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Abstract  

In this research, the dielectric barrier discharge (DBD) plasma system was 

designed. This design consists of two electrodes with a diameter (5 cm) 

surrounding by Teflon with the top thickness (2 cm) and the bottom thickness is 

(2.9 cm). The glass as a dielectric barrier with (2 mm) in thickness was used.  

Non-thermal DBD Plasma was produced by applying (16 kV) AC voltage 

source between the two electrodes and a glass plate as a dielectric barrier. The 

effect of electrodes type on the properties of produced DBD Plasma was studied; 

Copper and Aluminum electrode was used for this purpose. Plasma parameters 

were calculated by analysis Plasma spectrum measured using optical emission 

spectroscopy and using Boltzmann plot method. Electron temperature (Te) found 

to be (4.46 eV) and (4.18 eV) for Copper and Aluminum respectively. 

Keywords: DBD Plasma, Non-thermal plasma, Boltzmann plot. 

 

 دراسة تأثير نوع الأقطاب الكهربائية على خصائص بلازما تفريغ حاجز العزل الكهربائي
 

 الخلاصة 
 5) بقطريتكون هذا التصميم من قطبين  حيث تفريغ حاجز العازل بلازمافي هذا البحث تم تصميم نظام 

cm )علويسمك بالتيفلون ما محاط بمادة هكل من (2 cm وسمك )سفلي (2.9 cm) تم استخدام  كما
 (.mm 2) بسمكو عازل كالزجاج 

قطبين البين ( kV 16ناوبة )مت فولتيةمن خلال تطبيق مصدر  ةالغير حراري (DBD)تم إنتاج بلازما  
الأقطاب الكهربائية على مادة دراسة تأثير نوع  تمكما كحاجز عازل.  زجاجيةالصفيحة الكهربائيين و ال

خر من الآنحاس و نوعين من الاقطاب احدهما من الاستخدم  حيث ،المنتجة  (DBD) خصائص البلازما
تحليل طيف البلازما باستخدام التحليل قياس معلمات البلازما بواسطة تم حساب الألومنيوم لهذا الغرض. 

الالكترون درجة حرارة  النتائج ان اظهرتالطيفي للانبعاثات الضوئية وباستخدام طريقة بولتزمان للرسم. 
(Te) تساوي (4.4642 eV)  و(4.1841 eV)  للنحاس والألومنيوم على التوالي. 
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1. Introduction  

Atmospheric Non-thermal Plasma (ANTP) used widely investigated in many 

research and applied in several various industries due to their effect potentially 

on technology applications [1]. (ANTP) include generation high-density plasma 

at room temperature, which makes it desirable because of the low cost and 

doesn't need expensive laboratories [2]. There are many studies executed in 

related fields for (ANTP) to develop the practical applications and essential 

theoretical working [3]. In ANTP discharge, often, a sinusoid mono-excitement 

source is used with a frequency range from the kHz to MHz. However, it is 

difficult to fulfill the independent control and improvement of plasma 

parameters by considering the efficiency of a singular excitation source [4]. 

Many researchers have begun studying the possible applications of discharge 

plasma to reduce the aforementioned problems [5]. Among which, as an 

efficient method to improve generation (ANTP), radio-frequency (RF) paying 

dielectric barrier discharge (DBD) with two sources of the independent power 

excitation. (ANTP) has achieved rising attentiveness by enabling independent 

control of the parameters of plasma and improvement the discharge for different 

applications [6]. 

However, studies are still passed on the practical aspect of applications and 

lack theoretical understanding of such discharges which would enable 

researchers to change operation parameters in the system to determine results 

detailed of plasma parameters. This is due to the chemical and physical 

properties which depend on the dynamics of the power dissipation and the 

mechanisms of the electron heating, whereby the plasma parameters are highly 

sensitive and affected by instabilities, process transitions and the variations 

associated electron heating for plasma. It is therefore necessary to understand 

electron heating mechanisms in (DBD) system that working by atmospheric 

pressure to compensate for the theoretical aspect of the studies that are used this 

applications. 

 

2. Dielectric Barrier Discharge (DBD)  

DBD Plasma or (silent discharge) used a dielectric material such as 

Polymers as a plasma stabilizer to uses in the industrial applications. The 

important part of DBD Plasma is the dielectric layer material, which covers the 

electrodes. Usually, the materials which have high insulation constant and high 

breakdown voltage such as ceramics or glass are used. The dielectric material 

must be able to avoid the damage caused by the stress due to the discharge. 

There are some factors can affect the discharge properties and contributes to the 

efficiency and stability of the DBD device such as the distance between the 

electrodes, the diameter of electrodes, and the electrode material [7]. To improve 

the discharge parameters can be used to adjust various external parameters, for 

example:  
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1. The discharge voltage applied affects the quantity of the electric field, 

hence on the energy of the charged particles. 

2. The power controls the ionization density, hence is an approximate 

variable for the plasma density. Also, it is a probable variable to control 

for the energy of plasma. 

3. The pressure of the gas controls the collisions of electron frequency that 

means a free path of plasma constituents.  

4. The gas sort controls the ionization, thus the energy of necessary to 

produce an ion-electron pair in the plasma was controlled. 

5. The electrodes form can affect the energy input by changing the electric 

field and change the shape of the electrodes. 

6. Cathode properties can affect the discharge properties, such as the 

emission coefficient, or the able to the emission of thermal ions. 

 
The types of electrodes configurations of DBD Plasma can be shown in Figure 1. 

 

 
 

Figure (1): the electrode configurations of DBD Plasma [7]. 

 

3. Experimental Work 

In this research, the dielectric barrier discharge (DBD) Plasma system was 

designed to generate plasma normal atmospheric pressure. This system consists 

of two electrodes made of Copper and Aluminum, respectively. The diameter of 

each electrode is (5 cm) surrounding by Teflon with thickness (2.9 cm) for the 

bottom electrode and (2 cm) for the top electrode. The electrodes are fixed on a 

holder at one end, moving up and down to control the distance between the 

electrodes, and each of them is connected to alternating voltage power. 

In this work, a dielectric material of glass with thickness (2 mm) was used, 

and the dielectric constant was (3.7 – 10) [8]. Glass is placed between the two 

electrodes to form a discharge process. Figure 2 shows the locally designed 

DBD Plasma system.  
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The power supply for the alternating voltage and the locally designed produces 

high voltage up to (20 kV) and a frequency of up to (35 kHz) and current in mA. 

The electrodes are surrounded by a dielectric material of Teflon with constant 

isolation (2.1) at room temperature and frequency (1 kHz) [8]. 

 

4. Results and Discussion  
      In this research, two types of electrodes (copper electrode and aluminum 

electrode) were applied using high voltage (16 kV), alternating current (352 

mA), frequency (22.507 kHz) and  distance between the electrodes (d=3 mm). 

Glass dielectric between the electrodes with thickness (2 mm) was used. Plasma 

parameters were calculated by measurement of plasma spectrum analysis using 

optical emission spectroscopy and using the Boltzmann plot method. 

 

4.1 Copper Electrodes 

The spectral analysis of the plasma produced by the spectroscopy device was 

studied. Spectrum lines of plasma for the Copper electrodes indicate in Figure 3.  
 

 

  

 

 

 

 

 

 

 

 

 

         

 

Figure (2): The locally designed DBD Plasma system. 

Figure (3): Spectrum lines of plasma of the Copper electrodes. 
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The spectrum emission data of Nitrogen lines for Copper electrode at (2 mm) 

thickness of glass dielectric shown in the Table (1). 
 

Table (1): Spectrum emission data of Nitrogen lines for the Copper electrodes. 

Species Intensity λ (nm) 𝐠𝐣 𝐀𝐣𝐢 (𝒔−𝟏) Ej (eV) 

NV 1862 315.8 3.09×10
8
 88.02204 

NIII 2843 336.81 8.89×10
8
 39.35235 

NII 2521 357.5 7.26×10
7
 24.38934 

NIII 1877 380 7.21×10
7
 41.68434 

 

The temperature of the electron was calculated from:  

𝐥𝐧 (
𝐈𝐣𝐢 𝛌𝐣𝐢 

𝐠𝐣 𝐀𝐣𝐢
) =  − 

𝐄𝐣

𝐤𝐁 𝐓𝐞  
 + 𝐂             …………………………………….(1) 

where,  Iji : intensity of the emitted light  from (j) to (i) levels,  λji : wave length, 

gj : statistical weight of the upper level, Aji : the Einstein transition probability of 

spontaneous emission, Ej/kB : the normalized energy of the upper electronic 

level, C can be calculated by the relation:  

𝑪 = 𝐥𝐧 (𝒉𝒄𝑵𝒋/𝟒𝝅𝑸(𝑻))              ……………………..………………...(2)   

 Q(T) : the partition function.  

 𝑺𝒍𝒐𝒑𝒆 =  − 
𝟏

𝒌𝑩 𝑻𝒆
                       ………………………………………. (3) 

hence   kB =   8.617 × 10− 5  eVK−1   

 

The Boltzmann plot for spectral analysis foe Copper electrodes as in Figure 4.  

 

 

 

 

 

 

 

 

 

 

 

 

 

y = -0.224x + 31.714 R² = 0.4163 

28

28.5

29

29.5

30

30.5

31

31.5

32

0 20 40 60 80 100

L
n

(λ
ji
 I

ji
/h

cA
ji
. 
g

j)
 

Ej (eV) 

16  kV 

Figure (4):  The Boltzmann Plot for spectrum line for Copper electrode. 
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The temperature and density of electrons were calculated, it is about (4.46 eV) 

and (9.90×10
17 

cm
-3

) respectively, as in Table (2). 
 

Table (2): Plasma parameters for Copper electrodes. 

 

4.2 Aluminum electrodes 

The spectral analysis of the plasma produced by the spectroscopy device was 

studied. Spectrum lines of plasma for the Aluminum electrodes indicate in 

Figure 5.  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

The spectrum emission data of Nitrogen lines for Aluminum electrode at (2 mm) 

thickness of glass dielectric shown in Table (3). 
 

 

Table (3): Spectrum emission data of Nitrogen lines for the Aluminum electrodes. 

Species Intensity λ (nm) 𝐠𝐣 𝐀𝐣𝐢 (𝒔−𝟏) Ej (eV) 

NV 1609 315.8 3.09×10
8
 88.02204 

NIII 2185 336.81 4.06×10
8
 39.34503 

NII 1951 357.5 7.26×10
7
 24.38934 

NIII 1670 380 7.21×10
7
 41.68434 

 

The Boltzmann plot for spectral analysis for Aluminum electrodes shows as in Figure 6.  

 

Te (eV) Te (K) FWHM ne (cm
-3

) Fp (Hz) λD (cm) Nd 

4.464285 51785.71 1.32 9.90×10
17

 8.935×10
12

 1.578×10
-5

 16.288×10
3
 

Figure (5): Spectrum lines of plasma of the of the Aluminum electrodes. 
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The temperature and density of electrons of plasma for Aluminum electrodes 

were calculated, it is about (4.18 eV) and (9.90×10
17 

cm
-3

) respectively. The 

plasma properties for Aluminum electrodes summarized in Table 4. 

 

Table (4): Plasma properties for the Aluminum electrodes. 

Te (eV) Te (K) FWHM ne (cm
-3

) Fp (Hz) λD (cm) Nd 

4.18410042 48535.56 1.32 9.90×10
17

 8.935×10
12

 1.527×10
-5

 14.779×10
3
 

 

 

5.  Conclusions    

The results obtained by using two electrodes Copper and Aluminum by 

DBD Plasma system at (16 kV) voltage and  Spectrum lines measuring by 

Optical Emission Spectroscopy (OES) were analyzed to calculate the plasma 

properties using the Boltzmann plot method, can be summarized in: 

 The produced plasma is Nitrogen plasma. 

 The intensity in the plasma spectrum for Copper electrode is higher than 

that for Aluminum electrode for the same wavelength (λ = 336.81 nm)  

 The electron temperature for plasma found to be (4.46 eV) and (4.18 eV) 

for Copper and Aluminum respectively. 

 There is no change in electron density of plasma found for both electrodes 

Copper and Aluminum. 
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Figure (6): The Boltzmann Plot for spectrum line for Aluminum electrodes. 
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 Copper electrode is better than Aluminum to produced non thermal DBD 

plasma.  
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