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ABSTRACT

Physical vapor deposition method was used for the preparation of nanostructured TeO:.
Different morphologies of TeO: are synthesized using a physical evaporation method with Te
powder as the source material and quartz SiOz as the growth substrates. X-ray diffraction
(XRD), scanning electron microscopy (SEM), atomic force microscopy (AFM), and ultraviolet-
visible (UV-Vis) analyses are used to characterize the structural, morphological, and optical
properties of the TeO: products obtained. By varying the annealing temperature, different
morphology of TeO: structures is investigated. TeOz nanostructure progress is initiated by the
crystallization of particles. Different temperatures have different effects on structures, which
are discussed. The films as deposited nature was amorphous; crystallization occurred at a
higher annealing temperature (175 °C). With an increase in annealing temperature, the TeO:
films grain size increased. The research also points to the impact of post-deposition thermal
annealing temperatures in excess of 100 °C in enhancing TeO: film characteristics.
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1. INTRODUCTION

Nanotechnology is the science of modifying matter on a molecular and atomic scale [1]. It is
associated with characterizing, producing, designing, and structuring systems and devices by
manipulating one or more of their dimensions to nanometers [2]. Although significant efforts
have been made to create high-quality metal oxide nanostructures, there are still many difficulties
in doing so. These difficulties include, but are not limited to, the inability to reliably control length,
diameter, orientation, crystallization, density, and hierarchical assembly [3].

A thin film is a thin layer of material with a thickness ranging from fractions of a nanometer to
several micrometers [4]. Some of the most common methods for preparing thin films of
semiconductors include vacuum thermal evaporation [5], spray pyrolysis [6], sputtering [7], and
sol gel [8]. The majority of these methods are expensive and require a lot of time as well as a lot
of vacuum and precise formation conditions [8]. Physical vapor deposition (PVD) techniques [9]
have been widely adopted for the deposition of thin films in a variety of industrial fields: coating
applications, manufacturing of metals, biomedical applications, and the coating of optical or
electrical components [10].
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Tellurium oxide (TeO>) is distinctive due to its special characteristics [11]. (TeO2) has attracted a
lot of interest for applications in piezoelectric and electro-optic systems [12]. Because of their
great optical homogeneity, photo-elastic characteristics, and high optical damage resistance,
tellurium dioxide crystals (TeO2) play a significant role in acousto-optical devices [13], [14].
(TeO2) has an approximate 3.3 eV direct band gap and a 2.9 eV indirect band gap [15], [16].

In this study, the thermal evaporation approach was used to deposit a TeO; nanofilm. In order to
examine and research the structural and optical characteristics of the thin films, they were also
annealed at various temperatures.

2.  MATERIAL AND METHODS

The thermal evaporation technique was used to grow thin films of TeO; on a quartz SiO; substrate,
keeping the vacuum in the chamber on the order of 10-5 (mbar) during film deposition. A
molybdenum boat was used to vaporize the TeO, powder. For this purpose, a high degree of
purity (99.99 percent) of TeO, powder (approximately one gram) was loaded. Which was
connected to the evacuated system. Before beginning the dispersion, the quartz pieces were
washed and sterilized with 99 percent absolute ethanol to remove any contaminants. By passing
a current through the electrodes, the boat was indirectly heated. After achieving a large vacuum
in the vacuum chamber and completing the evaporation process, samples were left to cool before
being removed for annealing. Finally, TeO: thin films were annealed in an electric furnace at
temperatures of 100, 125, 150, and 175 degrees Celsius. The temperature of the furnace was
raised (at a rate of 25°C/h). The structural, electrical, and optical properties of TeO; films were
studied. The nanostructures were obtained on the quartz substrates, and their morphology was
studied using a scanning electron microscope (SEM), while the structural information was
obtained using an X-ray diffractometer. Atomic Force Microscopy (AFM) was used to investigate
three-dimensional surface topographic imaging, including surface roughness, grain size, and step
height.

3.  RESULTS AND DISCUSSION
3.1 Structural and Morphological Analysis:-
3.1.1 X-Ray Diffraction (XRD):-

TeO; films that were deposited on SiO; quartz substrates and then annealed at temperatures of
100, 125, 150, and 175 degrees Celsius are depicted in Figure (1). The patterns show diffraction
peaks of around (21.8°), (26.4°), (30.1°), (37.29), (48.47°) and (55.19°) that, respectively,
correspond to the TeO: diffraction plans (101), (110), (102), (200), (212) and (114) crystalline
planes matching with JCPDS card number (11-0693). It is evident from the four diffraction
patterns that the (101) and (110) directions is the favored orientation growth direction and that
peaks intensity increases with annealing temperature [17]. Another peak for the diffraction
pattern (111), confirming the presence of Te matching the card number (00-052-0795), appeared
at 40.2¢ during annealing in the electric furnace. The increased grain size of TeO; films with rising
temperature may be responsible for this result, this agrees with other research [18]. A
polycrystalline structure appeared for all samples with the same phases. Annealing enhances the
crystallinity of samples, Indicate a growing in crystalline size (C.S) calculated from The Scherrer's
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formula [19], and decrease in dislocation density (d) as shown from Table(1), were used to
calculate structural properties.

KA
b= B.cos6 (1)

Where (K) is a constant value of (0.94), (A) is the x-ray wavelength (A), () is FWHM (full width
at half maximum), and (0) is the Bragg diffraction angle of the XRD peak (degree).

Table 1: X-ray different parameters of TeO: thin films.

FWHM o Card
Temp.(°C) | 20 (deg) (deg) d (A) C.S (nm) hkl Ho.
21.6 1.094 4,298 7.454005 101
26.2 0.894 3.829 9.044468 110
30 0.578 3.012 13.87369 102
100 (°C)
37.3 0.643 2.356 12.23343 200
48.4 0.623 1.945 12.15532 212
55.2 1.094 1.629 6.725618 114
21.69 0.1476 3.8172 | 55.24024 101
26.5 0.544 3.2074 | 14.85442 110
30 0.566 2.456 14.16783 102
125 (°C)
37.4 0.673 2.2168 | 11.68466 200 "
48.45 0.984 1.9233 7.69439 212 3
S
55.4 1.094 1.45 6.719478 114 :
21.71 0.678 3.4375 | 12.02535 101 g
26.82 0.464 3.0318 | 17.40402 110 %
30.1 0.373 2.3319 | 21.49361 102
150 (°C)
37.3 0.578 2.2265 | 13.60916 200
48.4 0.301 2.1015 | 25.15868 212
55.2 0.494 1.8424 | 14.89439 114
21.73 0.448 3.5359 | 18.19847 101
26.84 0.302 2.9371 | 26.73884 110
30.12 0.626 2.2341 | 12.80629 102
175 (°C)
37.3 0.547 2.0613 | 14.38043 200
48.6 0.368 1.9304 | 20.56201 212
55.5 0.597 1.794 12.30778 114

Note: Accepted manuscripts are articles that have been peer-reviewed and accepted for publication by the Editorial Board.
These articles have not yet been copyedited and/or formatted in the journal house style.



International Journal of Nanoelectronics and Materials @ I?HI:IIYPI&EYRSSIEI

In Press, Accepted Manuscript - Note to user U~ MAP PERLIS

400

300

200

100

400 1 1 1 1 1 1 1 1

150 °C
300

u
N
o)
s}

|

100

400 1 1 1 1 1 1 1
125 °C
300 |-

Intensity (a.u)

200 [g
100

400 1 1 1 1 1 1 1 1
100 °C

300 H

200

100

o L 1 1 1 1 1 1 1
20 25 30 35 40 45 50 55 60

20 (deg.)

Figure 1:X-ray patterns of TeOz thin films for different annealing temperatures.

3.1.2 Atomic Force Microscope (AFM):-

Figure (2) shows 2D and 3D AFM images of TeO; thin films deposited by PVD on SiO, quartz
substrates and annealed at various temperatures. The surface structure of these films is clearly
defined as the hierarchical shape of the grains appears at 100 and 125 degrees Celsius and begins
to decay as the annealing temperature rises to 175 degrees Celsius. The average roughness of the
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nanostructures decreases as the annealing temperature increases, attributed to the atoms' ability
to rearrange themselves with sufficient energy at a high deposition temperature to create a
smooth surface [20]. Table (2) shows the calculated AFM parameters, which include mean
roughness (Sa), mean root squared RMS (Sq) and mean grain size (D).

Table (2): AFM parameters

Temperature (°C) Sa(nm) Sq(nm) D(nm)
100 2.9192 5.7214 10.24775552
125 2.3568 4.8356 16.39350399
150 1.6358 2.556 17.43086913
175 1.1951 1.7102 18.49897037
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Figure 2: 2D and 3D AFM images of TeOz nanoparticles: a) 100 °C b) 125 °C c) 150 °Cd) 175 °C.

3.1.3 Field Emission Scanning Electron Microscope (FE-SEM):-

Figure (3) displays FE-SEM images of TeO2 thin films that were annealed at temperatures of 100,
125, 150, and 175 degrees Celsius. Almost all of the nanoparticles are visible independently or
attached to the FE-SEM pictures, which demonstrate this. Using FE-SEM software, the grain
diameter of the nanoparticles in samples with annealing temperatures of 125 C, 150 C,and 175 C
was calculated to be between 35.13 and 82.65 nm, 40.4 to 66.2 nm, and 118.05 to 139.07 nm,
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respectively. After the samples were annealed, there was a noticeable rise in the size of the
nanoparticles. Images demonstrate that the nanoparticles are amorphous and non-uniform, and
that the grains become slightly crystalline as the annealing temperature is raised [21].
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Figure 3: FE-SEM images of TeO2 thin films for different temperatures: a) 100 °C b) 125 °C ¢) 150 °C d)

3.2 Optical properties:-

3.2.1 Transmission:-

175 °C.

The optical transmittance spectra of TeO; thin films at various temperatures are shown in Figure
(4). With wavelengths ranging from 200 nm to 1100 nm. The results showed that the
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transmittance increases with increasing wavelength for all films. It is demonstrated that these
films' transmission increases significantly between (380 and 410) nm. Additionally, it can be
shown from these curves that the maximum transmittance of all thin films varies between (32.6%
- 73.4%). The spectra indicate that the transmission has decreased as the temperature has
increased from 100 to 175 degrees Celsius, this is caused by an increase in the amount of light
energy absorbed, which leads to an increase in the number of electronic transitions between the
valence band and the conduction band [22].
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Figure 4: Optical transmittance spectra as a function of wavelength for TeO2 with different annealing
temperatures.

3.2.2 Absorbance:-

Under the same transmittance conditions, the absorbance measurements were investigated. The
figure (5) depicts a plot of the absorbance graph as a function of wavelength.The results
demonstrated that the absorbance of all deposited thin films decreases suddenly in the region of
380 nm to 410 nm, followed by a gradual decrease as wavelength increases. Moreover, as the
annealing temperature rises, the absorbance rises as well, because larger crystalline sizes result
in more atoms in the film increasing the number of states available for photons to be absorbed.
The absence of oxygen and the presence of metallic Te could be one explanation for this absorption
[23].
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Figure 5: Optical Absorption spectra as a function of wavelength for TeO: with different annealing
temperatures.

3.2.3 Absorption Coefficient:-

The values of the absorption coefficient for all tellurium oxide thin films were calculated using
the equation [24]:

1 1
a=E ln; (2)

Where (d) is the thickness of the thin film that has been deposited, and (T) is the transmission. A
graphic correlation between the absorption coefficient and photon energy was established, as
seen in figure (6), we observe that for all films, the absorbance coefficient begins to increase as
the annealing temperature increases. Additionally, absorption coefficient (a) gradually increases
for all films with rising photon energy in the range of (1-2.8) eV, and then increases sharply over
energies that are equal to or greater than the optical energy gap for all films in the range of (2.89-
3.2) eV.
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Figure 6: The absorption coefficient of TeOz thin films with different annealing temperatures.
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3.2.4 Optical band gab:-

The energy gap provides a precise understanding of optical absorption since it shows that a film
is transparent to radiation with energy below the energy gap (hv < Eg) but absorbs radiation
with energy above it (hv 2 Eg). The following equation [25], [26] is used to calculate the energy
gap Eg values of the tellurium oxide TeO nanoparticles films:

ahv = A(hv-Eg)0s (3)

Where (A) is a constant, («) is the absorption coefficient, (v) is the photon frequency, and (h) is
Planck's constant. It can be estimated using (Tauc) relation which depends on the graph of
variables (ahv)?2 in terms of (hv) as illustrated in Figure (7), the energy band gap measurements
dropped from 3.145 eV to 2.892 eV as a result of an increase in annealing temperature. The
individual levels of unbound atoms will widen the energy bands and produce overlapping levels.
Atoms move toward one another, causing this. Because of this, these films' band gaps have
multiple overlapping energy bands when the temperature increases. Therefore, the overlapping
energy bands have a tendency to minimize the energy band gap, resulting in reduced band gaps
with increases in annealing temperature; this is in good agreement with the previous studies [27].
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Figure 7: Variation of (ahv)? with photon energy of TeOz thin films with different annealing temperatures.
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4. CONCLUSION

In conclusion, Tellurium dioxide thin films with nanostructures were deposited using the thermal
evaporation technique. The annealing procedure aids in enhancing the thin films' crystalline
properties. According to (FE-SEM) and (AFM) analysis of all the films, the average diameter,
average roughness, and RMS of the nanoparticle thin film increase with increasing the annealing
temperature. The UV to the visible region of the Tellurium dioxide (UV-V) is spectrum of the
nanoparticles exhibits the highest absorption. The analysis of the optical properties shows how
effective the heat evaporation procedure is for depositing (TeO) thin films. The energy gap
gradually narrows and the grain size steadily increases at the annealing temperatures of 100 and
125 degrees Celsius. The energy gap significantly decreases and the particle size increases at
temperatures between 150 and 175 degrees Celsius under the same conditions as before.
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