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In this report, ternary semiconducting NixBi2− xS3(x = 0.2 M and 0.5 M) thin films were synthesized in situ for the first
time by a chemical bath deposition technique at different bath temperatures (60 °C, 70 °C and 80 °C). The effects of concen-
tration and deposition temperature on the deposited films were studied by combining the results of structural, morphological,
optical and electrical analyses. The growth of NixBi2− xS3 films with good crystalline nature and interconnected grain ar-
rangement takes place due to increasing the concentration of Ni2+ ions in bismuth sulfide matrix. EDS result confirmed the
stoichiometry of NixBi2− xS3 formation. Wettability test demonstrated that the surface of the film was hydrophilic in nature.
The optical absorption spectra revealed that the bandgap Eg of the x = 0.5 M film deposited at 70 °C was about 1.36 eV.
Current-voltage (I-V) characteristics of the x = 0.5 M film deposited at 70 °C were studied under X-ray radiation and dark con-
dition. An X-ray detection sensitivity analysis showed that the detection sensitivity is optimum when the bias voltage applied
across the film is low (∼0.9 V). These findings reveal that the film with x = 0.5 M deposited at 70 °C can be used as an efficient
low cost X-ray sensor.
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1. Introduction

In the past decade, investigations on ternary
semiconducting thin films have significantly in-
creased due to novel optical and electrical prop-
erties of these compounds. One of the major fac-
tors driving the current interest in the ternary semi-
conducting materials is their appropriateness to de-
vices such as solar cells [1, 2], sensors [3] and
supercapacitors [4]. Creation of solar energy de-
vices and sensors using ternary semiconductor is
of great interest due to their high conversion effi-
ciency, tunable band gap energy and reliability [5].
Hence, ternary semiconducting chalcogenides have
posed attention on their photonic and sensing
applications.

∗E-mail: nsuri22@gmail.com

For the preparation of ternary thin films, many
researchers have used various techniques, such as
spray pyrolysis [6–8], thermal deposition [9, 10],
chemical vapor deposition [11, 12] and chemical
bath deposition (CBD) [13–15]. Among these de-
position techniques, CBD has several advantages,
as it is an uncomplicated, economic and well-suited
method for the deposition of semiconducting ma-
terials. It does not require highly sophisticated in-
struments and can easily be adapted for large area
deposition. Quality of coated thin films can be sim-
ply varied by growth parameters, such as metal ion
concentration, deposition time, bath temperature,
substrate and complex reagent, etc. Among vari-
ous ternary chalcogenides, bismuth sulfide based
ternary compounds, such as CuBiS2 and PbBiS2,
with their significant photoconductivity and sensi-
tivity can be used as an alternative absorber layer
in thin film solar cells [16, 17].
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Bismuth sulfide is a V-VI group semiconduc-
tor with optimum band gap energy of 1.69 eV [6]
that lies between visible regions of the solar en-
ergy band. Due to such band gap, it has been found
to be a very useful material for the fabrication of
photovoltaic devices, photoconductors, etc. [18–
20]. On the other hand, nickel sulfide is a typical
VIII-VI group semiconductor having a bandgap en-
ergy of 0.9 eV [21]. It is widely used for batter-
ies [22, 23], dye-sensitized solar cells [24], super-
capacitors [25], etc.

The nickel bismuth sulfide NixBi2− xS3 ternary
semiconducting compound is of current interest be-
cause of its beneficial band gap. The optical and
electrical properties of binary Bi2S3 and NiS com-
pounds were reported by many researchers. In con-
trast, there is a limited literature on the physi-
cal properties of ternary NixBi2− xS3 compounds.
Therefore, our major interest in this report is to in-
vestigate the structural, surface morphological, op-
tical and electrical characteristics of NixBi2− xS3
films prepared by a chemical bath deposition
technique. The study is further extended by in-
vestigation of X-ray radiation sensing properties
of the films.

2. Experimental
Primarily, the glass substrates (75 mm × 25 mm

× 1.45 mm) were washed with a detergent solution
and boiled in chromic acid for 20 min followed by
washing in double distilled water. Finally, the sub-
strates were ultrasonically cleaned using isopropyl
alcohol and dried.

For the preparation of NixBi2− xS3 thin films,
AR grade nickel nitrate hexahydrate was used as a
nickel ion source, bismuth nitrate pentahydrate as
a bismuth ion source, and sodium thiosulfate as a
sulfide ion source. The solution prepared at room
temperature was mixed together and stirred con-
tinuously for 45 min. For different concentrations
of nickel (x = 0.2 M and 0.5 M), separate precur-
sor solutions were prepared. After addition of ion
sources, mild yellow solution gently transformed
to blackish green color while stirring. Ethylene di-
amine tetra acetic acid disodium salt (EDTA) was

added dropwise for complex formation and obtain-
ing uniform thin film over the substrate. Generally,
EDTA acts as a complex forming agent and stabi-
lizes ions. Formation of the complex causes con-
trolled release of ions and helps avoid molecular
segregation, which results in forming a homoge-
nous solution [26]. The glass substrates were ver-
tically immersed in the solution and the bath tem-
perature was maintained at 60 °C for 3 h. Subse-
quently, the solution was cooled to room tempera-
ture and kept for 6 h. Finally, the deposited films
were rinsed by distilled water to remove loosely
bound particles from the surface. The obtained
films were dark brown in color, shiny, and showed
good adherence with high uniformity over the glass
substrate. Using similar process, the films were
prepared at 70 °C and 80 °C bath temperatures. Af-
ter deposition, all the films were annealed at 500 °C
to remove any existing water.

Reaction mechanism [27, 28]:
(i) Formation of metal complexes
Aqueous solution of Bi(NO3)3.5H2O with EDTA
results in formation of complex species. Reaction
of bismuth ions in the presence of EDTA follows
the scheme:

Bi(NO3)3 ·5H2O+EDTA4−→ [Bi(EDTA)]1−

+5H2O (1)

Similarly, nickel ions with EDTA react as:

Ni(NO3)2 ·6H2O+EDTA4−→ [Ni(EDTA)]2−

+6H2O (2)

(ii) Dissociation of sodium thiosulfate

Na2S2O3→ 2Na++S2O2−
3 (3)

In acidic medium:

4.5S2O2−
3 +9H+→ 6HSO−4 +3S2− (4)

(iii) The net reaction for NixBi2− xS3 formation

[Bi(EDTA)]1−+[Ni(EDTA)]2−+8H++3S2−

→ NixBi2− xS3 +2EDTA (5)

[Bi(EDTA)]1−+[Ni(EDTA)]2−+8H++3S2−

→ Ni0.2Bi1.8S3 +2EDTA (for x = 0.2 M) (6)
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[Bi(EDTA)]1−+[Ni(EDTA)]2−+8H++3S2−

→ Ni0.5Bi1.5S3 +2EDTA (for x = 0.5 M) (7)

The ternary films deposited under these condi-
tions were analyzed using X-ray diffraction (XRD),
scanning electron microscopy (SEM), energy dis-
persive X-ray spectroscopy (EDS), UV-Vis absorp-
tion spectroscopy and photoluminescence (PL).
The crystalline structure was studied from the
XRD patterns (Shimadzu XRD 6000), the sur-
face morphology was studied by SEM (VEGA3),
stoichiometry by EDS, optical band gap en-
ergy from absorption spectra recorded by UV-Vis
spectroscopy (Agilent Cary-100), photo-optical
properties by PL spectroscopy (Cary Eclipse-
EL08083851) and electrical properties by Keithley
electrometer (6517B).

3. Results and discussion
3.1. Structural analysis

Fig. 1 shows typical X-ray diffraction (XRD)
patterns of the NixBi2− xS3 thin films with
x = 0.2 M and 0.5 M deposited at various bath
temperatures (60 °C, 70 °C and 80 °C). The stan-
dard diffraction profile of nickel bismuth sulfide
(JCPDS# 80-2190) is also shown for ease of refer-
ence. The XRD pattern exhibits sharp and intense
diffraction peaks. It shows the crystalline nature of
the deposited films. The major diffraction peaks
centered at 22.30°, 32.27°, 39.35°, 51.04° and
57.03° (2θ angle) correspond to (1 1 0), (2 0 0),
(2 0 1), (2 2 1) and (3 1 1) planes assigned to or-
thorhombic crystal phase of nickel bismuth sulfide.
This indicates the formation of nickel bismuth sul-
fide. From Fig. 1, it can be clearly seen that the in-
tensity of the diffraction peaks is increased with the
increase in Ni concentration (0.2 M to 0.5 M) and
bath temperature (60 °C to 80 °C). It indicates that
the degree of crystallinity improves at higher con-
centration of Ni2+ ions in bismuth sulfide matrix.
Further, the increase in intensity with bath temper-
ature is also due to increase in reaction rate. In the
XRD patterns, no secondary phases are observed.
The broad diffraction peaks reveal the nanocrys-
talline nature of the deposited films. The average

crystallite size was determined from the Debye-
Scherrer formula [29]:

D =
kλ

Bcosθ
(8)

where D is the mean crystallite size, λ the wave-
length of the X-ray used (1.54 Å), k is shape factor
(0.9), B is the full width half maximum and θ is
the diffraction angle. The crystallite size values are
reported in Table 1.

Fig. 1. XRD pattern of NixBi2− xS3 for (a) x = 0.2 M
and (b) x = 0.5 M films deposited at 60 °C,
70 °C and 80 °C.

In order to evaluate the crystallite size and to
calculate the probable microstrain in the films, the
W-H (Williamson-Hall) [30] analysis has been car-
ried out. According to the Williamson-Hall model,
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Table 1. Structural parameters, thickness and bandgap energy of the NixBi2− xS3 (x = 0.2 M and 0.5 M) thin films
deposited at the bath temperature of 60 °C, 70 °C and 80 °C.

Concentration
Deposition

temperature [°C]

D [nm]
(Debye-Scherrer

method)

D [nm]
(W-H

method)

Microstrain
(×10−3)

Dislocation
density

[×1016 lines per m2]

Thickness
[nm]

Bandgap
energy [eV]

x = 0.2 M
60 15.96 12.78 3.554 6.12 186 1.77

70 17.82 17.71 2.947 3.15 203 1.64

80 16.33 14.77 3.234 4.58 197 1.71

x = 0.5 M
60 16.32 13.04 3.431 5.88 193 1.47

70 18.21 18.15 2.835 3.02 215 1.36

80 17.02 15.23 3.411 4.31 206 1.40

the broadening of a multiple ordered diffracted
peak having full width at half maximum, β is re-
lated with the crystallite size, D as:

β =
λ

Dcosθ
+4 ε tanθ (9)

where λ is the wavelength of X-ray, θ is the diffrac-
tion angle and ε is the microstrain present in the
crystal lattice of the films. According to equation 7,
a plot of βcosθ/λ against 2sinθ/λ is linear with
a slope 2ε and intercept equal to 1/D. The W-H
plots corresponding to the films deposited at 60 °C,
70 °C and 80 °C for various concentrations (x =
0.2 M and 0.5 M) are shown in Fig. 2. The dislo-
cation density δ is calculated from the Williamson-
Smallman formula [31]:

δ =
n

D2 (10)

where n is a constant. For minimum dislocation
density, n = 1. Table 1 provides the structural data
of deposited films with various concentrations and
bath temperatures. Table 1 reveals that the aver-
age crystalline size D calculated using W-H method
is slightly smaller than that obtained with Debye-
Scherrer method. This may be caused by the ef-
fect of microstrain on the diffraction peaks. The mi-
crostrain and dislocation density were found to de-
crease with an increase in concentration (0.2 M to
0.5 M) and bath temperature (60 °C to 70 °C). But
at the bath temperature of 80 °C, the microstrain
slightly increased due to the formation of clusters
which, in turn, increased the strain at high tempera-
tures. This analysis explains why the film deposited
at 70 °C for x = 0.5 M has an optimum quality.

The thickness of the NixBi2− xS3 films was es-
timated by profilometry method. The values of film
thickness corresponding to the films which were
deposited at various concentrations and bath tem-
peratures are reported in Table 1. This analysis
shows that for both concentrations, x = 0.2 M and
0.5 M, the thickness of the film deposited at 70 °C
reaches maximum and decreases with further in-
crease of bath temperature. This may be due to ran-
dom motion of the ions at high temperature which
decreases the deposition rate.

Fig. 2. W-H plot for the NixBi2− xS3 films correspond-
ing to (a) x = 0.2 M, (b) x = 0.5 M deposited at
60 °C, 70 °C and 80 °C.

3.2. Surface morphology and EDS
The scanning electron microscope SEM im-

ages of the NixBi2− xS3 films corresponding to
various concentrations and bath temperatures are
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Fig. 3. SEM micrographs of the NixBi2− xS3, x =
0.2 M films deposited at (a) 60 °C, (b) 70 °C,
(c) 80 °C, and x = 0.5 M films deposited at (d)
60 °C, (e) 70 °C, (f) 80 °C.

shown in Fig. 3. The micrographs show the surface
morphology of the deposited films. In the present
study, both concentration and bath temperature
played a significant role in deciding the reaction
rate during the chemical deposition of NixBi2− xS3.
Agglomeration of grains is observed with the in-
crease in concentration (0.2 M to 0.5 M) and bath
temperature (60 °C to 80 °C). For both concentra-
tions (0.2 M and 0.5 M) beyond the bath temper-
ature of 60 °C, the grains are found to be spher-
ically shaped and uniformly distributed over en-
tire area of the substrate (Fig. 3b, Fig. 3c, Fig. 3e,
Fig. 3f). However, the formation of larger grains is
observed at the bath temperature of 70 °C for the
compositions x = 0.2 M (Fig. 3b) and x = 0.5 M
(Fig. 3e) compared to the other films. This re-
sult agrees well with the X-ray diffraction analy-
sis. The SEM analysis shows agglomerated cluster-
like grains of spherical shape with uniform distri-
bution. The grain sizes are in the range of 170 nm
to 290 nm. This analysis substantiates that the
quality of the films deposited at the bath temper-
ature of 70 °C is better than that of the other
films deposited at 60 °C and 80 °C. Therefore,
FE-SEM analysis was further carried out for the
films deposited at 70 °C for compositions x =
0.2 M and 0.5 M (Fig. 4). This analysis clearly
indicates that nanospherical grains have interfused

together and distributed on the substrate. Moreover,
at the concentration of x = 0.5 M (Fig. 4b) co-
alescence of grains is predominant compared to
the films deposited at x = 0.2 M (Fig. 4a). As
the film deposited at 70 °C with the composition
x = 0.5 M seems to have better quality than the oth-
ers, the surface morphology of the film was stud-
ied using AFM. Fig. 5a shows an AFM image of
the films (x = 0.5 M) deposited at 70 °C. From
the AFM analysis, the root mean square rough-
ness [32] was estimated as 205 nm only. Further,
the result of wettability studies carried out for the
films (x = 0.5 M) deposited at 70 °C is shown
in Fig. 5b. The wettability investigation illustrates
the interaction between solid and liquid, character-
ized by the microscopic parameter of contact angle.
From Fig. 5b, the water contact angle was found to
be 57.8°, confirming that the surface is hydrophilic
(water contact angle 610°) in nature [17].

Fig. 4. FE-SEM micrographs of the NixBi2− xS3 films
corresponding to (a) x = 0.2 M, and (b) x =
0.5 M, deposited at 70 °C.

Quantitative and compositional analyses of the
deposited films were carried out by EDS technique.
The EDS spectra of the film deposited at 70 °C
(x = 0.2 M and 0.5 M) are shown in Fig. 6. The
EDS spectra clearly reveal the presence of Bi, Ni,
S and Si. Inset tables (Fig. 6a and Fig. 6b) show
the atomic composition percentage of the elements
present in the films. The presence of silicon ob-
served in the EDS patterns corresponds to the glass
substrate. The composition is found to be homoge-
neous and stoichiometric. This indicates the forma-
tion of NixBi2− xS3 thin films.



680 SABARISH R. et al.

Fig. 5. (a) AFM micrograph of NixBi2− xS3 (x =
0.5 M) film deposited at 70 °C, (b) wettability
analysis of the film.

Fig. 6. EDS spectra of the NixBi2− xS3 (a) x = 0.2 M,
(b) x = 0.5 M films deposited at 70 °C.

3.3. Optical properties: UV-Vis absorp-
tion studies

Fig. 7a and Fig. 7b show the absorption spectra
of NixBi2− xS3 (x = 0.2 M and x = 0.5 M)
films recorded between 200 nm and 1200 nm.
It is observed that the film with x = 0.2 M
has low absorbance around the UV region and
visible region (Fig. 7a). It is worth noting that the
absorption peak increases in the visible region
for x = 0.5 M (Fig. 7b), while no appreciable
change in absorption is noticed with an increase
in bath temperatures. This may be caused by the
increase in crystallite size as it was evidenced

by the XRD patterns which evidently re-
vealed the improvement in the crystallinity
of the film with the increase in concentra-
tion of nickel (x = 0.2 to 0.5 M). More-
over, optical absorbance has also increased
with an increase in film thickness. This could be
explained by the fact that the thicker films contain
more number of atoms and hence, more states
are available for the photons to be absorbed. The
bandgap energies of the films, corresponding to
the energy value necessary to transform electrons
from the valence band to conduction band, were
calculated from the absorption spectra. The value
of bandgap energy Eg can be estimated from the
Tauc equation [33]:

(αhυ)2 = A(hυ−Eg)
n (11)

where A is a constant, hυ is energy [eV] of inci-
dent photon, α is optical absorption coefficient, and
the constant n = 1/2 for allowed direct band gap
transitions [34–36]. Fig. 7c and Fig. 7d show the
(αhυ)2 versus energy hυ plot. After extrapolation
of the linear portion of the plot, the band gap Eg
of the films was estimated (Fig. 7c, Fig. 7d) and
reported in Table 1. The band gap was found to de-
pend on concentration of nickel as well as deposi-
tion temperature. For both concentrations (x = 0.2
and 0.5 M), the band gap of the films deposited at
70 °C was found to be smaller than those of the
other films deposited at 60 °C or 80 °C. On the
other hand, the band gap of the films correspond-
ing to x = 0.5 M is smaller than that of the films
having x = 0.2 M. These variations of band gap
are due to several factors, such as concentration,
bath temperature, thickness, etc. The reduction of
band gap with concentration may be caused by the
effect of impurity energy levels in high concen-
tration films. Moreover, in thicker films, localized
states are built-in conduction band which reduces
the band gap [37–39].

3.4. Photoluminescence studies
Photoluminescence (PL) is a technique which

is used to attain information about electron hole
recombination, defects and oxygen vacancies. The
room temperature PL spectra of the deposited
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Fig. 7. Absorbance spectra of (a) x = 0.2 M, (b) x =
0.5 M films deposited at 60 °C, 70 °C, 80 °C,
and plots of (αhυ)2 versus hυ corresponding to
the absorption spectra of (c) x = 0.2 M, (d) x =
0.5 M films deposited at 60 °C, 70 °C, 80 °C.

films are shown in Fig. 8. The spectra correspond-
ing to different concentrations (x = 0.2 M and
x = 0.5 M) and deposition temperatures (60 °C,
70 °C, 80 °C) are identical but they differ by their
intensity. The spectra exhibit two distinct sharp
emission peaks, centered at 636 nm (red band)
and 647 nm (red band). The additional weak band
appearing at 610 nm (orange band) may be due
to the band edge luminescence of semiconduct-
ing interface. Such phenomenon of band edge lu-
minescence, typical of ternary semiconductor is
well known and extensively reported in the liter-
ature [40, 41]. The sharp peaks around 636 nm and
647 nm occur due to the presence of sulfur vacan-
cies and stimulated centers of Ni interstitial states
associated with the nanostructures of Bi. Fig. 9a
shows the schematic depiction of possible emission
transitions. It evidently infers the Stokes shift that
is associated with the excitonic emission [40, 42].
Fig. 9b indicates the intensity variation of PL spec-
tra in the deposited films. It shows that the increase
in concentration and bath temperature increases the
intensity of the PL emission. This may be due to
the radiative recombination of electron and hole at
localized states.

3.5. Electrical properties

The structural analyses showed that the
NixBi2− xS3 (x = 0.2 and 0.5 M) films deposited
at 70 °C have larger crystallite size than the
films deposited at 60 °C or 80 °C. Moreover,
the dislocation density and microstrain correspond-
ing to the film deposited at 70 °C was found

Fig. 8. Photoluminescence spectra of NixBi2− xS3 (x =
0.2 M and x = 0.5 M) films deposited at 60 °C,
70 °C, 80 °C.

Fig. 9. (a) schematic representation of emission transi-
tions for deposited films. (b) PL intensity ver-
sus bath temperature (60 °C, 70 °C, 80 °C) of
NixBi2− xS3 (x = 0.2 M and x = 0.5 M).

to be the lowest. This implies that the films
deposited at 70 °C have better lattice quality
compared to the films deposited at 60 °C and
80 °C. On the other hand, the band gap of
the NixBi2− xS3 film deposited at 70 °C cor-
responding to x = 0.5 M is smaller than that
of x = 0.2 M. Owing to smaller band gap,
the conductivity of the film with x = 0.5 M can
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be expected to be higher than that of the film with
x = 0.2 M. Therefore, the films with x = 0.5 de-
posited at 70 °C have been selected to study their
electrical properties from I-V characteristics. The
I-V characteristics were measured under dark con-
dition and X-ray radiation to study the influence of
X-ray on the current following through the film.

Fig. 10a shows the I-V characteristics of the
film recorded under dark conditions and X-ray ra-
diation. It is evident that the current at a con-
stant bias voltage under X-ray radiation is signif-
icantly higher than the dark current. The mini-
mum voltage necessary to achieve the dark current
(∼ 1 × 10−12 A) is 0.2 V, whereas under X-ray ra-
diation, almost the same value of current is found
to flow through the external circuit only at 0.04 V.
The enhancement of the current under X-ray radia-
tion has been explained on the basis of energy band
model proposed by Sarma et al. [43, 44]. Under
dark condition, when the voltage across the film
is increased, at 0.2 V, only a few number of elec-
trons are excited from the valence band (VB) to the
conduction band (CB) to drift through the external
circuit. Further increase in voltage, makes higher
number of electrons to jump to the CB. Hence, the
current through the external circuit increases lin-
early as observed in Fig. 10a. Under X-ray radi-
ation, the number of electrons excited from VB to
the CB is found to be nearly the same at just 0.04 V.
This voltage is approximately one order of magni-
tude smaller than the minimum voltage necessary
to initiate the current in dark condition. This sig-
nifies that the current contributed by the electrons
under X-ray radiation is of the identical origin as
that under the dark condition. The electrical con-
ductivity under X-ray radiation and dark condition
has been determined from the I-V characteristics
as ∼ 2.17 × 10−4 S/cm and ∼ 6.88 × 10−6 S/cm,
respectively.

The sensitivity of X-ray radiation as a function
of applied bias voltage has been estimated using the
equation:

S (V ) =
(Ir− Id)

Id
(12)

where Ir is the current under radiation and Id
is the current under dark condition [43]. In this

experiment, X-ray energy was kept constant by fix-
ing the X-ray source potential at 35 kV and fila-
ment current at 15 mA. Fig. 10b shows the varia-
tion of X-ray radiation sensitivity against applied
bias voltage. It has been observed that the sensitiv-
ity decreases with the bias voltage. The analogous
decrease of sensitivity with bias voltage was also
found for ZnS [43] and TiO2 [44]. When the bias
voltage increases, large number of electrons are ex-
cited to the CB by the potential and only a few by
the X-ray radiation. Accordingly, the current con-
tributed by the electrons that are excited by X-ray
radiation becomes lesser than that excited by the
potential. Therefore, the detection sensitivity de-
creases with the increase in bias voltage [43, 44].

To analyze the detection sensitivity for X-ray
having different energy values, the X-ray source
potential was varied between 25 kV and 35 kV at a
constant filament current of 15 mA. Fig. 11 shows
the variation of current versus X-ray source poten-
tial for various bias-voltages, V = 0.9 V, 1.0 V,
1.5 V, 2.0 V and 3.0 V. For all bias voltages V,
the current was found to increase linearly with
X-ray source potential. It ensures that the current
increases linearly with the energy of X-ray radia-
tion. It clearly indicates that the current for higher
bias voltage (3.0 V) is greater than for the lower
bias voltage. Hence, the number of electrons ex-
cited to conduction band is larger at higher bias
voltage compared to low bias voltage. The slope of
the plots corresponding to bias voltages of 0.9 V,
1.0 V, 1.5 V, 2.0 V and 3.0 V, were 0.58 × 10−11,
0.68 × 10−11, 1.19 × 10−11, 1.64 × 10−11, and
1.82 × 10−11, respectively. The slope values in-
crease gradually with an increase in bias voltage.
This is due to the current contributed by the larger
number of excited electrons by high electric poten-
tial, which increases with bias voltages.

The sensitivity was calculated using Id and Ir
values measured under dark and X-ray radiation
at a particular bias voltage. Fig. 12 illustrates the
variation of sensitivity with X-ray source potential
for different bias voltages V = 0.9 V, 1.0 V, 1.5 V,
2.0 V and 3.0 V. With a decrease in the bias voltage
form 3.0 V to 0.9 V, the sensitivity is found to in-
crease with X-ray source potential. The magnitudes
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Fig. 10. (a) I-V characteristics of the NixBi2− xS3
(x = 0.5 M) film recorded under X-ray and
dark conditions; (b) variation of X-ray radia-
tion sensitivity with bias voltage.

Fig. 11. Variation of current with X-ray source poten-
tial for various bias voltages V = 0.9 V, 1.0 V,
1.5 V, 2.0 V and 3.0 V.

of the slope corresponding to bias voltages 0.9 V,
1.0 V, 1.5 V, 2.0 V and 3.0 V were calculated as
0.614, 0.579, 0.552, 0.544 and 0.284, respectively.
The slope value corresponding to the bias voltage
of 0.9 V is the highest and it decreases gradually
with an increase in bias voltage. This implies that
the rate of increase in sensitivity of X-ray radiation
is maximum at low bias voltage. At high bias volt-
age, the number of electrons excited by the applied
potential exceeds the number of electrons excited

by X-ray radiation. This result provides an im-
portant conclusion that the deposited NixBi2− xS3
film is a suitable low-cost material for detection of
X-ray radiation.

Fig. 12. Variation of sensitivity against X-ray source
potential for bias voltages V = 0.9 V, 1.0 V,
1.5 V, 2.0 V, 3.0 V.

4. Conclusions
NixBi2− xS3 thin films have been deposited on

glass substrate by a chemical bath deposition tech-
nique. Effects of concentration (x = 0.2 M and
0.5 M) and bath temperature (60 °C, 70 °C, 80 °C)
on structural, morphological and optical proper-
ties were investigated. The characterization results
showed that the crystalline nature, surface mor-
phology, optical and electrical properties were the
best for x = 0.5 M film deposited at 70 °C. EDS
analysis revealed the presence of nickel, bismuth
and sulfur. Optical absorption spectrum revealed
the bandgap of 1.36 eV for 0.5 M film deposited
at 70 °C. PL analysis showed a strong red emission
centered at 636 nm and 647 nm with high intensity
for x = 0.5 M film. Further, I-V characteristics of
the film were studied under X-ray and dark con-
dition. The current under X-ray radiation was sig-
nificantly greater than the current under dark con-
dition. X-ray radiation sensitivity was found to be
optimum for the bias voltage of 0.9 V. These find-
ings demonstrate that the deposited NixBi2− xS3
thin films can be considered as a potential optoelec-
tronic material for X-ray radiation sensor.
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