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Influence of Surface Charge on Development of Dielectric Barrier Discharge
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ABSTRACT: The dielectric surface charge distribution in the
atmospheric pressure dielectric barrier discharge (DBD) has an
important influence on the discharge characteristics and
morphology evolution. In this paper, a high-speed surface
charge measurement system based on Pockels effect is
established to study the dynamic development process of
dielectric surface charge in continuous cycle after the initiation
of discharge. And the effect of surface charge distribution on
the formation process of discharge form is analyzed. The
results show that the position of the surface charge spot is not
fixed in several cycles after the initial discharge. The diameter
of the charge spot varies from 1.5 to 2.5 mm, and the surface
charge of the first discharge is higher than that of the
subsequent discharge. As the discharge progresses, the positive
surface charge density decreases and the negative surface
charge density increases. In the process of gradually stabilizing
the discharge, the positive and negative surface charges
neutralize each other, and the charge distribution gradually
concentrates. Finally, the position, size and discharge amount
of the charge spot are maintained in a stable state. The positive
and negative surface charges are fixed in position and have a
high degree of coincidence. The memory effect of surface
charge plays an important role in maintaining the stability of
the discharge filament in the flat electrode. The results are
helpful to understand the mechanism of surface charge in the
evolution of discharge morphology.

KEY WORDS: surface charge; dielectric barrier discharge;
discharge development; atmospheric pressure helium; pockels
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Fig. 1 Structure diagram of surface charge measurement system
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Fig. 2 Structure diagram of DBD discharge cell
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Fig. 3 Discharge waveform and surface
charge distribution of stable discharge
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Fig. 4 Discharge waveforms and surface charge

distribution of the first cycle
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Table 1 Surface charge occupancy and
total charge of the first cycle
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Fig. 5 Probability distribution of
surface charge density of the first cycle
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Table 2 Probability of charge distribution on
different density intervals of the first cycle
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Fig. 6 Discharge waveform and surface charge
distribution of the second cycle
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Fig. 7 Probability distribution of
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Fig. 9 Probability distribution of
surface charge density of the third cycle
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Table 6 Probability of charge distribution on
different density intervals of the third cycle
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Table 7  Surface charge occupancy rate and
total charge during stable discharge
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Fig. 10 Probability distribution of surface
charge density during stable discharge
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Table 8 Probability of charge distribution in
different density intervals during stable discharge
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Atmospheric pressure dielectric barrier discharge
(DBD) has been widely used in the plasma industry
because of its ability to generate a large amount of
non-equilibrium low-temperature plasma. The in-depth
analysis of the formation and evolution of the discharge
morphology will help to deepen the understanding of the
relevant discharge characteristics and improve the DBD
control method, which has important practical
significance for its application in industry.

To reveal the formation mechanism of discharge
from the perspective of surface charge, this paper
establishes an atmospheric pressure DBD high-speed
surface charge measurement system with a time
resolution of us based on the Pockels effect. The
structure of the observation system is shown in Fig. 1.
The effect of surface charge on the formation and
development of stable discharge under atmospheric
pressure helium is investigated.
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Fig. 1 Structure diagram of surface charge measurement system

The surface charge distribution of self-stable
discharge is shown in Fig. 2. In this kind of discharge
mode, the positions of the positive and negative
discharge spots are fixed and have high coincidence. The
shapes are close to a circle, and the diameters are about
2.39mm and 2.76mm, respectively. The discharge
capacity is 1.59nC and -1.44nC respectively. The
discharge current is a typical single pulse discharge
waveform, and the amplitude, pulse width and phase
remain stable in different cycles.

The surface charge distribution in the three cycles
after the initial discharge is shown in Fig. 3. After the first
positive discharge of the air gap, the charge spots show a
crescent-shaped distribution, and the amount of charge
accumulated on the surface of the dielectric is relatively
large. After the negative discharge occurs, the
accumulated positive charge will be neutralized and
dissipated. At this time, the negative charge is mainly
distributed in the central area and the outer boundary area
of the crescent-shaped positive charge spot. After the
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Fig. 2 Surface charge distribution of self-stabilizing discharge
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Fig. 3 Surface charge distribution of
the three cycles after the first discharge

discharge enters the second cycle, as shown in Fig. 3(b),
the charge distribution is more concentrated at this time,
which will directly affect the positive discharge in the
third cycle. From the third cycle until the discharge is
stable, the charge spots after positive and negative
discharges all show agglomeration. In the agglomeration
area, the larger charge density will have a greater
enhancement effect on the air gap electric field during the
next discharge, making the position of the discharge wire
more fixed and the phase of the discharge more stable.

In the evolution process from the first discharge to the
stable discharge wire, although the amplitude of the
discharge current fluctuates and has a certain randomness,
the overall change is that the distribution of positive and
negative charge spots gradually concentrates. The
discharge volume is lower than the first discharge, and
finally a relatively stable value, and the positive and
negative discharge volume is basically the same as the
occupancy rate. The surface charge memory effect plays an
important role in guiding the discharge to a stable
development during the entire discharge evolution process.



