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Abstract
ZnTe possesses the proper optoelectronic properties as a candidate
for device development. The structure and optical properties of ZnTe
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1.Introduction

In the present study, ZnTe thin films are prepared by vacuum evaporation and the impact of
annealing at (373, 473) K on them is investigated with respect to their optical properties, XRD,
AFM, and the correlation of these parameters. ZnTe is a chalcogenide semiconductor substance
belonging to the 11-1V transition group *. It was generally determined to be of P-type and have an
energy gap of (2-2.3) eV and that it has high conductivity and solar cell efficiency 2. Due to this
band gap, such is a pure green region of the electromagnetic spectrum and for such reason it is
important to develop pure green lamps of LED. It has also been experimentally demonstrated
that the (ZnTe) has a high photoelectric coefficient which is useful for generation of terahertz
(THz) radiation and detecting the same °. Zinc telluride has important electrical and optical
properties for semiconductor applications. It has been used to made many kind of optical
instruments. It is lattice constant is (0.6101) nm and has gray or brownish powder or ruby red
color or a ruby red crystal. To create thin films of ZnTe, a variety of methods have been tried,
such as sputtering, electron beam evaporation, metal-organic chemical vapor deposition
(MOCVD), electron beam growth to form thin films of (ZnTe) and thermal evaporation *”. This
work emphasizes how temperature affects structural and optical properties. The compound ZnTe
is an extremely important material since it is utilized in production of various optoelectronic
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devices, such as lasers, light-emitting diodes, and solar cells ® °. The process of creating thin
films (ZnTe) utilizing the evaporation method of deposition is also very important due to its
several applications including use for the window layer of any electronic device ®** and
electronic and optical devices such as a low wavelength photodetector ® ** 3. The optical and
compositional observation of the thin film Implies that it holds promise for the production of
LEDs., detectors and solar cells " %%,

2.Materials and Methods

ZnTe alloy has been prepared. The high purity (99.999 %) of Zinc (Zn) and telluride (Te)
elements (from Sigma-Aldrich USA Company) were pre-hand mixed with 1:1 stoichiometric
weight using high purity metals. The product alloy placed into quartz tubes was pressurized with
1x10° mbar, before being heat treated for 6 hours in an electric oven at 1273 K, where it should
be mentioned that the temperature needed for complete alloy solidification was above the ZnTe
melting temperature, according to the phase diagram °. The substance was applied to glass
substrates at a rate of 4.5x10 Torr to create a layer that was around 500 nm thick by using the
weight method for measuring thin film thickness.
The glass substrate surface needs to be completely cleaned to get rid of any contaminants in
order to produce a homogeneous thin film semiconductor with good adhesion. The structure
(morphology) of ZnTe has been ascertained using X-ray diffraction (XRD) and AFM. Following
an analysis of these films' X-ray diffraction, the crystallite size was calculated using Scherer's
Formula depending on the film thickness *:

s 0941 1

~ Bcos(0) 1)
The diffraction width of the peaks at half maximum is denoted by the symbol f (FWHM). (C.S)
is the crystallite size and (0) the diffraction peak angle. Determination of lattice constant (a) is
done by below equation®®
1 h+k*+1?

2= @ 2)
Where Miller incidents (hkl). The calculation of (€) micro strain for manufactured thin film can
be determined using the following **:
¢ [ cosO

(3)
The density of dislocations (8) is the ratio of the lengths of the dislocation line to the crystal
volume. It may be calculated using the following % :
1

0= (C.5)? )
To determine the energy gap, Measurements of optical transmission within the wavelength range
of 400-1000 nm were performed. Optical characteristics of the thin film preparation have been
observed through transmission and absorption spectra spanning a wavelength range of 400 to
1000 nanometers. The Lambert law and Tauc equations have been used to calculate the energy
gap (Eg) from the absorption spectra, respectively*®:

A
a=2303 (5)

ahv =D (hv — E,)" (6)
the exact value of the temperature-dependent variable D. The symbol a refers to the absorption
coefficient, the energy magnitude of the incident photons is indicated by hv, and the optical
transition type is specified by (r). Thickness (t) and absorption (A).

The dielectric constant's extinction coefficient (k), refractive index (n), real part (g, and
imaginary part (g;), and the reflection(R) are among the relationships that can be utilized to
compute optical constants® :
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k=24 7
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& =n?—k? (9)
g = 2nk (10)
3.Results

X-ray diffraction (XRD) was employed to detect the effect of annealing temperatures (R.T,
373 and 473) K on the crystallization behavior of the investigated ZnTe thin films. In this study
investigated X-Ray Diffraction for alloy prepared and the deposition thin films, the scanning
angle 20 was varied in the range of 10°-80°. Annealing effect has been examined by X-ray
diffractions using (SHIMADZU-Japan-XRD 6000) diffractometer system which records the
intensity as a function of Bragg's angle as show in Figure 1, also the dislocation density (6) and
the micro strain (€) were decreases with increasing the annealing temperatures.
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Figure 1. X-ray diffraction for the ZnTe thin films (R.T K, 373 K and 473 K)

The general structure of ZnTe alloy and annealing thin films, including inter planer distance
d(hkl) for different planes, lattice constants, crystallite size (C.S), the dislocation density (), and
the micro strain (€) are determined and compared with value in the Joint Committee on Powder

Diffraction Standard (JCPDS) cards for ZnTe as shown in Table 1.
Table 1. X-ray diffraction data for ZnTe thin films at various annealing T. (R.T, 373 and 473)K.

Ta dexp. 20 FWHM C.S 8 x 107 3

(K) A degy  PED (geg) om)  (linesm?)  &*10
35202 2526  (111)

- 21494 4200  (220)  0.98 8.64 13.37 418

: 18371 4958  (311)

35230 2525  (111)
21583 4182  (220)

373 18402 4949  (311) 0% 1034 9.3 3.50
13634 6880  (420)
35265 2523  (111)
21504 4198  (220)

473 18385 4954  (311)  O%8 1249 04 2.89

1.3644  68.74  (420)

It was used atomic force microscope (AFM) to study the effect of annealing temperatures (R.T,
373, and 473) K on mapping topography surfaces of the thin films. The study was recorded by
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using scanning probe microscope (type AA3000, supplied by Angstrom Advanced Inc. USA),
for three-dimensional images describing the surface in terms of roughness and grain size, and
these images of high precision values as shown in Figure 2.
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Figure 2. AFM image for the ZnTe thin films at (R.T K, 373 K and 473 K).

From Figure 2 and Table 2, it can be observed that the films are found to be uniform and
densely packed without any cracks or pinholes and the average grain size was increased as the
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annealing temperature increase, and the roughness of the surface was increases too, this may be
due to aggregation of grains into the larger clusters and also growth of some crystal planes
Table 2. Average roughness, grain size, and ZnTe thin films’ root mean square at (R.T, 373, and 473) K.

Thickness (500 nm) Grain size Surfaces roughness (nm) Root mean square

(nm) (nm)
RT 48.36 2.954 3.628
373 53.59 3.980 5.558
473 62.39 6.375 7.929

Optical measurement constitutes the most important means of determining the band structure of
semiconductors. Where the optical properties of ZnTe thin films deposited on glass slide which
include the transmittance and absorbance spectra were studied over the wavelength range (400-
1100) nm by using UV-Visible 1800 Spectra Photometer as shown in Figure 3.
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Figure 3. Transmittance and absorption spectrum of ZnTe at (R.T, 373 and 473) K

Optical absorbance data were used to calculate the transmittance, absorption coefficient (o), band
gap energy (Eg) as shown in Figure 4 and the optical constants {extinction coefficient (k),
refractive index (n), and real and imaginary parts of dielectric constant} for ZnTe thin films with

annealing temperatures (R.T, 373 and 473) K deposited with thickness of 500 nm on glass slides
substrate as shown in Figure 5.
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Figure 4.Variation in the optical constants (Refractive index n, Extinction coefficient k, Dielectric constants (real
and imaginary) with wavelength for ZnTe at temperature (R.T, 373 and 473)
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Table 3 shows the evaluated some of the optical constants values (gap energy Eg , absorption
coefficient a, refractive index n , extinction coefficient k , real and imaginary parts of dielectric
constant) at different annealing temperatures in the visible light range (A = 550 nm)

Table 3. Optical parameters of (ES™", o, n, k, &, & &) ZnTe at (R.T, 373, and 473) K with A = 550 nm..

g
Thickness (500 nm)  Eg*'(eV) ax10*(cm™) n k £, g
R.T 2.15 9.59 548 042 29.94 461
373 2.10 10.89 469 047 21.79 4.47
473 2.02 13.55 2.86  0.59 7.88 3.40

Optical constants included refractive index (n), extinction coefficient (k), real part (&) and
imaginary parts (€1) of optical dielectric constant. It is obvious from Figure 5 effect of annealing
temperatures, the refractive index values increase while the extinction coefficient decreases with
the increase photon energy, than at higher photon energy the refractive index values decreases
reaching the lowest value with increase annealing temperatures.
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Figure 5. Variation of The optical parameters (n, k, €, €,,) versus wavelength for ZnTe at temperature (R.T, 373
and 473) K.

4.Discussion

The room temperature and (373, 473) K. XRD spectra of 500 nm thick of the ZnTe thin films
displays the annealed and not annealed films as given in the Figure 1. The polycrystalline nature
of the ZnTe film compound in cubic structure is seen in the multi-diffraction peaks of the (111),
(220), (311) and (420) planes. With the JCPDS file number 00-015-0746 card standard value, the
XRD peaks match the crystal's cubic structure. In addition, the films show the preferred growth
direction to be in accordance with plane (111). Each diffraction peak can be assigned to binary

64



IHIPAS. 2026; 39(2): 59-69

compound ZnTe, JCPDS file. Annealing of the films at 373 and 473 K showed no shift in the
diffraction peak positions but increased the peak intensity and the crystallite size (C.S.), which
indicating improved crystallinity of the film, the defects were reduced and the regularity in the
crystal structure was increased. The film's crystallite size seen in Figure 1 can be determined
using the Scherrer equation, which relies on the FWHM of the (111) peak. As seen by the data in
Table 1, the crystallite size grows as the ZnTe annealing temperature rises. The lattice constants
value a=6.1007 A are in good agreement with the same of research **°. As indicated in Table
1, the standard "d" and "a" values derived from JCPDS are in good agreement with the
observed "d" and "a" values. Such strong crystallinity with Ta = 473 K in ZnTe thin_films has a
significant impact on their electrical, optical, and thermoelectric characteristics. The uniform, flat
surfaces of the films are crucial for their applications in different technical devices, such as
thermoelectric generators, photodetectors and solar cells

The micro strain (g) and dislocation density (8) have been already calculated and as displayed in
Table 1. As the annealing temperature rises, it is noticed that the dislocation density and micro
strain decrease in the visible range. The behavior can be interpreted by the negative correlation
of dislocation density and crystallite size and the positive correlation of micro strain and full
width at half maximum (FWHM) of the dominant peak. The decrease in defects of ZnTe thin
film samples on with increasing annealing temperature opens up the possibility to improve the
crystal structure The change of the morphology of the films was investigated by the AFM scan of
surface morphology. Thin film micro-roughness is an important criterion for optical coatings,
especially in the UV range for application such as heat mirrors and lithography % . The RMS
roughness not only reflects the light scattering but also sheds light on the quality of the surface
being examined. The AFM images of ZnTe thin films with temperatures at R.T, 373 K and 473
K are presented in Figure 2. The images above show that the movie is evenly dispersed and clear
of islands and pinholes.and also has a high density of columnar grains. The morphological
features of the structure i.e., roughness height, root mean square, and average diameter (G.S) are
shown in Table 2. Average grain size varied between structures (48.36-62.39 nm), and the
roughness and root mean square values also showed variations. The annealing thin film data are
then summarized in This table shows the increase in root mean square, roughness, and average
grain size. For this reason, the films' increased surface roughness suggests that they might be
used as anti-reflective coatings, which would increase light absorption and decrease light
reflection in the visible portion of the spectrum®. At 473 K, sample ZnTe also shows a main
magnitude. This can be attributed to the increased atomic mobility that leads to the particle
aggregation, especially to the bigger particles. The XRD analysis above and the AFM
observation results correlate well. The Using a UV/Visible (1800) spectrophotometer, optical
transmission was measured. The transparent films' optical transmission spectra were used to
determine their band gap (Eg). The relation of making the transmission curve (nm) as function of
the wavelength is depicted over the wavelength, as shown in Figure 3, enables us to find traces
of the absorbance and the transmission in the range (400-1000) nm. This indicates that ZnTe thin
films at R.T. and (373,473) K have a high absorption of about 85% in the visible spectrum
regions.

With increasing annealing temperature, we find the transmittance is reduced, although the
absorbance and deflection are enhanced, in agreement with the fact that a band tail form the
fundamental absorption edge to long wavelength (low energy). This occurrence could be
explained by the way The connection between surface shape and absorbance rise is ascertained
by atomic force microscopy (AFM) and X-ray diffraction (XRD) ** %. data the thin films have
been observed to exhibit increasing values of absorbance after the post-annealing process. The
explanation of this increase is the absorption of photons by free carriers. Therefore, transmittance
is lowered. Alternatively, it might be related to the Crystallite size growth * *® 2* Thus, the
absorption of low energy photons may occur. The absorption edge shifts toward longer
wavelengths as the annealing temperature increases, suggesting that higher annealing
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temperatures lead to a reduction in the band gap, hencethe band gap's decrease with rising
temperatures. The photon and band gap energies have a significant impact on the absorption
coefficient. indicates how well a material absorbs light * ?°. Figure 4 displays the optical
absorption coefficient as a function of photon energy for varying annealing temperatures.
However, using the transmittance spectrum, one can also use Equation (5) to calculate a thin
film's absorption coefficient (a) %'Ven its thickness (t). Calculated herein values of the absorption
coefficients are in the interval 10° cm™. Figure 4 demonstrates that the absorption coefficient (c)
reaches high values at higher photon energies, suggesting a high probability of allowed direct
transitions. As the wavelength increases, a gradually decreases. Additionally, the results indicate
that absorbance increases with higher annealing temperatures, with a notable increase seen close
to the band gap edge, and this agrees with the research > 2°. Consequently, the absorption edge
shifted in the direction of the long wavelength region. This disparity could be related to the
effects of the annealing temperature on the carrier concentration and crystallinity of the ZnTe
film Equation (6) is used to get the ZnTe films' optical band gap. The permitted direct (r = 1/2)
is specified by the parameter (r), an index associated with the material's nature that is established
by the optical transition involved in the absorption process. The energy of the optical band gap
Following Figure 4 shows the extrapolation of the straight-line portion of the (chv)? versus (hv)
plot curve Eg was computed using the intercept on the photon energy axis. The transition was
directly allowed of ZnTe film was calculated from 2.15 eV to 2.02 eV and fill in Table 3 with
strong agreements with * 2* Therefore, We came to the conclusion that all ZnTe thin films belong
to the direct band gap material class. One crucial feature for photovoltaic applications is the
film's direct band transitions. When electromagnetic radiation hits a film surface, part of it is
absorbed, some is reflected, and some is transmitted. The optical behavior of materials is fully
described by the optical constants, which are important fundamental properties of matter 3 2'.
Optical constants included the refractive index (n) and the real and imaginary components (1),
(e2) of the dielectric constant and extinction coefficient (k). Equation (7) was used to calculate
the extinction coefficient k based on the absorption coefficients a that were found. The extinction
coefficient's fluctuation with wave length is displayed in Figure 5. It indicates the quantity of
energy absorbed by the thin films and is the degree of attenuation in the electromagnetic
radiation intensity. At annealing temperatures, we observe that the extinction coefficient
gradually increases as photon energy rises ** 2. followed by a sharp rise in high photon energies.
This suggests that absorption is increasing, which in turn causes the absorption coefficient to
rise. We see that the curves typically exhibit the same behavior as previously mentioned, with
the absorption edge moving towards low photon energies. This confirms that the annealing
temperatures have a clear effect to increase the extinction coefficient °. Also, it is demonstrated
that because to the structural alterations in the films, k changes significantly with annealing
temperature prior to the Eg values of the films. The change in refractive index as a function of
ZnTe film wavelengths at (R.T., 373, and 473) K is shown in Figure 5. The refractive index
dispersion is essential to the research of optical materials since it plays a major role in optical
communication and the design of devices for spectrum dispersion.’® °. The films' refractive
index values were determined by applying Equation (8). The nature of reflection is quite similar
to the refractive index curve. Table 3 displays the refractive index value for each film with a
constant wavelength of 550 nm (within the visible range) based on the relationship between
reflexive index and reflection. The decrease in corresponding reflection brought on by structural
and compositional changes that take place throughout the annealing process is responsible for the
decline in refractive index values. Furthermore, Figure 5 shows that all of the films show
anomalous dispersion since the refractive index drops when the The energy of incoming photons
exceeds the Eg value. We note that with increasing annealing temperature, the refractive index
decreases within the visible light region of (400-700) nm. Metals' free electrons and
semiconductors' free carriers both absorb light and perform dielectric functions?* *°. And the
fundamental electron excitation spectrum of the films was represented by a frequency dependent
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of the complex electronic dielectric constant (¢), which is given by the relation (e = & — ig;),
where the relationship between the real (g) and imaginary (g;) components of the dielectric
constants is influenced by the values of (n) and (k) as shown in the Equation (9) and Equation
(10), Figure 5 illustrates how the real dielectric constant (g;) behaves almost like the equivalent
refractive index (n), which is evident from Equation (9) due to its small value of (k). The figure
also shows that in films in the visible range, &, decreases as annealing temperature increases,
whereas in the NIR region, it increases with temperature. Additionally, as the annealing
temperature increased, the peaks of (g;) shifted to the higher wave length (lower photon energy).
As shown in Figure 5, the behavior of (g;) with photon energy is almost identical to that of the
corresponding extinction coefficient (k). The extinction coefficient values, which are connected
to the change of the absorption coefficient, are the primary determinant of (&;). The (g;) peaks for
all films move to the lower photon energy as the annealing temperature rises.The values of (&)
and (&) decreases at a wavelength of 550 nm because of the similar behavior between (g;) and
(n); the behavior of () is mostly reliant on the value of (k) and closely matches curves that of
(K). A minor dielectric loss is indicated by the fact that the thin film at (R.T.) has a greater value
than €i. The optimal optical temperatures were observed at an annealing temperature of 473 K.
Finally, we can observe that both figures suggest that the values of (g;) are greater than those of
(gi) and exhibit a nearly same pattern. Additionally, Table (3) displays some of the optical
constant values (A = 550 nm).

5.Conclusion

ZnTe thin films were effectively deposited using Physical Vapor Deposition in Vacuum,
exhibiting uniform, smooth, and crack-free characteristics on glass substrates. Their structural
qualities were confirmed through XRD, indicating a cubic crystal structure with preferred (111)
orientation. AFM imaging revealed enhanced surface morphology and low RMS roughness as
annealing temperature rose, with grain size increasing to 48.36 nm. The films demonstrated a
direct transition electronic type, with the energy gap decreasing from 2.15 to 2.02 eV at higher
annealing temperatures, making them suitable for solar cells and optoelectronic devices.
Additionally, increased absorbency in the visible range was noted, along with a rise in the
absorption and extinction coefficients.
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