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The optical properties of the CdO and Pt doped CdO thin �lms synthesized by sol�gel technique were inves-
tigated. The lowest grain size value (81.34 nm) was found to be for CdO thin �lm. The Pt doped CdO �lms are
transformed to clusters with nanoparticles. The transparency properties of the CdO thin �lm is changed with Pt
doping. The plots of refractive index indicate abnormal and normal dispersion regions. The refractive index values
of the CdO thin �lm are changed with Pt doping. The direct optical band gap values of the �lms were changed
with doping of Pt. The �lm of 0.5% Pt doped CdO indicates the lowest optical band gap value (2.421 eV). The
imaginary parts of the optical conductivity of the CdO and Pt doped CdO thin �lms are higher than that of the
real parts of the optical conductivity.
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1. Introduction

In recent years, there have been many works on the
production and investigation of the physical properties
of transparent conducting oxide (TCO) materials due to
their electrical and optical properties such as low resis-
tivity and high optical transmittance [1�5]. The �rst re-
port of a TCO was published in 1907, when Badeker
reported that thin �lms of Cd metal deposited in a glow
discharge chamber could be oxidized to become trans-
parent while remaining electrically conducting [5]. Since
then, the commercial value of TCO thin �lms has been
recognized [5], and the list of potential TCO materi-
als has expanded with doping of various materials [6].
TCOs have great importance in the semiconductor, elec-
tronic and optoelectronic devices [7]. Thin �lms of n-type
transparent conducting oxides (n-TCOs) such as zinc ox-
ide (ZnO) [8], cadmium oxide (CdO) [9�11], indium ox-
ide (In2O3) [12], tin oxide (SnO2) [13], indium tin ox-
ide (ITO) [14] and p-type transparent conducting oxides
(p-TCOs) such as CuAlO2 [15, 16], SrCu2O2 [17], tin�
gallium oxide [18], etc. have received considerable atten-
tion mainly due to their important potential applications,
which include photovoltaic solar cells, gas sensors, trans-
parent electrodes, and other optoelectronic devices [7].
TCO thin �lms such as ZnO, InO, SnO2, ITO and

CdO have attracted considerable attention because of
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their low resistivity and high optical transmittance [1�5].
TCOs are used due to their optical, sensitive to light and
electrical properties, for photodiodes, solar cells, smart
windows, �at panel display and light emitting, surface
acoustic wave device, varistors, photovoltaic materials,
liquid crystal displays, gas sensors, transparent conduct-
ing electrodes, phototransistors, optical heaters etc. other
optoelectronic applications [6, 19�27]. The high conduc-
tivity of TCO �lms results mainly from stoichiometric
deviation. The conduction electrons in the TCO �lms
are supplied from donor sites associated with oxygen va-
cancies or excess metal ions [28]. The oxide is insoluble
in water, absorbs CO2 from air and can be reduced to
the conducting oxides which have received very little at-
tention; though it is one of the promising candidate for
optoelectronic �eld [5, 29�31].

Among di�erent TCOs, CdO is considered as a promis-
ing material for photovoltaic applications due to its high
electrical conductivity and optical transmittance in the
visible region of solar spectrum [32] and CdO is particu-
larly interesting due to its low resistivity and high carrier
concentration, which endows it great potential for using
in optoelectronic devices [6, 33, 34]. CdO based TCOs
are of great interest due to their metal like charge trans-
port behavior with an exceptionally large carrier mobil-
ity and good optical transparency in the visible region
[35�37]. The CdO has special features such as high con-
ductivity, high transmission, and low band gap which
made it applicable in photodiodes, solar cells, �at panel
displays, smart windows, optical communications, thin-
-�lm resistors, phototransistors, photovoltaics, transpar-
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ent conducting electrodes, liquid crystal displays, IR de-
tectors, and antire�ecting coatings [5, 30, 31, 38]. Due
to its low optical band gap, non-stoichiometric undoped
CdO is not widely used in optoelectronics and photo-
voltaics, although CdO thin �lms show low resistivity
due to defects of oxygen vacancies and cadmium inter-
stitials [24, 34]. CdO is an n-type semiconductor with a
NaCl (a rock-salt crystal structure (fcc)) structure [27]
and band gap values of 2.5 eV [39], 2.2�2.8 eV [40�42],
2.16 eV [40], 2.2�2.4 eV [43], between 2.2 and 2.7 eV
[8, 41, 44, 45] and has a direct energy band gap of 2.2 eV
[46, 47], in-between 2.2 and 2.7 eV [8, 24, 41, 45, 48],
narrow energy band gap energy (2.6 eV and 2.1 eV direct
and indirect band gap, respectively) [48], direct band gap
of 2.5 eV, indirect band gap of 2.1 eV [48], two indirect
bandgaps at 1.18�1.2 eV and 0.8�1.12 eV [8, 24, 41, 45, 48]
and a relatively low intrinsic band gap of 2.3 eV [49] and
a resistivity of 10−2�10−4 Ω cm [40�42].

Theoretically, it was established that CdO has a direct
band gap of 2.18 eV [45] or 2.38 eV [50] and two indi-
rect band gaps of 0.8 eV and 1.2 eV [51] or 0.95 eV and
1.11 eV [52], or 1.12 eV and 1.18 eV [53]. The n-type con-
duction of undoped CdO was attributed to its native oxy-
gen vacancies and cadmium interstitials [54]. CdO shows
very high electrical conductivity even without doping due
to the existence of shallow donors caused by intrinsic in-
terstitial cadmium atoms and oxygen vacancies [1, 46].
CdO �lms are transparent in visible and near infrared
(NIR) spectral regions and have an electrical resistivity
of 10−2�10−4 Ω cm [44].

Researchers are trying to modify the synthesis proce-
dure for CdO thin �lms with the aim to improve chemical
and physical properties of this material and try to synthe-
size nanostructures with well de�ned geometrical shapes
(e.g., spheres, cubes, rods, wires, tubes, tetrapods, rib-
bons, disks, and platelets). Researchers e�ort to organize
them as 2- and 3-dimensional assemblies has further ex-
panded the possibility of developing new strategies for
light energy conversion. The �rst six shapes are be-
ing intensively studied for renewable energy applications
[55�57]. CdO thin �lms have great technological interest
due to their high-quality electrical and optical proper-
ties [58]. Doped CdO �lms, as multi component oxides
�lms constituted of CdO, have been used in several ap-
plications: photovoltaic devices [59, 60], gas sensors [61],
phototransistors and diodes [62], etc.

Di�erent physical and chemical deposition methods
have been employed to prepare undoped CdO and doped
CdO �lms such as ion beam sputtering, successive
ionic layer adsorption and reaction (SILAR), thermal
evaporation, metal organic chemical vapor deposition
(MOCVD), sputtering, electron beam evaporation and
sol�gel, spray pyrolysis, dc magnetron sputtering, ra-
dio frequency (rf) sputtering, chemical bath deposition,
pulsed laser deposition (PLD) etc. [7, 33, 42, 63�71].
Among these methods of preparation of pure and doped
CdO, the sol�gel technique is one of the most promising
tools in material science and it is one of the most promis-

ing available methods for synthesizing nanoparticles of
controlled size and morphology [72]. The sol�gel spin
coating method has various advantages such as cost e�ec-
tiveness, thin, transparent, multicomponent oxide layers
of many compositions on various substrates, simplicity,
excellent compositional control, homogeneity and lower
crystallization temperature [28]. Also, it does not require
vacuum apparatus and has the potential to produce �lms
with large areas on various substrates [73]. The synthetic
route provided by this system is the most feasible one for
designing materials possessing unique properties. Gen-
erally, it is a process concerning transition of a system
from liquid �sol� (the colloidal suspension of particles)
into solid �gel� [72].

However, there are few works reported in the litera-
ture with respect to CdO �lms obtained by the sol�gel
technique, a fact rather surprising due to these excellent
advantages that the sol�gel technique presents [48]. The
optical properties and thus the band gap of CdO can also
be controlled by doping [74]. Some researchers reported
that CdO �lms can be doped with Sc, Y, Sm, Mn, Sn,
Mg, Cu, F, In, Ga, Al, Fe, Cd, Zn, Ti, Dy, etc. [27, 33,
39, 54, 58, 67, 71, 75�77] and they have been used in
several applications: photovoltaic devices, gas sensors,
phototransistors, and diodes, etc. [58, 67]. It is found
that the doping of In, Ti, Al enhances Eg to 2.74�2.84 eV
and simultaneously increases the electrical conductivity
[27, 34, 39]. Maity and Chattopadhyay [78] have reported
that the band gap of CdO can be reduced by Al doping,
whereas Deokate et al. [79] have reported that F doping
increases the optical band gap of pure CdO �lms. It was
observed that the band gap of the CdO �lm decreases
from 2.76 to 2.36 eV due to increase in the Al percentage
from 1.32 to 7.24. Yakuphanoglu [80] reported that the
electrical, structural and optical properties of CdO �lms
could be controlled by boron dopant for electronic and
photovoltaic applications.

Recently, Dakhel [76, 81, 82] has published a few pa-
pers based on rare earth element doped CdO �lms. It
is reported in these papers that the optical band gap of
the CdO �lms in general decreases due to light doping
of rare earth elements [74]. Gupta et al. reported the
e�ect of growth parameters on structural, optical, and
electrical properties of Ti, Sn, Al doped CdO thin �lms
by pulse laser deposition technique [83�86]. Martin et al.
[87] have deposited multilayer of TCOs using Sn doped
CdO and Sn doped CdIn2O4 using pulsed laser deposi-
tion technique. It was found that doping of CdO with
ions of a smaller ionic radius than that of Cd2+, like In,
Sn, Al, Sc, and Y improved its electrical conductivity and
increased its optical energy gap, which was explained by
application of Moss�Burstein (B�M) e�ect [11, 24, 75, 78,
82, 88, 89]. Gupta et al. [74] reported that the bandgap
of the CdO �lm is decreased by Cu doping and among
the Cu doped CdO �lms, the bandgap was observed to
increase with increase in copper doping level.

Furthermore, some scientists made many researches on
optical properties on the pure CdO and doped CdO thin
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�lms. Yakuphanoglu [90] reported that the transparency
of the nanocluster�CdO �lm lies in the range of 70�80%
in the visible range and it reaches a 92% value in the vis-
ible range and with its optical band gap Eg of 2.27 eV.
Dakhel [91] reported that the CdO and Tl-doped CdO
�lms with the optical energy band values of 2.308 eV and
2.721 eV, respectively. Kose et al. [1] reported that the
CdO and In-doped CdO �lms with the optical band gap
values of 2.51, 2.49, 2.62 and 2.78 eV, the refractive in-
dex values of 4.39, 3.86, 2.93 and 2.05 at λ = 600 nm for
pure CdO, 1%, 3%, and 5% In-doped CdO �lms, respec-
tively. Gupta et al. [74] reported the CdO and Cu-doped
CdO �lms with the optical band gap values of 2.57, 2.41,
2.47, 2.49 and 2.52 eV for pure CdO, 1%, 2%, 3% and
4% Cu-doped CdO �lms, respectively. Yakuphanoglu
et al. [28] reported the CdO �lms with the optical band
gap of 2.45 eV. Dakhel [54] reported the CdO and Ga-
-doped CdO �lms with the optical band gap values of
2.16, 2.22, 3.70 and 2.17 eV for pure CdO, 3%, 6% and
9% Ga doped CdO �lms, respectively. Zheng et al. [34]
reported the CdO and Sn-doped CdO �lms with the op-
tical band gap values of 2.40 and 2.82�2.93 eV for pure
CdO and Sn�CdO thin �lms, respectively. Yakuphanoglu
[80] reported the CdO and boron-doped CdO thin �lms
with the optical band gap values of 2.27, 2.17, 2.45, 2.29
and 2.24 eV, the dispersion energy values of 7.17, 1.85,
27.55, 5.34 and 7.01 eV, the average excitation energy
values of 3.79, 3.03, 12.03, 3.31 and 4.74 eV, an aver-
age oscillator wavelength values of 327.7, 409.9, 103.2,
375.2 and 262 nm, the average oscillator strength values
of 1.75 × 1013, 3.64 × 1012, 2.13 × 1013, 1.13 × 1013 and
2.13×1013 m−2 for pure CdO and 1%, 5%, 10% and 15%
B doped CdO thin �lms, respectively. Santos-Cruz et al.
[70] reported the CdO and �uorine (F)-doped CdO �lms
with the optical band gap values of about 2.65, 2.70, 2.77,
and 2.82 eV for pure CdO and 1%, 5%, and 20% F -doped
CdO thin �lms, respectively.
In this work we have employed sol�gel technique to

prepare platinum (Pt) doped CdO. There is no any re-
port on the preparation, surface morphology and opti-
cal properties of Pt doped cadmium oxide thin �lms by
sol�gel technique. In this study, we have studied in de-
tail the surface morphology and optical properties of the
pure CdO and Pt doped CdO thin �lms synthesized by
sol�gel technique which is a very simple and economical
method.

2. Experimental details

Thin �lms of platinate doped CdO were fabricated us-
ing the sol�gel technique. Cadmium acetate dehydrate
(C4H6CdO42(H2O)), potassium hexachloroplatinate(IV)
(Pt), 2-metoxyethanol and monoethanolamine were used
for fabrication of CdO and Pt doped CdO �lms. The
required chemicals were purchased from Alfa Aesar and
were used without further puri�cation. In a typical syn-
thesis, 0.5 M of cadmium acetate dehydrate was slowly
dissolved in 2-metoxyethanol followed by addition of mo-
noethanolamine. The molar ratio of monoethanolamine

to cadmium acetate was 1.0. For Pt doped CdO, the
required amount of potassium hexachloroplatinate was
added in the above mixture to get 0.1%, 0.5%, 1% and 2%
of Pt doped CdO. The prepared mixtures were stirred us-
ing a magnetic stirrer at 60 ◦C for about 30 min to obtain
clear homogeneous solution and then the sol was kept for
aging for 4 h before the �lm deposition. The pure CdO
and Pt doped CdO �lms were deposited on microscopy
glasses at 1500 rpm for 30 s by the sol�gel spin coating
method. After the spin coating, the �lms were dried at
150 ◦C for 5 min to evaporate the solvent and remove
organic residuals. This coating/drying procedure was re-
peated for eight times. Then, the prepared undoped and
Pt doped CdO �lms were annealed at 400 ◦C for 1 h in a
furnace. Surface morphology was investigated by PARK
system XE100E atomic force microscopy (AFM). The ab-
sorbance, transmittance and re�ectance properties of the
�lms were taken using a Shimadzu UV-vis-NIR3600 spec-
trophotometer.

3. Results and discussion

3.1. Surface morphology properties
of Pt�doped CdO �lms

X-ray di�raction patterns of Pt�doped CdO �lms are
shown in Fig. 1a. It is evaluated that undoped CdO and
Pt doped CdO �lms have the cubic NaCl structure with
the lattice parameters of undoped CdO consented with
JCPDS data [92]. The obtained results suggest that [111]
direction is the direction preferred orientation growth.
This means that the CdO �lms are grown along this di-
rection. The intensity of the (111) plane is changed with
Pt content. This indicates that Pt ions substitutionally
replaced Cd ions in the lattice.
The surface morphology properties of the active layers

of the CdO and Pt doped CdO thin �lms were investi-
gated using an AFM. The all images of the CdO thin �lm
were taken in 5 µm × 5 µm area. Figure 1 b�f shows
one-dimensional (1D) AFM images of the CdO and Pt
doped CdO thin �lms for 5 µm × 5 µm area. As seen in
Fig. 1, the CdO, 0.5% Pt�CdO, 1% Pt�CdO, and 2% Pt�
CdO thin �lm are formed from small crystal grains and
0.1% Pt�CdO thin �lm is formed from nanoclusters, with
an almost homogeneous distribution.

TABLE I

The crystal grain/nanocluster size and surface roughness
Rq values of the CdO and Pt doped CdO thin �lms for
5 µm × 5 µm area.

Thin �lms
Grain/nanocluster

size [nm]
Surface roughness

(Rq) [nm]

pure CdO 81.34 35.215

0.1% Pt�CdO 816.5 128

0.5% Pt�CdO 396.91 71.334

1% Pt�CdO 373.9 71.562

2% Pt�CdO 206.2 30.724
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Fig. 1. One-dimensional (1D) AFM images of the (a)
pure CdO, (b) 0.1%, (c) 0.5%, (d) 1% and (e) 2% Pt
doped CdO thin �lm for 5 µm × 5 µm area.

The small crystal grain and nanocluster size values of
the CdO and Pt doped CdO thin �lms for 5 µm × 5 µm
area were determined and given in Table I. The surface
roughness Rq values of the CdO and Pt doped CdO thin
�lms for 5 µm × 5 µm area were determined from the all
surfaces of the CdO and Pt doped CdO thin �lms using
Park System XEI software programming and given in
Table I. As seen in Table I, the average crystal grain size
value (81.34 nm) of the CdO thin �lm is the lowest value
of all the �lms, while the average crystal grain size value
(396.91 nm) of the 0.5% Pt�CdO thin �lm is the highest
value of all �lms. Also, the nanocluster size value of the
0.1% Pt�CdO thin �lm was found to be 816.5 nm. It is
observed that the small crystal grain size of the CdO thin
�lm increases with doping of Pt. As seen in Table I, the
Rq value (30.724 nm) of the 2% Pt�CdO thin �lm is the
lowest value of all the �lms, while the surface roughness
(Rq) value (128 nm) of the 0.1% Pt�CdO thin �lm is
the highest value of all �lms. Therefore, the grain size
and the surface roughness of the co-doped �lms could be
controlled.

3.2. Optical properties of Pt doped CdO thin �lms

3.2.1. Determination of refractive index parameters
of the CdO and Pt doped CdO thin �lms
The transmittance spectra of the CdO and Pt doped

CdO thin �lms were measured to investigate their optical
properties and they are shown in Fig. 2a. In the visible

region, the average transmittance values of the CdO and
Pt doped CdO thin �lms were calculated and given in
Table II. As seen in Table II, the average transmittance
(71.316%) of the CdO thin �lm is the highest value, while
the average transmittance (50.461%) of the 0.5% Pt�CdO
thin �lm is the lowest value of all the �lms. This value
is close to value (70�80%) of the transparency in the vis-
ible range in the literature [90]. As seen in Table II,
the average transmittance value of the CdO thin �lm de-
creases with doping of Pt. To estimate the absorption
band edge of the CdO and Pt doped CdO thin �lms,
the �rst derivative of the optical transmittance can be
computed. The curves of dT/dλ versus wavelength were
plotted, as shown in Fig. 2b. As seen in Fig. 2b, the
maximum peak position corresponds to the absorption
band edge and there is a small shift in the direction of
the longer wavelengths. The absorption band edge values
of the CdO and Pt doped CdO thin �lms were calculated
from the maximum peak position and given in Table II.
As seen in Table II, the maximum peak values of the
CdO and Pt doped CdO thin �lms vary from 548.5 to
637.5 nm. This suggests that the absorption band edge
values of the CdO and Pt doped CdO thin �lms shift
from 2.264 to 1.948 eV with the doping of Pt. As seen in
Table II, the absorption band edge of the CdO thin �lm
decreases with doping of Pt.

Fig. 2. (a) The transmittance spectra and (b) the
curves of dT/dλ versus wavelength of the CdO and Pt
doped CdO thin �lms.
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TABLE II
Some important optical parameters of the CdO and Pt doped CdO thin �lms.

Pure CdO 0.1% Pt�CdO 0.5% Pt�CdO 1% Pt�CdO 2% Pt�CdO
average transmittance [%] 71.316 58.745 50.461 55.086 68.446

maximum peak [nm] 548.5 598 637.5 607 561.5
absorption band edge [eV] 2.264 2.077 1.948 2.046 2.212

E [eV] 2.835 2.782 2.695 2.829 3.670
Ed [eV] 1.648 3.678 4.733 2.869 2.363
Ed/E 0.581 1.322 1.756 1.014 0.644
n∞ 1.343 1.846 1.974 1.702 1.211

λ [nm] 438.1 446.5 460.9 439.1 338.4
S [m−2] × 1012 4.074 12.08 13.64 9.838 4.187

Fig. 3. The re�ectance spectra of the CdO and Pt
doped CdO thin �lms.

The re�ectance spectra of the CdO and Pt doped CdO
thin �lms is shown in Fig. 3. As seen in Fig. 3, re�ectance
spectra of the CdO thin �lms changes with doping of Pt
and the re�ectance spectra of the 0.5% Pt�CdO thin �lm
is the highest value, while the re�ectance spectra of the
2% Pt�CdO thin �lm is the lowest value of all the �lms.
The refractive index is an important parameter for op-

tical applications. Thus, it is important to determine op-
tical constants of the CdO and Pt doped CdO thin �lms
and the complex optical refractive index of the �lms is
expressed as

n̂ = n(ω) + ik(ω), (1)

where n is the real part and k is the imaginary part of
complex refractive index. The optical properties of the
�lms are characterized by refractive index. The refrac-
tive index of the �lms can be obtained from the following
equation [93]:

n =

{[
4R

(R− 1)2
− k2

]1/2
− R+ 1

R− 1

}
. (2)

The refractive index values of the CdO and Pt doped
CdO thin �lms were calculated from Eq. (2).
Figure 4 shows the refractive index plot vs. wavelength

of the CdO and Pt doped CdO thin �lms. As seen in
Fig. 4, plot of refractive index is composed of two regions
so-called abnormal and normal dispersion. The n values
of the CdO and Pt doped CdO thin �lms increase with
increasing λ in abnormal dispersion region, while the re-

Fig. 4. The refractive index plot vs. wavelength of the
CdO and Pt doped CdO thin �lms.

fractive index (n) values of the CdO and Pt doped CdO
thin �lms decrease with increasing wavelength in normal
dispersion region. As seen in Fig. 4, the refractive index
values of the CdO thin �lm change with doping of Pt and
the refractive index of the 0.5% Pt�CdO thin �lm is the
highest value, while the refractive index of the 2% Pt�
CdO thin �lm is the lowest value of all the �lms. This
suggests that the refractive index of the CdO thin �lm
can be both reduced and increased with doping of Pt.
This is a very signi�cant improvement for optical appli-
cations. The refractive index (2.269) of the 0.5% Pt�CdO
thin �lm at λ = 600 nm is higher than that value (2.05)
of the 5% In-doped CdO �lms at λ = 600 nm in the
literature [1], but the refractive index values (between
2.93 and 4.39) of the CdO and In-doped CdO �lms at
λ = 600 nm in the literature [1] is higher than that of
the studied pure CdO, 0.1%, 1% and 2% Pt�CdO thin
�lm at λ = 600 nm

The refractive index dispersion in polymer can be ana-
lyzed using single oscillator model. The dispersion of the
refractive index is expressed as [94]:

n2 − 1 =
EdE0

E2
0 − E2

, (3)

where h is Planck's constant, ν is the frequency, E is the
photon energy, E0 is the average excitation energy for
electronic transitions, and Ed is the dispersion energy,
which is a measure of the strength of inter band optical
transitions. Experimental veri�cation of Eq. (3) [single-
-oscillator model] can be obtained by plotting 1/(n2 − 1)
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vs. E2. The resulting straight line yields values of the
parameters E0 and Ed.
The plot 1/(n2 − 1) vs. E2 of the CdO and Pt doped

CdO thin �lms is shown in Fig. 5.

Fig. 5. The plot 1/(n2 − 1) vs. E2 of the CdO and Pt
doped CdO thin �lms.

The E0 and Ed values of the CdO and Pt doped CdO
thin �lms were calculated for normal dispersion regions
of the �lms and given in Table II. As seen in Table II,
the excitation and dispersion energy values of the CdO
thin �lm change with doping of Pt. The excitation en-
ergy value (2.695 eV) of the 0.5% Pt�CdO thin �lm is the
lowest value of all the �lms, while the excitation energy
value (3.670 eV) of the 2% Pt�CdO thin �lm is the high-
est value of all the �lms. This suggests that the excitation
energy of the CdO thin �lm can be both reduced and in-
creased with doping of Pt. The excitation energy values
(2.835 eV and 2.829 eV, respectively) of the CdO and
1% Pt doped CdO thin �lms are lower than these values
(3.79 eV and 3.03 eV, respectively) of the pure CdO and
1% B doped CdO thin �lms in the literature [80]. Simi-
larly, the dispersion energy value (1.648 eV) of the pure
CdO thin �lm is the lowest value of all the �lms, while
the dispersion energy value (4.733 eV) of the 0.5% Pt�
CdO thin �lm is the highest value of all the �lms. This
suggests that the dispersion energy of the CdO thin �lm
can be increased with doping of Pt. The dispersion en-
ergy value (1.648 eV) of the CdO thin �lm is lower than
that value (7.17 eV) of the pure CdO thin �lm in the lit-
erature [80], while the dispersion energy value (2.869 eV)
of the 1% Pt doped CdO thin �lm is higher than that
value (1.85 eV) of the 1% B doped CdO thin �lms in
the literature [80]. As seen in Table II, the Ed/E0 ratio
(1.756) of the 0.5% Pt�CdO thin �lm is the highest value
of all the �lms, while the Ed/E0 ratio (0.581) of the pure
CdO thin �lm is the lowest value of all the �lms. This
suggests that the Ed/E0 ratio of the CdO thin �lm can
be increased with doping of Pt.
The refractive index can be also analyzed using the

following relation [94]:

n2∞ − 1

n2 − 1
= 1 −

(
λ0
λ

)2

, (4)

where n∞ is the long wavelength refractive index and
λ0 is the average oscillator wavelength. The n∞ and

λ0 values of the CdO and Pt doped CdO thin �lms were
obtained from the linear part of plotted 1/(n2−1) vs. λ−2

curve (Fig. 6) and were calculated and given in Table II.
As seen in Table II, the n∞ and λ0 values of the CdO
thin �lm change with doping of Pt. The n∞ value (1.211)
of the 2% Pt�CdO thin �lm is the lowest value of all
the �lms, while the n∞ value (1.974) of the 0.5% Pt�
CdO thin �lm is the highest value of all the �lms. This
suggests that the n∞ of the CdO thin �lm can be both
reduced and increased with doping of Pt. The n∞ value
(1.343) of the CdO thin �lm is lower than that value (1.7)
of the pure CdO thin �lm in the literature [80], while the
n∞ value (1.702) of the 1% Pt doped CdO thin �lm is
higher than that value (1.27) of the 1% B doped CdO
thin �lm in the literature [80]. Similarly, the λ0 value
(338.4 nm) of the 2% Pt�CdO thin �lm is the lowest
value of all the �lms, while the λ0 value (460.9 nm) of
the 0.5% Pt�CdO thin �lm is the highest value of all the
�lms. This suggests that the λ0 value of the CdO thin
�lm can be reduced and increased with doping of Pt. The
λ0 values (438.1 nm and 439.1 nm, respectively) of the
CdO and 1% Pt doped CdO thin �lms are higher than
those values (327.7 nm and 409.9 nm, respectively) of
the pure CdO and 1% B doped CdO thin �lms in the
literature [80].

Fig. 6. The plot 1/(n2−1) vs. λ−2 of the CdO and Pt
doped CdO thin �lms.

Rearranging of Eq. (4) gives

n2 − 1 =
S0λ

2
0

1 − λ20/λ
2
, (5)

where S0 = (n2∞ − 1)/λ20. The S0 values of the CdO
and Pt doped CdO thin �lms were calculated and given
in Table II. As seen in Table II, the S0 value (1.324 ×
1012 m−2) of the CdO thin �lm increases with doping
of Pt. The S0 value (4.074 × 1012 m−2) of the CdO thin
�lm is lower than that value (1.75 × 1013 m−2) of the
pure CdO thin �lm in the literature [80], while the S0

value (9.838 × 1012 m−2) of the 1% Pt doped CdO thin
�lm is higher than that value (3.64 × 1012 m−2) of the
1% B doped CdO thin �lm in the literature [80].

3.2.2. Optical band gap properties of the CdO and Pt
doped CdO thin �lms
The optical band gap of optical transitions can be ob-

tained dependence of absorption coe�cient on photon
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energy. It is evaluated that the band structure of the
�lm obeys the rule of direct transition and in a direct
band gap material; the absorption coe�cient dependence
on photon energy is analyzed by the following relation
[93, 95]:

α = A(hν − Eg)m, (6)

where A is a constant, hν is the photon energy, Eg is the
optical band and m is the parameter measuring type of
band gaps.

Fig. 7. The dependence of photon energy E of (αhν)2

of the CdO and Pt doped CdO thin �lms.

To determine the optical band gap of the CdO and Pt
doped CdO thin �lms, the dependence of photon energy
E of (αhν)2 of the CdO and Pt doped CdO thin �lms
is shown in Fig. 7. As seen in inset of Fig. 7, there is a
linear region for the direct band gap of the CdO and Pt
doped CdO thin �lms.

TABLE III

The direct band gap values of the
CdO and Pt doped CdO thin �lms.

Thin �lms Egd [eV]

pure CdO 2.524

0.1% Pt�CdO 2.446

0.5% Pt�CdO 2.421

1% Pt�CdO 2.496

2% Pt�CdO 2.506

By extrapolating the linear plot to (αhν)2 = 0, a di-
rect energy-gap values of the CdO and Pt doped CdO
thin �lms were obtained and given in Table III. As seen
in Table III, the direct energy-gap values of the CdO
thin �lm change with doping of Pt. The direct energy-
-gap value (2.524 eV) of the CdO thin �lm is the highest
value of all the �lms, while the direct energy-gap value
(2.421 eV) of the 0.5% Pt�CdO thin �lm is the low-
est value of all the �lms. This suggests that the direct
energy-gap of the CdO thin �lm can be decreased with
doping of Pt and the electrical conductivity of the CdO
thin �lm can be increased with convenient doping of Pt.
The direct energy-gap value (2.524 eV) of the CdO thin

�lm is higher than that the values (2.18, 2.2, 2.3, 2.38 eV)
of CdO �lm in the literature [45�47, 50, 96]. Also, the
direct energy-gap value (2.524 eV) of the CdO thin �lm
is close to values (2.6 eV) of the direct energy-gap in the
literature [48].

3.2.3. Dielectric and electrical susceptibility properties of
the CdO and Pt doped CdO thin �lms
The complex dielectric constant is described as

ε̂ = ε1 + iε2 = n̂2 = (n± ik)2 = (n2−k2)+ i2nk, (7)

where ε1 is the real part and ε2 is the imaginary of the
dielectric constant. The imaginary and real parts of di-
electric constant are given as [97]:

ε1 = n2 − k2 (8)

and

ε2 = 2nk, (9)

where k = αλ/4π. Figure 8a,b shows the real and imag-
inary parts of dielectric constant dependence on photon
energy, respectively. As seen in Fig. 8a, plot of the real
part of dielectric constant is composed of two regions
between about 1.24 eV and 3.05 eV which they called
normal and abnormal dispersion region. The ε1 values
of the CdO and Pt doped CdO thin �lms increase with
increasing photon energy (or frequency) in normal dis-
persion region, while the ε1 values of the CdO and Pt
doped CdO thin �lms decrease with increasing photon
energy (or frequency) in abnormal dispersion region. As
seen in Fig. 8a, the ε1 values of the CdO thin �lm change
with doping of Pt and in between about 1.24 eV and
3.05 eV region, the ε1 of the 0.5% Pt�CdO thin �lm is
the highest value, while the ε1 of the 2% Pt�CdO thin
�lm is the lowest value of all the �lms. This suggests
that the ε1 of the CdO thin �lm can be both reduced
and increased with doping of Pt. As seen in Fig. 8b, the
imaginary part (ε2) of dielectric constant increases with
E until about 4.55 eV, then it decreases with increasing
photon energy (E). As seen in Fig. 8a,b, the real parts
of the dielectric constant of the CdO and Pt doped CdO
thin �lms are higher than that of imaginary parts of the
dielectric constant.
The susceptibility associated with electron transitions

from band i to band j is expressed as [98]:

χν =
e2

4π2m

∑
k

fjik
ν2jik − ν2

, (10)

where k is the wave number vector, hνjik is the energy
di�erence between the state k in band i and the state k
in band j and fjik is the oscillator strength for this tran-
sition. The electrical susceptibility due to the intraband
transitions of free carriers can be obtained from the op-
tical constants and it is determined as [99]:

χc =
1

4π
(n2 − k2 − ε0), (11)

where ε0 is the dielectric constant in the absence of any
contribution from free carriers. The electric susceptibility
of the CdO and Pt doped CdO thin �lms dependence of
photon energy is shown in Fig. 9. As seen in Fig. 9,
the electric susceptibility (χc) of the CdO and Pt doped
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Fig. 8. The (a) real and (b) imaginary parts of dielec-
tric constant of the CdO and Pt doped CdO thin �lms
dependence on photon energy.

Fig. 9. The electric susceptibility of the CdO and Pt
doped CdO thin �lms dependence of photon energy.

CdO thin �lms is composed of two regions for between
about 1.24 eV and 3.05 eV and the χc values of the CdO
thin �lm change with doping of Pt and in between about
1.24 eV and 3.05 eV region. The χc of the 0.5% Pt�CdO
thin �lm is the highest value, while the χc of the 2% Pt�
CdO thin �lm is the lowest value of all the �lms. This
suggests that the χc of the CdO thin �lm can be both
reduced and increased with doping of Pt.

3.2.4. Optical conductivity properties of the CdO and Pt
doped CdO thin �lms
The optical properties of the CdO and Pt doped CdO

thin �lms can be analyzed by a complex optical conduc-
tivity [93, 100]:

σ(ω) = σ1(ω) + iσ2(ω), (12)

where σ1 is the real part of conductivity and σ2 is the
imaginary part of conductivity.
The real part and imaginary parts of the optical con-

ductivity of the CdO and Pt doped CdO thin �lms are
shown in Fig. 10a,b, respectively. As seen in Fig. 10a, the

Fig. 10. The (b) real and (b) imaginary parts of the
optical conductivity of the CdO and Pt doped CdO thin
�lms dependence on frequency.

real part (σ1) of the optical conductivity increases with
frequency until about 1.09 THz, then it decreases with
increasing frequency. As seen in Fig. 10b, there is a peak
for between about 253 THz and 700 THz and the σ2 val-
ues of the CdO thin �lm change with doping of Pt and
in between about 253 THz and 700 THz region, the σ2
of the 0.5% Pt�CdO thin �lm is the highest value, while
the σ2 of the 2% Pt�CdO thin �lm is the lowest value
of all the �lms. This suggests that the σ2 of the CdO
thin �lm can be both reduced and increased with doping
of Pt. As seen in Fig. 10a,b, the imaginary parts of the
optical conductivity of the CdO and Pt doped CdO thin
�lms are higher than that of the real parts of the optical
conductivity.

4. Conclusions

The CdO and Pt doped CdO thin �lms were formed
from small crystal grains with an almost homogeneous
distribution. It was observed that the small crystal grain
size of the CdO thin �lm increases with doping of Pt.
Therefore, the grain size and the surface roughness of
the co-doped �lms could be controlled. The absorption
band edge values of the CdO and Pt doped CdO thin
�lms shifted from 2.264 to 1.948 eV with the doping of Pt.
The absorption band edge of the CdO thin �lm decreased
with doping of Pt. The plot of refractive index is com-
posed of two regions so-called abnormal and normal dis-
persion. The n values of the CdO and Pt doped CdO
thin �lms increased with increasing λ in abnormal dis-
persion region, while the refractive index (n) values of
the CdO and Pt doped CdO thin �lms decreased with
increasing wavelength in normal dispersion region. The
refractive index of the CdO thin �lm can be both reduced
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and increased with doping of Pt. This is a very signi�-
cant improvement for optical applications. The n∞, λ0,
ε1, χc, σ2 and excitation of the CdO thin �lm can be
both reduced and increased with doping of Pt. The dis-
persion energy and Ed/E0 ratio of the CdO thin �lm can
be increased with doping of Pt. Similarly, the S0 value
(4.074 × 1012 m−2) of the CdO thin �lm increased with
doping of Pt. The direct energy-gap of the CdO thin
�lm can be decreased with doping of Pt and the electri-
cal conductivity of the CdO thin �lm can be increased
with convenient doping of Pt. The plot of the real part
of dielectric constant was composed of two regions for
between about 1.24 eV and 3.05 eV which they called
normal and abnormal dispersion region. There was a
peak for between about 253 THz and 700 THz and the
σ2 values of the CdO thin �lm changed with doping of
Pt and in between about 253 THz and 700 THz region.
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