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Abstract. Indium sulfide films have been deposited using 
chemical bath deposition onto glass and indium tin oxide 
(ITO) coated glass substrates. The influences of different 
deposition parameters viz. substrate and pH have been 
studied. The films were characterized by different 
techniques with respect to their crystal structure, surface 
morphology and compositional property by means of X-ray 
diffraction, scanning electron microscopy, energy disper-
sive spectroscopy and optical absorption. X-ray diffraction 
studies revealed amorphous nature of the films. The 
scanning electron microscopy of deposited indium sulfide 
film on ITO coated glass substrate shows random orien-
tation of grains where as those on glass substrates show 
dumbbell shape. Optical absorption study revealed that 
band gap varies from 2.29 to 2.79 eV for the deposited film.  
 
Keywords: chemical bath deposition, optical properties, 
structural property, indium sulfide. 

1. Introduction 

Indium sulfide is an important material for the 
optoelectronic and photovoltaic applications due to its 
suitable band gap [1]. In CuInGaSe2 based solar cell, CdS is 
used as a buffer layer. Due to hazardous nature of CdS an 
alternative material is being explored for buffer layer. In2S3 is 
one probable replacement of CdS [2, 3]. At atmospheric 
pressure it exists in different forms (α, β and γ). A defect 
cubic structure α-In2S3, a defect spinal β-In2S3 and layered 
structure γ-In2S3 are the possible forms of In2S3 [4, 5]. 

Indium sulfide could be prepared using different 
methods, such as chemical vapor deposition [6], atomic 
layer epitaxy [7], SILAR [8] and chemical bath deposition 

[9]. Chemical bath deposition (CBD) is simple and low-
cost method, which can be used for deposition of large 
area thin films. In this method various substrates can be 
used, such as metal, semiconductor or insulator. Optical 
band gap (Eg) of indium sulfide films deposited by using 
chemical bath deposition was found to be 2.75 eV [10]. 

In this work indium sulfide films were deposited by 
means of CBD. The authors reported optical, surface 
morphological and compositional study of indium sulfide 
films by means of scanning electron microscope, X-ray 
diffraction, energy dispersive spectroscopy, and optical 
absorption of films deposited under different deposition 
conditions. 

2. Experimental 

All chemicals used in this work were commercially 
available, and used without further purification. The 
deposition was carried out onto glass substrate and ITO 
coated glass substrates by sequential addition of indium 
sulphate, 80 % hydrazine hydrate, thioacetamide, and 
triethanolamine. Deposition of indium sulfide was carried 
out in acidic bath. The solution was prepared in 25 ml 
beaker by sequential addition of 5 ml of 0.1 M indium 
sulphate and 0.1 ml of 0.15 M triethanolamine. The 
solution was stirred well. Then under the continuous 
stirring 0.2 ml of hydrazine hydrate was added and 5 ml of 
0.1 M thioacetamide solution was mixed to the bath. 
Acetic acid was added dropwise to the bath so that the 
initial pH of the solution was about 4. Clean substrates viz. 
glass and ITO coated glass were placed vertically in 
reactive solution separately. With same deposition 
parameter pH of the solution was adjusted about 9. 
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Substrates were placed in reactive solution. Deposition 
was carried out at room temperature for about 120 h. 
Deposited indium sulfide films were yellowish in color. 
The structural properties of the deposited films were 
determined by X-ray diffraction using X-ray 
diffractometer (XRD RigakuD/max-2400 with Cu-kα = 
0.154 nm). Surface morphology was studied by scanning 
electron microscope (SEM) JOEL JSM6360 equipment. 
Film composition was determined by energy dispersive 
spectroscopy (EDS). The optical absorption measu-
rements are carried out in the range of 350–900 nm using 
UV-VIS spectrophotometer (Hitachi-330, Japan). 

3. Results and Discussion 

3.1. X-ray Diffraction 

XRD pattern (not shown in Fig.) of the films 
obtained by chemical bath deposition was carried out in  

the range of diffraction angle of 2θ between 20 and 80. X-
ray pattern of indium sulfide films deposited onto glass as 
well as onto ITO coated glass substrate at room 
temperature shows that deposited films are amorphous in 
nature. C. Lokhande et al. [10] reported that indium 
sulfide thin films deposited on glass substrate at 323 K 
showed amorphous nature while onto FTO coated glass 
substrate it showed polycrystalline nature. Energy 
dispersive X-ray analysis shows that the ratio of atomic 
percentage of In to S was about 46 : 58 for the films 
deposited at pH 4. However the ratio of atomic percentage 
of In to S was 36 : 63 for the films deposited at pH 9, 
which confirms the formation of indium sulfide films.  

3.2. SEM 

SEM images of the films deposited with different 
pH onto various substrates at room temperature are shown 
in Fig. 1.   

 

  
a) b) 

  
c) d) 

Fig. 1. SEM images of indium sulfide thin film deposited in acidic bath (a) onto glass substrates (b) onto ITO substrates;  
in basic bath (c) and onto glass substrates (d) onto ITO substrates 
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SEM studies showed that surface morphology 
changes for the films deposited on various substrate with 
different pH values. Fig. 1a shows dumbbell shape 
clusters. Fig. 1b shows that deposited films have uniform 
coverage of substrate with no cracks. Surface shows 
grains of different shape. Fig. 1c shows that there is 
dramatic change in the morphologies of the films growth. 
It consists of plate-like particles with random orientation. 
Fig. 1d shows uniform coverage of grain with an irregular 
round shape dispersed  on  the  film  surface.  Hence,  it  is 
clear that surface of deposited films on  ITO  coated  glass 

substrate becomes dense compared to the surface of 
deposited films on glass substrate. Growth rate of the film 
is very slow at room temperature. 

3.3. Optical Properties 
Energy band gap (Eg) of deposited film was 

determined from their absorption spectra. It has been 
reported that optical band gap of indium sulfide varied from 
2.1 to 2.9 eV with several phases [10]. To determine the 
optical band gap of deposited indium sulfide thin film plot 
of (abs)2 vs. (hυ) has been plotted and shown in Fig. 2. 
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Fig. 2. Plot of (αhυ)2 vs. (hυ) for indium sulfide thin film deposited: at pH 4 (a) onto glass substrates (b) onto ITO substrates;  
at pH 9 (c) onto glass substrates (d) onto ITO substrates 

 

Table 

Band gap values of indium sulfide thin films 
Films deposited on glass substrate Films deposited on ITO coated glass substrate 

acidic bath basic bath acidic bath basic bath 
2.79 eV 2.40 eV 2.32 eV 2.29 eV 
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Fig. 2a shows that the band gap was 2.79 eV for 
the film deposited on glass substrate at pH 4. Band gap 
2.32 eV estimated for the films deposited on ITO coated 
glass substrate for the same pH is shown in Fig. 2b. This 
value is very close to the direct energy band gap 
determined in amorphous In2S3 film deposited on glass 
substrate by CBD [10]. Figs. 2c and 2d show the plot for 
deposited thin film at pH 9 on glass and ITO substrate, 
respectively. The estimated band gap was 2.40 eV for the 
film deposited on the glass substrate and 2.29 eV for the 
film deposited on ITO substrate. This value is close to the 
energy band gap 2.2–2.4 eV reported by M. Calixto-
Rodriguez et al. [12]. As shown in the Table band gap 
value of 2.40–2.79 eV for the indium sulfide films 
deposited on glass substrate is more than band gap value 
of 2.32–2.29 eV for the films deposited on ITO coated 
glass substrate. This may be due to the porosity of surface 
morphology of indium sulfide film deposited on glass 
substrate.  

4. Conclusions 

In this paper the structural and optical properties of 
deposited films were reported by changing substrate and 
pH values. XRD studies showed the amorphous nature of 
film. SEM showed the effect of substrate on film growth. 
From optical studies direct band gap indium sulfide film 
varies from 2.29 to 2.79 eV. Hence optical study shows 
that the optical properties of the indium sulfide films 
varied with the change of pH of precursor bath and the 
deposing substrate material. 
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ПОРІВНЯЛЬНІ ДОСЛІДЖЕННЯ ФІЗИКО-
ХІМІЧНИХ ВЛАСТИВОСТЕЙ СУЛЬФІДНИХ 
ПЛІВОК ІНДІЮ, ХІМІЧНО ОСАДЖЕНИХ ЗА 

РІЗНИХ УМОВ  
 

Анотація. Сульфідні плівки індію хімічно осаджені на 
скло та скло, покрите індій-олово оксидом (ITO). Вивчено вплив 
різних параметрів осадження, а саме вплив природи підкладки і 
рН середовища. Кристалічну будову, морфологію поверхні і 
складу отриманих плівок охарактеризовано за допомогою 
рентгенівської дифракції, скануючої електронної мікроскопії, 
енергодисперсійної спектроскопії та оптичної абсорбції. 
Аморфний характер плівок підтверджений рентгенівськими 
дослідженнями. З використанням скануючої електронної 
мікроскопії доведено випадкову орієнтацію осаджених індій-
сульфідних плівок на ІТО-склі, тоді як плівки, осаджені на 
скляні підкладки, мають форму гантелей. Дослідження 
оптичного поглинання показало, що для висадженої плівки 
ширина забороненої зони змінюється від 2,29 до 2,79 еВ.  
 

Ключові слова: хімічне осадження, оптичні 
властивості, структурна властивість, індію сульфід. 

 




