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In this paper, a technique for the determination of electron temperatures and electron densities in atmospheric pressure 

argon/air discharge by the analysis of optical emission spectra (OES) is reported. The discharge is produced using a high 

voltage (0-20 kV) power supply operating at a frequency of 27 kHz in parallel electrode system, with glass as dielectric.  

The dielectric layers covering the electrodes act as current limiters and prevent the transition to an arc discharge. Optical 

emission spectra in the range of 300 nm to 850 nm have been recorded for the discharge with different inter electrode gap 

keeping electric field constant. Electron temperature Te and electron density ne have been estimated from electrical and 

optical methods. Electron density has been calculated using power balance method. The optical methods are related with 

line intensity ratio from the relative intensities of Ar-I and Ar-II lines in Argon plasma. The electron density calculated by 

using line intensity ratio method has been compared with the electron density calculated by stark broadening method.  

The effect of dielectric thickness on plasma parameters has also been studied and it has been found that Te and ne increase as 

thickness of dielectric decrease for same inter electrode distance and applied voltage. 
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1 Introduction 

In recent years, the non-equilibrium plasma at 

atmospheric pressure is arousing keen interest among 

industrial plasma processing researchers
1
. Atmospheric 

pressure non equilibrium plasma has been widely 

applied in material processing such as surface 

modification of textiles or organic materials for 

improvement of hydrophilicity and hydrophobicity, 

new material preparation such as carbon nanotubes
2,3

, 

element analysis, environmental protection, toxic gas 

removal, plasma sterilization for medical application, 

and medical tools in dermatological treatment, disposal 

of industrial waste etc
4-6

. Atmospheric pressure plasma 

surface treatment has been studied at 50 Hz as well as 

at higher frequency discharges
7,8

. This type of plasma 

does not require vacuum system and they are suitable 

for continuous in-line processing. The low-temperature 

atmospheric plasma includes corona discharge, 

dielectric barrier discharge, micro-hollow cathode 

discharge, one-atmospheric-uniform-glow discharge 

plasma and surface wave discharge
9
. An atmospheric 

pressure, capacitively coupled discharge plasma fed 

with argon gas had been examined by Balcon et al
10

.  

It was found that parallel plate reactor could be 

operated in homogeneous glow mode and filamentary 

mode with variation of applied voltage and frequency. 

The plasma discharge in atmospheric pressure 

dielectric barrier discharges shows filamentary and 

homogeneous (diffuse type) discharge, which depends 

upon the experimental conditions such as gas type, 

shape and size of the electrode, electrode gap, 

dielectric materials and applied voltage waveform
11,12

. 

In fact the applied voltage waveform plays a key role 

in the discharge efficiency. 

In this paper, the investigation on a dielectric barrier 

discharge using sinusoidal waveform in atmospheric 

pressure operated in both filamentary and glow modes is 

presented. In the atmospheric pressure DBD discharge, 

the in-situ diagnostic is not possible due to small  

inter-electrode distance and passive diagnostics become 

important. So, the present work includes electrical and 

optical characterization of atmospheric pressure DBD 

dielectric barrier discharge plasma with single dielectric 

barrier glass between two conducting electrodes.  

The electrical analysis of discharge has been performed 

using an equivalent electrical circuit model. 
________________ 
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2 Experimental Setup 
The schematic diagram of experimental arrangement 

is shown in Fig. 1. The electrodes are made up of two 

brass discs, 10 mm thick and 60 mm in diameter. A 

glass plate with thickness of 1.2 to 2 mm is used as 

dielectric barrier between the two brass electrodes.  

A high voltage ac source with amplitude variable from 

0 to 20 kV and frequency variable from 10 to 30 kHz 

was used to power the discharge through a current 

limiting resistor of 10 kΩ. The whole apparatus is 

enclosed in a cylindrical chamber and argon is passed 

into it. The argon flow rate was maintained at 2 l/min. 

The argon DBD plasma is generated with different 

electrode gaps of 1 to 3 mm between the parallel plate 

electrodes. 

 

3 Electrical Characterizations 

The optical and electrical properties of the DBD 

plasma depend on the permittivity and thickness of 

the dielectric material used. The ratio of relative 

permittivity to barrier thickness, εr/d has significant 

influence on the electron density, electron temperature 

and density of reactive species of the plasma
13,14

. 

In Fig. 2, Vo is the input voltage, Io is the total 

current in the circuit, Cg is the capacitance of inter 

electrode gap and Cd is the capacitance of dielectric 

barrier which can be determined by using the Eq. (1) 

and the charge transferred into gas discharge per cycle 

of applied voltage across conducting electrodes can be 

determined
14

 from Eq. (2). 

Cd =
r oε ε A

d
     … (1) 

Q =4 ( )d p b g bC V V C V − −     … (2) 

 

Here Vp and Vb are the applied voltage and 

breakdown voltage, respectively.  

The energy dissipated per cycle is given by: 

 

E = QVb = 4[Cd(Vp – Vb) – CgVb]Vb      … (3) 

 

and the power dissipated per cycle is given by: 

 

P = 
E

T
 = FE       … (4) 

where 
1

f
T

=  is the frequency of the voltage applied. 

In the electrical method to estimate the electron 

density by power balance method, the total energy 

lost by the electron in the plasma is assumed to be 

balanced by the input power
15,16

, hence: 
 

ne = 
2 b lost

P

AeV E
     … (5) 

 

where P VI=  is the input power, A is the areas of 

electrodes, e is the charge on the electron, and Vb is 

the Bohm velocity. 
 

4 Optical Emission Spectroscopy  

In the present experiment, mixture of air and argon 

is used as a working gas for the generation of 

atmospheric pressure DBD. The amount of energy 

 
 
Fig. 1 – Schematic diagram of experimental arrangement consisting 

of gas inlet (1), parallel disc electrodes (2), discharge (3), glass plate 

(4), grounded electrode (5), enclosing chamber (6), resistance 10 k Ω 

(7), linear array spectrometer VS140 (8), voltage probe (9), ac 

power supply (10), oscilloscope (11), computer (12), resistance 

10 MΩ (13), Teflon screw (14) 

 
 

Fig. 2 – Electrical equivalent circuit of DBD with single dielectric 

barrier Cd 
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required to generate and sustain the discharge depends 

on the inter electrode distance. At a fixed inter 

electrode distance and atmospheric pressure, when the 

energy reaches to certain breakdown value, the 

discharge starts with discrete filamentary distribution 

on the dielectric barrier surface and becomes 

consistent with rise in applied voltage. In the 

discharge plasma, the electrons gain energy from the 

applied electric field and undergo inelastic collision 

with neutral plasma species. As a sequence of the 

inelastic collisional process, some of the neutral 

plasma species gain sufficient excitation energies and 

jump into higher energy states, which decay back to 

lower energy states by emitting the photon of 

characteristic wavelengths. 

The optical emission spectroscopy (OES) 

technique used for determination of plasma 

parameters is based on the measurement of relative 

intensities of two or four spectral lines from two 

consecutive ionic species
16

. The intensity of spectral 

lines depends on kTe and proportional to the 

population density of excited states. Hence kTe can be 

determined by using the Boltzmann plot
17,18 

where: 
 

KTe 

log 2

2 2 1

1 1

E E

g AI λ

I λ g A

2 1

2

1

−

 
 
  

     … (6) 

 

In Eq. (6), indices 1 and 2 refer to the first and 

second spectral lines. I is the measured intensity of 

selected spectral lines, k is the Boltzmann constant,  

E is the excited state energy, g is the statistical 

weight, and A is the transition probability.  

The Boltzmann plot method is valid if the 

discharge plasma under study is in complete local 

thermodynamic equilibrium (LTE)
19

. But in our 

experiment it is no likely that LTE will hold due to 

low plasma density. Therefore, this method may not 

be used for the exact determination of kTe and ne. It 

can provide us estimated values of the plasma 

parameters under varying working condition of 

discharge plasma. In the spectrum, the Argon lines are 

observed in the range of 300 to 900 nm and kTe is 

determined by selecting two argon spectral lines. The 

intensities of these spectral lines are obtained from the 

observed spectrum. The values of E, g and A for the 

selected lines are taken from the NIST atomic spectra 

data sheet. Using all these values in Eq. (6), the kTe 

can easily be determined as a function of applied 

voltage,  inter  electrode  gap  and gas  flow  rate.  The 

electron density ne can be determined by using the 

relative intensity of atomic and ionic spectral lines in 

Boltzman-Saha equation
10

, where 
1I  

is the intensity 

of the Ar-I line, 
2I  is the intensity of Ar-II line, 

1 2,λ λ are wavelengths, 
1A ,

2A  are the transition 

probabilities, and
1 2,g g  are the statistical weights of 

levels (neutral) and (ionized), respectively: 
 

ne = 2 1 1 2 e e2

2 2 1 21

gI λ A 2πm kT

I λ A g h

        
         

        

3

2  

1 2[ ]i

e

E E E
Exp

KT

− +
−      … (7) 

 

5 Measurement of Electron Density by Stark 

Broadening Method 
Stark broadening is caused by the Coulomb 

interaction between the radiator (in this case argon 

atom) and the electron or ion present in the plasma. 

The stark broadening appearing due to collision of 

charged particles is the primary mechanism 

influencing the width of Ar emission lines. The stark 

broadening function has the Lorenzian profile. The 

electron density is related to the width of stark 

broadening by the following expression
20

: 

 
1

4

16 16
2 3.5

10 10

e e
Stark

n n
λ ω α

   
∆ = + ×   

   
   

1
3

16

3
1

4 10

e
D

n
N ω

−   
−      

     … (8) 

 

where, ω is the electron impact width parameter, α is 

the ion broadening parameter, ne is the electron 

concentration and ND is the number of particle in 

Debye sphere.  

The first term in Eq. (8) refers to the broadening 

due to the electron contribution and the second term 

to the ion broadening contribution. The ionic term can 

be neglected because the ion broadening in Ar is very 

small
21

. Thus Eq. (8) can be reduced to a simple form: 

 

16
2

10

e
stark

n
λ ω∆ =    … (9) 

 

Both ω and α are tabulated for different 

temperature in
21

. Hence, ne can be expressed as: 
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ne = 
-112 ×10

starkλ

3

2∆ 
 
 

      …(10) 

 
6 Results and Discussion 

The calculation of electron temperature was done by 

using Eq. (6) and electron density was calculated by using 

Eqs (5), (7) and (10). The plasma parameters depend on 

applied voltage and inter electrode distance because other 

are kept constant. The optical emission spectra of DBD 

generated at applied voltages of 6 kV, 7 kV, 8 kV and  

9 kV are shown in Fig. 3(a), (b), (c) and (d), respectively. 

Similarly, Figs 4 and 5 shows the intensities of OH radical 

(307 nm) and Ar-I line (696.54 nm), respectively, as a 

function of applied voltage. It is evident from  

Figs 4 and 5 that intensities of both lines are proportional 

to the applied voltage. This can be attributed to the fact 

that the concentration of active species: (OH radical) 

and excited species of Ar increase with the  

increase  in applied  voltage and  the  intensity  of  the 

 

 
Fig. 4 – Emission intensity of ArI 696.54 nm as function of 

applied voltage 

 
 

 

Fig. 3 – Emission spectrum recorded at different applied voltage for determination of Te and ne 



SHRESTHA et al.: ATMOSPHERIC PRESSURE DIELECTRIC BARRIER DISCHARGE IN ARGON/AIR 

 

 

159 

emission line is proportional to the concentration of these 

species. Figure 6(a–d)  shows the spectra used  to 

determine the FWHM for the Ar-I line (696.54 nm) for 

the DBD generated at different voltages ranging from  

6 kV-9 kV. The spectroscopic results for Te and ne as 

 as function of applied voltage are shown in Figs 7 

and 8. From Fig. 7, it is clear that the electron 

temperature increases with the increase in applied 

voltage This result is in agreement with the results 

reported earlier
11,14

.  

Similarly, from Fig. 8 it is evident that the electron 

density also increases with the applied voltage. Figure 9 

depicts the variation of electron density with electron 

temperature. Figure 10(a–e) shows current and 

voltage waveforms of the discharge using dielectric of 

 
 

Fig. 6 –Spectra for determination of full width at half maxima FWHM 

 
 

Fig. 7 – Electron temperature as function of applied voltage 

 
 

Fig. 5 – Emission intensity of OH radicals 307.54 nm as function 

of applied voltage 
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Fig. 9 – Electron density vs electron temperature in DBD 

 
 

 

Fig.10 – Current and voltage wave form of discharge using dielectric of thickness 1.1 mm and inter-electrode distance 2 mm 

 
 

Fig. 8 – Electron density as function of applied voltage 
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thickness 1.1 mm and inter-electrode distance of  

2 mm. In Fig. 10(a), single current peak in each half 

cycle indicates that the discharge is in glow mode. 

From Fig. 10(b–e), it is clear that the numbers of 

spikes are strongly influenced by the applied voltage. 

The spike in the current waveform represents the micro 

discharge in the plasma. Figure 11 shows the variation of 

current in discharge with applied voltage. From Fig. 12, it 

is clear that the electron temperature increases with the 

increase in applied voltage in atmospheric pressure 

dielectric barrier discharge. Values of discharge current, 

power consumption and electron density measured at 

various values of applied voltage are summarized in 

Table 1. It shows that electron density increases with 

increase in applied power to the discharge. The discharge 

current and discharge power are compared for different 

thickness of dielectrics and the variation trends of both are 

shown in Figs 13 and 14. For thinner dielectric barrier, the 

observed behavior might be due the higher secondary 

electron emission coefficient of the glass. Figure 15 

shows the variation of electron density in DBD using 

different dielectric thickness and it can be seen that ne 

increases as thickness of dielectric decreases. 

Table 1 – Values of discharge current, power consumption and 

electron density measured at various values of applied voltage 

 
Applied 

voltage 

(kV) 

Current 

(mA) 

Power 

consumption 

(W) 

(From IV 

product) 

Power 

consumption  

(W) 

(From Lissajous 

figure) 

Electron 

density 

(1013 × cm-3) 

1.92 5.43 10.42 13 1.86 

2.65 10.30 27.29 30 4.89 

3.83 12.40 47.49 52 8.50 

4.59 14.05 64.49 69 11.5 

5.09 15.63 79.56 85 14.2 

 

 
Fig. 13 – Comparison of discharge current for different thickness 

of dielectric glass  

 

 
 

Fig. 14 – Variational trend of discharge power with applied 

voltage 

 
 

Fig. 12 – Electron density as function of applied voltage in 

discharge using glass dielectric of thickness 1.1 mm  

 
 

Fig. 11 – Discharge current as function of applied voltage in 

discharge using glass dielectric of thickness 1.1 mm  
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7 Conclusions 
Atmospheric pressure dielectric barrier discharge 

system with single dielectric barrier layer between 

disc electrodes is generated by the application of high 

voltage ac source of variable frequency (up to  

30 kHz) and voltage in the range of 0 to 20 kV. The 

glass dielectric barrier of thickness 1.1 mm, 1.5 mm 

and 1.95 mm are used for DBD generation 

independently. The spectroscopic and electrical 

characterization of atmospheric DBD plasma are 

carried out and the discharge power, electron density 

and electron temperature are determined as function 

of applied voltage and dielectric barrier thickness. It is 

observed that all DBD parameters increase with 

increase in applied voltage and decreases with 

increase in dielectric thickness. From the electrical 

properties of the discharge, it is clear that glow 

discharge can be obtained by using thinner dielectric 

barrier but for very thin dielectric barrier layer, DBD 

can go into the arc region. 
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Fig. 15 – Electron density as the function of applied voltage for 

different thickness of dielectric 


