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A R T I C L E  I N F O                              A B S T R A C T  
 

Cadmium oxide thin films are important materials for applications in various photoelectric, 
solar cell, optoelectronic and other kinds on devices. There are several physical or 
chemical synthetic methods have been used to prepare transparent CdO films as described 
by many researchers. The X-ray diffraction study has confirmed the formation of CdO with 
nano-size scale. CdO films are n-type semiconductors and possess a direct band gap of 
2.25 to 2.72eV as shown in optical property studies.   
 
 
 
 
 
 
 

 
 
 
 

INTRODUCTION 
 

Metal chalcogenide thin films [1-30] and metal oxide films 
[31-39] are of considerable interest in terms of technological 
applications and have been successfully investigated in the 
last decades. Cadmium oxide thin films are materials from 
combinations of group II and group VI.  Generally, these 
materials indicate high optical transmission, low electrical 
resistivity and high transparency in the visible region of the 
electromagnetic spectrum. Recently, these materials have 
been intensively investigated as a potential candidate material 
for solar cells, smart window, gas sensors, IR detector, 
photodiode, conducting electrode, anti-reflection coatings and 
liquid crystal display. In this work, preparations of cadmium 
oxide thin films were carried out by using various deposition 
techniques. The obtained films were studied using various 
investigations such as XRD, SEM, TGA, UV-Visible 
spectrophotometer.  
 

Literature review 
 

Spray pyrolysis technique was employed by Desai et al., 2015 
[40] to prepare CdO films onto soda lime glass substrate. 
During the experiment, the cadmium acetate solution was 
used as a precursor and the deposition was carried out at 250, 
300, 350 and 400 C. They suggest that the formation of CdO 
films by decomposition of cadmium acetate after 250 C as 
indicated in thermogravimetric analysis. At the same time, 
they point out that the loss of water from the precursor take 
place in the range of 25-140 C. In the XRD analysis, all the 
samples are polycrystalline in nature and show prominent 
peaks correspond to (111) and (200) planes. Further, they 
claim that the intensity corresponds to these peaks gets 
enhanced with substrate temperature, indicating films have 
better crystallinity when the films sprayed at higher substrate 
temperature. Also, the FWHM results show that the grain size 

increases (34.94, 47.02, 52.81, 56.37 nm) with increase in 
substrate temperature from 250 to 400.    
 

CdO films are spray deposited at room temperature as 
described by Uplane et al., 1999 [41]. The obtained films are 
yellowish, uniform and the film thickness was in the range of 
0.4 µm. They proposed that cadmium chloride solution was 
sprayed over the hot substrates kept at 400 C.  Then, 
cadmium chloride decomposes in order to produce CdO films 
on glass substrate. The band gap was about 2.45 eV and n-
type electrical conductivity was supported as indicated in 
optical studies and thermoelectric power studies, respectively. 
On the other hand, Lokhande and Uplane, 2001 [42] studied 
the influence of deposition temperature on spray deposited 
cadmium oxide films. First of all, they claim that the obtained 
films were polycrystalline with preferred orientation along 
(111), (200), and (220) direction. Then, the electrical 
resistivity studies indicate that resistivity of these films is in 
the order of 10-4 ohm-cm. Finally, they found that band gap 
energy varies from 2.37 eV to 2.25 eV with increase in 
substrate temperature from 523 K to 723 K.   
 

Chemical bath deposited CdO films have been synthesized on 
glass and quartz substrate from alkaline media at room 
temperature as proposed by Metodija et al., 1996 [43]. XRD 
studies and optical properties indicate that CdO films 
prepared from a bath without KBrhave a preferred crystalline 
orientation in (200) direction and 2.63 eV. Meanwhile, the 
films prepared from a bath containing KBr show orientation 
in the (111) direction and band gap about 2.57 eV.  
 

Successive ionic layer adsorption and reaction method 
(SILAR) was used to prepare CdO films as reported by 
Urbiola et al., 2015 [44]. They found that the annealing 
temperature affects the grain size and film density. They 
observe that the reducing film thickness and surface 
roughness with increasing of annealing temperature from 200 
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to 500 C as indicated in SEM results. In XRD studies, the 
relative intensity of the cubic phase of CdO peaks increases 
and full width at half maximum (FWHM) reduces when the 
annealing temperature increases. Lastly, they conduced that 
the films prepared at the deposition temperature of 500 C 
have good crystallinity and suitable electrical conductivity for 
application in solar cell as transparent conductive oxide layer.  
CdO films have been prepared by Sahin, 2013 [45] by using 
SILAR method in the presence of saccharin. It is known to be 
employed as a strong leveling agent for the surface and a 
grain refiner, further by reducing of the internal stresses in the 
deposited thin films. The researcher concludes that surface 
morphology and the grain size of the CdO films could be 
controlled by saccharin percentage. The SEM results show 
that the grain size was found to be 1390, 1510, 1471 and 1720 
nm for 1,3,6 and 12% for saccharin added films, respectively. 
CdO thin films of thicknesses ranging from 200 nm to 600 nm 
have been successfully deposited on glass substrate using 
chemical bath deposition method from a bath containing 
cadmium ammine complex ions as reported by Varkey and 
Fort, 1994 [46]. The obtained films show n-type 
semiconducting with band gap about 2.3 eV. These films have 
transmittance of over 85 % in the range of 530-900 nm. 
 

Reactive dc magnetron method was used to produce CdO 
films onto glass substrates as described by Dhivya et al., 2014 
[47]. The deposition was carried out for various deposition 
times such as 5, 10 and 15 minutes in order to produce thin 
films with varying thicknesses (122, 204 and 294 nm). In the 
XRD studies, the films prepared for 5 minutes show 
amorphous in nature. It is observed from XRD patterns that as 
the deposition time increases (10 and 15 minutes), the peak 
intensities along the orientation direction (111) will also be 
increased. Meanwhile, the SEM investigation shows that the 
amount of deposited films increases with increasing 
deposition time. They also explain there is enhanced grain 
growth and nucleation at increased growth deposition, which 
resulting to the formation of densely arranged particles.    
 

Influence of sputtering power on the physical properties of 
CdO films has been investigated by Dhivya et al., 2015 [48]. 
They choose reactive dc magnetron sputtering method due to 
many reasons such as large area uniform coating, high 
stability of the deposited materials, high deposition rate and 
good film adherence over substrate. The film thickness was 
measured by stylus probe measurement and they observed 
that the thicknesses varies from 210, 240, 320 and 410 nm at 
sputtering power of 20, 30, 40 and 50 W, respectively. On the 
other hand, the crystallite size was calculated using Debye 
Scherrer relation. They conclude that the crystallite size 
increases (13, 16, 21 nm) with increasing power (20, 30, 40 
W) and at the highest power (50 W), it reduces (20 nm).  They 
explain that at highest power the surplus energy of the 
sputtered atoms along with the higher deposition rate resulting 
in a deterioration of crystallite growth process.  
 

Lamb and Irvine, 2011 [49] have reported the preparation of 
CdO films by using metal organic chemical vapour deposition 
technique. The preferential orientation of (111) peak was 
found as shown in XRD studies. They conclude that band gap 
was about 2.5 eV and the obtained films display the higher 
transmittance in the visible region as indicated in optical 
property investigation.    

Sol gel spin coating technique was used to prepare CdO films 
on indium tin oxide coated substrate as reported by Sanjeev et 
al., 2016 [50]. They select this deposition technique due to 
this technique is low cost atmospheric process and can be 
easily adaptable to industrial use. The obtained films were 
polycrystalline with cubic structure and the crystallize size is 
in the range 24-27 nm as shown in XRD patterns. The films 
indicate an increase in band gap value (2.58 to 2.72 eV) with 
increasing in the ion fluence (1X1012 to 3X1012 ions/cm2)as 
shown in optical properties studies.They describe that this 
phenomena due to the increase in the degree of disorder in the 
films. The presence of the high content causes expanding of 
the localized energy levels.  
 

Seval et al., 2009 [51] have prepared CdO films by using sol-
gel spin coating method on the glass substrate. The obtained 
films have been annealed at various temperatures such as 400, 
500 and 600 C for 1 hour. XRD investigation reveals that the 
annealed CdO films were polycrystalline with (111) 
preferential orientation. The optical band gap value was 
measured and determined by using UV-Spectrophotometer 
technique. The band gap value reduced with increasing the 
annealing temperatures.  
 

CdO films have been prepared under room temperature by 
using pulsed laser deposition method as described by 
Quinines-Galvan et al., 2016 [52]. It can be seen that the as-
deposited films were polycrystalline cubic structure with a 
prominent orientation in the (200) plane. However, the 
annealed films have not preferred orientation. The SEM 
micrographs show that as-deposited films are produced by a 
distribution of quasi-spherical shaped aggregates with 
boundaries not well defined and the sizes in the order of a few 
hundred of nanometers.  However, the annealed films show 
well defined grains with sizes in the range of 60-80 nm. 
Further, they explain that these phenomena resulting in the 
increase of surface density.  
 

CONCLUSION 
  

The structural, morphological and opticalproperties were 
characterized by using XRD, SEM and UV-Visible 
spectrophotometer, respectively. The obtained films are 
polycrystalline with cubic structure as shown in XRD pattern. 
CdO films are n-type semiconductors and possess a direct 
band gap of 2.25 to 2.72 eV as shown in optical property 
studies. 
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