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Electrical and Solid State Properties of Aluminum Doped Nickel Sulphide Thin Film by
Chemical Bath Method
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ABSTRACT

The rule of the electrical and solid state properties of sulphide based thin film has
made it interesting for us to carry out a study on the electrical and solid-state
properties of aluminum doped NiS deposited by chemical bath deposition method
has been carried out in this work in order to ascertain the influence of the
concentration of aluminum as a dopant on the electrical and solid state properties
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Keywords: of NiS thin film material as pointed out. And from the results, it was obviously
Bath deposition, seen as showcased from the results such as the index of refraction, extinction
Chalcogenide, coefficient, dielectric constants, optical conductance that there were significant
Chemical Aluminum, influence of Al on the trends of these properties, in particular the electrical
Electrical, properties as obtained using four point probe that they were variations in trend
Influence, of the graphs as the concentration of dopant, aluminum were varied indicating
Properties, its effect on the behavior of the aforementioned properties of the thin film in
Solid State, question thereby clarifying the belief that generally doping is one of the
Sulphide. parameters that can be used to modify the sulphide based chalcogenide.
INTRODUCTION 2011; Igwe and Ugwu, 2012; Benhaoua et al., 2014,

Sulphide based chalcogenide is like other chalcogenide
thin film materials that can be deposited by using various
methods of deposition techniques such as chemical bath,
successive ionic layer adsorption reaction, atomic layer
deposition technique etc (Sankapal et al., 2000; Kadhim
et al, 2017; Nwali et al, 2009; Guzeldir et al.,2012;
Panda et al.,2014; Sartale et al., 2001; Wang and Yushin,
2015; Cheon et al., 1997). A great deal of research efforts
has been geared towards the synthesis of NiS
nanoparticle in particular and other nanoparticles of that
family. Apart from the above-mentioned methods which
may involve both “wet” and “dry”” methods of deposition
such as Vacuum evaporation, hot-wall epitaxy,
molecular-beam epitaxy (Inumaru et al,2007) were
amongst the most successful techniques that have been
successful deposition methods used in synthesis of these
types of thin films. Other “dry” and “wet” methods that
have been successfully used includes spray pyrolysis and
electrochemical deposition. These categories of thin
films can be influenced by some deposition parameters
such deposition time, annealing temperature and doping
etc. (Anuar ef al., 2010; Preetha et al., 2015; Anuar et al.,

Adeyeba et al., 2022; Nefzi et al., 2020). Sequel to the
ability of their properties to be modified based on these
conditions, it become imperative that they can be
adoptable to so many applications and these are more
reasons why they being extensively investigated (Owoh
and Ugwu, 2009; Rajini et al., 2019; Sadovnikov et al.,
2010; Ugwu and Onah, 2007; Franzen et al, 1968)
because it now become obvious that their potential
applications in electronic and optoelectronic and a wide
direct band gap semiconductor is very high (Khan et al.,
2018). Some of them have unique properties that make
them applicable to photovoltaic cell, (Penda et al., 2014;
Soonmin et al, 2022) while several other such as
CulnSe,, CdTe and Cu,S including PbS have also various
applications in different fields such as IR detectors,
display devices, solar control coatings (Tejuca et al.,
1989; Gupta and Compaan, 2004; Romayuk and Tiwari,
2011) LEDs, humidity and temperature sensors and in
optical switching due to their third-order nonlinear
optical properties.. However, attention has been focused
more chemical bath deposition because of it’s a simple
nature, though with highly efficient effectiveness. It
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provides a powerful and versatile control of the size and
surface density of nanoparticles and therefore can be used
in preparation of high quality nanocrystalline NiS and
some other form of thin films requiring large area .The
characteristics of the deposited layers depend strongly on
growth conditions (i.e. composition, temperature of
solution duration of deposition process) as well as on the
chemical and topographical nature of the substrate
coupled with other parameters such as dip time, ligand or
complexing agent and doping element (Abbas et al.,
2011; Peter et al., 2010; Patel et al., 2016). Chemical bath
deposition of thin NiS and others such as PbS, C, S, ZnSe
nano crystalline films has been investigated thoroughly
(Brown et al, 2019) for different of substrates viz.
glasses, polymers and other materials for which
semiconducting, optical, structural morphological
properties have been investigated, but, however, there
has been no vivid investigation on the effect of using
aluminum as dopant on the solid state and solid state and
electrical properties of NiS thin film. Therefore, we
intend to dope NiS with aluminum and analyze its effect
on aforementioned properties

MATERIALS AND METHODS

The Chemical Bath Deposition (CBD) technique was
used to deposit NiS thin films at different concentrations
of aluminum. CBD involves controlled precipitation and
deposition of the desired compound in a simple
constituent, which is low-temperature and less expensive
(Sankapal ef al., 2000; Kadhim et al., 2017).

Prior to the deposition, the glass slide substrates were
cleaned by scrubbing them thoroughly with cleaned
cotton wool and soap solution, rinse with running tap
water, then ultrasonicate using ultrasonic bath of acetone,
Methanol and distilled water at room temperature for few
hours. Then they were rinsed with deionized water. The
substrates were dried in an open moderate temperature.
All these cleaning processes were taken to remove
possible impurity (organic or Inorganic) substances from
the surface of the substrate which is very important for
adherence of the films to the surface of the glass
substrate. The thin films of nickel Sulphide (NiS) were
deposited onto the chemically cleaned glass substrates
using highly pure chemicals by Chemical Bath
Deposition (CBD) process. The chemical bath was
prepared by sequential addition of 0.5M of Nickel
Chloride Hexa-hydrate (NiCl..6H20), 0.5M of Thiourea,
0.5M of Sodium Hydroxide (NaHO) to neutralize the
acidity of the solution, 0.5M of Tri-ethanol-amine (TEA)
(CsH15NO:s) into three different baths (N, AN and AN>).
Aluminum Chloride (AICI) which is the source of
Aluminum (Al) served as the doping agent was added
into the second and third bath (AN1 and AN2) varying
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kept constant at 8. At a specific temperature, the bath
solution was heated and then thoroughly stirred on a
magnetic stirrer for a specific amount of time (30min) to
aid homogeneity. The cleaned and dried substrates were
clamped vertically using retort stand, clipped and then
lowered into the three beakers (100ml) containing the
CBD solution where the Aluminum foil was used as a
cover at the top of each beaker in order to prevent dust or
unwanted particles from entering the solution. The
deposition time was kept constant throughout for each of
the samples labeled; N, AN; and AN» After that, the three
samples were taken out of the bath solution, rinsed in
distilled water and dried in an open furnace at moderate
temperature at a specific time to remove residual water
content and other possible adsorbed surface impurities.

Reaction Equations
NiCl.. 6H20 + 2NaOH Ni (OH) » + 2NaCl + 6H20

(1

CH:N:S + 2H>0 CO: (g) + 2NH: (g) H2S (g) S2- + H20
2

Ni (OH) 2 + 2[CsH1sNOs]2 Ni (CeHO1sNOs)2 + 2H.0
3)

[Ni (6H1sNOs)2 Nizt + 2(CsH1sNO3) 4)

Ni?* + §2*=NiS %)

After this preliminary reaction, then two different
concentration of aluminum were prepared and made to be
deposited on as-deposited NiS in order to completely
form AINiS thin film as in AN; and AN, respectively.

Mathematical Relations used for Calculating the
Solid-State Properties

The solid-state properties such as absorption coefficient,
extinction coefficient index of refraction, optical
conductivity was deduced from the quantities obtained
directly from spectral photometer as the instrument that
was used for the optical characterization using some
well-known mathematical relations

Absorption Coefficient (o),

In(:) = 2.3034 = ad (Inumaru et al, 2007)
0
(6)

Whereby A is the absorbance as obtained from optical
characterization. Therefor in general, the absorption
coefficient could be deduced within a given region using
Lambert law as given in equation (6)

1, I, are the intensity of incident and transmitted radiation
respectively, A is the optical absorbance and d is the film
thickness. That of the extinction coefficient (k) is given
by

K="= (7)

4, is the wavelength of the photon energy. While the
index of refraction, n is deduced from the relationn =

from 0.2M to 0.4M. Distilled water was added until the | 1\ Y2
volume of the solution reached 70ml and the PH of the 7+ (;) (®)
solution was measured using digital PH meter and was
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_1+VR
n =10 ©)

Where T and R stand for spectral transmittance and
reflectance respectively. The optical conductivity is on
the other hand deduced from

o = ance (Ugwu and Onah, 2007) (10)
RESULTS AND DISCUSSION

The solid state and electrical properties of the deposited
films would be characterized using various

characterization techniques. UV-VIS spectrophotometer
were used for determining the solid state characterization
while four point probes (FPP) technique was used to
investigate the electrical property of the deposited thin
films while the solid state characterization involves
studying the properties of materials in a solid state such
as the Extinction coefficient, refraction index, optical
conductivity, and dielectric constant which are the key
parameters in this context:
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Extinction Coefficient (k)

Extinction coefficient is a measure of light loss due to
scattering and absorption per unit volume of a material,
K is generated from equation 7. Figure 1 shows the plot
of K as a function of photon energy of NiS thin films
deposited at different concentration of dopant (Al) at
constant time frame (30 min of stirring with magnetic
stirrer). It has been noticed from the graph that the
extinction coefficient increases in the UV region with
increase in photon energy, as observable, the increase in
K at photon energy below 4.125 eV for AN; and AN»
respectively and N shows no change on the extinction
coefficient up to 4.10 eV before showing a rough
behavior from 4.125 eV to 4.20 eV. And this is due to the
high absorption within those regions which is ascribed to
smoothness of the surface of the films. It can be thus be
deduced that increase in dopant concentrations increase
the extinction coefficient from the absorption edge of the
visible range in the NiS thin films.
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Figure 1: the variation of K as a function of photon energy for the three samples N, AN; & AN,

Refractive Index (n)

The refractive index is the rate at which light is slowed
down in a material. It is one of the significant properties
of an optical material in optoelectronics. The plot of
refractive index as generated using equation 8 as a
function of photon energy for the three deposited samples
of AINIS thin films is shown in figure 2. It is observed
from the graph that n for sample AN; is slightly high and
for AN> s high (about 4.20 and 4.15 respectively) within
the visible region of the films, which is attributed to the

increase in the thickness of the films as a result of the
smaller concentration of the dopant used in the
preparation. In comparison with N which exhibit the
lowest value of refractive index in the UV region.
Therefore, it can be deduced from this observation that,
increasing the concentration of the Al as the dopant in the
chemical deposition of AINiS thin films consequently
increases the refractive index of the films within the UV
region.
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Figure 2: the plot of the refractive index (n) against the photon energy for sample N, AN; & AN»
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Figure 3: The variation of §,,, with the photon energy for the three samples N, AN; & AN, of NiS
thin film

Optical Conductivity, & highest optical conductivity (nearly 5.0x10*), followed
Optical conductivity is a measure of the frequency by ANi (nearly 1.5x10'*) and N which shows poor
response of a material when irradiated with light. The ~ optical change (nearly 1.5x10'%). This indicates that the
optical conductivity of the three samples of the deposited ~ optical conductivity of AINiS thin film materials
NiS thin films is calculated using the relation in equation ~ increases as we increase the concentration of aluminum.
19, which is strictly dependent on a and n only. The plot It is also interesting to know that the sample N shows a
of 8,y against the photon energy is presented in figure 3 ~ 10 change in the optical conductivity but as the dopant is
below, it is observed from the plot that, 8,,, displays the added, sample AN; shows the lowest optical change

trend as that of n discussed above. AN is said to have the while as the. c.ongentratlon (_)f the dopant 1nerease in
sample AN,, it indicates the highest optical conductivity.
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Thus, it can be concluded from the sight of this as a result
of increase in concentration of the dopant, there is
increase in the optical conductivity of the AINiS thin
film.

Dielectric Constant (&r)

Real and imaginary part of the dielectric constant
parameters were obtained from equation 14 and 15,
which are purely n and k dependent. Figure 4(a) shows
the graph of real dielectric constant against the
wavelength range from 299 nm to 315 nm of AINiS thin
film at different concentration of dopants. As observable
from the graph, all the three samples exhibit similar
behavior as that of refractive index because, the

Ugwu et al.,

NJP

respective values of K2 is greater than n? as shown in the
equation 14 of chapter two. This implies that €, mainly
depend on n. in comparison to €; in equation 15, which is
mainly dependent on K. the obtained value of the real
dielectric constant (<10'8) is considerably smaller than
that of the imaginary part as observed in figure 4(b),
Furthermore, it is observed that €, increases as the
concentration of dopant increases but for €; decrease, also
the dielectric constants increase as the wavelength of the
incident radiation increases. Therefore, the dopant
influences the behavior of the real and imaginary part
dielectric constants of chemically deposited AINiS thin
film.
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Figure 4(a): Real dielectric constant, €, against the wavelength of sample N, AN; & AN, of AINiS

thin films
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Figure 4(b): Complex dielectric constant, €; against the wavelength of sample N, AN; & AN; of AINiS

thin films

Electrical Characterization

The electrical analysis of the chemically prepared AINiS
thin film was obtained using four-point probe (FPP)
technique. Figure 5(a), 5(b) and 5(c) illustrate the plot of
I-V characteristics of sample N, AN; and AN;
respectively. As observed from the plot, currents flow
through the films linearly with the applied outer voltage.
This is an indication that AINiS for both as-deposited and
the ones aluminum doped with exhibit Ohmic
characteristics, i.e. it obeys Ohm’s law since the plot of
the graph of current as a function of voltage shows linear
relationship manifesting smooth linear relation as the
concentration of the dopant increase because it can also
be observed from the graph in figure 5(a) that N shows
the poorest linear behavior of I-V characteristics
compared to AN; and AN» in figure 5(b) and 5(c). The
obtained results of the average electrical conductivity,

resistivity and sheet resistance of the three samples of
NiS thin film are presented in the table 1 below where
could be easily deduced from the table that the average
conductivity of the thin films increases as the
concentration of dopant increases which is in agreement
with the graphs as elucidated. Thus, a clear indication that
there is a decrease in the average resistivity and the
average sheet resistance of the films with increase in the
concentration of the dopant. Therefore this evidencing
observed consistency in the increase in electrical
conductivity and decrease in the sheet resistance as the
concentration of the dopant increases shows the
suitability of the AINiS thin film in so many applications
especially in photoconductor and detectors and also in
solar control system which is invariably in agreement
with the observation as indicated in the literature.
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Figure 5(a): I-V characteristics for N
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Figure 5(c): I-V characteristics for AN,
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Table 1: I-V Characteristics of Chemical Bath Deposited NiS Thin Film

SAMPLES Rpeee () Resistivity (2m) Conductivity (@m)~1
N 6673.676 0.000667 4179.438
AN, 2540.062 0.000254 6094.218
AN, 550.9423 5.51x107° 54134.14
CONCLUSION Nwali N.P. and Ugwu E.I. (2009). Optical properties of

In this work, NiS thin film has been successfully grown
at different concentration of dopant (Al) using chemical
bath deposition technique. The influence of Al on solid
state and electrical properties of the deposited films has
been characterized and investigated. The solid-state
parameters such as absorption coefficient, optical
conductivity, refractive index and dielectric constant
were obtained using various existing equations. The
graphs that were plotted as a function of wavelength in
some cases and also as a function of photon energy in
other cases have been presented revealed some major
interesting characteristics while the electrical properties
of the films that were analyzed using four-point probe
(FPP) technique. Showcased the electrical behaviour.
However, the results obtained show that Al doping has a
considerable influence on the various properties of NiS
thin films. For instance, there was variation in refractive
index, real and complex dielectric constant with the
photon energy with the concentration of the aluminum as
a dopant as indicated in the figures as presented here in
the results, it was observed that there were slight
variation in some of these properties as analyzed here
occasioned by different concentration of the aluminum.
The effect also manifested on the electrical propertied as
obtained from the four point probe which is indicated on
table 1.0.Thus from the observation as shown in the
result, the sulphide based and other type of chalcogenide
thin films can be tailored into so many applications since
the properties of the thin film are amenable to
modification by some parameters such as this. There
from this, it could be inferred that the film has a trend of
the properties with such features that make it suitable for
so s many applications such as sensors, photo-detectors
and energy devices and also in photovoltaic applications.
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