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Effects of the film thickness on optical constants of
transparent CdS thin films deposited by chemical bath

deposition
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The optical constants and band gaps of the CdS thin films deposited by chemical bath have been calculated in the spectral
wavelength range 400—-1000 nm from the transmittance and reflectance measurements of normally-incident light. The CdS
thin films exhibit good transparent behavior due to high transmittance values. The optical band gaps of the films were
respectively found to be 2.34, 2. 41 and 2.46 eV for 100, 125 and 152 nm thicknesses. The increase in film thickness leads
to an increase in optical band gap of the films. The refractive index values of the thin films changed significantly with film
thickness. The dielectric constant of the films was analyzed using Standard Drude model. The optical carrier concentration
and mobility values for the CdS thin films were determined and the obtained values changed with film thickness. It is shown
that the film thickness modifies the optical constants and band gaps of the CdS films.
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1. Introduction

Cadmium sulphide (CdS), a wide energy gap
semiconductor has emerged as an important material due
to its applications in photovoltaic cell and optoelectronic
devices [1-15]. CdS is naturally an n-type material with an
optical band gap of 2.4 eV [16-17] and this is one of the
metal chalcogenide semiconductors (I1-V1) used in solar
cells. Thin films of CdS are of considerable interest for
their efficient use in the fabrication of solar cells [18]. The
optical and structural properties of vacuum evaporated thin
films of CdS are very sensitive to the deposition
conditions as substrate temperature [19] and subsequent
heat treatment [20]. The thin films of CdS have bee
prepared using various methods such as chemical vapor
deposition, electrodeposition, spray pyrolysis, dip growth,
electroless deposition, successive ionic adsorption and
reaction, and chemical bath deposition [21-27].

Chemical bath deposition (CBD) is widely used as a
method for preparation of thin film materials. The CBD
method consists of preparing a chemical bath of a salt
which contains cadmium cations, and anions of either
sulphates, nitrates, chlorides or acetates [28]. Optical
properties of semiconductor films depend on the film
thickness for their preparations and thus, optical properties
of CdS thin films can be modified by preparing thin films
having different thickness.

In present study, CdS thin films were prepared by
chemical bath deposition to improve the optical constants
and optical band gap. The aim of the present work is to
study the dependence of optical constants of film
thickness. Because, the evaluation of refractive indices of
optical materials is of considerable importance for

applications in integrated optic devices such as switches,
filters and modulators, etc., where the refractive index of a
material is the key parameter for device design.
Furthermore, the optical absorption edge is one of the most
important factors which determine the use of a thin film
material for optical applications.

2. Experimental
2.1 Preparation of CdS thin films

CdsS films can be deposited on Corning glass 7059
substrates cleaned with carbon tetrachloride, acetone, and
isopropyl alcohol and rinsed with distilled water. The
chemical bath was an aqueous solution of CdCl,, KOH,
NH4NO;, and CS(NH,), with molar concentrations as
follows:  cadmium chloride 0.074g(CdCl,), potassium
hydroxide 1.4g(KOH), ammonium nitrate 2.4g(NH;NO3),
and thiourea 0.304g(CS(NH,),) . In this process, thiourea
acts as catalytic reagent. The glass is supported by Teflon
holder and immersed into the chemical bath with
continuous agitation during film deposition. The film
deposition starts when the precursor thiourea is added. In
this modality, the chemical bath solution is stirred
meanwhile glass substrates are immersed into the bath.
Bath solution is maintained at 75° C and deposition times
vary for 15, 30 and 45 minutes. Optical spectrums of the
thin films were recorded by Shimadzu UV-VIS-NIR 3600
spectrophotometer at room temperature. The optical
absorption, transmittance .and reflectance spectra were
analyzed to determine the optical constants such as
refractive index, n extinction coefficient, k and absorption
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coefficient o. Analysis of the absorption coefficient was
also carried out to determine optical band gap and nature
of transitions.

3. Results and discussion

3.1. Determination of the optical band gap of the
CdS thin films

The spectrums of absorption A, transmittance T and
reflectance R of CdS thin films having thickness are
shown in Fig. 1 (a-c). These spectrums of the thin films
were significantly changed with the film thickness.
Transmittance spectrums are analyzed into two regions,
which are A>300 nm and A<300 nm. In region for A<300
nm, the films indicates a good absorber behavior as the
total of transmittance and reflectance is lower than unity.
Whereas, in region for A>300 nm the films exhibit good
transparent behavior due to high transmittance values. As
seen in T spectrums, the optical band edge increases with
the film thickness. In semiconductor materials, the
absorption due to the band to band transitions that
determine the optical band gap E4 is expressed by the
following relation [29],

(ahv) = A(hv - Eg4 ym @)
where m is a constant which determines type of the optical
transition (m=1/2 for allowed direct transitions and m=2
for allowed indirect transitions). The optical band gaps
from the plots of (chv)? and (ahv)* vs. photon energy, as
shown in Fig. 2 (a-c). The direct optical band gap values
of the films were determined by a least squares fit and are
given in Table 1. Absorption spectrums of the thin films
show that the direct transitions are taking place. The
absorption edge of the thin films shifts to higher energy
values due to the film thickness. This suggests that the
increase in film thickness leads to an increase in optical
band gap. The increase in the optical band gap can be
attributed to the broadening of energy band with
increasing film thickness. It is evaluated that the film
thickness becomes important parameter for the
modification of the optical band gap of the thin films.
Absorption spectrums indicate that the film thickness
increases absorbance due to scattering losses. This
increase in the absorbance cause large variations in the
optical edge of the films. The thickness of the film causes
a shift in the optical absorption edge therefore change in
the band structure of the films [30].
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Fig. 1. Absorption, transmittance and reflectance spectra

of CdS thin films.
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Fig. 2. The (ahv)? vs. photon energy plots of CdS thin films.

3.2. Refractive index dispersion analysis of the CdS
thin films

The refractive index of the films was calculated from
reflectance spectrums [31]. The refractive index n of the
films as a function of wavelength is shown in Fig. 3. It is
seen that after 500 nm, the n values are decreased with
increasing wavelength and the refractive index curves
indicate the normal dispersion behaviour. The refractive
index of the films changes with film thickness. The n
curves show a peak at visible region and the intensity and
position of the peak change with film thickness. The
presence of this peak is due to optical transition from
valence band to conduction band. The shifting of the peak
position is indicative of variation in the optical band gap of
the thin films. The refractive index values of the films are
lower than that of vacuum evaporated CdS films and CdS
films obtained from an ammonia-free chemical bath
deposition process [32-34]. This suggests that the
preparation process of the films and film thickness affect
significantly the refractive index parameter.
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Fig. 3. Variation of n with wavelength for the CdS thin films.

The complex dielectric function can be used to study
the optical properties of the thin films. The dielectric
constant can be defined as, g(w)=¢,(w)+igi(w) and real and
imaginary parts of the dielectric constant are related to the
n and k values and these values are calculated using the
formulas [30],

ei(@)=n*(0)-k*(0) e(0)=2n(o)k(®) ()

The real and imaginary of the dielectric constant for
the thin films were calculated and are given in Figs 4 (a-b).
The &, values increase up to certain photon energy and
then decreases with increasing photon energy. The g
values of the films with change film thickness. But, ¢,
values increase significantly with photon energy and tends
to be constant. After 2.4 eV photon energy, the ¢, values
increases with increasing film thickness. The film
thickness causes important changes in real part and
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imaginary parts of the dielectric constant. The dielectric
constant of the films can be analyzed using Standard
Drude model given by [35]

Ef

SD(E)=—2—_
E +|EYE

@)

where Ep is the Drude energy and Ey is the relaxation
energy. The real part of dielectric constant is expressed as,

ES
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Fig. 4. Plots of & and &, versus wavelength of the CdS thin films.
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Fig. 5. Plots of &, versus 1/(E>+E?) of the CdS thin films.

where gqy is the optical dielectric constant. Fig. 5 shows
the plots of & versus 1/(E*+Ey*)for the films. The oy
values can be obtained from intercept of Fig. 5 and are
given in Table 1. These values increase with film
thickness. The plasma energy for the films were calculated
from Fig. 4, where g,=0 E, for films. The Drude Ep and
plasma E, energy values were determined and are given in
Table 1. The plasma energy values of the films change
with film thickness. The plasma frequency is determined
by the well-known relation,

2
N gpt€

where N,y is the optical carrier concentration and m’ is the
effective mass of the electrons. The Ny values for the
films were calculated using Eq. 5 and are given in Table 1.
The optical carrier concentration values changes with film
thickness. The highest value was found for the film having
thickness of 125 nm. The optical mobility of the films can
be obtained using the following relation,

et
Hopt =« ®)
m

where t is the relaxation time. The Ly values for the film
were calculated using Eq. 7 and are given in Table 1. The
optical mobility values of the CdS films increase with the
film thickness.
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Table 1 The optical parameters of CdS films

t(m) [E,(&Y) | EeV) | Eo(eV) oot En(eV) Lop(CM 2V 5) Nopi(cm™)
100 2.34 0.87 5.8 2.49 10.23 0.94 2.89x10%
125 2.41 4.90 4.134 4.61 3.98 1.33 1.69x10%
152 2.46 0.33 1.96 4.92 453 2.80 8.22x107

4. Conclusions

The optical constants and band gaps of the CdS thin
films deposited by chemical bath have been computed.
The optical band gaps and refractive index values of the
films changed with film thickness. The dielectric constant
of the films was analyzed using Standard Drude model. It
is shown that the film thickness modifies optical constants
and band gaps of the CdS thin films.
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