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Abstract. Indium sulfide films have been deposited using
chemical bath deposition onto glass and indium tin oxide
(ITO) coated glass subgtrates. The influences of different
deposition parameters viz. substrate and pH have been
sudied. 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 variesfrom 2.29 t0 2.79 eV for the deposited film.

Keywords: chemical bath deposition, optical properties,
structural property, indium sulfide.

1. Introduction

Indium sulfide is an important materia for the
optoelectronic and photovoltaic applications due to its
suitable band gap [1]. In CulnGaSe; based solar cdll, CdS is
used as a buffer layer. Due to hazardous nature of CdS an
alternative material isbeing explored for buffer layer. I,S;is
one probable replacement of CdS [2, 3]. At atmospheric
pressure it exigts in different forms (o, f and y). A defect
cubic structure o-1n,S; a defect spinal S-1NS; and layered
dructure y-In,Sz are the possible forms of 1n,S; [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 thiswork 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 5ml of 0.1 M indium
sulphate and 0.1ml of 0.15M triethanolamine. The
solution was girred well. Then under the continuous
stirring 0.2 ml of hydrazine hydrate was added and 5 ml of
0.1M thiocacetamide 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-ko =
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

a)

©)
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the range of diffraction angle of 26 between 20 and 80. X-
ray pattern of indium sulfide films deposited onto glass as
well as onto ITO coated glass subsrate 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 Into 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
inFig. 1.

b)

d)

Fig. 1. SEM images of indium sulfide thin film deposited in acidic bath (a) onto glass substrates (b) onto I TO substrates;
in basic bath (c) and onto glass substrates (d) onto I TO substrates
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SEM studies showed that surface morphology
changes for the films deposited on various subgtrate 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 filmson I1TO coated glass
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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 10 2.9 eV with severa phases [10]. To determine the
optical band gap of deposited indium sulfide thin film plot
of (abs)® vs. (hv) has been plotted and shown in Fig. 2.
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Fig. 2. Plot of (ahv)?vs. (hv) for indium sulfide thin film deposited: at pH 4 (a) onto glass substrates (b) onto I TO substrates;
at pH 9 (c) onto glass substrates (d) onto I TO substrates

Table

Band gap values of indium sulfide thin films

Films deposited on glass substrate

Films deposited on I TO coated glass substrate

acidic bath basic bath

acidic bath basic bath

279¢eV 240eV

232¢eV 2.29¢eV
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Fig. 2a shows that the band gap was 2.79 €V for
the film deposited on glass substrate at pH 4. Band gap
2.32 eV edimated for the films deposited on ITO coated
glass substrate for the same pH is shown in Fig. 2b. This
value is very cdose to the direct energy band gap
determined in amorphous 1n,S; 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 valueis close to the
energy band gap 2.2-2.4¢€V reported by M. Cdixto-
Rodriguez et al. [12]. As shown in the Table band gap
value of 240-2.79eV 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 poraosity 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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MOPIBHAUIBHI JOCJIIKEHHSA ®I3UKO-
XIMIYHUX BJACTUBOCTEM CYJIb®IJTHUX
INIBOK IHAIIO, XIMIYHO OCA/UUKEHHUX 3A

PI3BHUX YMOB

Anomauyin. Cynoioni nuiexu inoilo XiMiuHO 0caddiceHi Ha
CKI0 ma ckno, nokpume inoii-o1060 okcudom (1 TO). Busueno eniue
DI3HUX NAPAMEmpI 0CAOIICEHHs1, A CAMe GNIUG NPUPOOU NIOKILAOKU |
PH cepedosuwa. Kpucmaniuny 6yoosy, mopghonociio nosepxui i
CKIAdy OMPUMAHUX NIIBOK OXAPAKMEPU308AHO 30 OONOMO20I0
penmeeniecokoi oupparyii, ckanyouoi enexmpoHHoi MIKPOCKONII,
eHepeooucnepciiinol  cnekmpockonii. ma  onmuyHoi  abcopoyii.
Amopuuii xapakmep oKk NiOMEePONHCEHUll PEHMSEeHIBCLKUMU
odocniodicennsimu. 3 GUKOPUCMAHHAM — CKAHYIOHOI  eleKmpOHHOL
MIKPOCKONII 008€0€H0 8UNAOKO8Y OPIEHMAYiI0 0CAONCEHUX [HOIU-
cynvghionux nuieox na ITO-ckui, mooi sK Nui6KU, 0CaddCeHi Ha
CKISHE - NIOKIAOKu, Marome opmy eanmenei. Jocniodcenns
ONMUYHO20 NOSTUHAHMA NOKA3AN0, WO ONsl BUCAONCEHOT NiBKU
wiupuna 3a60poHenol 30Hu 3minemocs 6io 2,29 0o 2,79 eB.

Knrouoei  cnoea. XIMIYHE — OCAONCEHHs,  ONMUYHI
G11ACMUBOCTE, CIPYKIMYPHA 81ACIUGICMb, THOIIO CYIbgiO.





