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In this research, optical emission spectroscopy measurement technique OES was 
used to determine and calculate the electron density parameter of the low-pressure 
cold glow discharge Ar plasma. For achieve this purpose, the Stark broadening of 
Balmer line of hydrogen spectrum Hβ obtained from plasma system in different 
pressure conditions were used to calculate the electron density. By calculating the 
electron density values obtained at different plasma pressures of 0.05, 0.13, and 
0.65 Torr, it was found that there is a significant relationship between the plasma 
pressure and its electron density. The results showed that with the increase in the 
plasma pressure, its electron density also increases. Therefore, for use of this 
plasma system in different applications such as in industrial applications, treatment 
of biomaterials, medicine or print and packaging of polymers, by changing the 
pressure parameter of plasma system, the optimum conditions of surface plasma 
treatment can be obtained. 
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1 Introduction 

As the plasma forms, it starts emitting characteristic spectra of 
the utilized gas. In atomic systems involving atoms, ions, 
molecules, and plasmas of electrons and ions, photons are 
absorbed or emitted due to electronic transitions from one 
energy state to another. The shape of the emitted spectral lines 
is highly dependent on the plasma medium. Therefore, 
identifying mechanisms that cause broadening of spectral lines 
is essential for study the plasma. The main types of broadening 
present in a plasma spectrum include natural broadening, 
Doppler broadening, and Stark broadening [1-3]. Studying 
plasma broadening provides a wealth of information about the 
plasma. 
Different methods are used to calculate the electron density in 
plasma, which include the use of Langmuir probes, Thompson 
scattering, plasma emission spectroscopy, and the Stark 
broadening method. The Stark broadening method is of 
particular interest due to its simplicity and acceptable 
accuracy. The fundamental basis of this method has been well 
studied far [4-6]. this phenomenon occurs due to Coulomb 
interactions between the radiating atoms and free ions and 
electrons inside the plasma through an electric field, which is 
known as the Stark effect. In various studies, the Stark 
broadening of the hydrogen Balmer line Hβ has been widely 
used to calculate the electron density in plasma. If Stark 
broadening is the primary cause of spectral broadening in the 
system and contributions from Doppler broadening and other 
broadening mechanisms, such as pressure broadening due to 
collisions with neutral atoms, are neglected, measuring 
electron density ne using Stark broadening is a relatively 
simple method [7-10]. By accurately fitting the shapes of the 
lines measured by the emission spectroscopy system with 
combinations of Lorentzian and Gaussian line shapes, known 
as Voigt profiles, the full-width at half-maximum (FWHM) of 
Stark broadening can be determined. Then, using Stark 
broadening tables, the electron density can be estimated [11-
14]. 
The full-width at half-maximum (FWHM) of Stark broadening 
is related to the electron density through the following 
equation: 

 Δ𝜆𝜆𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 = 2 × 10−11(𝑛𝑛𝑒𝑒)
2
3 Eq 1 

The electron density obtained from this equation is in units of 
cm⁻¹. As previously mentioned, the Stark broadening of the Hβ 
spectral line at the wavelength of 486.13 nm provides an 
acceptable approximation of the electron density. Therefore, 
by plotting the spectrum obtained from the emission 
spectroscopy of plasma generated from argon gas and fitting it 
with a Voigt curve, the electron density can be measured [15-
16]. 
In this study, the Stark broadening method was used to 
determine the electron density and investigate the changes in 
electron density with respect to plasma pressure. The full-
width at half-maximum parameter was used to describe the 
broadened line shape.  

2 Results and Discussions 

The glow discharge plasma system used in this research, 
located in the Plasma Research Institute, includes a large 
cylindrical chamber made of steel with a diameter and height 
of 50 cm. Using a vacuum pump, the initial pressure of the 
discharge chamber is stabilized at 0.01. The flow of argon gas 
is controlled by a gas flow controller. After injecting the gas at 
desired pressures into the discharge chamber, a voltage of 300 
volts is applied inside the chamber, causing an electric 
discharge and creating glow argon plasma. The plasma forms 
between a cathode in the shape of a disk with a diameter of 10 
cm and a grounded anode also in the shape of a disk. The 
formed plasma is analyzed using Optical Emission 
Spectroscopy (OES). The spectroscopy system used in this 
research is a fiber optic spectrometer model V900 with a 
wavelength range of 200-1058 nm and a spectral resolution of 
1 nm. To use the Stark broadening method, 0.5% hydrogen 
was added to the gas mixture. 
Initially, the optical emission spectrum of the plasma was 
measured under different pressure conditions. Optical 
emission spectroscopy in the argon glow discharge plasma was 
measured at pressures of 0.05, 0.13, and 0.65 Torr. The results 
are shown in Figure 1. 

 
Figure 1: The optical emission spectrum resulting from argon plasma at different pressures. 
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The spectral broadening of the Balmer line of hydrogen at a 
wavelength of 486.13 nanometers, along with the fitted Voigt 
curve corresponding to each spectral line at different pressures, 
is shown in Figure 2. 

 

 

 
Figure 2: The Voigt line shape fitting to the spectral broadening at 

different pressures. 

By measuring the full-width at half-maximum (FWHM) value 
of the fitted Voigt line shape of Figure 2, and substituting it 
into Equation 1, the electron density at different pressures is 
obtained. The results of these calculations are presented in 
Table 1: 

Table 1: Electron density values at different pressures 
Electron Density Δ𝜆𝜆𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 Pressure (Torr) 

1.619 × 1019 0.4717 0.05 
1.688 ×1019 0.4848  0.13 
1.888 ×1019 0.5226  0.63  

Figure 3 illustrates the relationship between electron density 
and plasma pressure. 

 
Figure 3: Electron density at different plasma pressures.

Figure 3 shows that with an increase in the pressure inside the
plasma generation chamber, the electron density of the plasma
increases. Therefore, for using plasma in various applications
that require higher electron density, it is necessary to generate
plasma at higher pressures.

3 Conclusion

This study examined and discussed the effect of various
plasma pressures on the electron density of the glow discharge
plasma. The Stark broadening method of the Balmer line of
hydrogen was used to calculate the plasma electron density.
The results showed that as the pressure in the plasma
generation chamber increased, the obtained electron density
also improved.

Disclosure of Potential Conflicts of Interest
The Authors declare that there is no conflict of interest

Reference
[1] M. Qian, Ren, C., Wang, D., Zhang, J. & Wei, G. “Stark

broadening measurement of the electron density in an
atmospheric pressure argon plasma jet with double-power
electrodes” Journal of Applied Physics 2010, 107 (6): 063303.

[2] Mohamed Fikry, Ibraheem A. Alhijry, Abdelnasser M.
Aboulfotouh, and Ashraf M. El Sherbini, Feasibility of Using
Boltzmann Plots to Evaluate the Stark Broadening Parameters of
Cu(I) Lines, Applied Spectroscopy 2021, 75, 10, 1288-1295

[3] Tobias Völker and Igor B. Gornushkin, Investigation of a
method for the correction of self-absorption by Planck function
in laser induced breakdown spectroscopy, J. Anal. At.
Spectrom., 2023, 38, 911-916

[4] Z. Qiuping, C. Cheng, M. Yuedong, “Electron Density and
Temperature Measurement by Stark Broadening in a Cold Argon
Arc-Plasma Jet at Atmospheric Pressure”, Plasma Sci. Technol
2009, 11 560.

[5] M. Burger, J. Hermann, “Stark broadening measurements in
plasmas produced by laser ablation of hydrogen containing
compounds”, Spectrochimica Acta Part B: Atomic
Spectroscopy, 2016, 122 118-126.



 Investigation of the Effect of Pressure Parameter in Glow Discharge Plasma on Electron Density of Plasma 
 

 
POWER, CONTROL AND DATA PROCESSING SYSTEMS - Vol 1(1), 2024 

Page | 4 

[6] Milan S. Dimitrijević, Magdalena D. Christova, Sylvie Sahal-
Bréchot. Stark broadening of B I spectral lines. Monthly Notices 
of the Royal Astronomical Society, 2022, 509.3203-3208. 

[7] Marco A Gigososy and Valent´ın Cardenoso, “New plasma 
diagnosis tables of hydrogen Stark broadening including ion 
dynamics”, J. Phys. B: At. Mol. Opt. Phys. 1996, 29: 4795–4838 

[8] A. Boogaard, A. Y. Kovalgin, A. A. I. Aarnink, R. A. M. 
Wolters, J. Holleman, I. Brunets, J. Schmitz, “Measurement of 
electron temperatures of Argon Plasmas in a High-Density 
Inductively-Coupled Remote Plasma System by Langmuir Probe 
and Optical-Emission Spectroscopy”, Dutch Technology 
Foundation (STW), under project STW-TEL 6358. 

[9] Julien Thouin, Malyk Benmouffok, Pierre Freton, Jean-Jacques 
Gonzalez, Interpretation of Stark broadening measurements on a 
spatially integrated plasma spectral line,  European 
Physical Journal: Applied Physics, EDP Sciences, 2022. 

[10] Z. Mijatović, S. Djurović, L. Gavanski, T. Gajo, A. Favre, V. 
Morel, A. Bultel, Plasma density determination by using 
hydrogen Balmer Hα spectral line with improved accuracy 
Spectrochimica Acta Part B: Atomic Spectroscopy 2020, 166, 
105821 

[11] John B. Boffard, Garrett A. Piech, Mark F. Gehrke, L. W. 
Anderson, and Chun C. Lin, “Measurement of electron-impact 

excitation cross sections out of metastable levels of argon and 
comparison with ground-state excitation”, PHYSICAL 
REVIEW A 1999, 59, 4  

[12] P. Saadat Esbah Tabaei, R. Ghobeira, P. Cools, F. Rezaei, A. 
Nikiforov, R. Morent, N. De Geyter, Comparative study between 
in-plasma and post-plasma chemical processes occurring at the 
surface of UHMWPE subjected to medium pressure Ar and N2 
plasma activation, Polymer 2020, 193: 122383     

[13] Julien Thouin, Malyk Benmouffok, Pierre Freton and Jean-
Jacques Gonzalez, Interpretation of Stark broadening 
measurements on a spatially integrated plasma spectral line, Eur. 
Phys. J. Appl. Phys. 2022, 97.                 

[14] N Balcon, A Aanesland and R Boswel, “Pulsed RF discharges, 
glow and filamentary mode at atmospheric pressure in argon”, 
Plasma Sources Sci. Technol. 2007, 16: 217–225. 

[15] O. Galmiz, Plasma treatment of polyethylene tubes in continuous 
regime using surface dielectric barrier discharge with water 
electrodes, J. Phys. D: Appl. Phys. 2018, 51: 195201  

[16] Hiba A. Abed, Saeed N. T. Al Rashid, and Sabah N. Mazhir, 
Stark Broadening, Boltzmann Plot Methods for Calculating 
Plasma Parameters by Laser-Induced Breakdown Spectroscopy 
for Gold Target, International Journal of Nanoscience, 2024. 23, 
05, 2450004.  

 


	1 Introduction
	2 Results and Discussions
	3 Conclusion

