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Abstract

For the electrical characterization of Dielectric Barrier Discharge (DBD) at atmospheric pressure, various electrode systems
were utilized. DBD was generated in air under atmospheric conditions and powered by a high AC voltage and high-frequency
power supply. The current-voltage characteristics were analyzed for electrode gaps of 2 mm and 3 mm, varying the voltage
from 0 to 12 kV while maintaining a frequency of 20 kHz for each electrode type (disk, cylindrical, and double cylindrical).
In general, the number of micro-discharges (filaments) increased with rising voltage in each cycle. Notably, a stable glow
discharge was observed in the double cylindrical electrode system at a 2 mm gap as the voltage varied. This configuration
proved to be efficient, with the average power consumption being only one-third that of the single cylindrical electrode at the
same gap. The energy dissipation for this system was calculated to be 18.25 µJ using power analysis and 16.74 µJ using
the I-V characteristic curve.
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1. Introduction and Background
Dielectric Barrier Discharge (DBD) is a non-equilibrium

electrical discharge created between two electrodes using
a high-voltage power supply. In DBD, a dielectric mate-
rial covers at least one of the electrodes, which serves as
a current limiter and prevents the formation of sparks or
arcs. Siemens (1857) first introduced this concept, which
has since led to the widespread use of common dielectric
materials such as glass, quartz, ceramics, plastic films, and
silicon rubber.

At atmospheric pressure, non-equilibrium plasma gen-
erated by DBD exhibits electron temperatures much higher
than those of heavy particles. Because of the high frequency
of collisions between electrons and heavy particles, elec-
trons lose energy at a rapid rate, making it difficult to ob-
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tain a stable plasma. Although DBD systems often oper-
ate in filamentary mode at atmospheric pressure, they can
also achieve a diffuse mode under specific conditions, al-
lowing spatial homogeneity and making them suitable for
applications such as homogeneous surface treatments (Ko-
gelschatz, 2002; Wang and He, 2006).

Several studies have examined the behavior of DBD sys-
tems under varying conditions. For instance, Tyata et al.
(2010) investigated DBD discharges with electrode gaps of
1 mm and 2 mm, reporting filamentary discharges with di-
electric materials and glow discharges without them. Sim-
ilarly, Jabur et al. (2020) identified 4 mm as the optimal
electrode separation for efficient plasma generation in DBD
systems. Singh et al. (2024) demonstrated that a 3 mm
discharge width minimizes power consumption in atmo-
spheric pressure DBD reactors, highlighting the importance
of achieving an optimal balance between discharge width
and input voltage. Furthermore, Subedi and Tyata (2010)
compared three electrode configurations: cylindrical, paral-
lel plate and annular systems, finding that the most stable
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discharge was produced using the parallel plate electrode
system. These findings collectively underscore the impor-
tance of exploring various electrode configurations and gap
sizes to optimize the performance and efficiency of DBD
systems for diverse applications.

Although DBD systems typically operate with discharge
gap spacings ranging from 0.1 mm (e.g., in plasma dis-
plays) to about 1 mm (e.g., in ozone generators) (Foest et
al., 2006), there is limited research on the effects of larger
gap distances on plasma properties and stability. Current
studies also lack a comprehensive understanding of how dif-
ferent electrode designs and materials influence discharge
behavior, especially at larger gap distances.

To address this gap, this study investigates different elec-
trode systems with gap distances of 2 and 3 mm, aiming to
identify optimal conditions for achieving stable glow dis-
charges suitable for diverse plasma applications. The pri-
mary objective of this study is to investigate how variations
in electrode gap, voltage, and system design influence the
properties and stability of plasma generated by DBD.

The materials and configurations of the electrodes play
a critical role in defining the behavior of DBD plasma. As
emphasized by Wang et al. (2012), understanding these re-
lationships is crucial for optimizing DBD systems for spe-
cific applications, such as surface treatments, water purifi-
cation, and material processing. This study contributes to
the existing knowledge base by systematically characteriz-
ing the effects of different electrode systems on plasma be-
havior.

This paper evaluates the micro-discharges generated by
DBD systems in air and power analysis, using three differ-
ent electrode materials and configurations. We systemati-
cally investigate the influence of electrode design and gap
size, aiming to determine the optimal combination of pa-
rameters to achieve stable and efficient plasma discharges.

2. Experimental Details
The experimental setup and its electrical connections are

depicted in Figure 1, with a corresponding photograph pre-
sented in Figure 2. For the experiment, we utilized a high-
frequency, high-voltage power supply (PVM500) and its
corresponding driver (DIDRIVE10). This power supply al-
lows an adjustable voltage in the range of 0–20 kV and a
frequency between 10–30 kHz. Specifically, for the gen-
eration of DBD, we supplied 0–12 kV AC at 20 kHz. In
addition, we developed three specialized electrode systems,
which are shown in Figure 3, with their photographs shown
in Figure 4. We studied electrical characterization with the
help of a high-voltage probe using the OWON digital oscil-
loscope model DS 7102.

The experimental arrangement remained consistent
across all three electrode systems, with the only variation
being the type of electrode used. In the case of the double

Figure 1. Schematic diagram of the experimental set-up and
measurement connection: 1-transparent holder, 2-electrode, 3-
micro discharges, 4-glass plate, 5-plasma driver with probe, 6-
oscilloscope, 7-computer.

Figure 2. Experimental set-up of the disc electrode system, which
produced discharge using high voltage and high-frequency power
supply at atmospheric pressure.

cylindrical electrode system, the openings oriented in the
same direction were connected together to form a unified
electrode structure. This design ensured uniform operation
and facilitated effective experimentation with the different
electrode configurations. The setup was carefully calibrated
to minimize potential errors and ensure accurate measure-
ments during testing.

2.1. Electrode Design

2.1.1 Disk Electrode

The disk electrode system comprises two identical circu-
lar copper disc electrodes, each with a diameter of 50 mm
and a thickness of 5 mm. These electrodes are arranged par-
allel to each other, ensuring symmetry in the setup. When
an AC voltage is applied, a filamentary dielectric barrier
discharge (DBD) is generated in the air. To prevent point
arcs that could damage the electrode surfaces, the discs are
carefully designed with smooth surfaces. The lower disc
electrode is securely fixed, while the upper electrode is ad-
justable, allowing fine-tuning of the gap between the discs
in increments of 0.5 mm. A dielectric barrier, consisting
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