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In2S3 тонкие пленки различной толщины осаждены на стеклянные подложки методом термического испарения. Тол-
щины In2S3 пленок регулировались параметрами осаждения и были 1200 нм, 470 нм и 50 нм. Все полученные тонкие 
пленки отжигались при 4000С в течение 60 мин. Структурные свойства и морфология исследовались методами рентге-
новской дифракции, спектроскопия комбинационного рассеяния и атомно-силовой микроскопии. Результаты рентгено-
графии показали, что для пленок In2S3 толщиной 1200 нм и 470 нм характерны рефлексы тетрагональной структуры. 
Спектроскопия комбинационного рассеяния показала, что интенсивность пиков зависит от толщины пленок. Средняя 
шероховатость (Ra) и среднеквадратичная шероховатость (RRMS) увеличивается с толщиной, что связано с увеличением 
размера зерен в In2S3 пленках. 
 
Ключевые слова: In2S3 тонкие пленки, термическое испарении, структурные и морфологические свойства, размер 
зерна. 
 
In2S3 thin films of various thicknesses were deposited onto glass substrates by thermal evaporation technique. Thicknesses of 
In2S3 films were defined by controlling the deposition parameters and were 1200 nm, 470 nm and 50 nm. All prepared thin 
films were annealed at 4000C for 60 min. The structural properties and morphology have been studied by X-ray diffraction, 
Raman spectroscopy and Atomic force microscopy. X-ray diffraction results of In2S3 thin films with thicknesses of 1200 nm 
and 470 nm demonstrated peaks revealed in tetragonal structure. Raman spectroscopy shows that the intensity of peaks is 
affected by the film thickness. The average roughness (Ra) and the root mean square roughness (RRMS) increases with thickness. 
This is associated with the increase of grain size in the In2S3 films. 
 
Keywords: In2S3 thin films, thermal evaporation, structural and morphological properties, grain size. 

 
 

Introduction 
In recent years, indium sulphide (In2S3) has be-

come a prominent wide band gap semiconductor, 
used as low cost buffer layer in solar cells based on 
n-type TiO2 and p-type Cu(In,Ga)(Se,S)2 (CIGS) [1], 
[2]. In2S3 thin films also used as a dye in an electro-
chemical dye-sensitized solar cells directly [3]–[5]. 
These applications are based on the exploitation of 
solar radiation; the former to produce energy, the 
latter to degrade organic pollutant. 

Efficiency gain of the thin film solar cells 
greatly depends upon the quality and thickness of 
the buffer layer [6], [7]. The standard CIGS solar 
cell needs optimized thickness of buffer layer be-
tween the absorber layer and the transparent front 
contact layer to improve efficiency. It drives out the 
photo generated carriers with minimal losses while 
coupling light to the junction with minimum absorp-
tion losses, yielding a highly efficient solar cell. 
Wide band gap buffer layer allows more light to-
wards the junction in contrast with optimal low band 

gap absorber layer. This provides the most reliable 
way of increasing the efficiency of the cell [8], [9]. 

The influence of buffer layer thickness on the 
physical properties has aroused great interest in solar 
cell devices [10]. Investigation on structural proper-
ties in relation to the thickness has a greater impor-
tance in order to obtain thin films that are capable to 
assure stable and efficient devices. In this work, we 
study the effect of film thickness on the structure 
and morphological properties of annealed In2S3 thin 
films deposited onto glass substrates by thermal 
evaporation method.  

 
1 Experimental details 
High-transparent indium sulfide films have been 

thermally deposited with average velocity 0,5 nm/s on 
glass substrates at temperatures Ts = 220–240oC at a 
pressure of 5×10-4 Pa. Thickness h of the films was 
defined by controlling the deposition time in the 
region 1–30 min accordance with the required film 
thickness. The thicknesses of In2S3 thin films were 
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1200 nm, 470 nm and 50 nm. The deposited thin 
films were annealed at 4000C for 60 min. Before and 
after annealing, the structural Raman spectroscopy 
and morphological properties of thin films were 
measured [11], [12]. 

The structural properties was carried out by 
X-ray diffraction (XRD) techniques in the range 
2θ = 100–600. The XRD patterns were recorded by 
an automatically controlled Siemens D-5000 dif-
fractometer operating at the Cu Kα radiation 
(λ = 1.5405 Å). The Raman spectra were performed 
in backscattering configuration at room temperature 
with unpolarized light using DILOR XY 800 spec-
trometer and an AR laser with 514.5 nm wavelength 
as a light source. Special software Origin 8 was used 
for analyzing and fitting XRD and Raman spectra. 
The morphology composition of the In2S3 thin films 
are examined by atomic forces microscopy (AFM 
Model JSPM-4210). 

 
2 Results and discussions 
Figure 2.1 shows the XRD spectra of In2S3 thin 

films deposited by vacuum thermal evaporation on 
glass substrate and annealed at 4000C (t = 60 min) 
with different thicknesses. X-ray diffraction spectra 
of the In2S3 with thicknesses 1200 (nm) demonstrate 
several peaks produced by the (103), (211), (008), 
(204), (206), (318) and strong peak at (220) crystal-
line planes of the tetragonal In2S3 phase (JCPDS no. 
25–0390) [13]. Measurements revealed that In2S3 
thin films with thicknesses 470 (nm) were of 
tetragonal structure with weak intensive peaks (Fig-
ure 2.1 (b)). The X-ray diffraction spectra of the 
films with thickness 470 nm showed two main peaks 
that correspond to the (008) and (204) and weak 
peaks at (206), (220)and (318) planes of the tetrago-
nal In2S3 [14]. XRD spectra for lower thickness 
(50 nm) have not any clear pick (Figure 2.1 (c)). 
This was due to the poor crystallinity of the films 
with more amorphous background so that the gener-
ated XRD signals were of low intensity at lower 
thickness. The intensity of the diffraction peaks 
(specially (220) became more intense and sharp, and 
new modes appear at (211) and (103) with increase 
of film thickness, which indicates an improvement 
in the crystallinity of the grown layers. In general, an 
increase of film thickness increases the probability 
of crystallization [15]. This can be observed from 
Figure 2.1 where the location of the diffraction 
peaks for preferred orientation changed with in-
crease of film thickness. With increase of film thick-
ness, the preferred orientation became more intense 
and narrow, which indicates that increase of film 
thickness results in lager grains. Similar observa-
tions were also reported by Mergel et al [16]. The 
lattice parameters a and c for In2S3 thin films were 
calculated using the Bragg’s equation and Selection 
rules for the Miller indices [17]. They were a = 7,62 Å, 
c = 32,34 Å and a = 7,61 Å, c = 32,01 Å for films 
with thicknesses 1200 nm and 470 nm, respectively. 

The evaluated lattice parameters are in agreement 
with the standard JCPDS data [13]. The increase of 
lattice parameters with film thickness might be due 
to the change in density and nature of native imper-
fections [10]. 

 

 
Figure 2.1 – XRD spectra of In2S3 thin films with 

thickness, (a) d=1200 (nm), (b) d=470 (nm),  
(c) d=50 (nm) annealed at 4000C for 60 min 
 

Figure 2.2 exhibits Raman spectra measured 
on In2S3 thin films with different thicknesses 
1200 (nm), 470 (nm) and 50 nm respectively an-
nealed at 4000C (t = 60 min) in the spectral range 
0–500 cm-1. The important information about the 
Raman spectrum is about the presence of certain 
types of bonds inside of compound. Two problems 
occurred during the spectroscopic measurements. 
The scattering of the laser light on the rough surface 
weakened the intensity of the Raman signal, so an 
increase in the number of scans was necessary. The 
other problem was that for low thickness In2S3 thin 
films didn’t detect clear picks. Therefore each spec-
trum was calculated as the average of 10 scans, 
which required about 5 min measurement time. The 
results show that as the thicknesses increased the 
intensity of picks increased and all modes are totally 
symmetric. By increasing the thickness of In2S3 thin 
films, the Raman active phonon modes become 
more prominent and their intensities with respect to 
the background increase with increasing thickness.  

Raman spectroscopy of In2S3 thin films with 
thickness 50 nm presents active modes at 186 cm-1, 
290 cm-1 and 482 cm-1 indicated the presence of the 
β-In2S3 defect spinel structure. Also there were seen 
low intensive modes at 72 cm-1 and 166 cm-1 that 
related to tetragonal structure from literatures [18], 
[19]. Fifteen normal modes of vibrations were ob-
served for β-In2S3 dendrites from Raman spectra, 
which exactly correspond to those given by a sample 
of β-In2S3 with un-polarized light [20]. Raman spec-
troscopy of In2S3 thin films with thickness 470 nm 
shows more intensive and narrow pick at 159 cm-1. 
The increase of intensity points to the fact that the 
crystalline of tetragonal In2S3 thin films improve 
with thickness. 
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Figure 2.2 - Raman spectroscopy of In2S3 thin films 

with thicknesses d = 1200 (nm), d = 470 (nm),  
and d = 50 (nm) annealed at 4000C for 60 min 

 

By increasing the thickness of In2S3 thin films, 
the Raman active phonon modes become more 
prominent and their intensities with respect to the 
background increase with increasing thickness. For 
Raman spectroscopy of In2S3 thin films with thick-
ness 1200 nm, new modes appear at 70 cm-1, 126 cm-1, 
244 cm-1 and 266 cm-1. With the increasing thick-
ness, the peak at 159 cm-1 loses its intensity gradu-
ally, while other peaks increase their intensities. The 
phase parameters can be assigned to the tetragonal 
β-In2S3 phase stable at room temperature (space 
group I41/amd). Certainly the shape and intensity of 
peaks have been affected by the thickness of thin 
films. With the increasing thickness, the tensile 
stress in the In2S3 thin films is released gradually, 
which might account for the variation of intensity 
and the shift of Raman peaks [10], [21]. 
 

 

 

 
Figure 2.3 – 3D AFM images and roughness profiles of In2S3 thin films with different thicknesses:  

(a) d = 1200 (nm), (b) d = 470 (nm), and (c) d = 50 (nm) annealed at 4000C for 60 min 

(c) 

(b) 

(a) 
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The surface morphology of In2S3 thin films had 
been investigated by atomic force microscopy 
(AFM). Figure 2.3 shows the AFM images and 
roughness profiles of In2S3 thin films prepared with 
different thicknesses, 50 nm, 470 nm and 1200 nm. 
The surface images are studied over an area of 
2 2 .m mμ μ×  From the AFM images, it was observed 
that the grain size and surface roughness increased 
with the increase of film thickness. 

The film prepared at lower thicknesses (50 nm) 
shows irregular grains on the film surface, which 
might be due to the different crystalline structures 
presented in the thinner film. A similar behavior was 
reported by Ramirez et al. in CdS films grown by 
CBD method [22]. 

It is observed from the images that the average 
roughness varied in the range, 555 nm (d = 50 nm) 
up to 565 nm (d = 1200 nm) with the increase of 
film thickness. Further, it was noticed that the sur-
face topography of the as-grown layers varied with 
film thickness. 

The topography and parameters of In2S3 thin 
films with thickness 1200 nm, 470 nm and 50 nm 
obtained by AFM images are listed in Table 2.1.  

 
Table 2.1 – Topography parameters of In2S3 

thin films with different thickness 
 

Parameters d = 50 nm d = 470 nm D = 1200 nm
Minimum 
roughness 545,17 nm 543,20 nm 534,83 nm 
Maximum 
roughness 567,83 nm 577,04 nm 581,36 nm 
Ra 2,04 nm 2,11 nm 3,74 nm 
RRMS 2,50 nm 2,66 nm 4,76 nm 

 
It also can be seen that the Average roughness, 

Ra and the root mean square (RRMS) roughness in-
creased with thickness. The increase of surface 
roughness with thickness is associated with the in-
crease of grain size in the films. The films that had 
higher thickness consisted of densely packed crystal-
lites with better connectivity between them. Hence, 
the enhanced deposition time leads to the growth of 
thicker films that play a critical role in producing the 
films with better morphology. A similar behavior 
was observed by other authors [23], [24]. 

 
Conclusions 
The thickness dependence on the structure and 

morphology of annealed In2S3 thin films deposited 
by thermal evaporation method has been studied. A 
good correlation between the results obtained from 
different characterization techniques with respect to 
film thickness was observed. The XRD results 
showd that the crystal structure of In2S3 thin films 
evaluates as function of thickness. The evaluated 
lattice parameters are in agreement with the standard 
JCPDS data. Raman spectroscopy of In2S3 thin films 

showd that the shape and intensity of peaks was af-
fected by thickness of thin films. With the increasing 
thickness, the tensile stress in the In2S3 thin films is 
released which might be accounted for the variation 
of intensity and the shift of Raman peaks. The to-
pography results of In2S3 thin films show that the 
average roughness (Ra) and the root mean square 
(RRMS) roughness increased with thickness. 
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