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Fig. 1. Measurement steps of the electron density by using the Stark broadening method: (a) Interpolation of the Hg line; (b) emi-
ssion line of the He-Ne laser; (c) fitting of the Hy line (Experimental conditions: pulsed discharge by the larger inner electrode with
5 kHz pulse frequency, 50% duty cycle, 2 kV voltage and 25 sccm gas flow rate); (d) fitting of the H, line (Experimental conditions:

DC discharge by the thinner inner electrode with 20 mA discharge current and 25 sccm gas flow rate).
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Fig. 2. Fitting of the OH (4-X) bands to estimate the gas
temperature (Experimental conditions: pulsed discharge by
the larger inner electrode with 8 kHz pulse frequency, 80%

duty cycle, 2 kV voltage and 25 scem gas flow rate).
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Fig. 3. Measurement results of the plasma parameters at different pulse frequencies: (a) Normalized spatially resolved emission

intensity; (b) gas temperature; (c) average radius; (d) electron density.
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Fig. 4. Waveform and simulated results based on global model at different pulse frequencies: (a) Voltage drop; (b) discharge current;

(c) simulated results of the electron temperature and electron density at the steady state.
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Fig. 5. Measurement results of the plasma parameters at different gap distances: (a) Normalized spatially resolved emission intensi-

ties; (b) gas temperature; (c) average radius; (d) electron density.
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Fig. 6. Voltage drop and simulated results based on global model at different gap distances: (a) Voltage drop; (b) simulated results

of the electron temperature and electron density at the steady state.
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SPECIAL TOPIC—Several problems in plasma physics and material treatment

Evolution of electron density of pin-to-plate discharge
plasma under atmospheric pressure’

Feng Bo-Wen"?  Wang Ruo-Yu?  Ma Yu-Peng-Xue"?  Zhong Xiao-Xia )T
1) (State Key Laboratory of Advanced Optical Communication Systems and Networks, School of
Physics and Astronomy, Shanghai Jiao Tong University, Shanghai 200240, China)
2) (Key Laboratory for Laser Plasmas, Ministry of Education, School of Physics and Astronomy,
Shanghai Jiao Tong University, Shanghai 200240, China)

( Received 27 October 2020; revised manuscript received 14 March 2021 )

Abstract

Based on the Stark broadening method and the imaging method, the electron densities of the plasma
generated at different pulse frequencies, gap distances and inner diameters of the electrodes are diagnosed. The
experimental results indicate that reducing the pulse frequency, shortening the gap distance between the
electrodes, and using thinner diameter electrode are all in favor of enhancing the electron density. With the help
of the global model, we perform the numerical simulation to explore the factors that influence the variation of
the electron density. According to the simulations results, we find that the reduced discharge volume results in
the increase of electron density with the increase of pulse frequency. When the gap distance between the
electrodes is reduced, although the increased absorbed power and the reduced discharge volume both have an
effect on the electron density, the reduced discharge volume plays a decisive role in these two factors. Moreover,
using a thinner inner diameter electrode can also reduce the discharge volume, which is of benefit to obtaining

the plasma with high electron density.

Keywords: atmospheric pressure plasma, pin-to-plate discharge, electron density, discharge volume
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