The preparations of various thin films using
electrodeposition method such as CdTe (Hernandez et al.,

2001), SnS (Cheng et al., 2006), PbSe (Li et al., 2006), HgCdTe
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(Chauhan and Rajaram, 2008) and Cd1�xFexS (Deshmukh

et al., 2005) have reported by several authors.
The use of complexing agent is very common in the prepa-

ration of thin films. The presence of complexing agent in an
aqueous solution is found to improve the lifetime of the depo-

sition bath as well as the adhesion of the deposited films on the
indium tin oxide glass substrates. Many researchers use
various complexing agents such as ammonia (Gaewdang and

Gaewdang, 2005), triethanolamine (Zainal et al., 2005), diso-
dium ethylene diamine tetra-acetate (Anuar et al., 2010),
nitrilotriacetic acid (Khallaf et al., 2008) and tartaric acid

(Hankare et al., 2003) during deposition of thin films.
The present studies are focused on the deposition of crystal-

line cubic ZnS thin films using an electrodeposition method.

Here, we report for the first time the electrodeposition of
ZnS thin films from an aqueous solution using zinc sulphate,
sodium thiosulfate and triethanolamine solutions at room tem-
perature. In order to get good quality ZnS thin films, the pre-

parative parameters such as deposition time (15, 30 and
60 min) and deposition potential (�1.0, �1.1 and �1.3 versus
SCE) were optimized. The deposited thin films were character-

ized by X-ray diffraction and atomic force microscopy for
their structural and surface morphological characteristics,
respectively.

2. Experimental

2.1. Preparation of thin films

All the chemicals used for the deposition were analytical grade
reagents and all the solutions were prepared in deionised water
(Alpha-Q Millipore). The zinc sulphide thin films were pre-
pared from an acidic bath using aqueous solutions of zinc

chloride (0.01 M) and sodium thiosulfate (0.05 M) acted as a
source of Zn2+ and S2� ions, respectively. The concentrated
triethanolamine was used as complexing agent to chelate with

Zn2+ to obtain Zn-EDTA complex solution.
The EG&G Princeton Applied Research potentiostat dri-

ven by a software model 270 Electrochemical Analysis System

was used for the zinc sulphide electrodeposition in a three-elec-
Figure 1 X-ray diffraction patterns of ZnS thin films deposited at dif

(c) �1.3 V (¤: ZnS; }: In1.875O3Sn0.125).
trode cell. The cell consisted of indium doped tin oxide (ITO)

glass substrate as working electrode, platinum wire as a coun-
ter electrode and a saturated calomel electrode (SCE) as refer-
ence electrode, separately. Before deposition, the glass
substrate was degreased with ethanol for 10 min. Then, ultra-

sonically cleaned with distilled water for another 10 min and
dried in desiccator.

Purified nitrogen was flowed into the deposition bath for

few minutes to create oxygen free environment. The thin films
were grown at pH of the solution that is 3. The pH was ad-
justed by using hydrochloric acid. The zinc sulphide thin films

were prepared at various deposition periods (15, 30 and
60 min) and deposition potentials (�1.0, �1.1 and �1.3 V ver-
sus SCE) at room temperature. After the deposition, the thin

films were washed with distilled water and kept for analysis.

2.2. Characterization of thin films

The structure of the film was monitored by X-ray diffraction
(XRD) with a Philips PM 11730 diffractometer equipped with
a Cu Ka (k = 0.15418 nm) radiation source. Data were col-

lected by step scanning from 20� to 60� with a step size of
0.05� (2h). The surface morphology, thickness and roughness
were examined by recording atomic force microscopy images

with a Q-Scope 250 in contact mode with a commercial
Si3N4 cantilever. Values of root mean square (RMS) roughness
were calculated from the height values in the atomic force
microscopy images using the commercial software.

3. Results and discussion

Fig. 1 shows the X-ray diffraction (XRD) patterns of zinc sul-
phide thin films deposited at various cathodic potentials at
�1.0, �1.1 and �1.3 V versus SCE for 15 min. Aside from

the diffraction peaks of the indium tin oxide (Nadaud et al.,
1998) (reference code: 01-089-4597) substrate, those assigned
to cubic of ZnS peaks are only seen in all the XRD patterns.

All the diffraction peaks are identified as belonging to two
groups. The peaks marked with solid diamonds are associated
with reflections of the cubic structure of ZnS and those marked
ferent deposition potentials for 15 min (a) �1.0 V, (b) �1.1 V, and



Figure 2 Atomic force microscopy images of ZnS thin films deposited at different deposition potentials for 15 min (a) �1.0 V, (b)
�1.1 V, and (c) �1.3 V.

Table 1 The film thickness and roughness values for ZnS thin

films deposited at different deposition potentials for 15 min.

Film thickness (nm) Root mean

square roughness (nm)

Deposition potential

(versus SCE) (V)

601 71 �1.0
235 25 �1.1
222 16 �1.3
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with open diamonds can be ascribed to the orthorhombic
structure of indium tin oxide.

The diffraction peaks from (1 1 1) and (2 0 0) correspond-

ing to ZnS were observed. These peaks were identified by com-
paring the d-spacing values obtained from the XRD patterns
with JCPDS (reference code: 00-065-0309) data for ZnS

(Dubrovin et al., 1983). The lattice parameters of the cubic
structure are equal to a = b= c = 5.4 Å. As the cathodic
potential decreases, the intensity of the diffraction peaks in-

creases, indicating the growth of the ZnS grains. At more neg-
ative potential (�1.3 V), the diffraction peaks of ZnS show
weaker due to the thickness of ZnS films which became thin-
ner. This was confirmed from AFM analysis.
Fig. 2 presents the atomic force microscopy (AFM) images
of zinc sulphide thin films (20 · 20 lm) deposited at various
cathodic potentials at �1.0, �1.1 and �1.3 V versus SCE for



Figure 3 X-ray diffraction patterns of ZnS thin films deposited at different deposition potentials for 30 min (a) �1.0 V, (b) �1.1 V, and
(c) �1.3 V (¤: ZnS; }: In1.875O3Sn0.125).

Figure 4 Atomic force microscopy images of ZnS thin films deposited at different deposition potentials for 30 min (a) �1.0 V, (b)
�1.1 V, and (c) �1.3 V.
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15 min. The AFM images show that an increase in number of

grains is found on the film surface along the negative shift of
the deposition potential (from �1.0 to �1.3 V) which indicate
that the grain size becomes progressively smaller. The grain
size of ZnS films deposited at �1.0, �1.1 and �1.3 V are 1–

1.5, 1.2 and 0.75–1 lm, respectively.
The grain size of thin films was determined from AFM

images were carried out by many researchers (Murakami

et al., 2007; Cheng et al., 2008; Datta et al., 2006). It is well
known that AFM is one of effective ways for the surface anal-
ysis due to its high resolution and powerful analysis software.

In our case, the grain size estimated directly from AFM images
but not using the Scherrer equation. This could be explained
by an agglomerate of many small grains in our samples. It

can be seen that at lower cathodic potential (�1.0 V), the
growth of thin films was found to be irregular.

This observation suggests an incomplete nucleation step
with irregular growth rate of the grains. As a result, the films

consist of larger and smaller grain size. However, the uniform
grain size could be observed for the films prepared at higher
cathodic potential (�1.1 V). The grains were packed very clo-

sely and showed a granular morphology.
The root mean square (RMS) roughness and thickness of

the thin films were investigated using AFM images. Root mean

square roughness is defined as the standard deviation of the
surface height profile from the average height, is the most com-
monly reported measurement of surface roughness (Jiang
et al., 2005). The three-dimensional AFM image shows that

larger surface roughness (71 nm) and thicker films (601 nm)
was observed for the films deposited at �1.0 V (Table 1).
The surface roughness of the film is unavoidable since grains

were grown with different sizes and spherical in shapes.
Fig. 3 shows the X-ray diffraction patterns of zinc sulphide

thin films deposited at various cathodic potentials at �1.0,
�1.1 and �1.3 V versus SCE for 30 min. During deposition,
Table 2 The film thickness and roughness values for ZnS thin

films deposited at different deposition potentials for 30 min.

Film thickness (nm) Root mean

square roughness (nm)

Deposition potential

(versus SCE) (V)

221 8 �1.0
422 47 �1.1
145 9 �1.3

Figure 5 X-ray diffraction patterns of ZnS thin films deposited at dif

(c) �1.3 V (¤: ZnS; }: In1.875O3Sn0.125).
the films prepared at a potential of �1.0 V show the presence

of three major peaks corresponding to (1 1 1), (2 0 0) and
(2 2 0) planes of ZnS. At higher cathodic potential (�1.1 V),
an additional ZnS peak (3 1 1) was obtained as shown in
Fig. 3b. As the cathodic potential increases further (�1.3 V),
the disappearance of two diffraction peaks from (2 0 0) and
(3 1 1) corresponding to ZnS was detected. Based on the
XRD patterns, all the peaks can be indexed to cubic phase

of ZnS and no impurity phase is detected.
On the other hand, the diffraction peaks in the XRD pat-

tern are very sharp with the high intensity (Fig. 3b) indicating

the significant increase in grain size. In contrast, the broaden-
ing of these diffraction peaks (Fig. 3a and c) indicates that the
samples are small grain size. As the deposition potential was

increased up to �1.1 V, the intensity of the peak corresponding
to (2 0 0) plane increased. The (2 0 0) plane seems dominant at
this stage of experiment. Similar (2 0 0) plane dominance was
also reported by Zhu et al. (in press) for ZnS films prepared

by cathodic electrodeposition technique. Therefore, the deposi-
tion potential plays an important role in the structure of ZnS
thin films.

Atomic force microscopy (AFM) is a convenient technique
to study the morphology of thin films. Fig. 4 presents the AFM
images of zinc sulphide thin films (20 · 20 lm) deposited at

various cathodic potentials at �1.0, �1.1 and �1.3 V versus
SCE for 30 min. Initially, the grain size increased (0.5–1 lm
to 2 lm) with the increase of cathodic potential from �1.0 to
�1.1 V. It can be observed that the films are uniform, well de-

fined, spherical and cover the substrate well.
The spherical grains were also reported for ZnS thin films

obtained by solution growth technique (Sadekar et al., 2008)

and chemical bath deposition method (Nasr et al., 2006).
The larger grain size of thin films may provide more surface
area for liquid electrolyte/electrode junction photoelectro-

chemical (PEC) devices (Mahalingam et al., 2006). As deposi-
tion potential was moved more negative than �1.1 V, the grain
size (0.3–0.6 lm) reduced at a potential of �1.3 V. Therefore,

the deposition potential has a great influence on the grain size
of the thin films.

From the AFM measurements, we obtained the root mean
square (RMS) roughness and film thickness values (Table 2).

In Fig. 4, at the right side of the images, an intensity strip is
shown, which indicates the depth and height along the z-axis.
It is clear that the thickness of the films increased as the depo-

sition potential was increased up to �1.1 V.
ferent deposition potentials for 60 min (a) �1.0 V, (b) �1.1 V, and
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However, the thickness of films prepared at �1.3 V appears

to be much thinner. On the other hand, the largest rough sur-
face roughness (47 nm) of the films formed at �1.1 V was ob-
served. We assume that grain growth and larger grains may be
formed at this potential, resulting in higher RMS roughness.
Figure 6 Atomic force microscopy images of ZnS thin films depos

�1.1 V, and (c) �1.3 V.
Fig. 5 presents the X-ray diffraction patterns of zinc sul-

phide thin films deposited at various cathodic potentials at
�1.0, �1.1 and �1.3 V versus SCE for 60 min. The major
peaks shown by all samples correspond to reflections from
(1 1 1) and (2 0 0) planes of cubic phase of ZnS. At lower
ited at different deposition potentials for 60 min (a) �1.0 V, (b)



Table 3 The film thickness and roughness values for ZnS thin

films deposited at different deposition potentials for 60 min.

Film thickness (nm) Root mean

square roughness (nm)

Deposition potential

(versus SCE) (V)

216 9 �1.0
201 17 �1.1
191 5 �1.3
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cathodic deposition potentials (�1.0 and �1.1 V), both films

exhibit an additional ZnS peaks corresponding to (2 2 0) and
(3 1 1) planes.

Comparison between these thin films reveals that the inten-

sity of the peaks increased, indicating better crystalline phase
in the films which deposited at �1.1 V. However, at higher
cathodic potential (�1.3 V), the number of peaks decreased
to two indicating less favourable condition for the formation

of ZnS thin films.
Fig. 6 presents the atomic force microscopy images of zinc

sulphide thin films (20·20 lm) deposited at various cathodic

potentials at �1.0, �1.1 and �1.3 V versus SCE for 60 min.
At lower cathodic potential (�1.0 V), the ITO surface was to-
tally covered by fine ZnS grains with diameter of 0.3 lm
(Fig. 6a). However, the thicker films (film thickness of
216 nm) were obtained at this deposition potential (Table 3).
This is due to the presence of a few larger grains in this sample.
Fig. 6b shows the thin films deposited at a potential of �1.1 V.
It is clearly seen that the grain size is relatively larger in size
(0.7 lm) and comparatively rough (17 nm) than that of other
samples.

These films are uniform, regular, homogeneous and without
cracks. A very rough surface may be suitable for photoelectro-
chemical cell applications as it will capture more light. How-

ever, at higher cathodic potential (�1.3 V), it is seen that
discontinuous and uneven distribution of grains on surface
of ZnS thin films was obtained. According to AFM image, less

visible films (191 nm) could be seen. This indicated that this
deposition potential was not suitable for the electrodeposition
of ZnS films.

4. Conclusions

ZnS thin films were prepared in an aqueous solution by using

electrodeposition method. X-ray diffraction patterns indicate a
cubic structure for the ZnS thin films. XRD patterns show that
the intensity of the peaks increased, indicating better crystal-

line phase for the films deposited at �1.1 V for 30 min.
AFM images indicate that regular, homogeneous surface and
larger grain size was obtained under this conditions. From

the above results, we can conclude that deposition the at
�1.1 for 30 min is the best deposition parameters for the prep-
aration of ZnS thin films under the current conditions.
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