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Abstract: 
In this paper the effect of nonthermal atmospheric argon plasma on the optical properties of the 

cadmium oxide CdO thin films prepared by chemical spray pyrolysis was studied. The prepared films were 

exposed to different time intervals (0, 5, 10, 15, 20) min. For every sample, the transmittance, Absorbance, 

absorption coefficient, energy gap, extinction coefficient and dielectric constant were studied. It is found that 

the transmittance and the energy gap increased with exposure time, and absorption. Absorption coefficient, 

extinction coefficient, dielectric constant decreased with time of exposure to the argon plasma. 
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Introduction:  

Non-thermal plasma 
Plasma is the fourth state of matter (in 

addition to the three known states of solid, liquid, 

gaseous); the plasma is classified according to its 

temperature to two main types: high temperature 

plasma or nuclear fusion plasma and low 

temperature plasma or so called plasma discharge. 

High temperatures are those in which all particles 

(electrons, ions and neutral particles) in the case of 

thermal equilibrium (Te ≈  Ti  ≈  Tn) . Plasma low 

temperatures are divided into two parts: the thermal 

plasma, whose components are in the case of local 

equilibrium and non-thermal plasma, where the 

temperature of the electrons is much higher than the 

temperature of the rest of the items(Te >> Ti  ≈  Tn) 

(1). Cold plasma at atmospheric pressure has wide 

applications in industrial and scientific fields 

including: environmental applications (2), 

biodegradation (3), nanotechnology applications (4) 

and materials treatment (5). 
At present, various sources of non-thermal 

plasma production have been developed at normal 

atmospheric pressure for use in surface treatment 

(6). This type of plasma has many advantages when 

used in surface treatment compared with other 

methods of treatment such as the use of chemicals 

or the use of plasma produced in low pressure, 

These include reduced maintenance and operating 

costs, reduced processing time and no waste or 

toxic substances. Intensive studies were conducted  
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on the effect of non-thermal plasma at atmospheric 

pressure on polymers(7), textiles(8) or plastic 

surfaces(9), when there are necessities for 

superficial modifications to overcome some 

technology issues in materials, such as reducing 

wetness or moisture to the surface or to increase 

adhesion. And in comparison with the number of 

studies on the effect of non-thermal plasma on 

polymerase, it has been studied for metal surfaces 

but less and still needs a lot of work in this subject 

(10). A large number of researches has been 

published in the use of plasma to treat metal 

surfaces, whether cleaned or activated (11). This 

means that plasma is used to prepare the surface 

before it is ready for other processes such as paint, 

drawing or bonding. 

In this paper, the effects of non-thermal 

Argon plasma produced at normal atmospheric 

pressure on the optical properties of CdO thin films 

will be studied. 

 

Cadmium Oxide (CdO) 
Cadmium oxide (CdO) has a high electrical 

conductivity and high optical transmittance with a 

moderate refractive index in the visible region of 

the solar spectrum (12,13). CdO thin films have 

been widely used as transparent conducting oxide 

thin films due to its low resistivity and high optical 

transmittance(14); its optical band gab  is about 

2.16 eV at room temperature depending on the kind 

of technique used and the preparation condition of 

the method used(15). The combination of high 

transparency in the visible range of the 
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electromagnetic spectrum, high electrical 

conductivity, and high carrier concentration, these 

properties make CdO thin films very useful for 

many applications such as solar cell, 

phototransistor, diodes, gas sensors, heat mirror, 

antireflection coatings, transparent electrodes, 

photodiodes, etc. (16). 

In recent years, it has been found various 

techniques that were used to prepare CdO thin films 

such as Thermal Evaporation in Vacuum 

Deposition. (TEVD), Sputtering technique, 

Chemical Vapor Deposition. (CVD), Pulse Laser 

Deposition. (PLD), Thermal Pyrolysis Deposition. 

(TPD). (17) The optoelectronic semiconductor 

material cadmium oxide has been extensively 

studied as epitaxial and polycrystalline thin films 

prepared by different techniques because of its 

unique optoelectronic and other properties with a 

hope of exploring potentialities for fabrication of 

new scientific and technological devices(18). 

In this work, was studied the effect of 

nonthermal argon plasma produced at normal 

atmospheric pressure on the optical properties of 

CdO thin films that are prepared by chemical spray 

pyrolysis. 

 

 

 

 

Materials and Methods:  
Preparation of thin films   

Transparent and conducting CdO thin films 

were deposited on glass substrates by using spray 

pyrolysis method. Cadmium acetate  

(Cd(CH3COO)2.2H2O) was used as a source 

material of Cd with concentration about(0.1 M) 

dissolving in 50 ml re-distilled water, the 

microscope glass substrate after subjected to the 

cleaning process were placed on hot plate until it 

reaches 350Ċ. The optimized deposition parameters 

such as spray time (5sec), substrate spray nozzle 

distance (29 cm), spray interval (55 s) and carrier 

gas pressure (compressed air 105 Nm−2 )  

 

Plasma jet system 

The plasma jet that was used in our 

experiment  is shown in Fig.1 It consists of stainless 

steel tube with dimensions (20)mm length and inner 

diameter (3)mm; this tube was used as guide for 

argon gas and connect to the high voltage power 

supply. Another Pyrex tube with (150) mm length 

and inner diameter (7)mm serves  as a shielding for  

the stainless steel tube, the second electrode of 

power supply was connected to the sheet of cupper 

with (10)mm width was putted at the outer end of 

the glass tube, the insulator of silicon was put over 

the external cupper electrode, so as to prevent direct 

discharge occurred. 

 
Figure 1. Schematic design for non thermal plasma needle 

 

Argon gas was used to feed the system with 

flow rate of 3(l/min) and a high voltage power 

supply with a ma voltage of 25 kV and a frequency 

of 30 kHz. The voltage used in this work, has been 

set at 1.5 kV and 22 kHz. Fig. 2 shows a 

photography of the plasma system that was used in 

thin film treatment. 

 

 

 
Figure 2. Illustrate a photography of the argon 

plasma jet system used the thin film treatment 
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Results and Discussion: 

Transmittance  
Figure 3 shows the spectrum of 

transmittance in the region of the spectrum (400-

1100) nm of the cadmium oxide film exposed to the 

Argon plasma for different time intervals (0, 5, 10, 

15, 20) min. 

It was noted from the figure that the 

maximum transmissions value reaches 80%, and for 

a given value of the wavelength the transmissions 

increases with the increased exposure time of the 

plasma. 

 

 
Figure 3. Shows spectrum of transmissions T as 

a function of wavelength of the cadmium oxide 

film exposed to the Argon plasma for different 

times intervals (0, 5, 10, 15, 20) min. 

 

Absorbance   
Figure 4 shows the spectrum of absorption 

'A' of the cadmium oxide film exposed to the Argon 

plasma for different times intervals (0, 5, 10, 15, 20) 

min as a function of wavelength From the Figure,  it 

can be shown that the absorption at a given 

wavelength decreases with increasing exposure 

time.  

 

 
Figure 4. Absorption A as a function of 

wavelength of the cadmium oxide film exposed to 

the Argon plasma for different times intervals (0, 

5, 10, 15, 20) min. 

Absorption coefficient  
The absorption coefficient 𝜶 is calculated 

using the following Lambert formula (19): 

𝛼 =
2.303𝐴

𝑡
 

Where  𝛼 is the absorption coefficient, A is 

the absorption and t is thickness of the film. 

Figure 5 shows the absorption coefficient as 

a function of wavelength in the region of the 

spectrum (400-1100) nm cadmium oxide film 

exposed to the Argon plasma for different time 

intervals (0, 5, 10, 15, 20) min. It was noted from 

the figure that the absorption coefficient decreases 

with increasing wavelength, also at a given 

wavelength the absorption coefficient decreases 

with increasing exposure time.  

 

 
Figure 5. Absorption coefficient as a function of 

wavelength of the cadmium oxide film exposed to 

the Argon plasma for different times (0, 5, 10, 15, 

20) min. 

 

Energy gap  
The coefficient of absorption is given according to 

the Tauc 's relation as follows (20): 

𝛼hυ = 𝐵(hυ − 𝐸𝑔)𝑚  

where B is a constant; its value varies 

depending on the transitions, 𝐸𝑔is the energy 

gap, hυ is the photon energy, m is a constant that  

has value 1/2 for direct allowed transmission for 

semiconductors (17). By plotting (𝛼hυ)2 against 

photon energy hυ, when extending the straight part 

of the resulting curve to cut the hυ axis at point 

(𝛼hυ)2 = 0, the intersection point represents the 

energy gap 𝐸𝑔. 

Figure (4) shows the relationship between 

(𝛼hυ)2 as a function of photon energy for cadmium 

oxide films exposed for non-thermal Argon plasma 

for different time intervals (0, 5, 10, 15, 20)min.. 

The energy gap for each curve was calculated as 

(2.206 ,2.2687, 2.312, 2.30, 2.28) eV, respectively. 
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Figure 6. Energy gap as a function of photon energy of the cadmium oxide film exposed to the Argon 

plasma for different times interval (0, 5, 10, 15, 20) min. 

 

Extinction Coefficient  
The Extinction coefficient ,K, of the 

prepared films is calculated by the following 

relation (20): 

𝑲 =
𝜶𝝀

𝟒𝝅
 

Where as 𝜆   the wavelength for incident photon. 

Figure (7) shows the graph of extinction 

coefficient as a function of wavelength for cadmium 

oxide films exposed for non-thermal argon plasma 

for different time (0,5,10,15,20)min. It shows the 

fact that when the wavelength was fixed, the 

Extinction coefficient decreased with an increase in 

the exposure time of the plasma. 

 

 

 

 
Figure 7. Extinction coefficient as a function of 

wavelength of the cadmium oxide film exposed to 

the Arcon plasma for different times (0, 5, 10, 15, 

20) min. 

 

Dielectric constant 
The values of the dielectric, ε, constant are 

complex values that depend on a real 𝜀𝑟 and 

imaginary part 𝜀𝑖 , as follows (21,22): 

0

100

200

300

400

500

600

700

1 1.5 2 2.5 3 3.5

(α
h

ν)
2

 

hʋ(eV) 

 t=0 min.

0

100

200

300

400

500

600

700

800

900

0 0.5 1 1.5 2 2.5 3 3.5

(α
h

ν)
2

 

hʋ (eV) 

  t=5 min.

0

200

400

600

800

1000

1200

0 0.5 1 1.5 2 2.5 3 3.5
(α

h
ν)

2
 

hʋ (eV) 

 t= 10…

0

100

200

300

400

500

600

700

800

1 1.5 2 2.5 3 3.5

(α
h

ν)
2

 

hʋ (eV) 

 t=15 min.

0

100

200

300

400

500

600

1 1.5 2 2.5 3 3.5

(α
h

ν)
2

 

hʋ (eV) 

 t=20 min.

0

0.05

0.1

0.15

0.2

0.25

0.3

350 450 550 650 750 850 950

k 

Wavelength (nm) 

t=0
t=5 min
t=10 min
t=15 min
t= 20 min



Baghdad Science Journal                      Vol.15(2)2018 

 

225 

𝜖 = 𝜀𝑟 − 𝑖𝜀𝑖 

              where          𝜀𝑟 = 𝑛2 − 𝐾2 

𝜀𝑖 = 2𝑛𝐾 
Figure (8) shows the real and imaginary 

part of the dielectric constant, as a function of 

wavelength for cadmium oxide films exposed for 

non-thermal Argon plasma for different times (0, 5, 

10, 15, 20)min. 

It is observed from the real and imaginary 

curves that the peaks of the curve creeps towards 

the long wavelengths by increasing the exposure 

time. Also, it is observed that for given value of the 

wavelength, the value of real and imaginary 

decreases with increasing the exposure time.  

 

   
Figure 8. The Dielectric constant (ε) (real part (a) and imaginary part (b))as a function of wavelength 

of the cadmium oxide film exposed to the Argon plasma for different times (0, 5, 10, 15, 20) min. 

 

Conclusion: 
In this work, it was found that the 

transmissions T and Energy gap 𝐸𝑔 increases with 

increasing the time of exposure while absorption A, 

absorption coefficient α, extinction coefficient K 

and the real and imaginary part of the Dielectric 

constant decreased with increasing the time of 

exposure.  
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دراسة تاثير بلازما الاركون غير الحرارية المنتجة في الضغط الجوي الاعتيادي على الخواص البصرية 

 CdO لاغشية اوكسيد الكادميوم 

 
فرح عبد الامير عبد الكريم             الاء خميس برد         نسرين خليل عبد الامير       حامد حافظ مربط

 

 
للبنات، جامعه بغداد، بغداد ، العراق.قسم الفيزياء، كلية العلوم     

 

 :الخــلاصــة
في بحثنا هذا تم دراسة تاثير بلازما الاركون غير الحرارية المنتجة في الضغط الجوي الاعتيادي على الخواص البصرية لاغشية 

، 0زمنية مختلفة لبلازما الاركون ) المحضرة بطريقة الرش الكيميائي الحراري . عرضت الاغشية المحضرة لفترات  CdOاوكسيد الكادميوم 

وفجوة الطاقة  αومعامل الامتصاص  Aوالامتصاصية  T( دقيقة . درس في كل تعريض تاثير البلازما على كل من النفاذية 20، 15، 10، 5

𝐸𝑔  ومعامل الخمودK  وثابت العزلεن التعريض للبلازما بينما تقل تزداد بزيادة زم . ظهر من خلال النتائج ان كل من فجوة الطاقة والنفاذية

 .قيم كل من الامتصاصية ومعامل الامتصاص ومعامل الخمود وثابت العزل مع زيادة زمن التعريض للبلازما
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