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Abstract: Thin films of cadmium telluride were deposited using (PLD) technique on a several glass substrates
at average temperature range of 300°C. Different cadmium telluride thin films which has a thickness (250, 350
and 450 nm) were used n this study. Properties of cadmium telluride films such as (optical and structural) were
studied. All optical charact eristics of the preparation films were characterized using FTIR spectrophotometer
(Shimadzu 8400 8) in the range (300-1800) nm. From this measurements, the band gaps energies for different
fabricated thickness (250, 350 and 450 nm) were found to be 2.35, 2.565 and 2.76 eV, respectively. The values
of the band gaps ncreased with mcreasing the thickness of the fabricated films. The alterations of crystalline
struchure of the prepared thin films were analyzed and studied using XRD procedure. Diffractometer (Shimadzu
6000 made in JTapan) was used in the measurements of XRD. The X-ray measurements showed that all CdTe
samples are consisting of randomly oriented crystalline parts and have a structure of cubic zine blend with
preferential mode in the [111] direction. The particle size and a lattice constant of the fabricated cadmium
telluride films were calculated. The films with higher thickness which has a grain size greater than the other

samples.
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INTRODUCTION

Cadmium Telluride (CdTe) has optimum direct band
gap energy 1s equal to 1.45 eV at room temperature. High
attenuation absorption coefficient (>10°/cm) in visible
range of solar spectrum and has a high chemical stability.
For those reasons CdTe attracted more attention
compared to other materials (Ismail and Gould, 19889,
Chopra and Das, 1983; Chopra et al., 2004; Mu et al,
2015).

Therefore, good quality CdTe thin films are
considered as an 1deal optical material and widely used in
various electronic and large area optoelectronic devices
like solar cells, X-ray detectors, photo detectors infrared
windows, LEDs, lasers etc. (Khaimar ef al., 2003
Gunyal et al., 2014; Pandey ef al., 2005).

One of the most important applications of CdTe thin
film is using it in fabrication of photovoltaic cells. Tt is an
active research area and there 1is
produce of low cost, superior stability, efficient thin film
solar cells. Nowadays, the semiconductor materials have
been widely used in various fields like energy,
environmental and biomedical. The conditions of
preparation and the deposition technique are wvery
important for cadmium telluride thin films fabrication
process. Several methods of deposition

more focus on the

is used to

prepared the cadmium telluride films such as Pulse Laser
Deposition (PLD),
deposition, techmque of spray pyrolysis, screen printing,
Close-Spaced  Sublimation (CSS), Metal Organic
Chemical Vapor Deposition (MOCVD), thermal space
evaporation etc. (Mu et al, 2015, Ding et dal,
2013; Rugen-Hankey ef al., 2015; Crossay ef al., 2012,
Liyanage et al., 2015; Salavei et al., 2013; Toma et al.,
2014; Ban et al., 2012).

Pulsed Laser Deposition (PLD) has came mto view as
one of the most common and simple technicques for

electro  deposition, sputtering

precipitating CdTe thin films due to its productivity and
very high deposition rate, it can be applied to several
materials such as metals, compounds and high quality
single crystal materials.

Theory: The crystal construction of the CdTe 1s due to
one of the appearances of a few several studies on
photovoltaic technology are being conducted through the
application of certain industries such as the production
of terrestrial solar cells. With an energy gap of about
(1.5 V) whuch 1s almost 1dentical to the energy of the solar
spectrum, the photovoltaic cells powered by CdTe may
reach (15.8%) of cells with a small area of 1.08 cm®
(Ferekides et al., 1993).
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Technology has been expanded through the industry
on a large scale in the field of alternative energy and the
evolution of CdTe photovoltaic cells modules has been
achieved and the efficiency has reached about (10%) and
the energy density produced is approximately (100 W/m?)
of photovoltaic cells material (Zweibel, 1995).

Studying correlation of CdTe films physical
properties and their preparation conditions is very
necessary for a broader knowledge and a full
understanding of that correlation and to mmprove the
nature and the performance of this films for different
applications such as vacuum evaporation, divergent
sublimation, molecular radiation spacing and the
like. This used to prepare the CdTe thin films (So et al,
1987; Bowroushian et al., 1993, El-Kadry et al, 1995,
Oliva et al., 1995; Romeo et al, 2000; Mathew, 2000,
Sharma et al., 2004).

Vacuum 15 used with thermal evaporation process
most of the time. Tt provides several possibilities for
correcting sedimentation conditions to be studied
conditions of preparation-relationship of physical
characteristics of CdTe films. The use of this technology
provided the preparation of practical parameters such as
the thermal grade of the substrate, temperature source and
the rate of deposition, quality change and many physical
characteristics of cadmium telluride films (Chakrabarti
et al, 1999; Cruz and Avillez, 2000, Lee et al, 2003;
Lalitha et al., 2004).

To determine the absorption coefficient of CdTe films
deposited to measure permeability, T and Reflectivity, R,
during the waveform of the CdTe absorption edge,
through the relationship (Moss et al., 1973).

The use of the spectral absorption method in most
cases is the best way to counteract the concentration of
molecules and may be considered the only possible
method to use (Guo et al., 2003).

Each molecule of CdTe and the nanoparticles has the
extinction coefficient will have a complete independence
from the size of the molecules within the volumetric
system of strong confinement which 1s consistent with
the current theoretical studies of those models (Brus,
1986; Wang and Herron, 1991).

The technique of XRD analysis of the fabricated films
that emptied the vacuum shows that the films structure 1s
naturally polycrystalline for the models that were

produced at higher temperatures of the substrate
(Weller, 1993).
MATERIALS AND METHODS

Experimental research: The experimental research has
been divided mto several steps that can be summarized as
follows:

Preparation of substrates: Laboratory glass sheet slides
are used as a substrate material with diminutions of
75x25 mm and thickness (1) mm. This interactive matenals
were cleaned by distilled water and then with alcohol,
respectively before being dried with hot water.

Material: CdTe powder with purity of 99.999% was
used to fabricate the thin films with different
thickness. The powder was exposed to pressure of 4 ton
to formation a CdTe target with 5 mm thickness and
30 mm diameter.

Thin films preparation technique: Pulsed laser deposition
technique is used to deposited the CdTe powder on a
glass substrates at temperature of 300°C using Nd: YAG
laser (wavelength 0.532 pm, duration of pulses 10 psec,
energy density 0.4 J/em® and repetition frequency 6 Hz.
Constant speed is used to rotate the target to obtained a
uniform ablation as shown in Fig. 1. A laser beam falls on
the CdTe target surface and makes with it at an
angle of 45°. Thickness of the fabricated thin films has
been measured by weighting method. In this method a
digital sensitive balance with accuracy of +0.0001 g for
weighting the materials which are needed in the
fabrication process and for measured the thickness of the
prepared cadmium telluride films. The following relation
was used to calculate the thickness of the prepared
films:

T= m*10 (1)

A*d

Where:

T = The Thickness (um)

m = Mass of the coating (mg)
A = The Area (cm®)

d = The density (g/cm®

Rotating target

CdTe target

Glass substrate

Fig. 1: Pulsed laser deposition technique
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Table 1: The experimental readings and measurements
Lattice

Thickness constant  Grain size (nm) Grain size (nim)
(nm) 20¢°)  FWHM [FN] (calculated) (SEM)
250 23.74 0.0041 6.491 34.50 28.76
350 23.66 0.0016 6.506 85.30 76.88
450 23.62 0.0014 6.528 99.04 103.4

Measurements: The XRD technique was used to study
the crystalline structure of the prepared cadmium
telluride films changes. Analyzed procedure was perform
using X-Ray Diffraction (XRD) measurements with
diffractometer Shimadzu 6000 which used radiation of Cu
Ko at wavelength (0.154 nm) and operating at voltage of
an accelerating of 40000 V and 0.03 A an emission current.
The data were obtained in the range of 20 from
20-60°. All measurements and tests were conducted at the
Nanotechnology Center at the University of Technology
Baghdad, Traq

The deposited CdTe thin films optical transmission
spectra were calculated by FTIR Spectrophotometer
(Shimadzu 8400 8), the optical characteristics where
calculated as a function of the wavelength in the range of
(300-1800) nm (Table 1).

RESULTS AND DISCUSSION

In this illustration, three thin films of different
thickness were compared to show the coefficient of
absorption of each thin film and its relation with
wavelength used.

As absorption coefficient increases as the thickness
of the cadmium telluride films decreases, the coefficient of
absorption of all the films i1s equal at the wavelength of
900 nm and then the difference changes again but less
than before (Fig. 2).

Figure 3 shows the amount of photon energy for thin
film depending on the thickness of it. The photon energy
increases as the thickness of the fabricated thin film used
is observed to increase rapidly and clearly when the
thickness of the film is 250 nm and less than the thickness
of 350 nm and is clearly reduced at the thickness of
450 nm.

The graph in Fig. 4-7 shown above shows the
difference in the size of the gain size by the difference in
the thin film’s thickness as the gain size mcreases as the
thickness of fabricated films mcreases and there are a
slight difference mn the values of gain size between the
results of the laboratory research and the results of the
theoretical account through the equations. The usual
error rate in laboratory instruments and the presence of
light sources other than the sources used affect the input
of the experiment.
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Fig. 2: The relationship between wavelength and
absorption coefficient
16 == 250 NM
=#= 350 nm
450 nm

(ahn)? (cm™ eV)? x10%

0 | -
05 10 15 20 25 30 35 40 45

Photon energy (eV)
Fig. 3: The curve of photon energy depending on the
thickness of slide
120+
_ 100
E, 801

g 6
'E 401
201

[} T T T T T 1
200 250 300 350 400 450 500

Thickness (num})

Fig. 4: The grain size at each thickness

The graph in Fig. 8 shows that the lattice constant
increases by mcreasing the thickness of the thin film
increasing its value very little (Fig. 8).

In Fig. 9, there are clear differences in energy band
gap by the difference in the thin film’s thickness used in
the experiment. The lowest registered energy band gap at
250 nm 1s gradually mcreasing to the highest energy band
gap when user 450 nm.

The transmission value varies from one substance to
another and also depends on the thickness of the film
used m the same material.

The transmission begins at 300 nm wavelength and
gradually increases in all the thicknesses but increases
faster in the thickness of 250 nm and the lowest increase
rate of transmission at a thickness of 450 nm.
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Fig. 5: The grain size at thickness 250 mm

} nm )

Fig. 6: The grain size at thickness 350 mm
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CdT= (430 am)

Fig. 7: The gran size at thickness 450 nm
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Fig. 8: The lattice constant at each thickness
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Fig. 9: The energy band gap at each thickness
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Fig. 10: The variation of transmission for each thickness

The highest wvalue of transmission m all
thicknesses when the wavelength reaches 900 nm
and then begins to descend gradually until it
reaches the state of stability after it exceeds the
wavelength 1200 mm. As shown m Fig. 10 and
11.
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Fig. 11: The spectrum of intensity
CONCLUSION

The effect of thicknesses (250, 350 and 450 nm) was
investigated on the structural and optical properties for
CdTe films evaporated onto glass substrates by Nd YAG
laser (Q switched) with pulse duration 10 ns and
wavelength 0.532 pm. From X-ray diffraction measurement
it is found that all CdTe films exhibit a polycrystalline
structure and have the cubic zinc blend with preferential
mode in the [111] direction. Films with higher thickness
which has a grain size greater than the other samples. The
transmittance decreases and energy band gaps mcreases
with the mcrease of thickness of the fabricated films

which 1s a proof of improvement of crystallimty.
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