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Abstract e —

Thin films of zinc sulfide (ZnS) have been deposited by chemical bath
deposition technique using the zinc nitrate salt(Zn(INO,),) was used as a source
of zine ions(Zn'*) and thiourea (SC(NH,),) as a source of negative sulphide
ions(S?). The effect deposition temperature on the structural and optical
properties 1s described. The XRD studies revealed that the deposited films have
a polycrystalline and the hexagonal structure and the grain size increases from
22 nm to 45 nm with increasing deposition temperatures. The average
transmittance of 7ZnS films in the visible region was between 40-701% with
direct optical energy decreases from 3.66eV to 3.38 ¢V with increasing
deposition temperature.

Keywords: ZnS films, chemical bath deposition, effect deposition temperatures
structural and optical properties.
Introduction

Zinc Sulphide 1s an important II-VI compound semiconductor with a large
band gap n-type semiconductor, whose bandgap was reported to be about 3.6
eV[1,2] . It 1s used as a key material for light-emitting diodes [3]. cathode-ray
tubes [4], thin film electroluminescence [5], and buffer layers in photovoltaic
cells [6]. In general, Zinc sulfide exists in two forms, cubic (zinc blende) and
hexagonal (wurtzite) [7].ZnS 1s 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 . 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 [8]. Several techniques such as SILAR, electrodeposition,
chemical bath deposition , spray pyrolysis , vacuum evaporation and pulsed
laser deposition have been used to produce ZnS films.[9-14]. Among them,
CBD 1s the least costly and 1s a low temperature technique. The CBD process
uses a controlled chemical reaction to effect the deposition of ZnS film by
precipitation. In the most typical experimental approach, substrates are
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immersed in an alkaline solution containing the chalcogenide source, metal ions,
an added base and a complexing agent. The deposition of ZnS by using CBD is
a more difficult proposition than the deposition of CdS. It is evident that there is
a much wider range of conditions in which the concurrent deposition of ZnS and
zinc oxide can occur [15]. When the ZnS film is doped with a small amount of
metallic 1ons, it emits light in the visible region, which is characteristic of the
incorporated impurity. Therefore, 1t forms a very important class of phosphors
for the fabrication of electroluminescent devices. For example, ZnS:Cu has
turned out to be a good CRT phosphor and 1s applied in, for example, colour
TVs and oscilloscopes. Therefore, the luminescent properties of ZnS phosphors
doped with metallic ions have been discussed extensively in the literature, and
information on the properties of such phosphors can be found in many books
dealing with luminescence [16—-18].

In the present work, we report the chemical bath deposition of ZnS thin
films and their characterization. The effect of deposition temperatures on
structural and optical properties of these films 1s investigated with the objective
to optimize the conditions of the deposition process.

Experimental.

Zinc sulfide thin films have been deposited on glass substrates using the
chemical bath deposition technique. Glass slides (75x25x1 mm) were used as
substrates. The slides were cleaned with soft cotton and washed with double
distilled water and dried in air. The ZnS films was grown on glass substrate by
using the Zinc nitrate salt[Zn(NO3), .6H,O] 1n molarity of 0.06 M as a source of
zine ions(Zn ") and 0.1M thiourea [SC(NHS,),] as a source of sulphide ions (S7).
Ammonia solution (NH,OH) 30 % was added slowly to form the complex and
pH was adjusted between 10 and 11. The solution was stirred to ensure
homogeneous dissolve about 5 minutes. The deposition was carried out in a 100
ml beaker at different bath temperatures of 50, 60,70 and 80 °C for a deposition
time of 12 h. The glass substrate was held by Teflon holder when they were
immersed vertically in the chemical bath. After the deposition, the samples were
taken out from the bath, washed in distilled water and dried at 80 °C for 15 min
in a hot air oven. The film thickness was measured by laser interferometer. The
X-ray diffraction(XRD) analysis was carried out using X-ray 6000(Shimadzu)
diffractometer with Cuk, radiation (3=1.541 A) at 40 kV and 30 mA .The
optical  transmission  spectra  were  investigated by  UV-Visible
Spectrophotometer (Cintra 5) GBC-Astrural
Results and discussion
1-Reaction Mechanism

The CBD is based on the formation of the sold phase from a solution, which
mmvolves two steps as nucleation and particle grown. In the nucleation, the
cluster of molecules formed un%ggo Jépid decomposition and the particle
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combine to grown up to certain the thickness of the film by homogeneous
reactions at the substrate surface [19]. The reaction mechanism for the formation
of ZnS could be understood as follows.

Ammonia hydrolyzes in water can give out OH :

NH;+H,O —  NH, +OH ............c.occo (D)
The source of Zn**:
Zn(NOz), —— Zn* " +2NO; ... (D)

Zn*" and NII; form a complex species of cadmium [Zn(NIL),*" (to slowly
release Zn’"):

Zn* + ANHy—>  [ZoNHy)]™ oo (3

Then

Zn* +20H ——  Zn(OH)...oooooiieiieie. (D)

Thiourea hydrolyzes in alkaline solution to give S*( The source of $7);
SC(NIL),+20lF——  ST+CNLILA2ILO0............... (3)

Zinc sulfide 1s formed:

[Zn(NIL), " + §&&— ZnS +4NH; ..............(6)

Fig. 1 shows the variation of ZnS film thickness as a function of the deposition
temperatures. The thickness increases from 160 to 330 nm when the deposition
temperature decreases respectively from 50 °C  to 80 °C.The increase in
deposition rate refers that in any chemical reaction the reaction rate 1s
proportional to the temperatures of the reacting species .
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Fig.( 1) : Terminal thickness of ZnS films as a function of the deposition
temperature.
2-X-Ray Diffraction
All the deposited ZnS films were white, homogeneous with a good adherence to
the substrate. Generally ZnS ma,teri?;l~° has Jil.le hexagonal, wurtzite type structure or
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cubic, zinc blende-type structure. X-ray diffraction patterns of ZnS thin films
prepared with different deposition temperatures are shown in Fig.2. Comparison of
interplaner (d) values with JCPDC data show that phase present in the deposited
films belongs to pure hexagonal wurtzite structure without any impurity phases. It
1s also noted that as the temperature of solution increases, the intensity of (002)
peak increases and this peak becomes narrower indicating an improvement of the
crystallinity. This behavior appreciably a constant procedure for all films were
prepared by CBD as reported in literatures [7,18.20].
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Fig.( 2) :The X-ray diffraction patterns of ZnS films deposited at different bath
temperatures .

The average grain size of ZnS film was calculated from the following
Scherrer’s equation for the (002) direction[21].:.
- _kn (7
Pcoso

Where £ 1s a constant taken to be 0.94, A 1s the X-ray wavelength .3 1is the full-
width at half-maximum (FWHM) of the peak, and 6 is the reflection
angle[18].The grain sizes of the ZnS films increase from 22 nm to 45 nm , when
the deposition temperature increases, as shown in figure(3) where increasing
temperature of solution causes to increasing in grain size .Several authors have
reported the nature of the films having such grain sizes [22-26].
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Fig.(3) :Grain size of ZnS films as a function of the deposition temperature.

3-Optical Properties

Fig.4 shows the effect of the temperature of solution on the transmission
spectra in for the range 200 — 800 nm. The transmittance of the films in the
visible and near-IR regions decreases with increasing deposition temperature
(from 77 % to less than 40%) causes an increase of grain size as a result of
increasing the film thickness and the optical transmittance spectra also show the
shifting of the band edge to lower energy (red shift) as the temperature of

solution increases.
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Figure (4): The optical transmission spectra as a function of wavelength of
ZnS films at different bath temperatures .
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The optical direct band gap Eg of the films can be estimated by extrapolation
of the linear portion of (ahv)* vs. hv plots using the Tauc relation [27]

(ahv)=B(hv—Eg)1/2..................................(8)

Where a is the absorption coefficient, hv 1s the photon energy and A 1s the
band edge constant. The corresponding plots are shown in Fig. 5. The band gap
value decreases from 3.66 to 3.38 eV when the deposition temperatures
decreases respectively from 50 °C to 80 °C. , this can be attributed to the effect
of grain size and the crystal quality was improved [28] . The obtained values of
band gap are agreed well with those reported recently [8,29,30].
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Figure (5): A plots of (ozh'l))2 versus (hv) of ZnS films at different at different
bath temperatures.

Conclusions

The ZnS films are prepared by low cost chemical bath deposition technique
with different bath temperature. The structural and optical studies were carried
out. The XRD measurements indicate that the structure of the ZnS thin films 1s
hexagonal structure. The crystallite size and band gap were found to change
with the bath temperature. Band gap decreases with increase in crystallite size.
The ZnS films are highly transmittance of more than 77% and decrease with the
bath temperature. 7ZnS having wide band gap of 3.3-3.6 eV 1s a promising
material to be used in photovoltaic devices, solar cells and detectors.
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