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POLYCRYSTALLINE ZnS THIN FILMS BY SCREEN PRINTING METHOD
AND ITS CHARACTERIZATION
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The 11-VI compound semiconductors are of great importance due to their application in
various electro-optic devices. Several methods have been used to prepare ZnS thin films.
We have deposited ZnS films on ultra-clean glass substrate by Screen-printing method
followed by sintering process. ZnS having wide band gap of 3.50-3.70 eV is a promising
material to be used in photovoltaic devices, solar cells. The optical, structural and
electrical properties of ZnS thin films have been examined. The optical band gap of these
films is studied by reflection spectra in wavelength range 325-600nm using Tauc relation.
The band gap does not show noticeable change with sintering temperature. The Wurtzite
structure of ZnS films is confirmed by X-ray diffraction analysis. The electrical
resistivities of the films were measured in vacuum by two-probe technique. Sintering is a
very simple and viable method compared to other intensive methods. The results of the
present investigation will be useful in characterizing the material ZnS for its applications
in electro-optic devices, photovoltaic.
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1. Introduction

Zinc Sulphide is an important 11-VI group semiconductor with a large direct band gap of
3.50-3.70 eV in the UV range. It is used as a key material for light emitting diodes [1, 2] and other
optoelectronic devices such as electroluminescent displays [3], Cathodoluminescent displays and
multilayer dielectric filters [4,5]. ZnS is highly suitable as a window layer in hetrojunction
photovoltaic solar cells; because the wide band decreases the window absorption loses and
improves the short circuit current of the cell [6]. In the area of optics, ZnS can be used as a
reflector, because of its high refractive index (2.35), and a dielectric filter because of its high
transmittance, in the visible range [6].

The research on renewable energies includes the photovoltaic conversion of solar energy
and important investigations of novel materials and structures. Photovoltaics are the most
fascinating ways of direct solar energy conversion. Thin film solar cells give hope to meet the cost
goals, which are necessary to provide the needs for energy production by photovoltaics.

It is generally recognized that any large-scale application must rely on cheap
polycrystalline materials. The use of thin film polycrystalline semiconductors has attracted much
interest in an expanding variety of applications in various electronic and opto electronic devices.
The technological interest in polycrystalline-based devices is mainly due to their very low
production costs.

Several techniques have been used to produce ZnS thin film such as thermal evaporation
[7,8], spray pyrolysis [9-12], molecular beam epitaxy [13], RF reactive sputtering [14], chemical
bath deposition [15-22], photochemical deposition technique [23], atomic layer deposition [24].
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The technique of screen-printing followed by sintering offers interesting possibilities for preparing
ZnS thin films [25,26].

Our intention is to use this material for the fabrication of photovoltaic devices and to study
the optical, structural and electrical properties of ZnS films. Screen-printing followed by sintering
is one of the best techniques for the preparation of polycrystalline films with ease, at low costs and
large area applications. It is extremely simple and viable as compared to the other cost intensive
methods [26-32]. In present investigation optical, structural and electrical characterization of
polycrystalline ZnS films has been carried out. It is easy to incorporate screen-printing technique
in the industrial production line.

2. Experimental details

In present investigation ZnS films were prepared by Screen printing followed by sintering
process [26-32]. A Commercially available ZnS powder with 99.999% purity was used as the
starting material. Slurry consisting of ZnS powder, 10% weight of ZnCl, and an appropriate
amount of ethylene glycol were thoroughly mixed. ZnCl, was used as an adhesive and ethylene
glycol as a binder. The paste thus prepared was screen printed on ultra-clean glass substrates. It
was then cleaned by embry powder, acetone and finally washed with distilled water. The samples
thus prepared were dried at 120°C for 4 hours in the open air. The reason of drying the sample at
lower temperature was to avoid the cracks in the samples. The removal of organic materials takes
place at about 400°C. So sintering temperature could not be less than 400°C. Zinc chloride is
hygroscopic and its melting point is 283°C. To get stable film, zinc chloride and ethylene glycol
should not remain in the samples. The sintering temperature and sintering time was optimized by
performing the experimental process for different values of these two parameters and concluded
that the samples should be sintered at 500°C for 10 min in a temperature controlled furnace in air
atmosphere. All the films were synthesized under the same experimental conditions. The thickness
of prepared films is of the order of a micron.

3. Techniques of characterization

The optical reflectance versus wavelength traces of all the films were recorded in 325-
600nm wavelength range using a double beam spectrophotometer (Hitachi U-3400). The XRD
traces were recorded using Philips X-ray diffractometer using CuKa radiation. The electrical
resistivity of the films was measured in vacuum by two-probe technique.

4. Results and discussion
4.1, Optical properties

Reflection spectra of sintered ZnS films is taken at room temperature with the help of a
Hitachi Spectrophotometer model U-3400.1n this model the prism/grating double monochromatic
system is used, the lenses used in conventional monochromator are replaced with mirrors. So, the
image deviation due to chromatic aberration is eliminated. Its wavelength range is 187-
2600nm.The lead sulphide detector (PbS) is used for the detection of infrared rays. The visible
wavelength light source is long life WL lamp. The optical band gaps of these films are determined
with the help of reflection spectra [32]. Almost all the 1I-VI Compounds are direct band gap
semiconductors. According to Tauc relation [33], the absorption coefficient for direct band gap
material is given by ahv=A (hv-E)",

Where hv is photon energy, A is constant, E, is the band gap, and n is equal %2 for direct
band gap material.
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To measure energy band gap from reflection spectra, a graph between (ahv)? Vs. (hv) is
plotted. Absorption coefficient o is proportional to Ln [ ( Rmax — Rmin) / ( R = Rmin) ] [32] where
reflectance falls from Rpax t0 Rpin due to absorption by the material and R is the
reflectance for any intermediate energy photons. So o isused in terms of reflectance as Ln
[hv (Rmax — Ruin) / (R — Rmin)] and extrapolation of straight line to (ahv)? =0 axis give the value
of energy band gap of film material. Fig. 1 shows the reflection
spectra of sintered ZnS by above described Hitachi spectrophotometer model U-3400.
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Fig.1. Reflection spectra of ZnS sintered film.

The mode of optical transition in these films is of band to band direct type. This has also
been confirmed by plotting Ln (ahv) Vs [Ln (hv-Eg)] for direct allowed type transitions, therefore
we are using here the Tauc relation[33] for direct band gap material in which we plot a graph
between (ahv)? Vs. (hv) . Fig. 2 shows a plot between [hv Ln {(Rmax- Rmin) / (R —Rmin)}]* Vs hv
for sintered ZnS film. The extrapolation of straight line to (ahv)? =0 gives the value of direct band
gap. From this graph the value of energy band gap comes out to be 3.50eV.The band gap does not
show noticeable change with sintering temperature. M.E Rincon et.al have reported the band gap
of 3.70eV of ZnS film prepared by screen printing technique and Y.S.Seol et.al have reported the
band gap 3.54 eV of ZnS films sintered at 650°C for 10 min in nitrogen atmosphere .
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Fig. 2. Energy Band gap determination of ZnS sintered from Reflectance measurement
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4.2. Structural properties

In literature Zinc sulphide films have been found to grow in sphalerite, cubic (zinc blende)
and hexagonal wurtzite forms depending upon the deposition process. In present investigation we
report hexagonal wurtzite structure of ZnS material prepared by screen-printing technique. M.E
Rincon et.al has also reported the hexagonal wurtzite structure with some low intensity peaks of
ZnO (zincite) for ZnS films prepared by same method.

The deposited ZnS thin films were analysed by X-ray diffraction pattern for structural
analysis by using CuKa radiation with the help of Philip X-ray diffractometer. The d-values were
calculated by calculating 6 values from the peaks of the X-ray spectrum by using Bragg’s relation
2dsin® = n A (n=1 in present study and A= 1.54045 for CuKa). These d values were compared
with the standard ASTM data to confirm the structure of ZnS (See table 1). Fig.3 is the X-ray
diffraction pattern of sintered ZnS film with CuKa radiation.
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Fig. 3. X-ray diffraction pattern of ZnS sintered film.

Table.1 is the X-ray analysis of sintered ZnS film. All the peaks were in well agreement
with the standard ASTM data except three peaks at 33° , 43° & 48° which may be attributed to the
presence of ZnCl, as ZnCl, is used as an adhesive in ZnS sintered films. The X-ray analysis of
ZnS film confirms the hexagonal wurtzite structure of ZnS material. The presence of sharp
structural peaks in this XRD confirmed the polycrystalline nature of ZnS films.

SEM of these films revealed homogeneous, uniform grains and average grain size of
about 2.0 um. It has been observed that that grain sizes of prepared films do not show noticeable
change with sintering temperature.

Table 1.
No. 20° d (exp) A d (ASTM) A Plane (hkI)
1. 26.9 3.314 3.309 100
2. 28.5 3.132 3.128 002
3. 30.5 2.931 2.925 101
4. 39.6 2.276 2.273 102
5. 47.4 1.918 1.911 110
6. 51.8 1.765 1.764 103
7. 55.4 1.659 1.654 200
8. 56.3 1.634 1.630 112
9. 57.6 1.600 1.599 201
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4.3. Electrical properties

The electrical transport properties of the materials are of great importance in determining
the congruency of the material with our necessities. The electrical properties are dependent on
various films and growth parameters such as film composition, thickness, and substrate
temperature and deposition rate. For photovoltaic applications, important characterization includes
electrical resistivity.

4.3.1 Electrical resistivity

The electrical resistivity of ZnS films was measured using the D.C two point probe
method in vacuum. Fig (4) shows the variation of log of resistivity (logp ) with reciprocal of
temperature (1/ T) x 10°. For all films resistivity follows the relation

p =po exp (Eo/ KT) 1)

Where p is resistivity at temperature T, po is a constant, k is the Boltzman, s constant and
Eo is activation energy required for the conduction. From the resistivity plot, the thermal
activation energy was calculated using Eq (1).  The electrical resitivity of the samples were
measured at 500K.
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Fig. 4. Temperature dependence of Electrical resistivity of ZnS sintered film.

From fig (4) it is clear the resistivity of ZnS samples decrease with temperature indicating
semi-conducting nature of the films. The plot of log p against 1000/T for ZnS films is a straight
line indicating that conduction in ZnS film is through thermally activated process. A similar
behavior of polycrystalline materials prepared by different methods was reported by several
workers [34-36]. Obviously, the straight-line nature of this plot suggests that grain boundary
limited conduction is the dominant conduction mechanism. We would like to state that the grain
boundaries are the consequence of the imperfections associated with the polycrystalline films. Seto
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[37] explained the high temperature conduction mechanism in semiconductors. In present
investigation the electrical resistivity and activation energy of ZnS film comes out to be 0.37X
10°0hmcm and 0.80eV respectively.

5. Conclusions

The optical, structural and electrical properties of ZnS sintered films were investigated.
The band gap of ZnS sintered film comes out to be 3.50 eV. The films of ZnS are found to be
polycrystalline in nature and have hexagonal wurtzite structure. It has been observed that the
electrical resistivity and activation energy of ZnS comes out to be 0.37X 10°0hm cm and 0.80eV
respectively. The conduction in ZnS film is through thermally activated process.Due to optimum
band gap, large absorption coefficient, polycrystalline nature, stable material, fairly high activation
energy, ZnS sintered film may be suitable for solar cells, Wide band gap window material and
other photovoltaic devices. The sintering technique is simple, inexpensive, viable and attractive
means of obtaining films of 11-VI semiconductors.
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