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ABSTRACT

Nanocrystalline Nickel Sulphide thin films weregaeed using chemical bath deposition method onsgabstrate.
Nickel Sulphate and thiourea were used as startimgmicals. Triethanolamine (TEA) and ammonia wasl s
the complexing agents. In order to obtain good iyahin films preparative parameters such as caoricion,
temperature, deposition time, pH of solution hagerboptimized. Films were characterized using Xeifiyaction
for crystallographic analysis. The films were shotenbe nanocrystalline in nature with good unifotymiFrom
scanning electron micrographs, the surface appeaodoe comparatively granular with irregularly shegh grains.
Optical properties of the films were determinednfranalysis of the measured absorption spectrum. Nibkel
Sulphide thin films exhibited direct band gap titinoa with band gap energy ~2.8 eV. The films waliserved to
have thickness value range from 300 nm to 500 Hettrical properties of Nickel Sulphide film deteéne using
two point probe method. The films are semicondgg¢tivaving room temperature resistivity of the oraér~10
Qcm.

Keywords: Nanocrystalline thin films, Chemical bath depasiti X-Ray diffraction, Scanning electron microscopy
Electrical properties

INTRODUCTION

The chemical bath deposition (CBD) is simplest radtiuccessfully utilized to prepare semiconducting films.

Chemical bath deposition (CBD) method is also knaeiution growth. Metal chalcogenide thin films che

prepared by various methods, but chemical procesffessgood deposition on suitable substrates leycitntrolled
precipitation of the compounds from the solutidnrmby allow us to easily control the growth facteush as film
thickness, deposition rate and quality of crystdliby varying the solution pH, temperature andh lsahcentration.
Chemical bath deposition (CBD) is a slow procesghvifacilitates better orientation of crystallitesth improved
grain structure and the preparative parametereasiy controllable. Chemical deposition resultgpinhole free
and uniform deposition easily obtained. The basicgiple involved in the chemical bath depositioethod is the
controlled precipitation of the desired compouna#f a solution of its constituents. This requiried tonic product
exceed the solubility product [1,2].

Nickel Sulphide belongs to VIII -VI compound semdaoctor materials. It has hexagonal crystal stmectihe

films are black in colour. The optical band ga i85 — 0.8 eV. Electrical resistivity is of the ercbf 10-10 acm.

Nickel Sulphide films have a number of applicatiamyarious devices such as solar selective costisglar cells,
photoconductors, sensors, IR detectors, as arr@diecin photoelectrochemical storage device ete. &tistence of
various compositions of Nickel Sulphide include$; ) NigSg, Nisz«Sy, NisSsix, NigSs, Ni-Sg and Ni$ makes such
studies both interesting and challenging. Due tgdanumber of application many reserachers prepasiregle

crystal as well as polycrystalline NiS in bulk foand in thin film form and studied various characigion[3].
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In this paper we discuss on Nickel Sulphide thimdi preparedby simple chemical method. The deposition
conditions were optimized to get good quality arellvedherent films onto glass substrates. The strak; surface
morphological, optical and electrical characteitad of Nickel Sulphide films were carried out bgams of X-ray
diffraction, optical absorption and electrical ssiity measurement.

MATERIALS AND METHODS

1. NiS thin films by CBD method

In CBD methods equipments like hot plate with maigrtirrer is needed. Electrical conductivity betsubstrate is
not the necessary requirement. Any insoluble sertacwhich the solution has a free access will bsuitable

substrate for deposition. The low temperature dépaosavoids oxidation and corrosion of metallicbstrates.

Chemical deposition results in pinhole free andarm deposition easily obtained [3].

2.1Preparative conditions for NiS by Chemical Bath Depsition

Deposition of NiS thin films using analytical reagegrade (Loba, India) Nickel sulphate and thicacete, are
generally used as Nickel and sulphide precurs@seaively. The films were prepared by taking soha of 10 ml
of (0.8M) Nickel Sulphate in 100ml beaker to whith ml of (7.4 M) triethanolamine (TEA) and 10 mI(@8 M)

thioacetamide added successively. The solutionstiaed well so that homogeneous solution is fornidaen 35ml
of (14M) ammonia was added and total volume of beakade up to 100 ml at room temperature. The pét dfe
mixture thoroughly stirred with glass stirring radme to ~10. The glass substrates were verticaliyersed into
the solution and supported on the walls of the beakhe substrates were taken out from the bedier & hours.
The deposited NiS thin film was adhesive, unifobtack color with polycrystalline nature [1-4]. THiems on the
glass substrates were used to study structuralpesitional, surface morphological and optical prtips. Film

thickness was determined by weighing method usiaddrmula [5],

Where,'t' is the thickness of the filmin’ is the weight gainfA’ is the area of the coated film and is the density
of deposited material [10]. The deposited NiS filnasing thickness is approximately 500 nm.

The reaction is,

NiSo, + TEA— [Ni (TEA)]* + SQ
CH3;CSNH, + nH,O — CH;CONH,+ H,S
[Ni (TEA)] *+ H,S + NH; — NiS + TEA+NHg+ 2H"

The structural properties of the films are chandmdel using X-ray diffraction measurements with 1Byu D8
Advance X-ray diffractometer in the range of scagnangles 10-100(20) with radiation Cu K1 and 40 kV/40
mMA and scanning electron microscopy with Hitachd&0 system (15 kV). The UV-Visible absorption cpem
was recorded using spectrophotometer in the speemge 300 nm to 1100 nm. Optical absorption speatere
measured to determine the band gap. Two point pradibod used to measure electric resistivity offilhes.

RESULTS AND DISCUSSION

3.1 X-ray Diffraction

The structure characterization of the NiS thin flmas carried out using the X-ray diffraction. Figshows, XRD
patterns of NiS thin films deposited using CBD noethat pH ~10 value in as-deposited state. Nanaadtyst
nature of NiS films is confirmed from XRD patterince observed diffraction peaks are weak and arwf
intensity. Comparison ad-values with JCPDS data for NiS shows that the riater NiS having hexagonal and
rhombohedral structure with lattice constarss= 0.53 nm. NiS film having four diffraction peaks angles @ ~
37.42°, 46.57°, 60.68° and 81.62° are correspon(P2®), (102), (103) and (161) plane respectiveid aeak
positions corresponding to JCPDS 02-1280 and 8680

The average crystallite size has been calculatacsing Debye—Scherrer’'s equation as;

Where,'K’ is a Scherrer’s constant usually ~ 0.94,the wave length of X-ray (0.15418 nrty}, is the FWHM in
(o)
radians andéd’ is the Bragg's angle. We use the reflectiontet: 25.51. It has been observed that the grain size of
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as-deposited film is ~ 8 nm. However, the obserbeshd hump suggests that the synthesized matearels
nanocrystalline in nature with very small partisiee [6-8, 14].
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Fig. 1 XRD pattern of NiS thin films deposited ontoglass

3.2 Scanning electron microscopy

We are studied the surface morphology of as-degabsitiS thin film by taking scanning electron miaopy as
shown in Fig. 2. It is observed from the micrgara that NiS film is homogeneous, fine grained wedtl covered
to the substrate with overgrowth of some partidles.overall surface structure is seen to have grairspherical
shape. These films revealed that grains were vagfllsn size with no well defined grain boundari€#g.2 shows
that, film surface have some holes indicating pityas present. Formation of such type of surfacaphology is
desired for NiS films, for application in electrarhical capacitive performance. The average graia of the NiS
film is found that ~100 nm. It was found that therphology of NiS structure changes as per depwositiethod and
the preparation parameters like number of cycléh bemperature, concentration of solution, pH, dépmmn time,

etc. It is observed that the average grain sizerdebhed by SEM is comparatively larger than measime XRD.

This larger value of grain sizes may be due tcatjglomeration of grain [6,9,10].

.-?—v

Fig. 2 SEM of NiS film deposited onto glass subst@a

3.3 Optical properties
The absorption spectrum of NiS recorded in the U¥4#¢gion is shown in Fig. 3(a). Optical absorptaiS thin

films was studied in the wavelength range 300—1i0 It shows that the Nickel Sulphide have highoapton in
the ultra-violet region at about 349.5 nm thanrig ather region of the spectrum.
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Fig. 3(a) Plot of Absorption againsk for NiS thin films

The band gap was estimated using the Tauc’s rakdtip [12] between absorption coefficienand the photon
energy hv'.

ahv = A(hv — Ej)" - iii)

Where, V' is the frequency,i’ is the Planck’s constartig is the band gap energy’‘and n’ are constants. For
allowed direct transitions :% and for allowed indirect transitions= 2. The plot of ¢hv)? vs hv is shown in Fig.

3(b) for NiS films having thickness, ~500 nm. Theriation of @hv)®with hv for NiS films is a straight line
indicating that the involved transition is direateo Band gap energ¥(Q’ was determined by extrapolating the
straight line portion to thehv’ axis. The optical band gap energy was found t@BeeV for the as-deposited NiS
film. This makes the material to be suitable fovides for good absorption of UV radiation thatiisan be used as
a UV filters [11-13].
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Fig. 3(b) Plot of @hv)? againsthy for NiS thin films deposited onto glass substrate

3.4 Electrical resistivity studies

The electrical resistivity at room temperature aENhin film was found to be of the order of ~Q&m. The
variation of logarithm of resistivity (log) with the inverse of temperature (1000/T) is shawfig. 4. The decrease
in electrical resistivity with increase of tempenat suggested the semiconducting behaviour of pesited films

[6].
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The thermal activation energy (Ea) was calculatgdgithe following relation:

p=poexp(t2) e iv)

Where, ' is the resistivity at temperatufie ‘p,’ constant, K Boltzmann constant ahis the absolute temperature.
At room temperatures activation energy)(B5 ~ 0.41 eV which is good agreement with theaultssreported in
earlier investigations made I8y/D. Sartale et.al. [12].
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Fig. 4 Variation of log p with 10%T of NiS thin film deposited onto glass substrate
CONCLUSION

The CBD method was successfully used to deposit tNi$ films from Nickel Sulphate and thioacetamide
cationic precursor and anionic precursor. Undetndped conditions, films having thickness ~500 nXiray
diffraction patterns of film shows that the peaks eorrespond to hexagonal structures and it has bbserved that
the grain size of deposited film is ~8 nm. SEMih as deposited film showed irregular distributiof particles
with the grain sizes ~100 nm. Optical band-gap & bhin film is found that 2.8 eV for as-depositstdte. The
room temperature electrical resistivity is extreyneigh and is found to be order of Ilcm and the activation
energy is 0.41 eV. Formation of such type of Ni# thims used for application in electrochemicalpaaitive
performance.
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