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OPTICAL PROPERTIES OF ZnS THIN FILMS PREPARED
BY FLASH EVAPORATION TECHNIQUE EQUIPPED
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ZnS thin layers have been deposited on glass substrate by flash evaporation technique
equipped with a modified feeder. This new feeder is an additional system to flash
evaporation technique which gives a better control to materials transferring into boat in
thermal evaporation coating system. In the present work, using this method, ZnS thin films
of 100nm, 300nm and 500nm thick were made successfully for structural and optical
properties studies. The specimens were characterized using x-ray diffraction and UV-Vis
spectrophotometer. The structural characterization revealed a cubic phase for all of the
grown ZnS films. From analyzed optical data, it was found that the optical parameters,
namely, absorbance, transmittance, band gap energy and refractive index changed upon
increasing the thickness of samples.
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1. Introduction

ZnS and other chalcogenide compounds are interesting optoelectronic materials [1].

Zinc sulfide belongs to the 11-VI family of semiconducting materials receiving ever
increasing attention due to its wide variety of applications such as UV-light-emitting diodes [2]
and efficient phosphors in flat-panel displays [3, 4]. It has potential applications in mesoscopic
electronic and optical devices [5]. It can crystallize in two allotropic forms: a cubic form (c-ZnS)
with sphalerite structure and a hexagonal form (h-ZnS) with wurtzite structure. The normal phase
transition temperature is 1020 °C, but both the structures can be present at ambient temperature
[6]. Many important properties of interest for such applications are determined by the ZnS thin
film microstructure developed during the deposition process. For instance, the electro-
luminescence characteristics such as threshold voltage, saturation brightness, steepness of the
curve B-V (brightness-voltage), and the device lifetime depend primarily on grains size [7]. ZnS
thin films have been prepared by various techniques such as sputtering [8], chemical vapor
deposition (CVD) [9], spray paralysis [10], photochemical deposition [11], Electrochemical
deposition [12], pulsed laser deposition [13] and thermal evaporation [14 and 15]. Compared to
some sophisticated techniques, vacuum thermal evaporation is very simple and inexpensive which
can be used for large area thin film deposition. The problem associated with this technique is
maintaining the stoichiometry in the deposition of materials composed of different melting points
such as ZnS. Hence flash evaporation technique (FET) has been used by many researchers to
overcome the said problem [16-22].
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The main idea in FET is to transfer the starting material into the boat heated up to the
melting point element available in it, so as to evaporate the material once it falls inside the boat.

In this report, the authors have employed their new design of feeder in FET for the
fabrication of ZnS thin films [23]. The samples have been prepared successfully in different
thicknesses to investigate their structural and optical properties. The mentioned properties of the
films have been studied by XRD and UV-Vis spectrophotometer.

2. Experimental

ZnS films of 100, 300 and 500 nm thick were deposited on glass substrates using FET
equipped with new feeder in a HINDIHIVAC coating unit (Model15F6). The substrates were
cleaned in acetone and methanol using ultrasonic bath and then dried by nitrogen gas. Further, the
substrates were subjected to glow discharge cleaning before deposition.

ZnS powder of 99.99% purity supplied by Aldrich Company was placed in some bins of
rotating disk (Fig.1). When the vacuum chamber reached to the 10°° mbar pressure, the revolving
disk was rotated by a mechanical feedthrough. In appropriate place, just above the cone, the
shutter of bin was removed by a mechanical barrier so that the material could be transferred into
the ablazing molybdenum boat. The material was immediately vaporized. The deposition rate was
measured in situ by using HindHiVac thickness monitor (Model DTM-101). The typical growth
rate was about 2.5A/s. The source-to-substrate distance was approximately 15cm. All the films
were deposited on substrate maintained at ambient temperature in vacuum chamber. After
deposition, the films were removed from the coating chamber and exposed to the ambient
atmosphere. X-ray diffraction (XRD) was employed to investigate the crystal structure of ZnS
films. This study was carried out on an x-ray diffractometer (ADVANCE MODEL D8) with high
intensity Cuk, radiation (A=1.5406 A).The optical absorbance as well as transmittance spectra of
ZnS thin films were obtained in UV-Vis spectrophotometer (shimatsu Model UV-1650 PC).

Fig.1: The FET joined with designed new feeder [23]

3. Results and discussion
3.1. Structural properties

Fig.2 gives a comparison among the XRD patterns of 100, 300 and 500 nm thick ZnS
films. All samples have cubic structure (a=b=c=5.406 A) with a [111] preferred orientation at 26 =
28.93° which showed improvement upon film thickness increment. Similar pattern of XRD for
ZnS thin films made by thermal evaporation was reported in literature [14].
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Increasing film thickness from 100nm to 500nm not only intensified the characteristics
peak of ZnS, but also led to appearance of two other peaks in the XRD pattern due to improvement
of its crystallinity. This matter may be attributed to the temperature increment of the substrate due
to higher thickness and deposition time as stated by Wu et al [14].
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Fig.2: XRD pattern of 100,300 and 500 nm ZnS thin films

3-2 Optical properties

Optical studies were performed by measuring the absorbance and transmittance of ZnS
films of 100nm, 300nm and 500nm on glass substrates in the wavelength region of 250-1100 nm.
The absorbance spectra of samples are shown in Fig.3. It is observed from the figure that, the
optical absorptions in the visible region is smaller than those in the ultraviolet region. It is also
seen that the absorption value in the ultraviolet region increased slightly with increasing the
sample thickness.

Fig.4 shows the transmittance spectra of the ZnS films with different thicknesses obtained
at room temperature. In all samples, the transmittance decreases abruptly in the short wavelengths,
corresponding to below band gap region which is due to the band edge absorption. It is clearly
seen that the optical transmission is more than 90% for ZnS thin film with 100nm thick which
decreases to 70% upon increasing the thickness to 500nm. It is worth noting that the number of
fringes increases by increasing the film thickness which is a common observation.
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Fig.3: Absorbance spectra of 100, 300 and 500 nm ZnS thin films
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Fig.4: Transmitnce spectra of 100,300 and 500 nm ZnS thin films

The absorption coefficient (o) was analyzed using the following expression for near-edge
optical absorption of semiconductors [24]:

ahv = K (hv-Eg)" (1)

Where K is a constant and Eq is the separation between the valance and conduction bands. The
band gap values were determined from the intercept of the straight-line portion of the (ohv)?
against the hv graph on the hv-axis using computer fitting program. The linear part shows that the
mode of transition in these films is of direct nature.

Fig.5 gives the plot of (ahv)® in terms of band gap for ZnS films. As specified in the
figure, band gap of the deposited ZnS films of 100nm, 300nm and 500nm thick are 3.25 eV, 3.35
eV and 3.45 eV respectively. The band gap of 500nm sample is closer to bulk cubic phase
(~3.5eV) and single crystal ZnS (~3.6 eV) values than that of other samples.
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Fig.5: Plot of (ahv)* Vs. hv for 100nm, 300nm and 500 nm ZnS thin films

It can be attributed to the improvement in the films crystallinity as supported by the XRD
studies. In the case of films with 100nm and 300nm thick, the bang gaps are lesser than the bulk
value which can be attributed to the creation of allowed energy states in the band gap at the time of
film preparation [28]. Similar effect has been observed for CBD grown ZnS films [29] and CdS
films [30].

The average refractive index (n) of samples was retrieved from all the normal incidence
transmittance data by observing the position of the maxima and minima with respect to the
wavelengths () of the incident beam (visible region) which was suggested by Swanepoel [25] and
the results are presented in Figs.6-8. The calculated values of refractive indices of the different
films are comparable with the reported values [14, 26, and 27]. It is observed in the three figures
that the refractive index in all the samples have similar behavior in all the spectral region, that is, it
increases gradually as the light wavelength increases. The values of refractive index at any
wavelength were found higher in the case of thicker film. It can be seen that, for all the specimens,
as the wavelength is increased, the refractive index decreases gradually and reaches to a certain
value.
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Considering the XRD and band gap results, the reduction in the refractive indices of the
deposited ZnS samples with thickness may be attributed to the creation of voids (sulfur vacancy)
on the sample surface. This phenomenon was also observed and interpreted as being due to the
increase of the volume fraction of the voids available on the film surface or to the increase of the
carrier concentration as reported in the case of sol-gel deposited ZnO thin film [31].

In addition, the refractive index versus 1/A* has been drown for the three samples and
shown at top right corner of each figures of 6 to 8 correspondingly. The drown curves follow the
Coushi equation (n=a+b/A?) behavior below 700nm wavelength for all the samples.

4. Conclusion

Flash evaporation technique equipped by a new designed feeder was employed to deposit
ZnS thin films with different thicknesses. The structural and optical properties of the prepared
samples were studied. All the samples showed cubic structure with a [111] preferred orientation.
The increase in film thickness was found to improve the film crystallinity. From transmittance
spectra of the samples it was found that the increase in film thickness led to the fall in the
transmittance. The film thickness increment enhanced the band gap energy to a value near to that
of the ZnS single crystal. The refractive index of the samples was found to increase with film
thickness.
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