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Abstract

In this research work, thin films of BiSbS3; have been successfully synthesized onto well
cleaned soda-lima glass substrates via the chemical bath deposition procedure at different thicknesses
(t= 159, 243, 296 and 362 nm). The X-ray diffraction patterns of the chemically deposited BiSbSs;
films depicted that the synthesized films exposed polycrystalline nature and have an orthorhombic
structure. The structural parameters of the chemically deposited BiSbS; films were evaluated by
Debye-Scherer’s formulas. The surface morphologies of the BiSbS3 films were fixed via the field-
emission-scanning-electron microscope. The analyses of the linear optical parameters of the
chemically deposited BiSbSs3 thin films refer to improving the values of the absorption coefficient, o
and the linear refractive index, n via the increase in the film thickness. In addition, there is an observed
reduction in the energy gap, Eg values from 1.38 to 1.22 eV occurred by raising the film thickness.
Furthermore, there is an enhancement in the nonlinear optical constants and the optoelectrical
parameters occurred by raising the film thickness where the nonlinear refractive index, n,, the optical
free carrier concentration, N,,, and the optical conductivity ooy Were enlarged with increasing the
values of film thickness. Moreover, the hot probe procedure was applied to the BiSbS3 thin films and

this method demonstrated that the chemically deposited BiSbS; films are p-type semiconductors.

Keywords: BiSbS3; chemical bath deposition technique; XRD; extinction coefficient; optical free

carrier concentration; nonlinear refractive index.
Introduction

Recently, binary and ternary chalcogenide thin films attract vast attention in recent time owing to

their high refractive index, absorption coefficient and suitable band gap energy (Akande et al. 2020;
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Jia et al. 2020; Yang et al. 2021a). So, the binary and ternary chalcogenide thin films are widely
suitable for various applications like memories, light-emitting diode, solar cells, semiconductor
devices, transistors and computer chips (Wang et al. 2020b; Xie et al. 2021; Zhang et al. 2020). The
binary chalcogenide (B.C) thin films like CdS, Sb2S3;, SnS, ZnS and CdTe are important
semiconductor materials that exhibited better performance in thin film solar cells (Eensalu et al. 2022;
Jrad et al. 2021; Rahman et al. 2021; Sharma et al. 2021). ZnS and CdS thin films are important
window layers for thin film solar cells due to these films characterized by n-type conductivity, high
optical transmittance and wide bandgap ranged from 3 eV to 3.8 eV (Kathalingam et al. 2021;
Shakoury et al. 2020). Moreover, the Sb2S3, SnS and CdTe are important p-type semiconductors
characterized by p-type conductivity, high absorption coefficient and narrow bandgap ranged from
1.2 eV to 1.5 eV So, these films are suitable for producing convenient absorber layer for thin film

solar cells (Javed et al. 2020; Rahman et al. 2020; Yang et al. 2021b).

The ternary chalcogenide (T.C) thin films such as CuSbS;, CuzSnS3, CulnS,, ZnAl>S4 and
CdAlS4 are impressive optical materials due to their high absorption coefficient, linear and nonlinear
refractive indices (Nagamalleswari et al. 2021; Yang et al. 2020). CuSbS», Cu3SnS3, CulnS; ternary
films were used as an absorber layer for thin film solar cells due to these films exhibited narrow
bandgap ranged from 1.5 eV to 1.7 eV, p-type conductivity and high absorption coefficient (Sawant
et al. 2021; Vinayakumar et al. 2017). On the other hand, ZnAl>S4 and CdGa>Ss thin films are
important n-type semiconductors characterized by high optical transmittance, n-type conductivity and
wide bandgap ranged from 3 eV to 3.8 eV. So, these films are suitable for producing a good window
layer for thin film solar cells (Kumar et al. 2017; El Radaf et al. 2020b). The experimental procedures
of synthesized the binary and ternary chalcogenide thin films were classified into two categories.
They are the chemical techniques like spray pyrolysis (Thangaraju and Kaliannan 2000), chemical
bath deposition (Mane and Lokhande 2000) and electro-deposition (Manivannan and Victoria 2018)
technique. While the vacuum techniques include sputtering (Verger et al. 2013), thermal evaporation

(Orava et al. 2014) and flash evaporation techniques (Merino et al. 2000).

Among binary chalcogenides the antimony chalcogenides. The Sb-S and their ternary systems
like Cu-Sb-S, Sn-Sb-S, In-Sb-S and Bi-Sb-S are important materials that received considerable
attention in different articles owing to these materials are earth-abundant, inexpensive, non-toxic and
have good electrical and optical properties (Bennaji et al. 2018; Maiti et al. 2019). Many articles
focused on studying the physical properties of the CuSbS2, CuSbSe> and SnSb.S4 thin films due to
these films characterized by high values of absorption coefficient, ease of preparation, p-type
conductivity and narrow bandgap energy. The BiSbS3 is a novel semiconductor material that has

excellent electrochemical performance, good thermoelectric properties and high specific capacity
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(Patra et al. 2017; Wang et al. 2020a; Wen et al. 2019). The previous article focused on preparing the
BiSbS; in the nanorods form by the hydrothermal method (Wen et al. 2019). On the other side, no
article presents the synthesis and characterization of the BiSbS3 thin films. So in the present work
aims to synthesis the novel BiSbS3 thin films for the first time by the cost-effective chemical bath
deposition technique. The authors have tried to fabricate the chemically deposited BiSbS3 film with
good quality to study the structural and optical properties of BiSbS3 films. Then, the authors have
discussed some optoelectrical parameters, the linear and nonlinear optical parameters of the chemically

deposited BiSbSs3 films.

2. Materials and characterizations
2.1 Preparation of the BiSbS3 thin films

BiSbS3 films were synthesized at room temperature on precleaned soda-lima glass substrates
by an inexpensive chemical bath deposition procedure. To obtain different film thicknesses, we prepare
the BiSbS; thin films at several deposition times 1, 3, 5, 7 hours. High purity chemical salts have been
used to synthesize the BiSbS3 solution like antimony chloride (SbCl3) Sigma-Aldrich with purity
degrees (99.99%), sodium thiosulfate (Na2S203) Sigma-Aldrich with purity degrees (99.99%) and
bismuth nitrate (BiNO3) Sigma-Aldrich with purity degrees (99.99%). The BiSbS3 precursor solution
was synthesized by the interaction between: (i) 1 M antimony chloride (SbCl3) was dissolved in 5 ml
acetone. (i) 1 M sodium thiosulfate (Na>S203) was dissolved in 25 ml deionized water. (iii) 1 M
bismuth nitrate (BiNO3) was dissolved in 10 ml diluted Nitric acid. The BiSbS3 solution was stirred
well for 30 minutes to produce a brown solution. Then the cleaned glass slides were placed in the
BiSbS3 solution at different deposition times 1, 3, 5 and 7 hours to get thin films of different
thicknesses. At the finish of the deposition time, the BiSbSs3 thin films were extracted from the chemical

bath and washed well with the deionized water and after this the BiSbS; films were dried in air.

2.2 Characterization of the BiSbS; thin films

The thickness of the BiSbS3; samples was determined by stylus profiler type (Dektak 150
surface profiler) and the values of the thickness for the BiSbS3; samples equal 159, 243, 296 and 362
nm. The surface morphological features and the compositional element percentages of the chemically
deposited BiSbS3; samples deposited on the glass substrate were characterized via using the Quanta-
FeG-250 USA field emission scanning electron microscope (FE-SEM). The X-ray diffraction (XRD)
data of the chemically deposited BiSbS; samples were examined using a Philips-X'Pert X-ray
diffractometer, with CuKq radiation. The optical properties of the BiSbS;3 films were inspected via
measuring the reflectance, R and transmittance, 7 of the films in the wavelength ranged from 400 nm

to 2500 nm using UV-Visible spectrophotometer, JASCO (V-570.).
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3. Results and discussions
3.1. Structural analysis

The X-ray investigations of the BiSbS; films with various thicknesses (t= 159, 243, 296 and
362 nm) were presented in Fig.1. It can be deduced from this pattern that the presence of three
diffraction peaks at 25.15°, 42.57°, and 51.35° positions corresponding to the planes (012), (311) and
(024). The observed peaks of all films show the formation of the orthorhombic phase of the BiSbS3
which is in good agreement with the Standard ICSD No. 617029 (Wen et al. 2019).

Herein the structural parameters of the chemically deposited BiSbS; films can be obtained
using Debye-Scherer’s formulas. The crystallite size (D) and the dislocation density (§) of the
chemically deposited BiSbS3 films were computed according to the following equations (Hassanien

and EI Radaf 2020; Liu et al. 2021):

091
- pcosb (1)
1
8=1; )

Here 6 represent the Bragg diffraction angle and f denotes the experimental full-width corresponding
to the half maximum (FWHM).

On the other hand, the micro-strain values (¢) and the number of crystallites per unit surface
area values ( N; of the chemically deposited BiSbS3 films was calculated by the formulas (Akl et al.
2021; Akl and Hassanien 2021):

N¢=— &)

g, = £20 5

Here 1 denotes the thickness of the chemically deposited BiSbS3 films.

Table 1 display the magnitudes of the structure parameters D, § , N and &5 of the chemically
deposited BiSbS; films. It can be observed from this table that there is a reduction in the § , N; and &
values occurred by rising the thickness of the chemically prepared BiSbS3 films and there is an increase
in the D values occurred by rising the thickness of the investigated films. The dependence of D and N,
of the chemically deposited BiSbS3 films on the film thickness was depicted in Fig.2. It is observed
from this figure that the D values were enlarged with increasing the film thickness and the N values
were reduced with enlarging the film thickness.

3.2. Morphological and compositional studies



The FE SEM investigations of chemically deposited BiSbS; films were presented in Fig. 3. We
can see from this figure that the chemically deposited BiSbS3 film with thickness 159 nm has a
homogenous surface consists of small grains as illustrated in Fig.3 (a). Moreover, the number and size
of grains were increased by increasing the film thickness to 362 nm as displayed in Fig.3 (b). The
EDAX result of the chemically deposited BiSbSs; films synthesized at various thicknesses (t= 159, 243,
296 and 362 nm) demonstrated that the BiSbS3 films exhibit a stoichiometric composition and the

EDAX pattern display the existence of the Bi, Sb and S peaks at their energy positions.

3.3. Optical studies

The linear optical parameters of the BiSbS; films synthesized at various thicknesses (t= 159,
243, 296 and 362 nm) have been computed from transmittance and the reflectance data in the
wavelength ranged from 400 to 2500 nm. Fig. 4 (a) and (b) depicted transmittance and the reflectance
spectra of the chemically deposited BiSbS3 films synthesized at various thicknesses. It can be observed
from this figure that transmittance values of the BiSbS3 films were reduced by raising the film
thickness from 159 nm to 362 nm. Also, the reflectance values of the chemically prepared BiSbS; films
were enlarged by raising the film thickness from 159 nm to 362 nm. Thus, we calculate the absorption
coefficient values of the BiSbS; films synthesized at various thicknesses. The absorption coefficient is
an important factor determine how far inside the material light of a particular wavelength is able on
penetrating before it is absorbed. Various semiconductors have different values of absorption
coefficients values. The materials have great values of absorption coefficients were easily absorb the
photons, and these materials can excite the electrons to a conduction band. Determining the values of
absorption coefficients of the semiconductor materials helps in detecting the best materials which can

be used in the solar cell designs (Hassanien and Akl 2020).

The absorption coefficient values (o) of the chemically prepared BiSbS3 films can be calculated

according to the formula (Shaban et al. 2016; Sharma et al. 2017):

1 1-R)? 1-R)4
a(d) =1 Ln l( e /(”j +RZl (5)

Here # represents the film thickness.

Fig.5 (a) displays the plot of the absorption coefficient, a with the wavelength for the
chemically prepared BiSbSs3 films. From this plot, we can see that the o was enlarged with increasing

the film thickness and the o of the chemically prepared BiSbS3 films have high values.

The energy gap values of the chemically prepared BiSbS3 films can be estimated according to

Tauc's formula (Shi et al. 2018; Tauc et al. 1966):
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ahv = Q(E—E,)" (6)

Here E denotes the photon energy which equals 4v, Q represents a constant and p is the number that
illustrates the optical transition kind and it is having the value 1/2 and 2 for the direct allowed and the
indirect allowed optical transitions, respectively. In this work, the best fitting is obtained at p = 1/2

which indicated the allowed direct optical transition.

Fig.5 (b) demonstrates the variation of the (ahv)? versus hv for the chemically prepared BiSbS;
films synthesized at various thicknesses. we can estimate the energy gap value of the BiSbSsfilms from
the intercept with the x-axis of this plot. Table 2 shows the E, values of the chemically deposited
BiSbSs films. It can be observed from this table that there is a reduction in the E values occurred by
rising the thickness of the BiSbS; films from 159 nm to 362 nm. This trend could be associated with
the enlarging in structural defects which form localized states in the gap that resulting in reducing the

bandgap value (Hassanien and Akl 2016).

On the other side, the Urbach's energy for the BiSbS3 films synthesized at various thicknesses
was deduced according to the following relation (Alharbi et al. 2016; Hameed et al. 2019):

a = a,exp(hv/E,) (7

Fig. 6 (a) illustrates the variation of /n (o) versus hv for the chemically prepared BiSbS3 films
of various thicknesses. It is seen from this figure that the Urbach's energy values of the investigated
films were enlarged by enlarging the film thickness from 159 nm to 362 nm. The magnitude of
the E for chemically prepared BiSbS3 films were recorded in table 2. It can be observed from this table

that the E,. values of the BiSbS3 films were enlarged by rising the film thickness.

On the other side, the extinction coefficient (k) of the BiSbS3 films can be evaluated using the

following relationship (Ganesh et al. 2017):

K = al 8

= i (8
Fig. 6 (b) displays the variations of k for the chemically prepared BiSbS3 films as a function of

the wavelength. It can be observed that the values of k were enlarged by raising the film thickness from

159 nm to 362 nm.

The refractive index values (n) of the chemically prepared BiSbSs3 films have been computed

according to Kramer's — Kroning relationship (Elsaeedy 2019; Hosni et al. 2006):

1+R ( 4R k2)1/2 ©)

1-rR " \1-R?



Fig.7 (a) illustrated the reliance of the n with A for the chemically prepared BiSbS3 films of
various thicknesses. The refractive index values of the chemically prepared BiSbS; films were
increased by raising the film thickness from 159 nm to 362 nm. This performance displays a close

agreement with the contribution of the electronic transition in the chemically prepared BiSbSs; films.

Moreover, dispersion parameters of the chemically prepared BiSbS3 films like the values of
single oscillator energy (E,) and the values of dispersion energy (Eq) have been calculated by the
Wemple-DiDomenico model according to the following relationship (Wemple 1973; Wemple and
DiDomenico Jr 1971):

E E
n?=1+—-29 10
E? — (hv)? (10)

The variation of the (n? — 1)~ versus (Av)? for the chemically prepared BiSbSs films is
presented in Fig.7 (b). It is noted from this figure that the values of the E, and Ey at different film
thicknesses were estimated from the straight-lines slope and intercept that was fitted, as illustrated in
Fig. 6 (b). The dependence of the E, and E, values on the thickness of the chemically prepared BiSbS3
films were displayed in Table 2. It is observed from this table that the E; values were enlarged with
the rising in the film thickness and the E, values were decreased with the rising in the film thickness.
Moreover, the oscillator strength f, the static refractive index n, and static high-frequency dielectric
constant & of the chemically prepared BiSbSs films were computed according to the following

relationships (El-Nahass and Farag 2012; Hameed et al. 2018; Sharma and Katyal 2008):

d
= |14+— 11
nO + Eo ( )
f=E.E, 12)
& = no2 (13)

The values of the f, n,, and &, for the chemically prepared BiSbS3 films were recorded in Table 1 and

it is observed that by enlarging the film thickness, the values of n,, f and e;were enlarged.

3.4. Optoelectrical parameters
The optical properties of the semiconductor materials were expressed in terms of the complex
dielectric function € = ¢; + ie,. The real, & , and imaginary, &, parts of this description are both

frequency-dependent quantities, which contain all the desired response information [53].

In this study, the values of &;and &, for the chemically prepared BiSbS; films was deduced

using the following formulas (Hassanien and Akl 2018; Hassanien and Sharma 2020):



g, =n? - k? (14)
& = 2nk (15)

Fig.8 (a) and (b) demonstrates the variations of ¢; and &; for the chemically prepared BiSbS3

films with the A. The &; and &2 values have been enlarged by increasing the film thickness.

The optical conductivity (o,,/) is an important parameter that describes the conduction behavior
of the investigated material which is created from the movement of charge carriers through the material
(EI Radaf et al. 2019). The magnitude of the optical conductivity (g.) for the chemically prepared
BiSbS; films of various film thicknesses were deduced using the below relation (EI Radaf et al. 2020a):

_anc
Oopt = e

Here o is the absorption coefficient, c is the speed of light and n denotes the refractive index.

(16)

Fig.9 (a) illustrates a plot of g, against hv for the chemically prepared BiSbSs; films of various
thicknesses. It can be seen that there is a gradual increase in the optical conductivity values that
occurred with the increase in film thickness. This performance was related to the increasing of the
charge carriers. Furthermore, the optical conductivity enlarged also with enlarging the incident photon
energy. This trend owing to the increase in the excitation process of the electronic charges via rising
the incident photon energy.

On the other side, the values of the lattice dielectric constant and the ratio of an optical free
carrier concentration to effective mass (Nopt /m*) can be evaluated according to this equation
(AlKhalifah et al. 2020; El-Bana and Fouad 2017):

n? =g, — (o) (S) 22 a7

4m2c2gy/) \ m*

Here e represents the electronic charge, c represents the speed of light and ¢, is the electric

permittivity of free space.

Fig.9 (b) demonstrated the variation of n? versus A2 for the chemically prepared BiSbS; films. The
magnitudes of the (Nopt /m’ ) and g; were evaluated from this plot and recorded in Table.2. It is noted
that the values of ¢, and N,,./m" were enlarged with growing the film thickness. This thickness
enlargement is associated with the rise in the charge carrier concentration. This was related to the

possibility of attaining a degree of ordering in the chemically prepared BiSbS; films (Fouad et al.
2006).

3.5. Nonlinear optical parameters



The determining of the nonlinear optical constants of the chalcogenide films has a vital role in
nonlinear optical devices like optical switching, optical signal processing and frequency doubling
(Kasap and Capper 2017). Miller's relationships have been employed to deduce the first-order
nonlinear susceptibility x(*), the magnitude of the nonlinear refractive index n, and the third-order
nonlinear optical susceptibility, y) for the chemically prepared BiSbSs films by (Darwish et al. 2017;
Hassanien et al. 2021; Lougdali et al. 2021):

n:-1
X == (18)
A2 —1)*
3) 0
X0 == (19)
12my®
n,=—o (20)
0

Where n,, B denotes the static refractive index of the chemically prepared BiSbS3 films and a constant

value, equals 1.7 X 1071 esu respectively.

The magnitude of the Y , ¥ and n, for chemically prepared BiSbSs films were listed in table

3. It is obvious that by enlarging the film thickness, both of the Y™, y®and n, were enlarged.

Fig. 10 illustrates the dependence of the y©) and n2 on the film thickness for the chemically
prepared BiSbS; films. It is observed that the magnitude of the y) and n, for the chemically prepared
BiSbS; films have been enlarged by rising the film thickness from 159 nm to 362 nm.

3.6. Detecting of the semiconductor kind

To detect the semiconductor kind of the chemically prepared BiSbS; thin films we apply the
hot-probe procedure. In this experiment, the two probes were connected to a sensitive digital
multimeter and we join the hot probe to the positive port and the cold probe was joined with the
negative port as illustrated in Fig.11. This experiment demonstrated a negative voltage on the
multimeter that detects a p-type semiconductor and in case of appearing positive voltage on the
multimeter, it refers to the n-type semiconductor (Axelevitch and Golan 2013). The experiment shows
negative voltage for all samples, which shows that the chemically prepared BiSbSs; films reveal the p-

type conductivity.

4. Conclusions
In this study, BiSbS; thin films were synthesized at room temperature on precleaned soda-lima glass
substrates by an inexpensive chemical bath deposition procedure. The XRD of the chemically

deposited BiSbS; films indicated that the as-prepared BiSbS3 films exposed polycrystalline nature and
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have an orthorhombic structure. The structural parameters of the chemically deposited BiSbSs3 films
were evaluated by Debye-Scherer’s formulas. The FE SEM investigation of chemically deposited
BiSbS; films displays that the investigated films have homogeneous surfaces and the EDAX pattern
of the chemically deposited BiSbS3 films confirms a stoichiometric composition for the BiSbS3 films.
The optical results show that the refractive index, n, absorption coefficient, & and the extinction
coefficient, k of the chemically prepared BiSbS3 films were enlarged with growing the film thickness.
On the other side, the optical bandgap of the BiSbS3 films was reduced by increasing the film thickness.
Moreover, the optoelectrical parameters of the chemically prepared BiSbS3 films like the optical

conductivity (o) and the optical free carrier concentration to effective mass (Nopt /m*) were enlarged

with enlarging the film thickness. The non-linear optical constants ¥, ¥ and n, for the chemically
prepared BiSbS; films were enlarged by raising the film thickness. The hot-probe procedure shows that
the chemically prepared BiSbS; films reveal the p-type conductivity.
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Table Captions

Table 1: The structural parameters of the BiSbS3 thin films.

Table 2: The optical parameters of the BiSbS3 thin films.

Table 3: The nonlinear optical constants of the BiSbS3 thin films.

List of Tables

Table 1: The structural parameters of the BiSbS3 thin films.

Thickness (nm) D (nm) X103 0 X 10* (nm)? Nex 107
(line/nm?)
159 nm 21.29 16.87 2.21 16.47
243 nm 25.85 13.49 1.49 14.06
293 nm 34.46 10.15 0.84 7.23
362 nm 39.26 8.385 0.65 5.98
Table 2: The optical parameters of the BiSbS3 thin films.
Thickness (nm) | EG"(eV)| g, ev) | Ei(eV) | Eo(eV) | o & L N/m*xw:6
gm/cm

159 nm 1.38 0.76 8.54 2.22 2.21 4.85 9.74 4.98
243 nm 1.34 0.83 10.45 2.14 242 5.88 10.98 5.28
293 nm 1.29 0.88 11.28 2.08 2.53 6.42 11.54 6.21
362 nm 1.22 0.91 12.64 1.97 2.73 7.41 12.32 7.57
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Table 3: The nonlinear optical constants of the BiSbS3 thin films.

Thickness (nm) XD (esu) X®x 102 (esu) n,x 101! (esu)
159 nm 0.306 1.49 2.56
243 nm 0.389 3.88 6.03
293 nm 0.431 5.90 8.78
362 nm 0.510 11.57 16.01
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Figure caption

Fig. (1): The X-ray investigations of the BiSbS3 films with various thicknesses (t= 159, 243, 296 and
362 nm).

Fig. (2): The dependence of D and N, of the chemically deposited BiSbS3 films on the film thickness.
Fig. (3): (a) The FE-EM image and EDAX spectrum of the BiSbS3 thin films with thickness 159 nm,
(b) The FE-EM image and EDAX spectrum for the BiSbS3 thin films with thickness 362 nm.

Fig. 4: (a) The transmittance spectra of the BiSbS3 thin films versus the wavelength (A), (b) reflectance
spectra of the BiSbS; thin films versus the wavelength ().

Fig. 5: (a) The variation of the absorption coefficient («) chemically prepared BiSbSs3 thin films with
the wavelength (1), (b) The plot of the (ahv)? versus hv for the BiSbS; films.

Fig. 6: (a) The variation of /n (a) versus hv for the chemically prepared BiSbS; films, (b) The
extinction coefficient (k) of the BiSbS; films versus the wavelength (4).

Fig. 7: (a) The refractive index (n) of the BiSbS; films versus the wavelength (1), (b) The alteration
of the (n%-1)"! versus (hv)? for the chemically prepared BiSbSs films.

Fig.8: (a) and (b) The variations of ¢; and &2 for the chemically prepared BiSbS; films with the
wavelength (1).

Fig. 9: (a) A plot of gy against v for the BiSbSs films, (b) the variation of n? versus A% for the
chemically prepared BiSbSs; films.

Fig. 10: The dependence of the y®) and n> on the film thickness of the chemically prepared BiSbS;

films.

Fig. 11: The hot-probe procedure applied on the chemically prepared BiSbS; films.
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Fig. (1):
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Fig. (1): The X-ray investigations of the BiSbS3 films with various thicknesses (t= 159, 243, 296 and
362 nm).
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Fig. (2): The dependence of D and N of the chemically deposited BiSbS3 films on the film thickness.
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Fig. (3):
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Fig. (3): The FE-EM micrographs and EDAX spectra for the BiSbS3 thin films with thickness 159 nm,
(b) The FE-EM micrographs and EDAX spectra for the BiSbS3 thin films with thickness 362 nm.
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Fig. (4):
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Fig. 4: (a) The transmittance spectra of the BiSbS3 thin films versus the wavelength (), (b) reflectance
spectra of the BiSbS3 thin films versus the wavelength ().
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Fig. 5: (a) The variation of the absorption coefficient () chemically prepared BiSbSs3 thin films with
the wavelength (1), (b) The plot of the (ahv)? versus hv for the BiSbS; films.
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Fig. (6):
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Fig. 6: (a) The variation of /n (a) versus hv for the chemically prepared BiSbS3 films, (b) The

extinction coefficient (k) of the BiSbS3 films versus the wavelength (4).
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Fig. 7: (a) The refractive index (n) of the BiSbS3 films against the wavelength (A), (b) The alteration
of the (n>-1)"! versus (hv)? for the chemically prepared BiSbSs films.
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Fig. (8):
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Fig.8: (a) and (b) The variations of ¢; and &2 for the chemically prepared BiSbS; films with the

wavelength (X).
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Fig. 9: (a) A plot of g, against v for the BiSbSs films, (b) the variation of n? versus A% for the

chemically prepared BiSbSs; films.
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Fig. (10):
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Fig. 10: The dependence of the y® and n> on the film thickness of the chemically prepared BiSbS3

films.

Fig. (11):
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Fig. 11: The hot-probe procedure applied on the chemically prepared BiSbS3 films.

23



