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Abstract

A nanocrystalline CdS thin film with 100 nm thickness has been
prepared by thermal evaporation technique on glass substrate with
substrate temperature of about 423 K. The films annealed under
vacuum at different annealing temperature 473, 523 and 573 K. The
X-ray diffraction studies show that CdS thin films have a hexagonal
polycrystalline structure with preferred orientation at (002) direction.
Our investigation showed the grain size of thin films increased from
9.1 to 18.9 nm with increasing the annealing temperature. The optical
measurements showed that CdS thin films have direct energy band
gap, which decreases with increasing the annealing temperature
within the range 3.2- 2.85 eV. The absorbance edge is blue shifted.
The absorption coefficient for CdS films decreases with increasing
the annealing temperature. The optical constant for the films such as
refractive index, extinction coefficient, real and imaginary part of
dielectric constant were observed to decrease with increasing the
annealing temperature. The particle size calculated from absorption
spectrum has increased from 4.74 to 8.38 nm with increasing the
annealing temperature.
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Introduction

Cadmium sulfide (CdS) is an important
metal chalcogenides for researchers
because they are potential candidates
for optoelectronic applications [1].
Polycrystalline CdS thin films are
widely used as window material in
several heterojunction solar cells for
their favorable optical properties [2, 3].
CdS has suitable band gap, high
absorption coefficient and considerable
energy conversion efficiency [4]. With
the recent development of nanoscience
and nanotechnology attention has also
been given attracted by nanostructured
materials. Because of the huge surface-
to-volume ratio of nanoparticles and
the high porosity of nanoparticle layers
and assemblies, a large number of
analyte molecules can be adsorbed by a
nanoparticle and within a nanoparticle
structure in a very short time [5, 6].
CdS nanoparticles have low refractive
index compared to the bulk due to the
quantum confinement effect. The
guantum size effect is theoretically
classified into two types: one is the
exciton confinement effect and the
other is the independent confinement
effect of electron and hole [5]. Many
techniques have been reported for the
deposition of CdS thin film, such as
metal  organic  chemical  vapor
deposition, molecular beam epitaxial
technique [2], laser ablation, close
space sublimation, electrochemical
deposition  technique [3], screen
printing, photochemical deposition [4],
brush plating, pulsed laser deposition,
successive ionic layer adsorption,
reaction [5], evaporation, sputtering,
chemical bath  deposition, spray
pyrolysis [7]. In this article CdS
nanocrystalline thin layers have been
prepared by thermal evaporation
technique and the effect of annealing
temperature on the structural and
optical properties of nanocrystalline
CdS thin films have been investigated.
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Experimental Work

Corning glass slides used as a
substrates, which are cleaned with
method in reference [8]. CdS thin films
of 100 nm thickness, using weighting
method, were prepared by thermal
evaporation technique using CdS of
99.999% purity under pressure about
10® mbar and at substrate temperature
of 423K. The distance between the
molybdenum boat and the substrate
was 20 cm. The deposition rate of CdS
films were about 0.16nm/sec. The
samples have been annealed in vacuum
oven at different annealing
temperatures (T,=473, 523 and 573) K
for 60 min. The structure of CdS films
have been examined by using XRD
with Cuk, wavelength 1.5405 A, the
scanning angle has varied in the range
(20-60) ° with speed 2 cm/min, current
25 mA and voltage 40 kV. The optical
properties of prepared films were
studied by using UV/VIS. Centra 5
Spectrometer from the absorbance
spectra 200nm to 800nm range.

Results and Discussion

1. Structural characteristics

Figure 1 illustrates the XRD spectra for
the as prepared and annealed thin CdS
films at 473, 523 and 573 K. The
spectra of CdS films are compared with
ASTM cards of CdS structure, and
indicated a polycrystalline structure of
pure hexagonal phase. This result is in
agreement with Hur et al [9], Shashan
and Odhia [10] and Olivia et al [11].
The XRD spectrum for the as deposited
film shows strong reflection at (002)
plane and very low intensity peaks at
(103) and (004). However after
annealing the samples at 473, 523 and
573 K, the XRD patterns showed one
significant peak, but one expected an
improvement in crystallinity, albeit
significant decrease as well as in the
intensity for all planes,
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as well as decreasing in FHWM, means
increasing the grain size, which
indicates that the process of grain
formation is thermally activated
[5]. The XRD spectrum of the films
showed a slight shifting towards a
higher diffraction angle. If there is
lattice  construction  caused by
narrowing the crystalline size [12], this
improvement may be attributed to
recrystallization of the films structure,
by the enhancement of the re-
arrangement of Cd and S atoms in the
film crystallites [2, 13].

(002)
Annealed film at 573 K

Annealed film at 523 K
) Annealed film at 473 K

As deposited film

(103 o

'35 40 45 50 55 60

28 (degree)

20 25 30
Fig. 1 The XRD spectra for the as
deposited and annealed CdS thin films at

various T.,.

The lattice constants of CdS powder
were a=0.3564 nm and c¢=0.6717 nm,
our result is in good agreement with
Thambidurai et al [5] and Haider et al
[14]. The grain size dimensions (Dxgrp)
is calculated from Debye Scherer
relation [4]:
D =k/Bcosd 1)
where k is the shape factor, which is
approximately 0.9 and g is the line
broadening of pure diffraction profile
on 20 in radius and equal to the full
width at half maximum intensity
(FWHM) of the peak. The CdS grain
size has been calculated for (002)
plane, which is increased with increase
the annealing temperature from 9.1 to
18.9 nm as tabulated in Table 1.
Similar results have been found by
Sanap and Pawar [4] and Hur et al [9].
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The micro strain (S), dislocation
density (0) (defined as the length of
dislocation lines per unit area) and
numbers of crystallites per unit area (N)

have been calculated using the
following relations [15] and their
values are given in the Table 1.

S = cosb/4 (2)
§=1/D? (3)
N=t/D* (4)

where t is the thickness of the film. It is
interesting to note that the annealing
temperature decreases the dislocation
density, the number of crystallites per
unit area and the strain in the films.
Similar results have been found by
Bakiyaraj et al [15] and Asogwa [16].

2. Optical characteristics

The absorbance spectra of CdS thin
films for as prepared and the annealed
films are shown in figure 2. It can be
observed that the absorption edge shift
toward the shorter wavelengths (blue
shift) with increasing the annealing
temperature and also with respect to the
bulk material (Eq = 242 eV),
indicating quantum confinement effect
in the nonaparticles. Similar results
have found by Akintunde [17].

0.5 1
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T ——T=473K
L 03 ——T=523K
5 ——T=57T3K
2 02
a)
<
0.1
0]

300 350 400 450 500 550 600 650 700
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Fig. 2 The absorbance spectra for as the

deposited and annealed CdS thin films at

various T..

It is well known that for semiconductor
particles with radius less than bulk
Boher exciton radius, there is a blue
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shift in the absorption edge due to the
quantum size effect [5]. The absorption
coefficient (o) can calculated from the
relation [18]:

a=1tIh(@T) 5)
where T is the transmittance. One can
observe from figure 2 that CdS films
exhibits a strong absorption of photons
at the short wavelength region within
the range 300-540 nm. In the strong
absorption region, the absorption
coefficient takes higher value within
the range (0.922-0.110) x10%cm™. The
values of the absorption coefficient are
tabulated in Table 1 and nearly
agreement with the results of Metin and
Esen [8]. Then after this region the
absorption  coefficient is  slightly
decreased with increasing of the
wavelength. On the other hand, the
value of The absorption coefficient for
CdS films at 480 nm wavelength has
decreased slightly with increasing the
annealing temperatures by factor of 1.4
from 0.446x10*cm™ to 0.316x10*cm™,
this slightly decreasing may be due to
structural improvement. The optical
energy gap (Eg) has calculating using
the following relation [17]:
a=AMhv-E,) /hv (6)
where A is constant, hv is the photon
energy and r is constant equal to 1/2 for
allowed direct transition. The values of
energy gap estimated from the
extrapolation to zero absorption in this
equation. Figure (3a-d) showed the
variation of (ahv)® with photon energy
for CdS thin film annealed at various
annealing temperature. The variation of
Ey with the annealing temperature is
tabulated in Table 1. The direct optical
energy gaps of CdS films were
estimated to lie in the range 3.20-2.85
eV for the as prepared and annealed
films at 473, 523 and 573 K. Saikia et
al [3], Shashan and Oudhia [10], Haider
et al [14], and Heo et al [19] have
found direct band gap of thin CdS
films. The energy band gap is slightly
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decreased with increasing the annealing
temperature.

Our results are nearly in agreement
with Vavalakar [1], Thambiduria [5]
and Aknituned [17]. The decreasing of
Eq;  with increasing  annealing
temperature is probably due to
annealing effect which may change
density of crystalline defect [20]. Here
the CdS thin films have energy gap
larger than the bulk semiconductor
(2.42 eV), Chanchiang the geometry of
the surface of quantum dot also change
the energy band due the small size of
dot and the effect of quantum
confinement. Our values of

energy gap are nearly agreement with
Saikia et al [3].
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Fig. 3 The plot of (ahv)’ vs hv for as
deposited CdS thin films and annealed at
various T,.

hv (eV)

The size of the nanoparticles has been
calculated using the blue shift of the
band gap caused by quantum
confinement, and using the effective
mass approximation method as the
following relation [3, 5]:
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E,, —E,, =h’7?/2MR? (7)
where Egy and Egy, are the energy gaps
of the prepared films and the bulk
material respectively. h is Plank's
constant, M the translation
mass(m =m’ +m?) and R is the particle
size. The particle size is found to lie in
the range 4.74- 6.38 nm. The values of
refractive  Index (n), extinction
coefficient (k) and dielectric constant
(real (&) and imaginary (&) parts) can
be calculated from the following
equations [21]:

n=[(4R/(R-1*)-k*I"* -[(R+D)/(R-1] (8)

k =ad/4n 9
n*—k’=¢, (10)
2nk = ¢; (11)

where R is the reflectance and A is the
wavelength of the light. The values of
refractive  Index (n), extinction
coefficient (k) and dielectric constant
(¢) for CdS films at 480 nm
wavelengths with different annealing
temperatures are tabulated in Table 1. It
can see that they decreases with
increasing  annealing  temperature,
similar data has been observed by Cook
and Christy [22] and Tepamtla et al
[23]. The variation of real and
imaginary part of dielectric constant
respectively for CdS films respectively
at different annealing temperatures.

The behavior of ¢ is similar to
refractive index because of the smaller
value of k? comparison to n?, while &;
depends mainly on the k values, which
is related to the variation of absorption
coefficient.

For CdS films, it is found that both &,
and g decreased with increasing
Annealing temperature, these results
nearly agrees with Cook and Christy
[22].
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Table 1 Absorption coefficient, Eg S, o,
N, D, nk, gand g of CdS thin films at
absorption edge.

ax10' | E o | SX10° Nx10%
Sample ot e\g/ 10% Llntzas/m m2
R.T. 0.44 3.2 19.1 42.20 28.13
473K 0.41 3.0 14.0 37.62 25.08
523K 0.39 2.9 12.3 33.10 22.07
573K 0.31 2.8 9.12 31.33 20.89
D Duv—vis
Sample anF;D o n k & g
R.T. 9.1 4,74 2.37 0.017 5.64 0.08
473K 12.4 5.32 2.32 0.016 5.41 0.07
523K 14.1 6.04 2.29 0.015 5.26 0.06
573K 18.9 6.38 2.15 0.012 4.63 0.05
Conclusions

CdS films are polycrystalline with pure
hexagonal structure. The crystalline
orientation and relative intensity were
affected by annealing process and
which resulted in a strong peak at (002)
direction. The grain size increased from
9.1 nm to 18.9 nm with increasing the
annealing temperature. The annealing
temperature decreases the dislocation
density, the number of crystallites per
unit area and the strain in the films. The
absorption spectra for CdS films found
to shift the peak of the absorption edge
to the shorter wavelength compared to
the as prepared films for all films with
increasing annealing temperature due to
the quantum confinement effect. The
absorption coefficient of CdS films
decreases with increasing annealing
temperatures. It is found that the optical
energy gap has direct transitions and
decreased with increasing the annealing
temperature.  The  particle  size
calculating using the absorption
spectrum increased from 4.74 nm to
6.38 nm with increasing the annealing
temperature. The refractive index,
extinction coefficient and the dielectric
constants for CdS films were found to
decrease with increasing annealing
temperature.
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