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Abstract

Cadmium sulphide (CdS) thin films were deposited on glass substrates using thermal vacuum evaporation
technique at pressure (10°°) Torr at room temperature then samples irradiated by CO, laser of power (1 watt) and
wave length (10.6) um at distance 10 cm from the source during different exposure times (3, 5, 10, 15) sec. The
absorbance spectra was recorded using UV-visible spectrophotometer .Optical properties such as transmission ,
reflection ,absorption coefficient (o), optical band gap (Eg), extinction coefficient (K), refractive index (n), and
complex dielectric constants (g,&e;) were evaluated from absorbance spectra. The results shows that the laser
irradiation cause increased in reflectance R, absorption coefficient a., the extinction coefficient K, the refractive
index n and the real part and imaginary part of dielectric constant while irradiation cause decrease in the

transmittance T and the value of the energy gap E,.
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Introduction

Over the years, Metal chalcogenides (Sulfides,
tellurides and selenides) have received more attention
for researchers because of optoelectronic applications
such as photodetectors, solar cells, thin film
transistors etc.  Cadmium sulfide (CdS) is an
important metal chalcogenides .CdS thin films are
regarded as one of the most promising materials for
heterojunction thin film solar cells. CdS is one of the
important Il —VI group semiconductor with a direct
band gap of 2.42 eV [1,2],and used as the window
material together with several semiconductors such as
CdTe, Cu,S, InP and CulnSe, with 14 — 16%
efficiency [3, 4]. Many technigues have been reported
for the deposition of CdS thin films. These include
evaporation, sputtering, chemical bath deposition,
spray pyrolysis, metal organic chemical vapour
deposition (MOCVD), molecular beam epitaxy
(MBE) technique, electrodeposition, photochemical
deposition etc. [5-9]. In the present work, thermal
evaporation technique has been chosen for the
deposition of CdS thin films as it is simple compared
with other new and sophisticated techniques. Here,
we report a detailed study on the optical properties of
such CdS thin films as the knowledge of the optical
properties of these films is very important in many
scientific, technological and industrial applications in
the field of optoelectronic devices, particularly solar
cells. Laser crystallization of thin films on glass is
widely used to improve the electronic transport. In
the production of flat panel displays, laser
crystallization increases the carrier mobility in thin
film transistors. Suitable laser intensity profiles in
combination with multiple scanning sequences have
been used to reduce the number of grain
boundaries[10].

Laser crystallization appears to be more promising
compared to the thermal crystallization as it does not
damage the glass substrate and that almost all of the
laser energy is directly absorbed into the CdS film
[11]. Among molecular lasers, the CO, laser is of
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greatest practical importance. The high level of
efficiency with laser in which laser radiation can be
generated in continuous wave (CW) and pulse
operation is its most fascinating feature. In atom and
ion lasers, laser radiation is the result of the electron
transitions close to the limit for single or double
ionization. The infrared radiation of the CO, laser on
the other hands is the result of the energy exchange
between rotational- vibrational levels within the
electron ground level [12].
Experimental part
CdS thin film was prepared by using thermal vacuum
evaporation technique type Edward under the
pressure (10°) Torr on glass substrate at room
temperature. Thickness of the films has been carried
out by weighting method and the measured
thicknesses were about (1000 A). The thin films were
irradiated by using CO, laser of power (1 watt) and
wavelength (10.6 pum) at distance (10 cm) from the
source during different exposure times (3, 5, 10, 15)
sec. After the formation of the films and irradiated,
the absorbance spectra was recorded using UV-
Visible spectrophotometer type centra-5 in the range
of wave length (180-1100) nm at room temperature.
Theoretical part
The measured absorbance (A) of the sample can be
used to calculate the transmittance (T), using the
relation:

T=Log 1/A (1)
Whereas the reflectance (R) was calculated from the
following relation [13]:

2

The absorption coefficient a was calculated using

Lambert law [14]:
In(I,/1)=2303A=at

where I, and I are the intensity of incident and

transmitted light respectively, and t the film

thickness.
a=2303A/t
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The relation between the absorption coefficient and
photon energy hv is given by [15]:
ahv=(hv-Ep)".......c...... 35
Where Eq is the energy gap and nzi for allowed
direct transition and n=2 for allowed indirect
transition.
The extinction coefficient was calculated from the
relation [16]:
Ke=oMam. ..o, 6)
Where A is the wave length.
The refractive index (n) is the relative between speeds
of light in vacuum to its speed in material which does
not absorb this light. The value of n was calculated
from the following formula [9]:

mgj _(Kg_l)} LG

The real (&), and imaginary (g) parts of dielectric
constants are obtained by using the relations [16]:

EanZ—KO
a=2nK,

Results and discussionst

The absorption value of un-irradiated sample increase
with increasing photon Energy because when photon
energy incident equal or greater than the value of
band gap energy cause direct transition from valance
band to conduction band [17]. Also figure (1) show
increasing in the value of the absorption after
irradiation by CO, laser and increasing with
increasing period of irradiation, because the
irradiation causes some structural defects in the films
[18], these may be attributed to the creation of energy
states in the region between the conduction and the
valance band that will be available for the incident
photon to be absorbed.
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Fig (1) The absorbance versus photon energy for
sample before and after irradiation

The plot of transmission data versus photon energy is
shown in fig (2) which shows that the transmission
reach a maximum value in the lower photon energy
and decrease with increasing photon energy for
samples under investigation. It can be noted that the
transmission decrease with increase the period of
sample irradiation by CO2 laser, because the
absorption value increases.

172

ISSN: 1813 - 1662

vvv 4400

—— CdS unirradiated
—— CdS irradiated 3 sec
—&— CdS irradiated § sec
—&— CdS irradiated 10 sec
—#— CdS irradiated 15 sec

0.965 e
22 23 24 25 26 27 28 29 3 31 3.2

Transmittance T %
(=]
[{=]
[=-]
(3]

photon Energy (eV)

Fig (2) The Transmission versus photon energy for
sample before and after irradiation

Fig (3) shows a plot of reflectance against photon
energy for samples under investigation, it can be
noticed that the reflection is low and begin to increase
as the photon energy increased. The increase in
reflectance value after increase the period of the
sample irradiation with CO, laser can be noted. The
maximum value of reflectance is 0.0168% at photon
energy 3.1 eV when the sample irradiation by CO,
laser during (15sec) while the reflectance reach to
0.00151% at photon energy 3.1 eV before irradiation
by CO, laser , because the irradiation causes increase
in absorption value so the value of reflectance
decreases.
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Fig (3) The Reflectance versus photon energy for
sample before and after irradiation

Variation of optical absorption coefficient with
photon energy for CdS films before and after
irradiation with CO, laser during different times
irradiation are shown in Figure (4).It shows that the
absorption coefficient increases slowly at the higher
wavelength region and then increases sharply near the
absorption edge. This increasing in the absorption
coefficient due to from increasing in the absorption
according to equation (4). The absorption coefficient
is found increasing after laser irradiation of the thin
film. This is possibly due to the increase in grain size
and the decrease in the number of defects [8].
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Fig (4) The absorption coefficient versus photon
energy for sample before and after irradiation

The plots of (ahv)? versus hv are shown in figures (5-
9) for CdS thin films before and after irradiation with
CO, laser respectively. Variation of (a4v)? with hy for
CdS films is a straight line, indicating the presence of
a direct transition. Band gap energy Eg was
determined by extrapolating the straight-line portion
to the energy axis for zero adsorption coefficients a.
The decrease in band gap shows that the irradiated
film causes a strong ‘red shift’ in the optical spectra
due to sintering of the nanocrystalline into larger
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crystallites. Lozaca-Morales et al. [19] have reported
that while the lattice parameter and grain size are
increased, the optical band gap is decreased. These
changes have been attributed to the crystallite size-
dependent properties of the energy band gap. The
presence of a high concentration of localized states
would produce absorption at energy less than the
band gap and thereby is responsible for such low
values. The weak absorption region at lower energy
side is attributed to the presence of intraband
transitions at localized states in the gap. It is clearly
observed from figures that the optical gap is lowered
from 2.46eV before irradiation to 2.34 eV after laser
irradiation during 15 sec the well-known effect of
photodarening [20,21] ,and these results are good
agreement with the results in the researches [8, 22-
25].The energy gap for for sample before and after
irradiation showed in table (1)

As seen also as a result of irradiation, the absorption
edge shift to longer wavelengths which confirm the
photodarkening. The red shift manifests the fact that
Urbach tail light can generate mobile carriers, holes
in present CdS thin film.

Table (1): The energy gap for for sample before and after irradiation

the energy band | the energy  band | the energy band gap | the energy band gap | the energy band gap
gap before | gap after irradiation | after irradiation at 5 | after irradiation at | after irradiation at
irradiation at 3 sec sec 10 sec 15 sec

2.46 eV 242 eV 2.41 eV 2.40 eV 2.34 eV
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Fig (5) The (ahv)’ versus photon energy for
sample before irradiation
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Fig (8) The (ahv)® versus photon energy for
sample after irradiation at 10 sec
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Fig (9) The (ahv)® versus photon energy for
sample after irradiation at 15sec

Figure (10) shows the behavior of extinction
coefficient versus photon energy, it can be noticed
that the extinction coefficient increased after
irradiation which is in good agreement with the data
of absorption coefficient o because the value of

174

ISSN: 1813 - 1662

extinction  coefficient depends on
coefficient o according to equation (6).

absorption

0.012

-—e—CdS unirradiated
-—=—CdS irradiated 3 sec
.—&— CdS irradiated § sec
-—e— CdS irradiated 10 sec
" ——CdS irradiated 15 sec _

0.01

0.008

0.006

0.004

0.002
0

Extinction Coefficient K,

2223242526272829 3 3132

photon Energy (eV)

Fig (10) The extinction coefficient versus photon
energy for sample before and after irradiation

The variations in the refractive index as a function of
photon energy is shown in figure (11). It can be
noticed that the refractive index increased with
increasing photon energy and it increased with
increasing the time of irradiation this behavior is
similar to the reflectance behavior.
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Fig (11) The refractive index versus photon energy
for sample before and after irradiation

The variations in real part and imaginary part of
dielectric constant, as a function of photon energy are
shown in figure (12). It can be noticed that the real
part and imaginary part of dielectric constant
increased after irradiation. The high value of the real
part of dielectric constant indicate that the CdS films
have ability to polarize. and it is observed that the
plot shape of &, as the same shape of n , that is
because ¢, values depend on n, K values.
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Fig (12) (a) the real part dielectric constant (b) imaginary part dielectric constant versus photon nergy for
sample before and after irradiation

Conclusions

CdS thin films were prepared using thermal
evaporation technique on glass substrate under
vacuum equal t010° torr. The effects of different
exposure times of CO, laser on PbS thin films are:
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