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In this study, were investigated structural, optical properties and morphological of Te
Nano-thin films with different thicknesses by Chemical spray pyrolysis (CSP) method.
The structural properties of the films were studied as a Te dopant at 150-450 thicknesses.
The films were characterized by XRD to study film structure. It was observed that the
hexagonal wurtzite structure of ZnO for all samples. The films exhibited wurtzite (102)
preferential growth in different thicknesses. Grain size values calculated from Scherrer’s
formula, were varied in range of (96-84) nm. The band gap energy values were calculated
respectively for Te thickness samples.
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1. Introduction

Tellurium semiconductor is vastly used in devices like Gas sensors and Air products.
Energy band of Te is 0.368 eV [1, 2]. Many techniques have devoted to prepare Te thin films like
molecular beam epitaxy, solution growth [3-7]. Chemical spray deposition is a low cost and
convenient method has recently been utilized to prepare thin polycrystalline films of a wide variety
of compound semiconductors by a number of investigators among them [8, 9].

Thickness is one of these parameters that have a significant effect on the structural, optical
and electrical properties of materials. According to material’s thickness, it can be classified into
thin film, thick film and bulk. Each one may characterizes by certain structural properties;
amorphous, polycrystalline and/or crystalline state [10].

The aim of this work is to prepare Te thin films with different thicknesses via CSP and
study their structural, topographical and optical properties.

2. Experimental procedure

Tellurium films were deposited onto a preheated glass substrate CSP. 0.1 M of Tellurium
tetrachloride dissolved in redistilled water was considering as a starting solution to form Te thin
films. Different thicknesses (150, 300, 450) nm of Te was obtained. The optimal preparation
conditions were fixed after many tests and they found to be: substrate temperature was kept at 400
°C through deposition process. Carrier gas was Nitrogen. Deposition rate was 6 mL/min, spryer
rate was 10 s lasted by 45 Sec to prevent high cooling. Space among substrate and nozzle was kept
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at 28 cm. The XRD (SHIMADZU XRD-6000) was used to determine the nature of the film
structure, Film morphology was determined by AFM (AA3000 SPM).

Table 1. The preparation conditions for the as deposited thin films.

Substrate temperature 400 °C
Substrate to sprayer nozzle distance 29 cm
Sprayer rate 5 mL/min
Sprayer time 8S
Stopping interval time 1 min

3. Results and discussion

3.1. The structure characterization

The crystal structure and orientation of Te Nano thin-films thickness were inspected by
XRD patterns. Figure 1 shows Te patterns for 150, 300 and 450 nm thicknesses. These spectra
indicated that the films had polycrystalline nature.

Te hexagonal array structure (JCPDS card file no. 36-1451) with a peak of (102), the peak
of (102) were almost splits with Te thickness. The most peak intensity was (102) for all samples.
The highest peak intensity of (102) was also observed when Te thickness ratios were 300 nm and
450 nm. For a peak of (102), the average crystallite sizes (D) was calculated by using the
following Scherrer’s formula [11]:

0.914
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where, A is X-rays wavelength, p was (FWHM) in radians and 6 was angle of diffraction. Grain
size value of Te decreased from 96 nmto 84 nm with increasing Te-Thickness. Dislocation
density (0) is amount of defect measuring, which was estimated using equation 2 [12, 13].
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Dislocation density values (8) showed increasing tendency with increasing Te thickness.

J [102] ——450nm
38.26° ———300nm
- . — 150nm

l.(a.u.)

o .

20 30 40 50 60 70 80
20 (Deg.)

Fig. 1. XRD patterns of deposited films.
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Table 2. Structural data of deposited films.

Te (hm) (hk) 20 Lattice constants FWHM D ex10® | (8)10*

Thickness Plane | (Deg.) a(A) c(A) (Deg.) (nm) (1/nm)?
150 (102) 38.26 4.457 5.927 0.26319 31.95 11.46 9.79

300 (102) 38.26 2.665 4.947 0.45311 18.55 19.74 29.033
450 (102) 38.26 3.249 5.206 0.50905 16.52 22.17 36.64

3.2. Optical properties

Optical transmission (T) spectra of doped and undoped samples were shown in Fig. 2.
From transmittance spectra, there was reduction continuously with Te doping at all wavelength
ranges. The optical transmission shifted red within increasing tellurium
content. The transmittance in the short wavelengths showed decreasing tendency with increasing
Te concentration. The decreasing transmittance with Te dopants were observed by [14]. The
absorption coefficient (o) of films was specified by equation [15]:

_In(1/T)
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where d is film thickness. Fig. 3 represents o that assure direct transition.
The optical band gap was evaluated from next relation [16, 17]:

ahv = A(hv — Eg)% (4)

where hv was photon energy and A the constant, respectively. The values of E, for Te were
determined by plotting in Fig. 4 were found as (250-700) nm. From the results illustrate, when Te
thickness is increased the band gap of Te continuously decreased [18].
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Fig. 2. Transmittance versus wavelength of deposited films.
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Fig. 3. a versus wavelength of deposited films.
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Fig. 4. Eq of deposited films.

3.3. AFM Results

Surface morphology roughness was studied by AFM technique. Fig. 5 show AFM images
Te films with thickness 150 nm and 450 nm. It discloses that Te films have a fine surface
topography, which decreases with Te thickness increasing. The decrease of surface roughness may
be assigned to the big grain formation. Fig. 5 shows the root-mean-square (RMS) of average
surface roughness, particle or grain size, and 3D surface morphology. Moreover, in Table 3
determined rough parameters data, it’s evident that (RMS) decreased significantly with increment

of thickness.

Table 3. Surface morphology of deposited films.

Te: Thickness (hm) | Avg. Diameter (hm) | Average roughness (nm) | R. M. S. (nm)
150 96.93 9.67 11.2
300 88.95 7.93 9.49
450 84.78 3.99 4.69
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Fig. 5. AFM, RMS, Roughness Average and Avg. Diameter for different thickness, Histography and
AFM images of the Te topography for different thickness (d, g) 150 nm (e, h) 300 nm and (f, i) 450 nm.

4. Conclusions

Te Nano-thin films were prepared on glass substrates by the (CSP) technique. Effects of
thickness condition on structural, optical properties and surface morphology of films were studied.
XRD were showed the polycrystalline with orientation (102) of Te: Nano-thin films. Surface
morphologies of this showed average roughness 9.67 nm and diameter of about 96.93 nm.
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