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ABSTRACT

In this piece of study arc plasma was produced inside the vacuum chamber using dc power supply in order to
measure the plasma parameter especially ion-concentration in arc plasma. Widely used moving Langmuir probes
were successfully applied to measure the probe current at different values of the potential applied on the probe.
The graph was plotted between the probe current and the probe potential, using the data obtained from the
experimental set up of Double Probe Method (DPM) for the SiO; arc plasma at atmospheric pressure. The ion-
concentration was estimated to be in the range of 1.65x10%® to 4.71x10ions m-3, using the upper branch of the
graph and range of 1.47x10'® to 4.27x10%® ions m~3, using the lower branch of the graph.
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l. INTRODUCTION

Plasma Parameters [1, 2] in the arc plasma can be measured by moving the probe through the plasma. They play
important role in the background study of plasma processing. The use of the double probe method reveals a
parametric structure in the arc plasma showing variation of ion densities between two extreme values. The
movement prevents the Langmuir probe [3, 4, 5] from getting melted because the probe remains inside the high
temperature for a fraction of second inside the low-cost vacuum chamber [6]. Double probe method (DPM) has
an edge over the single probe method (SPM) as both the electrodes in the former are biased with respect to each
other, and insulated from the ground. In SPM, one of the cathodes of the arc is taken to be the reference electrode.
The entire system in the present case floats with the plasma and, therefore, follows the change of plasma potential
[7-10].

1. MATERIALS AND METHODS

Table 1. Specifications of the arc and probes

Average Diameter of the Arc 0.461 cm

Time interval to cross arc-width 0.14s

Average Velocity of probes 3.26 cm/s

Average Radius of probes | 0.55 mm
| 0.65 mm

Average Length of Probes | 1.4 mm
1 0.94 mm

Surface area of Probes | 5.79 mm?
1 5.16 mm?
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Figure 1: Schematic Diagram of Experimental Set up

Theory
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The basic equation to determine the parameter, especially the ion-concentration of the arc plasma is [6]:

) = i)/ (a + 11 (1 ()
@),

where i, is the ion-saturation current flowing to one probe, i,, the ion-saturation current flowing to the other

di

probe, V the potential difference applied to the probes and, (d_v>o the slope of the curve at i = 0.

di . . . . . .
The slope (d_v)o and the ion- saturation currents, i+1 and i+, ,can be calculated by drawing a graph between i and

V. Using equation (1), electron temperature can be calculated. lon temperature cannot be calculated since it is
about one tenth of the electron temperature. The plasma density can be calculated from either of the two branches

of the graph using the equation [4]
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where, M is mass of the ion and A is the area of the probe.

The probe method is used for the study of moderate-density plasma. The schematic diagram of the experimental
set-up is shown in Fig.1, at atmospheric pressure. Figure 2 shows the basic circuit for the Double Probe Method.
The two cylindrical probes of tungsten material were separately fixed on the ebonite base which can move to and
fro. The major portion except a small part at the front of the probes were covered with insulating material of high
thermal resistance. The probes were made to move through the arc using oscillating (Ebonite base) system, and

experimental data were noted.

After the experimental set-up, both the tips of the electrodes were brought in contact with each other with a
conductor having wooden handle. As soon as the conductor was removed, the arcing between the electrodes got
started because the dc supply to the electrodes was already switched on. The desired potential difference was
applied on the probes with the help of a dc power supply. Velocity of the probes, once adjusted, was maintained
constant and the distance between the electrodes was also maintained fixed throughout the experiment.
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Figure 2: Basic Circuit for Double Probe Method

1. RESULTS AND DISCUSSION
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The ion-concentrations (Table 2) were calculated from the three values of current each from the upper branch and

the lower branch of the I-V curve (Fig. 3).

Table 2. lon-Concentration in Arc Plasma

I-V graph Probe current lon-concentration
(micro-ampere) | (ions/m?®)
Upper branch of the curve | 2100 1.65x10%8
5300 4.16x10%8
6000 4.71x 108
Lower branch of the curve | 2100 1.47x 1018
4400 3.08x 108
6100 4.27x 10'8
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Figure 3: 1-V graph for Double Probe Method

As the magnitude of current is proportional to the area of the probe [8] the lesser one of the two surface areas
(5.16 x 10-° m?) of the two probes has been used in order to calculate ion densities from the upper branch of the
graph. It is clear from Fig. 3 and Table 2 that ion-concentration shows variations from 1.65x 108 jons/m?® to
4.71x10'® ions/m® and from 1.47x10'® ions/m® to 4.27x10'8 ions/m® obtained from the upper branch and lower
branch of the I-V curve respectively. It is worthwhile to note that the different values of ion-concentrations are
due to the different values of the saturation current. Because of the difference in areas of the two probes, the
double probe characteristic is not symmetrical. As the curve in Fig. 3 intersects the voltage axis at a potential
positive with respect to the origin, it is clear that a potential difference exists between the two probes even if no
current is measured in the external circuit [5].

(AVAS CONCLUSION
Langmuir probes can be successfully used to estimate ion-concentration in a seeded arc plasma using DPM. It is
revealed that there is variation in ion-concentration obtained from the upper branch and the lower branch of |-V
curve due to impurities present in electrodes of commercial copper. The present study can be extended with
modifications for measuring useful plasma parameters to improve various plasma processing and other industrial
applications of plasma.

V. ACKNOWLEDGEMENTS
V. K. Jha expresses his gratefulness to the University Grants Commission (UGC), Nepal, for the approval of
financial support for the present study.

VI. REFERENCES

[1] S. Oh, H. Lee and C. Chung, “A Study on Plasma Parameters in Ar/SFg inductively coupled Plasma”,
Physics of Plasmas, January 2017, https://doi.org/10.1063/1.4974036.

[2] D. Ben Salem, O. Carton, H. Fakhouri, J. Pulpytel,&F. Arefi-Khonsari, “Deposition of water stable
plasma polymerized acrylic acid/MBA organic coatings by atmospheric pressure air plasma jet”, Plasma
Processes and Polymers, Vol. 11, Issue 3, pp. 269-278, March 1, 2014.

[3] B.L.RobertandE. B. Brian ,“Recommended Practice for Use of Langmuir Probes in Electric
Propulsion Testing”, Journal of Propulsion and Power, Vol. 33, Issue 3, pp. 566-581, April 3, 2017.

Volume 28, Issue 1, 2025 https://kyupeerref.link Page 42


https://doi.org/10.1063/1.4974036

Bulletin of the Kyushu Institute of Technology - Pure and Applied Mathematics || ISSN 1343-867043

[4] A. Brockhaus, C. Borchardt and J. Engemann, “Langmuir probe measurements in plasma”, Sources Sci.
Technol., Vol. 3, Issue 4, pp. 539-544, November 1994.

[5] J. D. Swift and M. J. R. Schwar, “Electric probes for plasma diagnostics”, American Elsevier, New
York, 1970.

[6] V. K. Jha, L. N. Mishra & B. Narayan, “Development of low cost vacuum chamber for experimental
study of Plasma parameters in a seeded arc plasma”, International Journal of Latest Engineering and
Management Research, Vol. 03, Issue 01, pp. 13-18, January 1, 2018.

[7] E.O.Johnson and L. A. Malter, “Floating Double Probe Method for Measurements in Gas Discharges”,
Phys. Rev. (USA), Vol. 80, Issue 1, pp. 58-68, 1950.

[8] M. F.Hoyaux, “Arc Physics”, Springer Verlag, Berlin, pp. 262- 263, 1968.

[9] R. H. Huddlestone and S. L. Leonard, “Plasma diagnostic techniques”’, Academic Press, New York,
pp.179- 181, 1965.

[10]T.J. M. Boyd & J. Sanderson “Plasma dynamics”’, Thomas Nelson Sons, London, 1969.

Volume 28, Issue 1, 2025 https://kyupeerref.link Page 43



