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Nanocrystalline CdO thin films were prepared by sol–gel dip-coating method using a different solution.
The as-deposited films were subjected to drying temperature of 120◦ in air. The prepared films were annealed
in different temperatures of 200, 300 and 400 ◦C. The characterization of samples was carried out by X-ray
diffraction, scanning electron microscopy and UV-VIS spectroscopy. Results show that the samples are polycrys-
talline in nature and the crystallinity of the films improves with temperature. The average grain size is in the
range of 19–34 nm. It was observed that the optical parameters of the films were affected by annealing temperature.

PACS: 78.20.Ci, 78.66.Li, 78.67.–n, 81.20.Fw

1. Introduction

Transparent conducting oxide thin films such as zinc
oxide (ZnO), indium tin oxide (ITO), tin oxide (SnO2)
and cadmium oxide (CdO) are extensively used in semi-
conductor optoelectronic applications [1–3]. CdO is an
n-type semiconductor with a rock-salt crystal structure
(fcc) and possesses a direct band gap of 2.2 eV [4]. Its
high electrical conductivity (even without doping) and
high optical transmittance in the visible region of solar
spectrum along with a moderate refractive index make it
useful for various applications such as solar cells, trans-
parent electrodes, phototransistors, photodiodes, gas sen-
sors, etc. [5, 6]. Undoped and doped CdO thin films have
been prepared by various techniques such as spray pyrol-
ysis [7], ion beam sputtering [8], sol–gel [9], magnetic
sputtering [10], etc. Basically, works on heat treatment
of CdO thin films have already been reported [11, 12].
Several authors have reported triethanolamine as the sta-
bilizer in methanol based sol–gel derived CdO thin films
[11–13]. Monoethanolamine has also been used as the
stabilizer with 2-methoxyethanol to prepare nanocluster
n-CdO thin films [14]. A literature survey indicated that
surprisingly no report on diethanolamine stabilized sols
exists.

In this study, undoped CdO thin films have been de-
posited by sol–gel dip-coating method using methanol
and diethanolamine as the solvent and stabilizer respec-
tively, and the temperature dependence of structural,
morphological and optical properties of the films has been
studied. We have chosen the dip-coating method because
of easier composition control, better homogeneity, low
processing temperature and lower cost.
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2. Experimental details

2.1. Preparations of thin films by sol–gel

CdO thin films have been deposited on glass substrates
using sol–gel dip-coating process. Cadmium acetate de-
hydrate [Cd(COOCH3)2·2H2O] has been taken as the
source cadmium. Diethanolamine (C4H11NO2, DEA)
and methanol (CH4O) were used as a stabilizer and sol-
vent, respectively. At first, cadmium acetate dehydrate
of 0.5 M were prepared. In order to prepare CdO pre-
cursor solution, DEA was dissolved initially in methanol.
Subsequently, cadmium acetate dehydrate was added to
the solution. In order to obtain a transparent solution,
slow constant stirring is required. A solution consisting
of methanol and glycerol was prepared separately, and
finally added to the transparent solution. The result-
ing transparent solution was stirred constantly for 1 h at
room temperature and aged for 24 h. Before dip coat-
ing, the glass substrates were first degreased by deter-
gent, rinsed thoroughly by deionized water and then in
boiled water. In order to remove macroscopic contami-
nations, the substrates were cleaned ultrasonically in a
mixture of ethanol and acetone (each of 50% in volume)
for 15 min. The latter procedure then was repeated in
deionized water. At least, the substrates were immerged
in acetone and rinsed with deionized water and dried with
nitrogen. The cleaned substrates were dipped into the
solution and withdrawn from it vertically at a speed of
≈ 116 mm/min. After the dip coating the film were dried
at 120 ◦C for 20 min in an oven to evaporate the solvent
and for gel formation. This procedure was repeated 10
times, and finally the resulting thin films were subjected
to an annealing process at temperatures of 200 to 400 ◦C
(at 100 ◦C intervals).

2.2. Characterization

The structure of the prepared films was studied by the
X-ray diffraction (XRD) method using a XRD6000, Shi-
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madzu system with Cu Kα radiation (0.15406 nm). Sur-
face morphology of the films was studied by scanning
electron microscopy (SEM) with a VEGAII TESCAN in-
strument, the energy used was 30 kV. The optical trans-
mittance spectra of the films were measured using a Var-
ian Cary100 UV/Visible spectrophotometer. The optical
constants of the films were calculated using pointwise un-
constrained minimization algorithm (PUMA) and fitting
the data to the Cauchy formula in thin films [15].

3. Results and discussion

3.1. Structural and morphological properties

Figure 1 shows the XRD pattern of the CdO thin films
as-deposited and annealed at different annealing tem-
perature. As-deposited film is almost not showing any
diffraction peak around preferred orientation of CdO.
Three other patterns reveal polycrystalline films of cu-
bic CdO structure of space group Fm3m. The details
of the crystalline structure (interplanar distance and lat-
tice constant) of the films have been given in Table I.
The lattice constant evaluated for the films was about
4.69 Å, which is almost identical with the standard value.
The standard interplanar distances (d-values) of CdO
thin films are 2.71, 2.34 and 1.66 for diffraction peaks
(111), (200), and (220), respectively. As it is clear from

Table I, there are very little differences between observed
d-values and the standard d-values. These differences
may arise from the defects which occur during the de-
position. The observed diffraction peaks (111), (200),
(220), and (311) for CdO thin films are in good agree-
ment with the reported data [16]. It can be seen also
that the prepared thin films are highly oriented in the
(111) direction. In addition, from the XRD peak width,
it is found that the peak width decreases as the annealing
temperature increases. The average size of the grains has
been calculated from the XRD pattern using the Sherrer
formula [17]:

D =
0.94λ

β cos θ
, (1)

where D is the grain size, β is the full width at half max-
imum (FWHM) of the preferential orientation diffraction
peak and λ is the wavelength of the X-rays. The average
grains size is in the range of 19–34 nm. Table I lists the
degree of FWHM and grain size of CdO thin films for
different diffraction lines. Generally, the grain size in-
creases with annealing temperature for different diffrac-
tion peaks. For the film annealed at 400 ◦C the FWHM
of the (111) diffraction peak gains a relatively lower value
of 0.25◦. The evaluated grain size of this film is about
34 nm, suggesting a better crystallinity.

TABLE I
The FWHM (degree), the average grain size D (nm), the interplanar distance d (Å) and the lattice constant
a (Å) of CdO thin films annealed at different temperatures for different diffraction lines.

Annealing
temperature [◦C]

(111) (200) (220)
FWHM D d a FWHM D d a FWHM D d a

200 0.45 19 2.70 4.70 – – – – – – – –
300 0.33 26 2.70 4.69 0.47 18 2.34 4.69 0.60 15 1.65 4.69
400 0.25 34 2.71 4.69 0.29 30 2.34 4.69 0.57 17 1.66 4.69

Figure 2 shows the typical SEM micrographs of the
CdO films annealed at 200 and 400 ◦C in air. The im-
ages confirm the results of X-ray diffraction pattern of
the CdO thin films. As it is clear from Fig. 2 the crys-
tallinity of the samples has been improved by anneal-
ing temperature. Furthermore, we can see that all the
films have a high smooth and homogeneous surface mor-
phology with spherical nanocrystalline grains, also all the
films are dense and adhere well to the substrate without
any cracks.

3.2. Optical properties

Figure 3 shows the optical transmittance spectra with
wavelength from 300 to 800 nm of the CdO thin films
annealed at different temperatures in air. We can ob-

serve from Fig. 3 that all the films are transparent in the
visible region. It can be seen also that the increase in
transmittance in UV region is not sharp. This indicates
that the absorption band gap transitions in the studied
films are due to direct and indirect transitions [18]. Fur-
thermore, we can distinguish from Fig. 3 that the opti-
cal transparency of the films decreases with increases in
annealing temperature. In order to study the effects of
annealing temperature, the fundamental absorption edge
of the films has been investigated. The fundamental ab-
sorption, which corresponds to electron excitation from
the valence band to conduction band, can be used to de-
termine the nature and value of the band gap. The band
gap value Eg can be determined by using Tauc’s rela-
tion [19]:
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Fig. 1. X-ray diffraction patterns of CdO thin films:
(a) as-deposited, (b) annealed at 200 ◦C, (c) annealed
at 300 ◦C and (d) annealed at 400 ◦C.

Fig. 2. Typical SEM micrographs of the CdO films an-
nealed at (a) 200 ◦C, (b) 400 ◦C.

(αhν) = A(hν − Eg)n, (2)

where α is the absorption coefficient, hν is the photon
energy, A is a constant and n assumes the values 0.5, 2,
1.5 and 3 for allowed direct, allowed indirect, forbidden
direct, and forbidden indirect transitions, respectively.

Fig. 3. UV-vis spectra of CdO thin films annealed at
different temperatures.

Fig. 4. The plots of (α~ν)2 vs. hν for CdO thin films.

Fig. 5. The plots of (α~ν)2 vs. hν for CdO thin films.

Figures 4 and 5 show the variation of (αhν)2 and
(αhν)1/2 versus hν for direct and indirect transitions of
the CdO thin films, respectively. The direct band gap
Egd and indirect band gap Egi values have been deter-
mined by the extrapolation of the linear portion on the
energy axis as shown in Figs. 4 and 5, respectively. It
can be seen that the value of Egd (Egi) decreased from
2.89 eV (2.09 eV) to 2.35 eV (1.89 eV) as the annealing
temperature increased from 200 to 400 ◦C.

The obtained band gap values are given in Table II.
The absorption coefficient α near the fundamental ab-
sorption edge usually shows simple exponential energy
dependence

α = α0 exp(hυ/EU) (3)

referred to as the Urbach tail [20], where α is constant
and EU determines the width of the tail. The tail, i.e.
the Urbach energy, is generally attributed to disorder in
the material that leads to a tail in the valence and con-
duction bands.

Figure 6 shows the variation of ln α vs. hν for the CdO
films. From the slopes of the linear relationship between
ln α and hν in the tail region (Fig. 6), the EU value for
CdO films was estimated, and the results are given in
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Fig. 6. The plots of ln α vs. hν for CdO films.

TABLE II

The thickness, direct and indirect band gap (Egd and Egi,
respectively) and the Urbach energy (EU) values of CdO
thin films prepared at different annealing temperatures.

Annealing
temperature

[◦C]

Thickness
[nm]

Egd [eV] Egi [eV] EU [eV]

200 140 2.89 2.13 0.180
300 135 2.52 2.09 0.212
400 139 2.35 1.89 0.250

Table II. It can be found from the results that the EU val-
ues change inversely with direct optical band gaps of the
films. The optical band gap of the films decreased with
the increasing annealing temperature. This shift may
be attributed to the changes of the quality of the CdO
film with increasing the annealing temperature. After
annealing temperature increases, thermal induced defects
increase dramatically. This could result in an evident red-
shift of the optical absorption edge with increasing the
annealing temperature. The refractive index n and the

Fig. 7. The dependence of the refractive index of CdO
thin films annealed at different temperatures on the
wavelength.

Fig. 8. The dependence of the extinction coefficient of
CdO thin films annealed at different temperatures on
the wavelength.

extinction coefficient k as well as the thickness of the sol–
gel derived CdO thin films studied here were determined
from the transmittance data only using PUMA approach
and software [15]. This method implements the complex
optical equations, shown below, derived and formulated
by Heavens [21] and Swanepoel [22]. The transmittance
T of a thin absorbing film deposited on a thick transpar-
ent substrate is given by

T =
Ax

B − Cx + Dx2
, (4)

where A = 16ns(n2 +k2), B = [(n+1)2 +k2][(n+1)(n+
n2

s ) + k2], C = [(n2 − 1 + k2)(n2 − n2
s + k2) − 2k2(n2

s +
1)]2 cos ϕ−k[2(n2−n2

s +k2)+(n2
s +1)(n2−1+k2)]2 sinϕ,

D = [(n − 1)2 + k2][(n − 1)(n − n2
s ) + k2], ϕ = 4πnd/λ,

x = exp(−αd) and α = 4πk/λ, where ns is the refractive
index of the substrate, n and k are the real and imaginary
parts of the refractive index of the film, respectively, d
is the film thickness, λ is the wavelength of the incident
light and α is the absorption coefficient of the film. In
PUMA, the experimental transmittance obtained for the
film is compared with a theoretical value. The difference
between the two values is minimized until a best solution
is reached for the refractive index n, the extinction coef-
ficient k and the film thickness d. This method is highly
reliable even in the case of absorbing films or of films that
show no fringe pattern in their optical transmission [23].

Figure 7 shows the dependence of the refractive index
of the films on wavelength. The refractive index of all
samples lies between 1.8 and 2.8 and increases as anneal-
ing temperature increases. This trend can be attributed
to the increase of optical absorption in the UV-visible
region when increasing annealing temperature. The dis-
persion curve of refractive index is almost constant in the
long wavelength region and rises rapidly toward shorter
wavelengths. Electromagnetic waves with short (long)
wavelengths are dispersed by electron (phonon). This is
the typical shape of dispersion curve near an electronic
interband transition. This suggests that the films show
normal dispersion.
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Figure 8 shows the dependence of extinction coefficient
of the films on wavelength. It is changed between 0.00024
and 0.28 and also is fairly constant in the long wave-
length. The extinction coefficient of the films has an in-
verse relation with the transmittance spectra. The high
(low) transmittance means low (high) extinction coeffi-
cient.

4. Conclusion

CdO thin films were deposited on glass substrates by
sol–gel dip-coating method using a different solution. By
introducing the diethanolamine as the stabilizer the vari-
ation of the structural, morphological and optical proper-
ties of the films was investigated as a function of anneal-
ing temperature. The structural investigation revealed
that the films are polycrystalline. This result along with
the SEM images showed that the crystallinity of the films
was improved by annealing temperature. The optical
properties of the CdO films were influenced by annealing
temperature. The optical band gap values were found
to decrease from 2.89 to 2.35 eV for direct transitions
and from 2.09 to 1.89 eV for indirect transitions with an-
nealing temperature. Studying the Urbach tail of the
samples revealed an increase of disorders in the sam-
ples by annealing temperature up to 400 ◦C. The optical
constants, refractive index and extinction coefficient of
the films were determined using pointwise unconstrained
minimization algorithm. Annealing temperature affects
the optical constants of the films.
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