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Fig. 1. Structural design of the meter-scale wide indirect
DBD: (a) Schematic diagram; (b) photo of the electrode.
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Fig. 2. Flow field simulation of the meter-scale wide indirect DBD: (a) Ar flow streamlines of gas flow rate under different struc-

tures; (b), (c) flow rate distributions on the treated material surface for different structures; (d) flow rate distributions in the dis-

charge region and on the material surface for different total gas flow rates.
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Fig. 3. Schematic diagram of the experiment platform.
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Fig. 4. Typical voltage-current waveforms.
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Fig. 5. Mean value and standard deviation of current amp-
litude under various conditions: (a) Voltage amplitude;
(b) gas flow rates.
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Fig. 6. Luminescence image of typical discharge.
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Fig. 7. Discharge images of DBD at different voltage amplitudes and gas flow rates.
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SPECIAL TOPIC—Non-equilibrium transport and active control strategy in
low-temperature plasmas

Generation and discharge characteristics of indirect
dielectric barrier discharge with meter-scale width’

LI Long CUI Xinglei ZHU Xi  FANG Zhif

(College of Electrical Engineering and Control Science, Nanjing Tech University, Nanjing 211800, China)

( Received 28 August 2025; revised manuscript received 16 September 2025 )

Abstract

A meter-scale wide indirect dielectric barrier discharge (DBD) for treating large-scale and irregular-shaped
materials is reported in this study. The structure of the modular-graded gas path is designed, and the influence
of gas hole density on the flow field is simulated. It is confirmed that 8 subdividing (40 holes uniformly
distributed) structure can effectively improve the uniformity of the gas flow rate distribution in the discharge
area and on the treated material surface compared with 0 subdividing structure. Based on this structure, Ar is
employed as the discharge gas and hexamethyldisilane as the precursor to generate meter-scale wide plasma
under the excitation of a nanosecond pulsed power supply. Particle activity, discharge uniformity and stability
under different operating parameters are evaluated by measuring voltage-current waveforms, emission spectra,
luminescence images and temperatures at different electrode positions. The treatment effect and uniformity are
verified by measuring the water contact angle (WCA) of epoxy (EP) material. The results show that a uniform
and stable plasma with a width of 1120 mm is generated under suitable operating parameters. By increasing the
voltage amplitude, both the discharge intensity and particle activity are improved, while the discharge
uniformity and stability are significantly reduced. By increasing the discharge gas flow rate, the particle
activity, discharge uniformity, and stability can be improved simultaneously but slightly. The WCA on the EP
surface is uniformly increased from 67° to 144° with a variation of less than 6% after 10-min treatment at a
voltage amplitude of 12 kV and a discharge gas flow rate of 10 L/min. The meter-scale wide indirect DBD
electrode in this work can provide reference and basis for the industrial application of large-scale plasma

material modification technology.

Keywords: meter-scale wide electrode, indirect dielectric barrier discharge, material modification, discharge

characteristics, water contact angle
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