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Abstract  

Reactive co-sputtering technique was used to deposit thin films of Zn1-xCdxO on glass substrates in presence of 

oxygen inside vacuum chamber. A geometrical approach was considered to determine the fractional amount of 

both zinc and cadmium in the final product. The effect of Zn dopant concentrations on the morphological, 

structural and optical properties was introduced. The prepared thin films contain cluster structures of Zn1-xCdxO 

particles. These films are polycrystalline and their band gap values were increasing with increasing Zn dopant 

concentration. 
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1. Introduction 

The technology of thin films playing an 

important period especially in the scope of 

integrated optics, optical coating, 

microelectronics and super conductors etc. 

[1]. ZnO is an II-VI wide band gap (3.3 eV) 

which is commercially abundant with 

accrued such as relatively low cost, 

peristalsis – friendly non-venomous nature, 

high thermal and chemical stability and high 

resistance to radiation damage [2]. This type 

of semiconductor material has an ability to 

modulate the band to lower level by alloying 

with CdO [3] in order to increase more 

electronic carriers, then the conductivity can 

be improved. As doping concentration 

heavily, the amount of electronic carriers are 

also increased in general [4]. These materials 

have been extensively studied due to its 

intrinsic properties and potential 

applications to optoelectronic devices [5]. 

Recently, compound Zn1-xCdxO 

semiconductors have been more used to 

tailor the ZnO band gap to visible spectral 

range from ultraviolet because of the small 

band gap of CdO about 2.30 eV [6,7]. Also, 

cadmium oxide have special features such as 

high conductivity and high transmission 

which made it applicable in photodiodes [8], 

gas-sensing devices [9], thin film resistors 

[10], solar cell [11] and flat panel display 

[12]. Various growth techniques have been 

employed to obtain ZnO and CdO thin films 

on a different substrates including sol-gel 

[13], pulse laser deposition [4], molecular 

beam epitaxy [6], spray pyrolysis [14], 

successive ionic layer adsorption and 

reaction (SILAR) [8] and thermal 

evaporation technique [12]. Among these 

methods spray pyrolysis which is 

astonishing technique for thin films 

deposition [15]. Comparison to another 

techniques spray pyrolysis process has many 

benefits: it is facile, tawdry [14], safety, 

inexpensive in equipment and the crude 

materials, no evaluative tools like systems of 

vacuum etc., the fabrication of mass have 

been well adopted these leads to maximum 

coating of area for thin films [16]. Spray 

method include sprayed the solution on the 

substrate direct with carrier gas which 

assisting the working of nozzle. Physical 

properties and specificity of thin films relies 

on the different factors of method similar to 

the temperature of substrate, the rating of 

spray, the carrier gas pressure, the molarity 

concentration of solution, and the geometric 

properties of the spray regime [17]. 

The present study, deals with civilizing 

the thin film of Zn1-xCdxO by spray pyrolysis 

method. The dopant films have been 

characterized by various technique such as 
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(XRD) X-ray diffraction, (SEM) scanning 

electron microscopy, and UV-Vis 

spectroscopy. 

 

2. Experimental Part 
Spray pyrolysis method has been used to 

deposit Zn1-xCdxO onto glass pillar. The 

solution of spraying has been presented by 

deliquesces cadmium acetate dehydrate in 

distilled water to investigate the doping 

effect of Zinc on CdO films, we have used 

zinc acetate dehydrate as a source of material 

for zinc which was added in different weight 

percentage such as 25, 50, 75%. The 

substrate temperature was 250±10 °C and 

controlled by a thermocouple connected to a 

temperature controller. The spray rate was 

maintained at 3 ml/min and the air 

compressor has been used as carrier gas. 

Films thickness was determined by 

optical interferometer method using the 

relation [18]: 

d = 
∆x

x
 . 

λ

2
        (1) 

where ∆x is the distance between two 

fringes, x is fringe width, and λ is the 

wavelength of He-Ne laser (632.8 nm) 

The surface morphology by using 

scanning electron microscopy SEM 

(TEScan–Vega II SBH). An optical 

transmission spectrum was recorded using 

UV-1650 UV-visible recording 

spectrophotometer to measure optical 

transmittance films in the range 300-900nm. 

 

3. Results and Discussion 

The scanning electron microscope image 

illustrates the surface topography of Zn1-

xCdxO thin film in Fig. (1) for undoped and 

Zn doped CdO thin films. The film shows 

homogenous distribution with 

polycrystalline nature and has uniform 

spherical grains. The film dopant with 25% 

Zn concentration has small grains in 

compared with film Zn dopant concentration 

of 75% which show large grains clustered 

together within the surface. SEM images 

suggest that the films are showing crystalline 

nature for lower zinc doping and the films 

become amorphous for higher concentration 

of Zn doping. 

 

 
 

 
 

 
 

Fig (1) SEM micrographs for the prepared samples (a) CdO, 

(b) Zn0.1Cd0.9O, (c) Zn0.8Cd0.2O 

 

Figure (2) illustrates the optical 

absorbance with the range of wavelength 

300-900 nm for CdO films doped with 

different concentration of Zn for 250°C 

substrate temperature.  It seems from figure 

the films have a hefty absorbance in the 

absorption spectra of ultraviolet region 

which increased with increasing the zinc 

dopant while low absorbance in the visible 

region. 
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(a) 

 
(b) 

 
(c) 

 
(d) 

 
(e) 

Fig. (2) Absorption spectra of (a) CdO, (b) Zn0.1Cd0.9O, (c) 

Zn0.3Cd0.7O, (d) Zn0.5Cd0.5O and (e) Zn0.8Cd0.2O thin films 

 

The band gap as function to 

concentrations of Zn shows in Fig. (3). To 

determine the band gap of Zn1-xCdxO film, 

the absorption coefficient (α) was used by 

using the expression [18,19]: 

αhν = B ( hν – Eg)
r    (2) 

where B is a constant, Eg is energy band gap 

of film, hν is the incident photon energy, and 

(r=2) for the indirect allowed transition and 

(r=0.5) for direct allowed transitions 

After calculating the band bap we found 

it’s equal to 2.49eV for cadmium oxide films 

without zinc dopant and increased with 

increasing the Zn dopant concentration to 

2.9eV. 

 

 
Fig (3) Optical band gap of Zn1-xCdxO films with different 

concentration of Zn dopant 

 

4. Conclusions 
In concluding remarks, the effect of Zn 

dopant concentrations were cleared on 

morphological, optical and structural 

properties of Zn1-xCdxO thin films. These 

films have polycrystalline structure and the 

preferred orientation in the direction of the 

a-axis. Optical results illustrate that the 

optical band gap of Zn1-xCdxO films increase 

from 2.49 to 2.9 eV with increasing the Zn 

dopant concentration.   
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