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Abstract: Nanocrystalline, uniform, dense, and adherent cadmium oxide (CdO) thin films have been
successfully deposited by a simple and cost effective spray pyrolysis technique. The effect of
deposition temperature (250-350 °C) on structural, compositional, morphological, and optical
properties of CdO thin films were studied by X-ray diffraction (XRD), Energy Dispersive Analysis by
X-rays (EADX), Scanning Electron Microscopy (SEM), and UV-visible Spectroscopy (UV—vis).
X-ray diffraction characterization of as-deposited CdO thin films reveals that films are of cubic
structure with a (111) preferred orientation. The crystalline quality of the CdO films improves and the
grain size increases with deposition temperature. These modifications influence the optical properties.
The SEM images confirmed these results and showed larger grains and more crystallization for the
higher deposition temperature. It has been determined that Cd and O elements are present in the solid
film by using EADX. Increase in deposition temperature increased the optical transmission of the films
substantially. The optical properties revealed the presence of direct band gaps with energies varied
from 2.46 to 2.38 eV. Copyright © 2012 IFSA.

Keywords: Thin films, Semiconductors, X-ray techniques, Optical properties, EADX.

1. Introduction

In recent years, the metal oxide semiconductor materials have attracted much attention owing to their
potential applications in electronic and photovoltaic devices. CdO is an important semiconductor with
a rock-salt crystal structure (FCC) and possesses a direct band-gap of 2.2 eV [1]. Transparent
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conducting oxide (TCO) thin films such as zinc oxide, indium oxide, tin oxide, indium tin oxide and
cadmium oxide have attracted considerable attention because of their low resistivity and high optical
transmittance [2-3]. Due to their optical and electrical properties, TCOs are used for photovoltaic solar
cells, phototransistors, liquid crystal display(s), optical heaters, gas sensors, transparent electrodes and
other optoelectronic devices [4-5]. Among these TCOs, cadmium oxide (CdO) is not a popular TCO
material due to its low optical band gap. However, CdO is a particularly interesting material because it
is one of the semiconducting oxides with high carrier mobility, and has great potential for using in
optoelectronic devices [6]. Cadmium oxide (CdO) films have been prepared by different methods such
as sol—gel [7], chemical bath deposition [8], spray pyrolysis [9], direct current magnetron sputtering
[10] and radio-frequency sputtering [11].

2. Experimental Details

The CdO films were deposited on glass substrates by spray pyrolysis technique. In the preparation of
CdO films 0.5 M cadmium sulphate was diluted with double distilled water. Aqueous solution of
cadmium sulphate was prepared and sprayed through specially designed glass nozzle on to
ultrasonically cleaned glass substrates. Spray rate 4 cc/min. was maintained constant by using air as a
carrier gas. Substrate temperature of the heater was varied from 250 °C to 350 °C by using electronic
temperature controller. The films prepared at different substrate temperature are denoted by C,so, Csoo,
Csso etc. where subscript denotes the substrate temperature. X-ray diffraction, morphological and
optical studies were carried out for all samples.

The crystal properties of the films were assessed by X-ray diffraction (XRD, Philips PW-3710 model)
and the film composition and morphology was analyzed by scanning electron microscopy (JEOL JMS-
6300 Electron Microprobe). The optical properties were analyzed from the film transmittance data,
which were recorded using a UV—VIS Shimadzu 3101-PC spectrometer.

3. Results and Discussion
3.1. Structural Characterization

The X-ray diffraction patterns of as-deposited CdO film samples are shown in Fig. 1. It reveals that all
the samples are polycrystalline, containing CdO phase. The crystallanity of the as-deposited samples is
found to be increased as deposition temperature in increased. The diffractograms contain the
characteristic CdO orientations along the direction (1 1 1). The presence of other peaks such as (2 0 0),
(220),(311)and (22 2) has also been detected with relatively lower intensities. The matching of
observed and standard d values [JCPDS card No PDF-75-0592.], confirms that the as-deposited films
are of CdO with Cubic Face Centered structure. As deposition temperature increases, the crystallanity
of the film increases due to homogeneous reaction occurring above surface of substrates. These results
demonstrate that increase in deposition temperature is advantageous for crystallization of CdO thin
films. The average X-ray particle size (D) can be determined using Scherrer’s formula

kA
D = )
pCos 6 ()

where the constant k is the shape factor ~0.94, A is the wavelength of the X-rays (1.5406 A for CuKa),
0 is the Bragg’s angle, and B is the full width at half maximum The particle size increases with
increasing deposition temperature and listed in Table 1.
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Fig. 1. XRD patterns of as deposited CdO thin films.

Table 1. Some physical parameters of CdO thin films deposited by spray pyrolysis.

Sample | Depo. Temp. | Thick. | Cryst. Size | Transmittance | Band gap
Code ) (hm) (nm) at 550 nm (%) E, (eV)
Caso 250 310 22.6 69 2.46
Csoo 300 360 242 72 2.41
Csso 350 395 25.8 80 2.38

3.2. Surface Morphology and Compositional Studies

It is known that the surface properties of the TCO films influence their optical and electrical properties
which are important factors for applications in optoelectronic devices. Fig. 2 shows a typical SEM
micrograph of CdO film deposited at 300 °C. It can be obviously seen from Fig. 2 that film has not a
smooth and homogeneous surface morphology with a holes. But also, all the films are compact, dense
and adhered well to the substrates. The surface properties of the CdO films appear to change
significantly as a function of deposition temperature. EDAX spectra of the films were taken to see
whether Cd and O elements in the starting solutions are present in the solid films or not. The EDAX
spectra of CdO film is shown in inset of Fig. 2. These spectra show that the expected elements exist in
the solid films.

3.3. Optical Characterization

In transparent metal oxides, metal to oxygen ration and crystal orientation decides the percentage of
transmission. The information about physical properties, like band gap energy, band structure and
optically active defects is determined from characterization of the films [12]. The optical transmittance
of the film was studied in the wavelength range 300-900 nm. Fig. 3 shows the effect of substrate
temperature on optical transmittance of as-deposited CdO thin films on amorphous glass substrates. It
is observed that the film transparency depends on the growth temperature. The percentage
transmittance at 550 nm wavelengths of the films grown at 250 OC, 300 °C and 350 °C are 69 %, 72 %
and 80 % respectively. The effect of substrate temperature on optical band gap of CdO thin films has
been determined from the data of transmittance vs. wavelength plot.
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Fig. 3. Optical transmittance spectra of spray deposited CdO thin films.

The absorption coefficient is given by

where T is the transmittance and d is the thickness of film. The film thickness is of as-deposited CdO
films is calculated by gravimetric weight difference method and listed in Table 1. The relation between
absorption coefficient (o) and the incident photon energy (hv) is given by the following equation [13]:

(ehv)= A(hv—Egﬁ (2)
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where the symbols have their usual meanings. For allowed direct transition, n = 1/2. The value of
absorption coefficient is found to be of the order of 10* cm™ that supports the direct band gap nature of
the semiconductor. The energy band gap (E,) can be determined by extrapolating the linear regions of
the plots to zero absorption. Fig. 4 shows the relationship (ahv)” vs. (hv) for films grown at different
deposition temperature. The observed straight-line behavior establishes that the films have a direct
band gap. The determined optical band gap values are listed in Table 1.
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Fig. 4. Variation of (ahv)2 vs. hv for CdO thin films.

4. Conclusions

Transparent and conducting CdO films were deposited on glass substrates at different substrate
temperate by economical spray pyrolysis method. The effect of deposition temperature on structural,
morphological and optical properties was studied. The polycrystalline CdO thin films were confirmed
to be cubic crystal structure. The as-deposited CdO films exhibit good optical transmittance with
decreased band gap values. This suggests that these films have significant commercial relevance.
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