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ABSTRACT

In this work, a pulsed laser deposition technique was used which is one of the modern methods of preparing thin films where zinc
telluride was deposited on slices of glass using different Nd: YAG laser wavelengths (0.532 pm and 1.064 um) .Two different
laser energies (600 mJ and 900 mJ) were used to study its effects on the properties of Zinc Telluride films at room temperature.
Measurement of X-Ray Diffraction (XRD) and Atomic Force Microscope (AFM) was used to demonstrate the structural and
morphological properties of the prepared Zinc Telluride thin films which shows that the films consists of multiple crystals and its
structural design is a cubic with a small crystallites size and dissimilar shapes . The optical properties in the range of (400-1000)
nm using UV-VIS spectrophotometer were studied by transmission and reflection spectra where found that for Zinc Telluride films
have more transmission in the range of visible spectrum which can be reach to greater than 90 % with wide band gap of 2.2 eV is
a promising material to be used in photovoltaic devices as solar cells and detectors.
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1. INTRODUCTION

Zinc telluride (ZnTe) compound usually has a cubic crystal
structure and has a direct energy gap semiconductor material
with value of 2.27 eV at 300K; it is a very important
semiconductor component in the II-VI family because it has
a high absorption coefficient and low cost [1]. ZnTe is an
important material for different optoelectronics device, such
as colorful light emitting diodes and photovoltaic devices [2,
3]. Recently, increased the focusing in the study of Zinc
telluride films and its components because of its many
properties and features that can be exploited in several
applications that can be used for solar cells and electronic
semiconductor devices [4].

Different technical can be used for fabrication of ZnTe
alloys such as electrical depositions [5], thermal deposition
[6], thermal beam epitaxial [7], radiofrequency sputtering [8]
,and deposition using pulsed laser[9]. Pulsed Laser
Deposition (PLD) technique used in the process of
fabrication of the thin films become one of the very important
techniques nowadays due to its simplify, versatility,
inexpensive, very flexible and uses in the fabrication of thin
films with high efficiency [10-13].

One of the main advantages of pulsed laser deposition is a
congruent material transfer, which allows the deposition of
complex structures, preserving the stoichiometry of the target
material. Another advantage of the highly directed ablation
flux is the efficiency of handling costly or toxic materials
[14].
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2. EXPERIMENTAL WORK

The zinc telluride (ZnTe) films will be deposited on a glass
slides using pulsed laser deposition technique with different
laser energies and wavelengths. Before the operation of
deposited the target material, thin flat pieces of glass,
typically 75 by 26 mm were used as substrates material were
cleaned with acetone and distilled water then dried with an
air gun.

Pulsed laser deposition system as shown in (Figure 1)
which consisted of a chamber which evacuated with a
pressure of (0.001 mbar) and a constant substrate temperature
100 C° Nd:YAG laser with wavelengths (0.532 pm , 1.064
pm) and laser energies (600 mJ , 900 mJ) and repetition rate
(1 Hz) was used to deposited the ZnTe thin film on a glass
substrate with constant pulses (30 pulse).
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Figure 1. Schematic diagram of pulsed laser deposition
system.



The measured distance between the centre of a lens and its
focus was about (10 cm) and the distance between the
material target which rotate at regular speed and the substrate
material which connected with heater was about of (3 cm).
The system setup of the PLD it was implemented in the
laboratory can be shown in (Figure 2).

Figure 2. Experimental setup of PLD.

After deposition process the diffractometer system
(shimadzu - XRD 6000- Japan) with wavelength 15418A and
CuKoa radiation wusing to identify the structural
characterizations of the fabricated films. Morphological
characterization of the ZnTe films was studied by using an
Atomic Forces Microscopy technique (AFM). The optical
properties such as transmission, reflection and energy band
gap were measured using (UV-Visible 1800) spectrometer in
the range (400-1000) nm.

3. RESULTS AND DISCUSSIONS

The AFM images of the fabricated films at wavelength
0.532 um for laser energies 600 mJ and 900 mJ can be shown
in (Figure3 ) .From this figure, the films consists of a small
crystallites with irregular shapes but the cumulation of the
many crystal groups can be noticed that there is insufficient
propgation of the crystal size of the atoms.

Figure 3. AFM pattern of the films at wavelength 0.532
pum using multi-laser energies

Figure 4 shows the AFM images of ZnTe thin films at
wavelength 1.064 um for energies 600 mJ and 900 mJ . From
this figure the fabricated films has a grain size will be
enlarges greatly with an increasing the amount of the laser
energies from 600 mJ to 900 mJ and the grain shape becomes
hazy due to the fast decomposition of the films on the
substrates materials. The AFM characterization is in good
agreement with [1] and [2] results.
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Figure 4. AFM pattern of the films at wavelength 1.064
pum using multi-laser energies

Figure 5 describe the X-Ray Diffraction (XRD) pattern of
multi laser energies (600 mJ and 900 mJ) of ZnTe thin films
at constant laser wavelength 0.532 pum. It can be seen that
from XRD pattern of the thin films that it have a
polycrystalline and cubic shapes and there are a three
remarkable peaks (111) (220) and (311) and the distinguished
peak was (111) this results was agree with studies [2],[3] and
[9]. The Full Width at Half Maximum (FWHM) and the
crystal size of the distinguished peak decreasing with
increases of the laser energies because of the dropped of the
defect which resulting of the shrink of the grain boundary of
the crystal.
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Figure 5. The X-ray diffraction patterns of ZnTe thin
films at wavelength 0.532 pm.

Figure 6 shows the XRD pattern of different laser energies
(600 mJ and 900 mJ) of ZnTe thin films at constant laser
wavelength 1.064 pm. It is observed that when the laser
energy increased the large crystallite size has been decreased
due to the fast growths of the crystal and by the reasons of
the decreasing in grains boundary of it.
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Figure 6. The X-ray diffraction patterns of ZnTe thin
films at wavelength 1.064 um.



Scherer's equation can be utilize to compute the crystalline
size (CS) of ZnTe fabricated films:

0.941
B cos®

Where 1 is wavelength of the radiation beam, f is Full
width at half maximum (FWHM) of the main peaks and & is
the angle of diffraction. Tables-1 and 2 shows the XRD
parameters for ZnTe films at laser wavelength 0.532 um and
1.064 um with laser energies 600 mJ and 900 mJ.

Table 1. XRD parameters for ZnTe films at laser
wavelength 0.532 pm.

Laser cs
Energy 20(deg) dua (A) p(deg)
(nm)
(m J)
600 25.283 35.169 0.412 20.66
900 25.242 35.237 0.435 19.56

Table 2. XRD parameters for ZnTe films at laser
wavelength 1.064 um.

Laser cs
Energy 20(deg) dua (A) p(deg)
(nm)
(m J)
600 25.294 35.198 0.422 20.17
900 25.261 35.341 0.447 19.04

Figures 7 and 8 show the transmission spectrum of ZnTe
thin films on glass slides which be fabricated by PLD at
wavelength 0.532 pm and 1064nm respectively for multi
laser energies. It is shown that the maximum value of the
transmission is 60% for Zinc telluride thin films in the
wavelength 0.532 um while the value can reach to 90 % for
Zinc telluride thin films in the wavelength 1.064 um because
of increasing in the densities of the films and due to high
transparent which agree with the other studies [9].
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Figure 7. Transmission of ZnTe films at wavelength
0.532 pum for multi laser energies.

100
20
80
70
60
50
40
30
20
10

0- : f : \ ‘ \ : f : \ ‘
400 500 600 700 800 900 1000

—— 900 mJ
—*— 600 mJ

Transmittance (%0)

‘Wavelength (nm)

Figure 8. Transmission of ZnTe films at wavelength
1.064 um for multi laser energies

Figures 9 and 10 show the reflection spectrum of ZnTe thin
films at wavelengths 0.532 pm and 1064nm respectively for
the two laser energies (600 and 900) mJ . It can be observed
that the reflection spectrum of all fabricated films were
increasing quickly in the visible region and then decreased
with the increasing of wavelength from (800 to 1000) nm
with the increasing in laser energies.
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Figure 9. Reflection versus wavelength of ZnTe films
at wavelength 0.532 um for various laser energies.
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Figure 10. Reflection versus wavelength of ZnTe films
at wavelength 1.064 um for various laser energies.

The amount of the optical energy of the prepared films was
computed using the relation [7]:

ohv =p (hv — Eg )*



Where f is a Tauc constant, a is the coefficient of
absorption, hv denote the incident light frequency, Eg is the
direct band gap and x =1/2 yields linear dependence, which
describe the linear transition depended on the nature of the
material and the kinds of the transition. The energy band gap
Eg can be obtaining from the interception of the axis of
photon energy after extrapolated of the straight line of the
curve of (ahv)? versus (hv) plotting.

Figure 11 and Figurel2 shows the amount of energy gap
of ZnTe films at wavelengths 0.532 um and 1.064 pm
respectively for various laser energies.It can be observed that
the energy gap of the films in the case of 0.532 um laser
wavelength reduced from [2.2 eV to 1.88e¢V] when the laser
energy growth from 600 mJ to 900 mJ , while it is reduced
from [1.75 eV to 1.62 eV] for the case of 1.064 um laser
wavelength when the laser energy growth from 600 mJ to 900
mJ this is because many levels of energies resulted in many
imbrication in the energy of valence band and conduction
band in the energy band gap of the prepared films. This
imbrication in the bands due to the reduction of the energies
of the several band gaps which can be observed in the lower
band gap for increased laser energy is growth [10].

In addition to the above mentioned there are two reasons
for the decrease in the energy band gap when the laser energy
increases firstly; the increasing of laser-induced defects,
which consequently narrows the energy band gap of the
fabricated thin films. Secondly ; increase in the grain size of
the films and this increase causes a decrease in the energy

band gap.
—— 900w
—— 600 mJ
T LOEH -
N T LOUE:02
; v
¢ "
= %
P 5
: :
- 3
0.00E+00 4
1 125 15 175 2 225 25 0.00E+00 4 T
Photon Energy (V) 1125 15 175 2 225 25 275
Photon Energy (eV)

Figure 11. Band gap energy value of ZnTe films at
wavelength 0.532 um for various laser energies.
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Figure 12. Band gap energy value of ZnTe films at
wavelength 1.064 um for various laser energies.
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4. CONCLUSIONS

Polycrystalline and cubic structure ZnTe thin films were
fabricated using pulsed laser deposition technique with
different laser energies and wavelengths. The grain size of
the fabricated Zinc telluride thin films enlarges greatly with
an increases of the laser energies from 600 mJ to 900 mJ with
0.532 pum laser wavelength while becomes hazy with 1.064
um laser wavelength due to the fast decomposition of the
films on the substrates materials. The maximum value of the
transmission is 60% for Zinc telluride thin films in the
wavelength 0.532 um while the value is greater than 90 %
for Zinc telluride thin films in the wavelength 1.064 pm due
to increasing in the densities of the films and because of the
high transparent which making this material to be used in
photovoltaic devices as solar cells and detectors. The energy
band gaps of the films were decreased when laser energy
increased from 600 mJ to 900 mJ for both laser wavelengths
532nm and 1.064 pm.
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