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Abstract: ZnS microstructures were prepared by thermal evaporating ZnS powder in Ar gas
ambient at atmospheric pressure. The influent of temperature at the possitions puted the silica
substrates on morphology, phase and photoluminescence of ZnS was investigated. It is clearly
seen from the X-ray diffraction pattern that there is only ZnS phase with hexagonal structures at
high temperature. Whereas, both ZnS and ZnO appear at lower temperature areas. The
morphology of the microstructures change depending on substrate temperatures. The
photoluminescence spectrum (PL) at room temperature shows that there is the shift from
ultraviolet (UV) emission at high substrate temperature to strong blue emission at lower substrate
temperature. The origin of these bands will be discussed in detail.
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1. Introduction

ZnS is considered as a versatile semiconductor material with exceptional physical and chemical
properties. It has been extensively investigated due to its potential applications in optics,
photoelectronics, sensors, catalysts and so on [1-3]. Recently, numerous efforts have been employed
to control the fabrication of micro and nanostructured materials with various morphologies, since the
novel properties and potential applications of nanomaterials depend sensitively on their shapes and
sizes [4]. Due to the wide band gap (3.68 eV for cubic phase and 3.70 eV for hexagonal-wurtzite
phase at room temperature, ZnS owns the largest band gap among A"-BY' semiconductors) and
relatively large exciton binding energy (40 meV), ZnS is recognized as one of the most promising
materials for a number of optoelectronic applications. Much effort has been devoted towards
developing synthesis and characterization of one-dimensional ZnS nanostructures, such as nanowires,
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nanobelts, nanocables and nanotubes. Many techniques are used to synthesize ZnS such as thermal
evaporation, hydrogen-assisted thermal evaporation, thermal chemical vapor deposition, hydrothermal
synthesis route, solvothermal route, chemical vapor transport and condensation, electrodeposition-
template, pulsed laser vaporization method [1, 5-10]. For thermal evaporation method, there are many
parameters that affect the morphology as soon as physical properties of ZnS structures such as
deposition temperature, deposition time, kind of carried gas, kind of substrate, catalysis and so on [11].
However, very few works concern to influent of substrate temperature on morphology, phase and
photoluminescence property of ZnS structures [12]. In this work, we report the studied resutls on this topic.

2. Experimental

First, a pure silicon (100) wafer was subjected to ultrasonic cleaning in ethanol for 10 min. Then,
the wafer was treated with dilute HF (1 wt %) for 20 s and with deionized water and subsequently
blow dried with nitrogen. After that, the wafer is oxidized then covered with a layer of gold with 10
nm thickness. High-purity ZnS (0.5 g, Aldrich, 99.99%) powders, which acted as the precursor
materials, were placed into an alumina boat and positioned at the constant temperature zone of the
horizontal tube furnace. The silica substrates with size of 0.5 x 0.5 cm were placed in the low
temperature zone. The first substrate was placed at about 10 cm downstream from the aluminum boat.
The other substrates were placed after the first substrate, and the substrates were spaced about 3 cm
apart. One haft of the quartz tube of aluminum boat, silicon substrates was setup outside the tube
furnace until the furnace was heated to deposition temperature. After the quartz tube was pumped
down to pressure of 1x10°® Torr and heated to 600 °C, then the high-purity argon was discharged into
and the mechanical rotary pump was turn off. The flow rates of Ar were controlled by a mass flow
meter at 160 sccm. The temperature of the furnace was raised continually to growth temperature at a
ramping rate of 10 °C/min. To control ZnS nanostructures, the substrate temperature is set up at 1100
°C. During synthesis the furnace temperature was maintained at growth temperature for 45 min, after
that the furnace was allowed to cool naturally to room temperature. The morphology was examined by
a field emission scanning electron microscopy (FESEM, JSM-7600F, Jeol). The phase structure,
crystallinity and preferred orientation of as-synthesized ZnS were characterized by an X-ray
diffraction (XRD) (X-ray Siemens D5000) using Cu Ka radiation (A=1.5406 A) operated at 40 mA
tube current. The XRD patterns were collected in the range of 20 ° < 26 < 70 ° with a step of 0.03 °
and collection time for each data point was set at 4 seconds. The emission spectra were recorded on a
spectrophotometer (FHR1000, Horiba Jobin Yvon).

3. Results and discussion

In order to study the morphology of the as-grown structures, FESEM were employed. Figure 1(a)
shows a series FESEM images of the microstructures grown on Au thin film deposited silica
substrates. Figure 1(b) describes the distribution of temperature in the horizontal furnace by the
distance from the center of the furnace. S1, S2, S2 and S4 are samples which were placed at a
distance of 10, 13, 16 and 19 cm from the center of the furnace corresponding to a temperature range
of around 1060, 1040, 1010 and 980 °C, respectively. It is clear from the Fig. 1(a) that the blade with a
length of about more than ten microns and a width of a few micrometers appeared at the highest
temperature area in the experiment (S1 sample). Meanwhile, at lower temperature range, next to the
S1 area (S2 sample), the structures turned into microbelts with a width of from one to several
micrometers and several tens of micrometers in length. At the further erea (S3 sample), there were
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microbelts and microwires at the same time. The microbelts are less than two micrometres wide and
the microwires are several hundred nanometers in diameter. At the lowest temperature area (S4), the
materials were made clusters and there were some microwires quite straight with low density.
Therefore, the structures have different morphology depending on the temperature of the substrate.
There are two reasons for these. The first reason is that ZnS crystal grew along the two optimized
directions at higher temperature. At the start of condensation the lower energy side surfaces are
formed. At high temperatures, the mobility of ZnS vapour increases and the side surface area expands.
At slightly lower temperature, ZnS crystal structures generally grow along single direction to have the
lowest energy states. Secondly, thickness of catalyst can determine the size of the structures. The used
silica substrates were Au-coated. Hence, the mismatch between the lattice constants of Au and Si can
cause the formation of hanometer scale Au islands with temperature. At high temperatures, the sizes of
islands can be larger than those of that formed at lower temperatures due to the increase in the kinetic
energy of Au atoms and these small islands can coalesce with each other. This is reason why ribbon-
like structures form. At the lower temperatures, structures generally grow along single direction to
have the lowest energy states [12].
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Figure 1. FESEM images of the samples at different possitions (a)
and distribution of temperature in the furnace (b).

Phase of the microstructures is studied through X-ray diffraction pattern. Figure 2 shows XRD
patterns of all the samples. It is clear from the figure that all of the samples have the peaks
representing the wurtzite phase of ZnS, which matches well in the JCPDS of No: 36-1450 with a good
crystalline quality. In detail, at the regions having higher temperature (S1 and S2 samples), there is
only phase of ZnS with the highest intensity peak corresponding to (100) plane. However, at the lower
temperature region (S3 sample), some peaks representing the phase of ZnO appear with low intensity
beside the peaks corresponding to ZnS phase. At the lowest temperature region (S4 sample), the peaks
corresponding to ZnO phase are dominant, and the peak corresponding to (002) plane of ZnO phase
has the highest intensity. From the analysis of XRD pattern, it can be seen that the higher substrate
temperature, the more dominant ZnS phase. In other word, the lower substrate temperature, the more
dominant ZnO phase. At output of the quartz tube, there are still oxygen in the air because it is pulled
away from the vacuum pump before inserting in the water. Oxygen maybe interacted with ZnS vapor
to form ZnO phase at low temperature region. In constract, at high temperature region, the Ar gas
follow maybe prevented the combination between oxygen and ZnS vapor.
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Figure 2. X RD pattern of the samples.

In order to study optical property of the structures, the photoluminescence emission was performed
at room temperature with excited wavelength of 347 nm. This excitation wavelength has been chosen
by taking into account the excitation spectra, which are shown in Figure 4. Figure 3 shows the PL
spectra of all the samples. From the figure, it can be seen that there are two emission bands, one at
utraviolet (UV) and the other at visible region. For S1 sample, both of the bands exist with low
intensity, and the intensity of the UV band is higher than that at visible band. Whereas there is only the
UV band in the emission spectrum of S2 sample. However, at lower temperature region (S3), the
visible band at around 492 nm appears and dominates in comparision with UV band. Furthermore, the
blue band at about 490 nm is very strong and dominates totally at the lowest substrate temperature
region in the experiment. The UV band with the center at around 356 nm is due to band to band
transition of ZnS, ZnO or ZnOS [13, 14], and this band only appears when the crystal has perfect
quality [11, 15]. The visible blue band peaking at around 490 nm and 492 nm may come from
radiative centers of ZnS and ZnO such as S vacancies or isolated Zn vacancies [1, 16, 17]. Therefore,
it could be received from our experiment that at the substrate temperature of around 1040 °C (S2
sample), we can gain the best quality of the ZnS crystal.

To confirm again about the origin of the UV emission band, PL excitation spectra of the samples
were recorded by monitoring at the emission wavelength of 490 nm and shown Figure 4. For all of the
samples, the spectra show that the microstructures are absorbed strongly at around 347 nm to 375 nm
which are corresponded with the band to band transitions of ZnS, ZnO or ZnOS [18]. In detail, PL and
PLE spectra of S4 sample at room temperature were depicted at the same time in photon energy unit
(eV) (Figure 5). The PLE spectrum measured at room temperature exhibits a broad peak from 3.31 eV
to 3.57 eV. Comparing the PLE spectra with the PL spectra measured at the same temperatures (Figure
5), the peak at 3.72 eV in the PL spectrum may be originated from free exciton emission [18]. The
peaks at 3.46 eV, 3.29 eV and 3.13 eV in the PL spectrum may be related to lattice defects [18].
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Figure 3. PL spectra of the samples. Figure 4. PLE spectra of the samples.
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Figure 5. PL and PLE spectra of S4 sample at room temperature.

4. Conclusion

In conclusion, we have synthesized the microstructures from ZnS powder by the thermal
evaporation method and studied the influent of substrates on morphology, phase and
photoluminescence of the structures. FESEM showed that it can be received different structures at the
different substrate temperatures. XRD illustrated that the ZnS nanostructures have a wurtzite structure
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and there was ZnO phase beside ZnS phase at the low temperature areas. The UV and blue emissions
in the PL spectra of the structures were changed depending on the structure of ZnS crystal, it means
they depend on substrate temperatures.
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