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ARTICLE INFO ABSTRACT

Zinc sulfide thin films have been deposited onto glass substrates by chemical bath deposition. Thin
films of ZnS with different thicknesses of 720nm to 1045 nm were calculated from UV parameters.
The effect of film thickness on structural and electrical properties was studied. The thermal
conductivity of ZnS thin film is 0.88W/K-m. The structural and activation energy studies support this
decrease in the resistivity due to improvement in crystallinity of the films which would increase the
charge carrier mobility and decrease in defect levels with increase in the thickness of film. Aim of the
work is  analyzed  the particle structure by X-ray Diffraction (XRD), surface morphology Scanning
Electron Microscopy (SEM) and optical properties by UV-Visible spectroscopy and thermal
conductivity ZnS thin films. The result indicates that the conductivity of the buffer layer is generated
the carriers with minimal losses while coupling light to the junction with minimum absorption losses,
yields a highly efficient solar cell.
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INTRODUCTION
Recent investigations have evoked considerable interest in ZnS
thin films due to their vast potential for use in thin film
devices. Zinc sulfide has found wide use as a thin film coating
in the optical and microelectronic industries. ZnS thin films are
very useful in the applications such as solar selecting
decorative coatings, UV light emitting diode, photo catalyst in
flat panel displays, photo electrochemical and solar cell
applications. There are many techniques can be used to prepare
ZnS films which including electrode position (Lokhande et al.,
1998), pulsed-laser deposition (Yano et al., 2003), RF reactive
sputtering (Shao et al., 2003), atomic layer epitaxy (Oikkonen
et al., 1998) and chemical bath deposition method (Yamaguchi
et al., 2003). Among these techniques, the chemical bath
deposition method is considered as very common technique. It
is found to be a cheap and simple way to deposit large area
polycrystalline metal chalcogenide thin films. The preparation
of various thin films using chemical bath deposition technique
such as NiSe (Anuar et al., 2010), SnS2 (Li et al., 2011), CdS
(Kim et al., 2010), CdSe (Gopakumar et al., 2010), In2S3
(Asenjo et al., 2010), NiS (Anuar et al., 2011), Cd1-xZnxSe
(Hankare et al., 2006) and CdSSe (Ezema et al., 2007) have
reported by several authors. In this paper Zinc sulfide thin
films have been deposited onto glass substrates by chemical
bath deposition.
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The various deposition parameters such as volume of sulfide
and acetate ion source, pH of bath, deposition time,
temperature etc are optimized. Thin films of ZnS with different
thicknesses of 44nm to 48nm were prepared by changing the
bath parameters. The effect of film thickness on structural and
electrical properties was studied. The thermal conductivity of
ZnS material is almost similar of .82W/K-m. The structural
and activation energy studies support this decrease in the
resistivity due to improvement in crystallinity of the films
which would increase the charge carrier mobility and decrease
in defect levels with increase in the thickness of film. Aim of
the work is  analyzed  the particle structure by X-ray
Diffraction (XRD), surface morphology Scanning Electron
Microscopy (SEM) and optical properties by UV-Visible
spectroscopy and thermal conductivity ZnS thin films. The
result indicates that the conductivity of the buffer layer is
generated the carriers with minimal losses while coupling light
to the junction with minimum absorption losses, yields a
highly efficient solar cell.

MATERIALS AND METHODS

ZnS thin film prepared by CBD employing different cationic
precursors of Zinc Sulfate (ZnSO4. 7H2O) (Oladeji et al.,
1999) and Zinc Acetate (Zn (CH3COO) 2.2H2O) (Ubale et al.,
2007). A simple chemical bath deposition method was
recruited to deposit ZnS thin films on glass substrates using
thiourea ((SC (NH2)2) as a sulfide ion source and zinc acetate
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(ZnSO4. 7H2O) as zinc ion source in alkaline ion bath. For the
preparation of ZnS thin film, 0.2M ZnSO4 and 0.2 M (Zn
(CH3COO)2.2H2O) solution was carried in a distinct beaker
and an equal volume of 0.2M thiourea solution was added and
facts that refer back to a previous report (Oladeji et al., 1999;
Ubale et al., 2007). Ammonia solution was added slowly and
pH was maintained 8-11. These compositions of both solutions
are stirred 1.30hrs and maintained at 303K temperature.
Substrate cleaning is an important role in the deposition of thin
films. Commercially available glass slides of micro dimension
range (76mm x 25mm x 1.35mm) were immersed in chromic
acid for 2 h and wash with acetone. Structural and
Morphological study is carried by XRD and SEM technique.
Optical parameters are calculated from UV-Vis-IR study. The
physical properties of prepared ZnS thin films are studied by
Thermal conductivity.

RESULT AND DISCUSSION

Structural Studies

ZnS thin films were analyzed by X-ray diffractometer (XPERT
Goniometer, Cu Kα = 1.540598). Fig. 1 shows X Ray spectra
made for ZnS thin films with different precursor Zinc Sulfate
(ZnSO4. 7H2O) and Zinc Acetate (Zn (CH3COO)2.2H2O). The
X-ray diffraction pattern of the film is chemically deposited on
glass substrate as seen in Fig1a and Fig.1b. The maximum
peak was observed at 27.08° and 29.32° respectively, which is
reported in JCPDS (#01-0677, #03-0570). The structure of
ZnS film nature is hexagonal (Wuritzite) and Cubic
(Sphalerite) structure respectively.  And the grain size was
determined by using Debye-Scherer’s formula is D = 0.9λ/β
Cos θ.  Where D is the gain sizes, β is the FWHM of the
diffraction peak, θ is the Bragg diffracting angle and λ is the
wavelength of x-ray. The grain size of the prepared ZnS thin
film is 29 nm and 30 nm.

Fig.1. The typical XRD spectrum for ZnS thin film by CBD

Morphological Studies

The SEM technique was employed for finding morphology of
ZnS as prepared under two different precursor solutions. Once
can notice the presence of macro-agglomerations of very fine

particles having size less than100 nm. Morphology indicates
that the substrate is almost completely covered by spherical
particles. The ZnS layers of SEM image are shown in the
Fig.2.

Fig.2. SEM image for ZnS thin film (ZnSO4. 7H2O) ZnS thin film (Zn
(CH3COO) 2.2H2O)

UV Studies

The optical study is carried through the UV-Vis-IR analysis,
and measurement is done as a function of wavelength 200-
800nm. Optical absorption spectrum is shown Fig.3a and
Fig.3b, which is corresponding to the ZnS (ZnSO4. 7H2O) and
ZnS (Zn (CH3COO) 2.2H2O) and is prepared from two
different precursors.

Fig.3a. Typical absorption spectrum for ZnS (ZnSO4. 7H2O) for single
layer under deposited condition
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Fig.3b. Typical absorption spectrum for ZnS (Zn (CH3COO)
2.2H2O) for single layer under deposited condition

The absorption of ZnS (ZnSO4. 7H2O) is higher as compared
to the ZnS. The direct optical band gap of the ZnS is found out
from the UV extrapolation graph as shown in Fig.4a and
Fig.4b respectively. The ZnS optical band gap is numerically
match with previously reported articles (Xiaosheng et al.,
2001). Optical band gap is once again confirmed the ZnS as a
deposited element. The other optical parameters are calculated
from the UV data, which are tabulated in Table 1.

Fig. 4a. Typical UV Energy spectrum obtained for ZnS
(ZnSO4. 7H2O) single layer under deposited condition

Fig. 4b. Typical UV Energy spectrum obtained for ZnS
(Zn (CH3COO) 2.2H2O) single layer under deposited condition

Thermal Conductivity of ZnS buffer layer of thin films

The conduction of heat in semiconductors has been the subject
of intense study in the past few years. The thermal
conductivity is one of the basic characteristics of
semiconductor materials. Thermal conductivity is an important
parameter in determining the maximum power under which a
semiconductor device may be operated. It also determines the
efficiency of the semiconductors used in thermoelectric energy
conversion (Rong et al., 2009). The thermal conductivity of
semiconductor is a great importance for the performance of
thermoelectric coolers and power convertors as well as
optoelectronic devices. Low thermal conductivity materials are
desired for thermoelectric elements in order to reduce the back
flow of heat from the hot to cold junction, while high
conductivity materials are necessary for optoelectronic devices
in order to dissipate heat (Prema Rani and Saravanan, 2011).
Whenever there is thermal gradient in matter, heat transport
takes place tending to annul the gradient. This transport of heat
energy is described in terms of the coefficient of thermal
conductivity K defined as,

Q = - KA (dT/dx) (1)

Where Q is the heat energy flowing in one second across a
plane of area A across which there is a thermal gradient
(dT/dx). For transport of heat, carriers are necessary; in gases
and liquids, the molecules themselves are the carriers. In
solids, the carriers are phonons in insulators and electrons as
well as phonons in metals. A simple treatment based on the
kinetic theory gives the following relation for K,

K = (1/3) Cv υλ (2)

Where Cv is the specific heat at constant volume, υ and λ the
mean velocity and mean free path of the carrier respectively.
Thus any scattering event involving phonons and, say, an
impurity, that limits λ contributes to K. the temperature
variation of the thermal conductivity of crystals in different
ranges can be explained in terms of the temperature variation
of the three quantities in Equation (2)

The thermal conduction in solids is intimately linked with the
anharmonicity of thermal vibrations. Thus, if thermal
vibrations were harmonic, the thermal conductivity would be
infinitely large. A number of factors like impurities,
dislocation and crystal boundaries contribute to thermal
conduction in solids. The coefficient of thermal conductivity
of a crystal relates the components of thermal energy flow
(a vector) to the components of the thermal gradient (also a
vector) and is, hence, a second rank tensor. Thus the number of
independent coefficients ranges from one for the cubic class to
six for the triclinic class. Before the actual experiment, the

Table 1. Values of optical parameters evaluated from the UV
spectrum of ZnS thin film prepared by CBD

Sample name
Extinction

Efficient (k)
Refractive
Index (n)

Thickness of
the film(t) nm

Energy
gap(Eg)eV

ZnS (ZnSO4.
7H2O)

564.864 x 10 -7 2.41 44 3.66

ZnS
(Zn(CH3COO)

2.2H2O)

048.610 x 10 -7 2.41 48 3.3
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Table 2. Conductivity of the ZnS thin film for different chemical
analysis

Buffer layer of Thin Film
(Fabrication of CIS  solar cell (PV))

Steady State
Temperature

Thermal
Conductivity (Kc)

Glass/ZnS (ZnSO4. 7H2O) 63 0.89650W/K-cm
Glass/ZnS (Zn (CH3COO) 2.2H2O) 62 0.8746 W/K-cm

Table 3a. Temperatures at A, B, C, D under Steady State
Conditions for ZnS (ZnSO4. 7H2O) Thin film

Junction
Distance from
one end (cm)

Thermo emf
x (mv)

Temperature  y = 22.966
x + 30.321  (°C)

A 0.3 1.27 59.48
B 2,2 0.88 50.53
C 2.938 0.57 43.41
D 4.888 0.66 45.47

Table 3b. Temperatures at A, B, C, D under Steady State
Conditions for ZnS (Zn (CH3COO) 2.2H2O) Thin film

Junction
Distance from
one end (cm)

Thermo emf
x (mv)

Temperature  y = 22.966
x + 30.321  (°C)

A 0.3 1.24 58.79
B 2,2 0.85 49.84
C 2.938 0.59 43.87
D 4.888 0.69 46.17

Fig.5a. Temperature vs. thermo emf ZnS (ZnSO4. 7H2O) thin film

Fig.5b. Temperature vs. thermo emf ZnS (Zn (CH3COO) 2.2H2O)
thin film

thermocouple has to be calibrated. The temperatures of the
thermocouple junctions can be obtained from the thermo emfs
read from the millvoltmeter and using standard data on
thermocouples. If, on the other hand, a spot-galvanometer is
used, then calibration of thermocouples has to be done by
using standard temperatures or, a water-bath and thermometer
combination. A blank heating of the brass rod R1 may be
carried out by using the variac to determine the temperatures
produced by applying different voltages. It is better to choose
the voltage such that the temperature T1 is about 80° C. The
rods R1 and R2, the heater H and the crystal are properly set
and held in position by gently pressing P and then locking it.
The heater is switched on applying proper voltage and the
temperatures of four thermocouples read off periodically until
two or three successive readings do not show any change
indicating steady state conditions. The temperatures are
recorded. The crystal thickness and the distances of the
thermocouples from the lower end of R1 are measured (these
are seen in Table 3). The temperatures are plotted (as seen in
Fig.5a and Fig.5b) against the distance and the gradients are
calculated. Kc is the coefficient of thermal conductivity for
crystal, is then calculated from Equations (3, 4). This value is
as seen in Table 2.

Kc = [Km(dT/dx)m]/(dT/dx)c (3)

(dT/dx)m = (dT1/ dx1)m + (dT2/dx2)m (4)

Where,
Kc – Thermal conductivity of the crystal.
Km – Thermal conductivity of the metal (Brass).
(dT/dx)m– Temperature gradient of the metal.
(dT/dx)c – Temperature gradient of the crystal and these results
are tabulated

Conclusion

Grain size and inter atomic distance were carried out by using
X-ray diffraction pattern on the buffer layer. Optimal thickness
of active region depends on the optical absorption,
nonradioactive processes, and radioactive losses. Total internal
resisting forces are resultants of continuously distributed
normal and parallel forces that are of varying magnitude and
direction and are acting on elementary areas throughout the
material. The result indicates that the conductivity of the buffer
layer is generated the carriers with minimal losses while
coupling light to the junction with minimum absorption losses,
yields a highly efficient solar cell.
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