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Abstract

thin films were prepared by thermal evaporated method of cadmium
metal on a glass substrate, then conventional oxides in air at 500° C and
different oxidation times (30, 60 and 90) mint. The characterization of
samples were carried out by atomic force microscopy and UV-VIS
spectroscopy. Detailed optical and morphological properties of the
prepared films are presented at different oxidation times. A UV-VIS
transmition spectrum of produced films shows high transmission in visible,
IR region and low transmission in UV region. Average grain size in the
range of nanometer and decreases with increasing oxidation time.
Keywords:, Cadmium thin films, thin films, thermal evaporation .

1. Introduction
Cadmium oxide (CdO) has high electrical conductivity and high
optical transmittance with a moderate refractive index in the visible region
of the solar spectrum. In recent years it has found various applications in
transparent electrodes, solar cells, photo transistors, photodiodes, gas
sensors, etc. [1,2]. CdO films are wide, direct band-gap semiconductors
with an optical energy gap of about 2.4 eV at room temperature [3]. CdO,
with it's cubic structure, is also a I1-VI n-type semiconductor with donor
defects, such as Cd interstitials and oxygen vacancies [4, 5]. CdO thin films
are prepared by many physical and chemical techniques. Many physical
and chemical preparation techniques such as pulsed laser deposition [6],
sputtering [7], chemical vapor deposition [8], reactive evaporation [9],
spray pyrolysis [10], sol-gel [11-13], etc. have been used in order to obtain
CdO films .In this study, highly transparent and conductive CdO films were
prepared by using thermal evaporation technique. The variations in the
morphological and the optical properties of the CdO films with oxidation
time are presented.
2. Experiments details
Cadmium material was grown from (Balzers BAE 080) evaporation
system under vacuum of 2x10* torr on glass substrates at room
temperature using a molybdenum boat heater. The deposited films oxides
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in air at (500)° C by using conventional furnace in different times 30, 60

and 90 mint to prepared transparent and conducting CdO films. The
thickness of prepared films was determined after oxidation using weight
method [14] and found to be 300 nm. The transmission spectra’s and the
surface morphologies of the deposited films were taken with a UV-Vis
spectrophotometer (PG-instrument) and atomic force microscope (AFM)
AA300 scanning probe microscope Angstrom Advanced Inc. Energy band
gap Eg (eV) of the Cdo films also calculated.

3. Results and dissection

Figure( 1) shows the optical transmission spectra of the CdO films
prepared at oxidation temperature 500 ° C and various oxidation times. The
optical transmissions of the samples were both increases with increasing
wave length and oxidation time and the film shows high transmission in
visible and IR region and low transmission in UV region. It’s clear from
figure la shift of their transmission edges towards lower energies. Such
type of shift is found in the films prepared by activated reactive
evaporation method [14]. The shift towards higher or to lower energies
depends on the method of film preparation [15]. The parallel transmission
shift however indicates that it is related to changes in film structure [16].
The optical band gap (Eg) of a semiconductor is related to the optical
absorption coefficient (o)) and the incident photon energy (hv) by [17, 18].

(ahv) = (Eg - hv)"---=--m-mmommm-- (1)

where n depends on the kind of optical transition that prevails. Specifically,
n is 1/2 and 2 when the transition is directly and indirectly allowed,
respectively. The CdO film is known to be a semiconductor with a directly
allowed transition, and its optical band gap can be obtained by plotting the
optical absorption versus the photon energy and extrapolating the linear
portion of the curve to (ahv)? = 0. The optical band gap of the CdO film
prepared at a oxidation time of 30 min was 2.52 eV, as shown in Fig. 2.
This is in good agreement with the previously reported value of 2.54 eV
[14].1t is observed that increase in oxidation time of CdO films yields a
slight increase in optical band gap from 2.52 ev to 2.60ev. These results are
in agreement with the theoretical calculations of the band structure [19] and
agree within 0.1eV with the previous values, calculated for films prepared
by other methods [20- 21]. This change in optical band gap is due to the
decrease (or increase) of the Fermi energy in the degenerated
semiconductor, and it is in agreement with the results of Vigil et al. [22],
and has been attributed to local mechanical stress produced by impurities
and defects [23].
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uv-vis transmition spectra of Cdo thin films at (500)C and different

oxidation times.
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Figure(2): Tauc’s plot for CdO thin films

The show in fig. 3 (A- C) shows surface morphology of the cadmium
oxide thin film is prepared at oxidation temperature (500) ° C and different
oxidation times. As it is clear from figure, the crystallinity of the samples
has been improved by oxidation time and a drastic change in grain shape is
observed. Furthermore, we can see that the film oxides at 90 min , Fig.3
(C) has a high smooth and homogeneous surface morphology with nearly
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spherical nanocrystalline grains IS about

nm), also IS dense ana adnere

well to the substrate without any cracks as compared with films oxides at
times (30,60) mint fig.3 A,B respectively . The size of the grains decreased
as the oxidation time increases. This technique confirms the crystalline
structure improves in higher oxidation of as deposited film. The size of the
Cdo nanostructure and RMS values for the films prepared at oxidation
temperatures (500) © C and different oxidation time are fabulated in table
Table 1 The Conditions of thermal evaporated .

Sample Toxiation (C) “On),:é(éta)t[!r?l?] Averagebsr(a;bi\r::ls\;lz)e (D)nm RMS(nm)
1 30 140 3
2 500 60 110 457
3 90 80 1.88
10.00nm
.
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Fig .3(A-C): Surface morphology of Cdo thin films prepared at different
oxidation times 30 ,60 and 90 mint.
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4. Conclusion

Highly transparent and conductive CdO films were deposited on glass
substrates by using conventional thermal oxidation method. The
morphological and optical properties of the films were investigated as a
function of oxidation time. Optical properties of the CdO films were
influenced by oxidation time. The optical band gap values were found to
slightly increase from 2.55 to 2.6 eV with oxidation time for direct
transitions. Also Oxidation time affected the grain size of the Cdo films.
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