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ABSTRACT: Helium plasma has been widely used for the production of active species by 

mixing in other gases which are used for surface modification of metals. Helium plasma is 

generated using 100 Hz pulsed DC source and its characterization is carried out by using 

optical emission spectroscopy. The spectra of helium is recorded at filling pressure (0.5-3.0 

mbar), source power (25-150 W) and inter-electrode distance (3-5 cm) using Ocean Optics 

HR 4000 spectrometer. It is found that production of active species of helium strongly 

depends on discharge parameters. Evolution of the selected emission intensities of He-I 

and He-II are presented in this paper. The emission intensities of He-I (501.3 nm and 667.7 

nm) as a function of above parameters are used for the determination of electron 

temperature. The spectroscopic technique based on the measurement of relative 

intensities of two spectral lines of the same atom is used to evaluate the electron 

temperature, which is found to vary from 0.82 eV to 1.89 eV depending on the various 

discharge parameters. 

 

1. Introduction 

 

 Matter in the entire visible universe is plasma. Plasma is composed of a relatively 

large number of charged particles, which form a strong interacting system [1]. 

Plasmas are generally produced by electrical discharges in gases and usually excited 

and sustained by providing electrical energy in different forms like direct current, 

pulsed direct current, radio frequency, micro waves etc. Plasma can also be produced 

in liquids and solids by providing enough energy that can produce vaporization and 

ionization in the material. Although Plasma can be produced in many ways with 

different techniques but “Glow Discharge” is the most common. It is easier technique 

to produce Plasma in the laboratory environment [2]. In the glow discharge, 

excitation and ionization of the gas atoms takes place due to inelastic collision. The 

excitation collisions are responsible for the characteristics named as “Glow 

Discharge”. We use glow discharge method for the analysis of the elements 

especially solid materials using optical emission spectroscopy (OES) and mass 

spectrometry (MS) [3, 4]. The characteristic is very important for the analysis because 

higher instantaneous operation powers increase atomization, excitation and 
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ionization [5, 6], without inducing an excessive heating of the sample or plasma 

instability. As excitation and ionization are highly nonlinear with field strength, 

Therefore, higher instantaneous sputtering, ionization, and excitation can be 

produced with better efficiency by pulse dc- discharge. The applications of pulse 

glow discharge are plasma nitriding of materials e.g. steel and deposition of hard 

coating. We can measure electron density and temperature of the glow discharged 

plasma. Kajita et al [7]. measured the electron density and temperature using the line 

intensity ratio method of He I (λ = 667.8, 706.5 and 728.1 nm) and are compared to 

the Langmuir probe method. It was found that the increase of the density in 3 1S state 

or decrease of the density in 3 3S was enhanced due to the injection of the molecules 

(hydrogen or deuterium) with the plasma. Jonkers et al [8]. measured an excitation 

temperature which was widely used to characterize the plasmas. It was investigated 

that due to the specific atomic structure of helium only a limited amount of excited 

levels can be observed and more or less the same excitation temperature is found. 

Saba et al [9]. measured the plasma electron Temperature and density by using 

different applied voltage and working pressure in the magnetron sputtering system. 

Elghazaly et al [10]. described the fundamental plasma parameters obtained by 

cylindrical Langmuir probe within low-pressure electrical gas discharge plasma.  

Kohsiek et al [11]. 

2. Experimental setup 

Helium gas was utilized for plasma region. With 100 Hz pulsing DC- power in a 

parallel plate configuration of electrodes whose diameter is 9.5 cm and spacing in 

between them is 3.0 cm. These electrodes were arranged in a parallel plate 

configuration. Electrical power is applied to the top electrode through the 

inductive load, which limits the current during the discharge. Prior to admitting 

the helium gas, the chamber is evacuated. Optical emission spectroscopy is 

carried out using a computer-controlled system comprising an Ocean optics 

spectrometer model HR 4000. The system is calibrated using a He-Ar lamp. The 

emission spectra (300-900 nm) are recorded as a function of electrical power (25-

150 watt), filling pressure (0.5-1.5 mbar) and inter-electrode spacing (3-5 cm). The 

emission spectra was recorded at a filling pressure 1 mbar, with power of 100 

watt and 4 cm inter- electrode spacing. Two of the ports serve as view windows 

or optical windows. These view windows are used to monitor the status of the 

discharge whereas optical window allows transmission of the light emanating 

from the glow discharge source to the interior of the spectrometer for 

spectroscopic analysis. One of ports is closed with the steel disc of thickness 1 cm 

having three small holes in vertical lines each of 1 cm diameter.  
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Fig. I: Schematic Diagram of Plasma Chamber 

 

3. Results and discussions 

3.1 Role of power source on the active species of helium 

 

From the experimental results, it is observed that when we increase the power 

supplied to the electrodes, the intensity emission increases. This increase in 

intensity is due to the fact that when power given to the electrodes increased, 

electrons and ions are attracted toward their respective electrodes more rapidly. 

Due to the high electric field, electrons gain more energy and make inelastic 

collision with the gas atoms. Due to their inelastic collision, the excitation and 

ionization of the helium atoms take place, which causes the increase in the 

intensity of the active species of the gas [12]. 

As a result of ionization process, ions that are accelerated due to the stronger 

electric field strikes the cathode with sufficient energy to cause the emission of 

the secondary electrons from it, which are also responsible for more excitation 

and ionization and as a result there is an increase in intensity of the species [12].  

If we change power ranging from 10 watt up to 40 watt, we found that there is a 

change in intensity whose value varies from 10 to 60 a.u for the wavelength of 

447.2, 501.28 & 728.23 nm with distance of 4.0 cm between the electrodes.        

    Table I: Comparison of peak intensities of Helium gas for various powers 

 

Power (watt) 10 20 30 40 

Intensity (a.u) for  

λ =   728.2 nm 

10 20 30 60 

Intensity (a.u) for  

λ =   501.2 nm 

20 28 45 80 

Intensity (a.u) for  

λ =   447.2 nm 

6 11 20 50 
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Fig. II: Graph between power (watt) and intensity (a.u) for wavelength 

501.28 nm, 447.2 nm and 728.23 nm. 

 

3.2 Dependence of active species of helium on pressure 

Pressure of the gas plays very important role for the active species of helium 

plasma because when pressure of the gas is increased, collisions of electrons with 

the neutral atoms of the gas increases and as a result, discharge current increases 

and voltage decreases if power and distance between the electrodes are kept 

constant [13]. The graph given below shows the effect of filling pressure on the 

emission intensity of the selected lines of the helium species. At low pressure of 

about 0.5 mbar free electrons gain enough energy by the electric field because of 

the low density of the helium gas, mean free path for the electrons is large. With 

the increase of the pressure, mean free path and energy of the electrons decreases 

and as the mean free path for the electrons is not large enough to excite helium 

atoms and most of the electrons may not get enough energy, thereby, resulting in 

decrease in emission intensity [14]. The intensity of the emission  

lines of the excited atoms decreases more rapidly for the line 728.23 nm 

comparative to the line 501.28 nm because of its greater excitation energy. We 

consider the pressure of the gas starting from range 0.5 mbar to the pressure up 

to the range 3.0 m bar and we concluded that with the increase of the pressure of 

the gas, the intensity of the helium species decreases. We have drawn graph for 

the wavelengths of 728.23, 501.28 nm and 447.5 nm with the distance between the 

electrodes is 4.0 cm as shown in Fig. 3.2 
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Table II: Comparison of peak intensities of Helium gas for various pressure 

 

 

 

 

 

 

 

 

 

 

                 

 

Fig. III: Graph between pressure of the gas and intensity of the active species, for 

the wavelength of 447.2, 501.2 and 728.5 nm. 

3.3 Dependence of the active species of the helium gas on inter- Electrode 

distance 

 The reason is this, that by increasing distance between the electrodes, electric 

field decreases and hence power to attract the electrons and ions toward their 

respective electrodes also decreases. Energy gained by the electrons and ions due 

to less electric field also decreased. 

Therefore, a very small number of ions will reach at the cathode to produce 

secondary and energetic electrons, which cause the excitation and ionization of 

the helium gas. In this way the process of ionization and excitation decreases and 

hence intensity of the active species of the helium decreases. Here in the graph 

given below in Fig. 3.3 we observe that by increasing the distance from 3.0 cm to 

5.0 cm between the electrodes, for the wavelengths of 728.5, 501.2 and 447.2 nm, 

the emission intensity of the atoms of the gas decreases. Therefore, from the 

graph, it is clear that the intensity of the electron decreases with the increase of 

distance between the electrodes. 

Pressure (m bar) 1

1 

1

1.5 

2

2 

3

3 

Intensity (a.u) for  

λ =   501.2 nm  

3

30 

2

28 

2

24 

1

18 

Intensity (a.u) for  

λ =   447.2 nm 

1

14 

1

13 

1

12 

9

9 

Intensity (a.u) for  

λ =   728.5 nm 

1

13 

1

12 

1

10 

7

7 
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                                         Table III: Comparison of peak intensities of Helium gas for various distances 

 

 

 

            

F 

 

F

i 

 

Fig. IV: Graph between distance and intensity (a.u) for the  

wavelengths of 447.2, 501.2, 728.5 nm 

 

3.4 Plasma electron temperature 

In optical emission spectroscopy, we need to determine the electron temperature 

and density in plasma in order to understand the features of atoms and 

molecules. During this process, a small fraction of these species are promoted to 

an upper electronic state through electron impact excitation. These species then 

decay and emit a photon with a specific wavelength, which may be detected and 

evaluated by recording the emission spectrum. The fundamental principle of this 

approach is that the emission intensity of a specific wavelength from an excited 

state is directly related to the concentration of species in that excited state. The 

relative intensities of this emission provide information on the concentration of 

the species. The Coronal model can be used for optical emission in low electron 

density plasma (ne<1011 cm-3). [15, 16]. As a result, in this scenario, species are 

activated only by the impact of electrons and decay radioactively rather than 

colliding with electrons. The ratio of these emission lines is thus temperature 

dependent for electrons. This formula gives the intensity ratio of two lines that 

belong to the same atomic species and have a shared lower state.[17].  

              

Distance (cm)         

3.00 

        

4.00 

        

5.00 

Intensity (a.u) for  

λ =   728.5 nm 

13 10 7 

Intensity (a.u) for  

λ =   501.2 nm 

30 27 24 

Intensity (a.u) for  

λ =   447.2 nm 

16 14 11 
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𝐼2

𝐼1
=

𝐴2𝑔2𝜆1

𝐴1𝑔1𝜆2
𝑒𝑥𝑝{

𝐸2−𝐸1

𝐾𝑇𝑒
}                       (3.1) 

                                     

 Temperature of electron “Te” is  presented  by this equation [18]. 

 

          𝑇𝑒 =
𝐸2−𝐸1

𝐾
[𝑙𝑛{

𝐼1𝜆1𝑔2𝐴2

𝐼2𝜆2𝑔1𝐴1
}]−1                                                (3.2) 

                                   

Here we give explanation about the electron temperature with different 

parameters like, with different pressure, powers and distances. We draw graph 

between different pressure and electron temperature to see the effect of pressure 

on electron temperature. Graph has been drawn for the wavelength of λ=728.5, 

501.2 and 447.2 nm with the distance of 4 cm between the electrodes starting 

from pressure of 1.0 mbar up to 3.0 mbar. The graph is given below.  

3.5 Dependence of plasma electron temperature on pressure of the gas 

                                Table. IV: Comparison of Electron Temperature of He for various pressure 

 

 

 

                

           

                  

 

 

 

 

 

 

 

 

 

 

Fig. V: Graph between pressure and electron temperature at power 10 W. 

 

Fig.3.4 shows the variation of the electron temperature with change in pressure 

from 1.0 mbar to 3.0 mbar in the plasma chamber. Now, we will give explanation 

for decreasing of the electron temperature of the helium gas by increasing the 

pressure of the gas. The fact is this that when we increase the pressure of the gas 

Pressure (m bar) 1

1.00     

1

1.50    

2

2.00    

2

2.50     

3

3.00    

Electron Temp. (k) for   λ = 

728.5 nm 

1

1.70  

1

1.25  

1

1.16    

1

1.0  

0

.8  

Electron Temp. (k) for  

λ = 447.2 nm 

1

1.75  

1

1.40  

1

1.20    

1

1.12  

0

.9  
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then the collision between the neutral atoms of the gas and electrons increases 

and as a result the temperature of the electrons decreases because due to the 

more collisions some of the energy of the electrons utilizes by colliding with the 

atoms and molecules of the gas. Hence with the increase of the pressure the 

electron temperature decreases.)   

 

3.6 Dependence of plasma electron temperature on power supplied.  

 

Plasma electron temperature as a function of discharge parameter can be 

described by considering power (10—40 watt) and filling pressure is 1 mbar then 

from the graph as shown in the Fig.3.6 We can see the dependence of the electron 

temperature on input power. When we increase the power, excitation as well as 

ionization process occurs rapidly. As a result electrons and ions are produced. 

When the power between the electrodes is increased, then electric field between 

the electrodes also increases and due to increase of electric field the electrons and 

ions are attracted more rapidly toward electrodes and the ions strike the cathode 

speedily then energetic secondary electrons are produced. Hence due to the 

increase of power, electron temperature increased. In the graph we have 

considered wavelengths of 447.2, 501.2 and 727.5 nm which shows increase of 

electron temperature with the increase of power ranging from 10.0 Watt to 40.0 

Watt.     

                        Table V: Comparison of Electron Temperature of He for various powers 

 

 

 

 

 

            

                                   

Fig. VI: Graph between power (W) and electron temperature (k) 

Power (watt) 1

10 

2

20 

3

30 

4

40 

Electron Temperature (K) for 

λ = 501.2 nm 

0

.82 

1

1.43 

1

1.73 

2

2.5 

Electron Temperature (K) 

for λ = 447.2 nm 

0

.82 

1

1.14 

1

1.35 

2

2.3 
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4. Conclusions 

When pressure of the gas is increased, collisions of the electrons with the neutral 

atoms increase and dissociation of the atoms of the gas is also increased and as a 

result, the discharge current increases and voltage decreases if power and 

distance between the electrodes kept constant [19]. When pressure is low almost 

at 0.5 mbar, free electrons get enough energy by the electric field because of the 

low density of the helium gas. Mean free path and energy of the electrons 

decreases and as the mean free path for the electrons is not large enough to excite 

helium atoms and most of the electrons may not get enough energy. Thereby, 

resulting in decrease in emission intensity [20]. Similarly, when we increase the 

power supplied to the electrodes, the potential at the electrodes increases, due to 

which ions and electrons are attracted more rapidly toward their respective 

electrodes and make inelastic collision with the atoms of the gas, resulting in 

excitation, and ionization processes. This increases the intensity of the active 

species of the helium gas. As a result of ionization process, ions that are 

accelerated due to the stronger electric field strikes the cathode with sufficient 

energy to cause the emission of the secondary electrons from it which is also 

responsible for more excitation and ionization and as a result, there is an increase 

in intensity of the species [21]. If we increase the distance between the electrodes, 

the intensity of the active species decreases. This fact can be explained as kinetic 

energy gained by the electrons through electric field decreases with the increase 

of distance. Therefore, only a small number of ions will reach the cathode and 

create the secondary and energetic electrons which cause the decrease in 

excitation and ionization of the helium gas. So the intensity of the active species 

of helium decreases.  

Plasma electron temperature is determined from relative intensities of two 

spectral lines of the same atomic species for the wavelengths of 501.3 nm and 

667.7 nm which also shows its dependence on the pressure of the gas, power and 

inter electrode distance between them. By increasing the pressure, electron 

temperature decreases significantly because of energy transfer from the electron 

to neutral particles of the gas increases causing an increase in the temperature of 

the gas and decreases the electron temperature. Here, electron temperature 

decreases from 3 eV to 1 eV with the increase of the filling pressure (1-3 mbar) at 

input power of 30 watt by keeping the inter- electrode distance equal to 4.00 cm. 

Similarly, electron temperature increases by increasing the power. It is due to 

increase of the excitation and ionization processes take place in the helium 

species. Due to bombardment of the ions on the cathode, secondary electrons are 

produced which increase the electron temperature. The electron temperature 

increases from .8 to 2 ev by increasing power source from (10- 40 watt) with 

filling pressure of 1 mbar and with 4.00 cm inter – electrode distance. Hence it is 

https://doi.org/10.58619/pjest
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concluded that plasma discharge parameters can be used to optimize the 

generation of the active species of helium for material processing. 
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