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Fig. 1. (a) Schematic diagram of the experimental setup; (b) side view of the gap structure.
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Fig. 2. Experimental observations of different plasma structures as the applied voltage increases: (a) Concentric-roll pattern;

(b)—(d) loop dot-matrix concentric-roll pattern; (e) target-wave pattern; (f) honeycomb pattern.
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Fig. 3. Phase diagram of the LDC pattern as a function of Ar concentration: (a) Applied voltage; (b) gas pressure.
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Fig. 4. Waveforms of applied voltage and discharge current for different patterns.
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Fig. 5. Temporal evolution of the LDC Il pattern: Current waveform (a) shows the ICCD shooting time of each picture ((b)—(k)),

and the exposure time is 50 ns (single shot).
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Fig. 6. (a) Equivalent circuit diagram of the narrow gap; (b) equivalent circuit diagram of the wide gap; (c) simulation results of

applied electric field.
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Discharge evolution mechanism and spectral diagnostic study
of loop dot-matrix concentric-roll pattern”

RAN Junxia?  ZHANG Han! CHEN Qinyi? ZHOU YixunV
SU Tong! LI Qing Y% LI Xuechen V?

1) (College of Physics Science and Technology, Hebei University, Baoding 071002, China)
2) (Engineering Research Center of Zero-carbon Energy Buildings and Measurement Techniques,
Ministry of Education, Baoding 071002, China)

( Received 6 June 2025; revised manuscript received 14 July 2025 )

Abstract

Dielectric barrier discharge (DBD) can produce abundant discharge patterns. It is one of the most
interesting nonlinear systems for studying pattern formation. In this work, circular boundaries with different
radii are utilized and superimposed to form a narrow and wide combined discharge gap. The pressure is set to
25 kPa for the experiment, and the frequency is fixed at 58 kHz. By varying the applied voltage, concentric-roll
pattern, loop dot-matrix concentric-roll pattern, target-wave pattern and honeycomb pattern are obtained. The
electrical and optical properties of several types of patterns are analyzed. This study focuses on the
spatiotemporal evolution of the loop dot-matrix concentric-roll patterns by using an intensified charge-coupled
device (ICCD), and theoretically analyzes the formation mechanism of these patterns. The results show that the
discharge pattern has a radial development with a gradual breakdown process from the outside to the inside. It
is related to the pre-ionization effect of the narrow gap on the discharge. The emission spectra of different
discharged filaments in the radial direction of loop dot-matrix concentric-roll pattern are measured and
analyzed. A spatially resolved diagnosis of plasma parameters is performed. It is found that the molecular
vibrational temperature, electron density, and electron temperature are much larger in narrow gap than those in
wide gap. In the wide gap, the molecular vibration temperature, electron density, and electron temperature
gradually increase along the radial direction from the inside to the outside, but the changes are relatively small.
In the narrow gap, the parameters such as the molecular vibration temperature, electron density, and electron
temperature far from the center of the circle are smaller than those near the center of the circle. This is related

to the micro-change of the electric field.
Keywords: dielectric barrier discharge, pattern discharge, spatio-temporal evolution, pre-ionization
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