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ABSTRACT

Zinc telluride (ZnTe) compound is one of the attractive elements of the I1-VI group also having wide range of
applications such as switching devices, light-emitting diode, solar cells and photodetectors. In this paper, the
microstructure and electrical properties of znic telluride thin films were studied by using thermal-furnace evaporation
with emphasis on the effects of argon pressure and deposition temperature. Crystallinity, mobility, carrier concentration
and sheet resistance are shown to be dependent on the argon pressure and deposition temperature. The grain size was
increased with increasing the annealing temperature and decreasing the argon pressure. The highest carrier
concentration of 1.9x10" cm™, the lowest sheet resistance of 3180 ohm/square and the largest mobility of 5.1x10°

cm?V'S™ are presented at an argon pressure of 100 sccm and a deposition temperature of 580°C, respectively.

K eywords: zZnTe films, thermal-furnace evaporation, electrical properties, microstructure.

1. INTRIDUCTION

Recently, several 11-VI compound semiconductors such as CdS, CdTe, ZnS, ZnSe, and ZnTe have been researched
because of they are of interest as high refractive-index materials in optical coatings since transparent over a broad
wavelength range [1]. Zinc telluride (ZnTe) compound is one of the attractive elements of the 11-V1 group aso having
wide range of applications such as switching devices, light-emitting diode, solar cells and photodetectors [2-5]. The
polycrystalline ZnTe can be used for photovoltaics and photoelectrochemical solar cell applications because of its
optimum energy gap of 2.26 eV and low affinity of 3.53 eV [6]. Moreover, ZnTe and its ternary aloys considerable
research in combination with other 11-VI compounds are particularly interesting due to their potential applications for

devicesin the green region of the electromagnetic spectrum [6].

VAR REHPRHE Y Do gggpgr&%%p@éﬁgﬁ%gﬁal advantages which the physical and electrical properties of
the films can easily be controlled by the various processing conditions such as deposition temperature, annealing
temperature and deposition pressure. Moreover, the thermal evaporation is also considered to be a standard and
reproducible method for the preparation of ZnTe thin films [7]. In previous studies, severa researches have already
reported on the ZnTe films by thermal -furnace evaporation with several appropriate processing conditions. In this paper,

we report our research on the fabrication and characterization of ZnTe fims with an emphasis on the structural and
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electrical properties. The effects of argon pressure and deposition temperature on the characteristics are also studied in

the experiment.

2. EXPERIMENTAL PROCEDURES

High purity zinc and telluride powder were weighed in the molar ratio (1:0.6) to evaporate the source and placed on
molybdenum boat, respectively. The source materials and n-type Si substrate were placed in the center zone of the
quartz reaction chamber, which is placed in a heated furnace. The chamber is evacuated to alow pressure situation (10
mTorr) by a pump system during thermal treatment. The deposition procedures of ZnTe films were kept at various
argon pressures from 100 to 200 sccm and deposited temperatures from 540 to 580°C. Films which varied in thickness
from 7.5 nm to 3.3 nm, which were determined using scanning electron microscopy (SEM) were deposited with
increasing argon pressure and deposition temperature. The film structure was analyzed by X-ray diffraction (XRD) with
Cu Ka radiation. The microstructural observations of deposited surface were performed using a scanning electron
microscopy (SEM) and an energy-dispersive X-ray spectrometer (EDS). Electrical sheet resistance of ZnTe films were
measured with using four-point measurement. The carrier concentration and carrier mobility of the films were

determined by Hall-effect analysis with a Van der Pauw contact geometry carried out in a home-made system.

3. RESULTSAND DISCUSSION

Figure 1 shows the XRD patterns of the ZnTe thin films deposited at various argon pressures and deposition
temperatures. From the X-ray diffraction pattern results, the peaks of ZnTe (101), (003), (102), (103), (110), (112),
(113), (022) and (015) were very distinct with a hexagonal structure (JCPDS card 83-0967). To compare the X-ray
diffraction patterns, the relative intensity ratio [lio; / (l1o1 + loos* 102+ 1103+ 11107+ 1112+ l113+ lg2o+ l01s)] value increased
from 0.27 to 0.39 with increasing deposition temperature at an argon pressure of 100 sccm. With decreasing suitable
argon pressure at the growing film surface, the finer and uniform grain development in the films. On the other hand, the
relative intensity ratio value also increased from 0.38 to 0.39 with decreasing argon pressure at a deposition temperature
of 580°C. In addition, the full-width-half-maximum (FWHM) intensity value of the XRD pesk is estimated in Table 1.
The FWHM intensity values of the ZnTe become narrower from 0.06 to 0.04 as the deposition temperature decreases
and argon pressure increases, which imply that alower argon pressure and higher deposition temperature might enhance
their grain sizes according to Scherr’s formula [8]. With increasing deposition temperature at the growing film surface,
the kinetic energies and mobilities of the atoms also increase, and the thermal energy contributed to uniform grain

development in the films [9]. Moreover, the peaks of Te were decreased with increasing deposition temperature.
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Fig. 1 XRD pattern of ZnTe thin films at various argon pressures and deposition temperatures

Figure 2 shows the SEM micrographs of the ZnTe thin films with various argon pressures and deposition temperatures.
It was observed that the grains of the ZnTe ceramic films were dense and uniform at an argon pressure of 100 sccm and
a deposition temperature of 580°C. Table 1 also presents the EDS data of the surfaces of ZnTe ceramics with various
argon pressures and deposition temperatures. The surfaces of the ZnTe ceramics with various deposition temperatures
have the same Zn and Te ion contents, and the ratios of the atom percentage of Zn:Te were became near 1:1 with the

higher deposition temperature.

€) (b) (© (d)
Fig. 2 SEM photographs of ZnTe thin films at various argon pressures and deposition temperatures (a) 100sccm-540°C; (b)

100sccm-560°C; (¢) 100scem-580°C; (d) 200scem-580°C.

Table 1 EDS data, thickness, relative intensity ratio and FWHM value of ZnTe thin films at various argon pressures and deposition
temperatures



100s5c cm-54 00

100sc cm-560°C

100sccm-5800C

200zcem-580°C

Znlatom®% ) Telatom%) 33.4%:66.6%

41.7%%:58.3%

47%0:53%

4% 52%

Thickness 7.5 um 5.2 wm 3.9 wm 3.3 wm
Lol togt pthost
0.27 0.37 0.39 0.38
Tnotha st e tlons)
FwH 0.06 0.05 0.04 0.05

Hall-effect measurements were performed the majority carrier type, carrier concentration and carrier mobility in the
ZnTe films which deposited at various argon pressures and deposition temperatures. The carrier concentration and
mobility of the ZnTe films are given in Fig. 3. The carrier concentration of the ZnTe films relative increased with
decreasing argon pressure and increasing deposition temperature. This may be due to that the crystallinity and surface
morphology were influenced with the lower argon pressure and higher deposition temperature. A maximum carrier
concentration of 1.9x10% cm™ was measured with an argon pressure of 100 sccm and a deposition temperature of
580°C. In addition, the results of the measurement in the ZnTe films were found that all the films were of p-type. This

may due to the tellurium is responsible for the films to become p-type.
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Fig. 3 Hole carrier concentration of ZnTe thin films at various argon pressures and deposition temperatures.
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Fig. 4 Mobility of ZnTe thin films at various argon pressures and deposition temperatures.

The carrier mobility of the ZnTe thin films with various argon pressures and deposition temperatures is also shown in
Fig. 4. The carrier mobility also increased with decreasing argon pressures from 200 to 100 sccm and increasing
deposition temperature from 540 to 580°C. Large grain boundary region and non-uniform surface microstructure are
highly disordered, and having large number of defect states due to incomplete atomic bonding with higher argon
pressure and lower deposition temperature. These situations are known as trap states act as effective carrier traps,
impeding the flow of majority charge carriers between the grains [10].

The sheet resistance of the ZnTe films with various argon pressure and deposited temperature has been measured by
using four-probe system is shown on Fig. 5. The sheet resistance is strongly depended on the microstructure, grain size
and crystallinity. From the XRD patterns, intensities of the ZnTe peaks were enhanced with decreasing argon pressure
and increasing deposition temperature. In addition, the FWHM intensity values of the ZnTe films become narrower at
lower argon pressure and higher deposition temperature. Those results show an improvement in the crystallinity of the
films. With an argon pressure of 100 sccm and a deposition temperature of 580°C, a sheet resistance of 3180

ohm/sguare was obtained.
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Fig.5 Sheet resistance of ZnTe thin films at various argon pressures and deposition temperatures

4. CONCULSIONS

The quality of ZnTe films with using the thermal-furnace evaporation method was found to be strongly dependent on

14



the argon pressure and depositing temperature. Hall-effect measurements at room temperature were performed the
majority carrier type in the ZnTe films, and it was found that all the films were of p-type. Moreover, the ZnTe film
possesses a carrier concentration of 1.9x1016 cm™, a mohility of 5.1x103 cm?V™'S* and a sheet resistance of 3180

ohm/square with an argon pressure of 100 sccm and a deposition temperature of 580°C.
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