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This study used two custom dielectric barrier discharge plasma (DBDP) systems designs to 

produce non-thermal plasma and investigate its properties. The setup included two identical 

parallel copper electrodes with specific design dimensions (16cm length, 3 mm diameter) 

and two similar glass tubes (13 cm length, 5.5 mm outer diameter, and 5mm inner diameter) 

as a dielectric barrier. In the first design, only one of the copper electrodes was covered with 

a glass tube, while in the second, each one was covered with a glass tube. The optical 

emission spectroscopy (OES) technique was employed to analyze the produced plasma 

spectrum and then calculate the plasma parameters (electron temperature, electron density, 

frequency of electron, Debye length, and Debye number) at different conditions of Ac 

applied voltage (18-22 kV) and discharge gap distance is fixed (4 mm) for both designs. For 

all operating conditions, electron temperature was 4.177- 4.273 eV, while electron density 

was 1.582×10
18

-1.942×10
18

 cm
-3

. The results reveal a novel and significant effect of 

electrode configurations on the properties of the produced plasma due to the distribution of 

the electric field in the discharge region, sparking new avenues for research in this field. 
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Introduction 

Recently, non-thermal atmospheric pressure plasmas have gained popularity as a tool for many 

applications in the fields of medicine [1], [2] environment [3], [4] and agriculture [5], [6]. 

Furthermore, due to the lower surface damage and shallow surface penetration depth caused by non-

thermal plasma, it is preferred for material processing applications and surface modification [7], [8]. 

Non-thermal plasmas are commonly produced by various types of electrical discharges and are 

described as partially ionized gases containing charged and neutral particles, as well as photons 

emitted when electrically excited molecules dissociate [9]. When the temperature of electrons in the 

plasma medium is much higher than that of neutral gases and ions, the plasma is called non-thermal 

plasma [10]. 
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Dielectric barrier discharge (DBD) is a widely used discharge system that plays a crucial role in 

generating non-equilibrium plasma at atmospheric pressure. This system is known for its ability to 

produce plasma with lower power and cost [11]. 

Alternating current (AC) discharge is generated by applying a periodic electric field between two 

electrodes, where one (or both) electrodes are covered with a dielectric material such as glass or quartz 

to suppress large discharge currents [12]. The discharge electrodes are an essential component of DBD 

plasma, so the material, shape and configuration of these electrodes play an indispensable role in the 

characteristics of the generated plasma [12], [13]. 

Electron temperature and electron density are the main parameters characterizing the resulting plasma; 

there are many ways to estimate these parameters, some of which are direct, such as the Langmuir 

probe, which provides spatially accurate measurements, while other probes are indirect, such as optical 

emission spectroscopy (OES) [14], that used in present study. Compared to direct methods, OES is a 

spectroscopic method that can analyze plasma spectra without causing any interference in the plasma 

medium [14], [15]. 

Boltzmann plots are a simple and widely used method. It relies on analysis of the optical radiation 

released by the plasma to estimate the electron temperature. The Boltzmann diagram method is 

effective under local thermal equilibrium (LTE) conditions [13], [14] .  

Based on OES spectral analysis 𝑇𝑒, can be calculated using the Boltzmann relation expression [15]: 

ln (
λjiIji

hcAjigji
) =

−1

kTe
(Ej) + ln (

N

U(T)
)  (1) 

where λ: is represent the wavelength,  Iji: is the relative intensity of the emission line among the energy 

levels (j and i), Aji : is the transition probability of spontaneous radiative emission from the level j to 

the lower level i, gj :is the statistical weight of the emitting upper level j of the studied transition, Ej : is 

the energy of excitation, k: is the Boltzmann constant and C: is constant. 

Another important parameter is the electron number density, which describes the plasma environment 

and establishes its equilibrium status, usually measured from the Stark broadening. It can be 

determined from the line width as follows [16]:  

ne = (
∆λ

2ωs 
) Nr  (2) 

where Δλ is the line full width at half maximum (FWHM), and 𝜔𝑠 is the theoretical line full-width 

Stark broadening parameter,  Nr is the reference electron density equal to 10
16

 cm
–3

 for neutral atoms 

and 10
17 

cm
–3

 for single charged ions [16].  

The plasma frequency fp  of the electrons can be calculated from [17]: 

fp = (
nee2

 ε0me
)1/2  (3) 

where fp Plasma frequency of electron, 𝜀𝑜  Permittivity of free space, ne  Electron density, e  Electron 

charge, and  me  Electron mass.  

Another key parameter is the Debye length or Debye shielding, which gives the plasma quasi-neutral 

properties, in which the charged particles in the plasma interact with each other to reduce the effects of 

the generated electric fields. The Debye length can be defined as [18]: 

 λD =  (
k Te εo

ne e2 )
1/2

  (4)  

The existence of plasma needs to meet basic conditions; the first condition is  λD << L,  λD represents 

the system size (cm). The second condition 𝑁𝐷 >>> 1, ND is Debye number (particle number density 

on the Debye surface), as follows [18]: 

ND  =
4π

3
neλD

3   (5) 

The purpose of this study is to investigate the effect of customized electrode configurations on the 

performance of non-thermal DBD plasmas under different operating conditions. 

 

 

 

Experimental setup 
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In the present study, as shown in Fig.1, the non-thermal DBD plasma system at atmospheric pressure 

consists of two parallel identical copper electrodes (16 cm length, 3 mm diameter) separated by an air 

distance and a glass tube (13 cm length, 5.5 mm outer diameter, and 5 mm inner diameter) as a 

dielectric barrier to prevent electric spark formation between electrodes, see Fig. 2. In the first design 

as shown in Fig. 3 a, only one of the copper electrodes was covered with a glass tube, while in the 

second as shown in Fig.3 b, each copper electrode covered with a glass tube. 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Schematic of used system setup. 

 

 

 

 

 

 

Figure 2: Schematic of the used electrodes. 

 

 

 

 

 

 

Figure 3: Electrodes configuration. 
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The two electrodes for each design were connected to an AC high-voltage power supply (fabricated 

indigenously), changed by 18-22 kV range, at a constant frequency of 8 kHz. The (HR4000CG-UV-

NIR, Ocean Optics) optical emission spectrometer was used to analyse the plasma spectrum emitted in 

the discharged gap between the electrodes changed by 5 mm 

 

 

Results  

Fig. 4 and 5 show the emission spectrum of DBD plasma produced at different applied voltages (18, 

20, 22 kV) at a constant distance discharge gap of 5 mm for both designs (one glass tube and two glass 

tubes). The distribution of intensity lines in the present system was at a wavelength range of 200 - 800 

nm; according to the NIST database, all measured spectral intensity lines belong to nitrogen ions of 

NIII and NV [19]. 

For both designs, the intensity of spectral lines increased by increasing the applied voltage due to the 

increased electric field in the discharge gap. The rising electric field led to more collisions, 

consequently increasing the ionization of the nitrogen molecules in the surrounding region, leading to 

a higher density of charged particles and higher plasma spectrum intensity [20]. The same figures 

show that the intensity of DBD plasma produced in the design of one glass tube is more than that for 

the design of two glass tubes due to the presence of two layers of dielectric materials represented by 

the glass, which reduces the intensity of the electric field between discharge electrodes. Two dielectric 

barriers might result in a more even electric field distribution between the electrodes. That results in a 

more stable and homogenous plasma discharge, reducing the probability of arcing and filamentation 

[21], [22] . 
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Figure 4: Spectrum of DBD plasma at different at different applied voltage (One glass tube) 
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Figure 5: Spectrum of DBD plasma at different at different applied voltage (Two glass tubes). 

 

Fig. 6 and 7 display images of the plasma spectra indicated in Fig. 4 to 5. These images illustrate the 

distribution of the produced plasma across the discharge gap for different voltage and gap distance 

conditions. The DBD plasma appears as delicate filaments, filling the gap between electrodes. The 

diverging and converging of these filaments refers to the density of the plasma. For both designs, the 

plasma became more uniform at higher voltages and spread over larger areas across the discharge gap.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6: DBD plasma images at different applied voltages (One glass tubes). 
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Figure 7: DBD plasma images at different applied voltages (Two glass tubes). 

 

. 

Figs 8 to 10 demonstrate the results of calculating the plasma electron temperature at different 

conditions of applied voltage.  Plasma electron temperature represents one important characteristic of 

the plasma, According to the Boltzmann plot, it equals the inverse slope of the relationship between 

ln (
λjiIji

hcAjigji
) and the upper energy level Ej. All calculated electron temperatures of the produced plasma 

at different applied voltage conditions for both designs are listed in Table 1. 

All calculated electron temperatures of the produced plasma at different applied voltage conditions for 

both designs are listed in Table 1. 

 The results show a close correlation between plasma intensity and corresponding electron 

temperature. As the intensity of plasma spectrum lines increases, electron temperature rises due to the 

acceleration of the electrons after they are exposed to a high electric field, which leads to an increase 

in their kinetic energy and, consequently, temperature [21]. The increasing electric field occurs when 

the applied voltage increases. Plasma electron temperatures for two glass tube designs show a decrease 

in temperature compared to one glass tube design due to a reduction in the electric field, as explained 

previously. 
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Fig. 8: Boltzmann diagram at different applied voltages (One glass tube) 
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Figure 9: Boltzmann diagram at different applied voltages (Two glass tubes). 
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Figures 14 and 15 illustrate the behavior of electron temperature (Te), electron density (ne), frequency 

of electron (fp), Debye length  (λD) and Debye number (ND) of generated plasma at different 

conditions of applied voltage. The electrode configuration influences the properties of the produced 

plasma by changing the distribution and uniformity of the electric field and, consequently, the energy 

distribution of electrons in the plasma zone. Therefore, all plasma parameters are sensitive to changes 

in electrode design. 

Electron density and electron frequency increase by increasing the electric field [21], which occurs by 

increasing the applied voltage, as clear in the Figures. In contrast, the Debye length and Debye 

number.  
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Figure 10: Effect of applied voltages on DBD plasma parameters both electrode designs. 

 

Table 1 listed all the plasma parameters produced at different conditions of applied voltage and 

discharge gap distance for both designs. 
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Table 1: Plasma parameters at different voltages for one and two glass tube 

Applied 

Voltage 

(kV) 

ONE GLASS TUBE TWO GLASS TUBES 

𝑻𝒆 

(eV) 

𝒏𝒆×10
18 

(cm
-3

) 

𝒇𝒑×10
13 

(Hz) 

𝝀𝑫×10
-

5 

(cm) 

𝑵𝑫 

×10
3
 

𝑻𝒆 

(eV) 

𝒏𝒆×10
18 

(cm
-3

) 

𝒇𝒑×10
13 

(Hz) 

𝝀𝑫×10
-

5 

(cm) 

𝑵𝑫 

×10
3
 

18 4.955 1.23 0.996 1.490 17.07 4.177 1.582 1.129 1.207 11.65 

20 4.977 1.78 1.038 1.433 16.50 4.23 1.762 1.192 1.151 11.25 

22 5.065 1.85 1.043 1.438 16.84 4.273 1.942 1.251 1.101 10.88 

 

 

 

Conclusions 

The specific design of the electrodes (one glass tube and two glass tubes) has a clear effect on the 

properties of the produced plasma; this effect appears as a change in the distribution and homogeneity 

of plasma intensity in the discharge gap between the discharge electrodes, as a result of formation an 

electric field with specific properties in this region based on electrodes configuration.  Consequently, 

electron temperature plasma density and all plasma parameters will be sensitive to changes in electrode 

design. 
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