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Abstract: The high voltage plasma that occurs in the air gap and in the dielectric barrier discharge
(DBD) is caused by the high voltage stress the gas molecules to ionized gas molecules. DBD is
also determined by the type of barrier made of materials with various dielectric constants. The
power supply used in this study is a parallel resonant pushpull inverter using a flyback
transformer. Five types of ceramics (K1, K2, K3, K4, and K5) and two types of granites (G1 and
G2) as barriers were used in this study. The gap between the high voltage electrode and the
barrier was 1.2 mm. The results showed that plasma with high light intensity is found in K3, K5,
G1 and G2. Discharge current in G1 is higher than others. The highest discharge voltage occurs
in the G1 with an air gap of 1.2 mm. K3, K5, K1 and K2 have better ozone concentrations than
K1, K2 and K4. From the results of the calculation of the dielectrics used, all of them have a
dielectric permittivity value of less than 15 and the relative permittivity of these ceramics affects
the shape of the plasma, the light intensity of the plasma and the concentration of ozone
produced. This type of granite as barrier that produces light intensity, plasma voltage, discharge
current and the resulting ozone concentration is higher than the ceramic type.
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1. Introduction

Non-thermal plasma at atmospheric pressure by the dielectric barrier discharge (DBD)
method has become a promising tool for several fields of scientific research and practical
applications, such as electro aerodynamic propulsion, ozone synthesis, plasma catalysis, cancer
treatment and others [1-4]. DBD is often used as a source of non-thermal plasma because it
allows the generation of non-thermal plasma that is evenly distributed across the barrier at
atmospheric pressure in an easier way. In addition, it is easier for researchers to design DBD in
many geometries and can easily improve their performance [5]. The DBD reactor is made with
an arrangement of two electrodes separated by one or more dielectric layers [6]. Several reactor
geometries have been investigated in recent decades [7]. More complex arrangements appear in
the two dimensions of DBD [8] including squares, hexagons and others [9-11]. DBD is an
electric discharge process in a layered dielectric system between air dielectric and a solid
dielectric which is connected with a high voltage power supply where plasma is formed in the
air dielectric because the electric field strength of the air dielectric is higher than the solid
dielectric, so that gas molecules (02, CO, CO», Na, NOx, etc.) in the air dielectric easier to ionize
or deionize. There are several types of DBD as shown in Figure 1.

Preliminary results in [12] show that DBD connected to a high-voltage source with unipolar
symmetrical pulses behaves similarly to sinusoidally operated DBD. Unipolar-pulsed-driven
DBD exhibits a single micro-discharge (MD) during the rise and fall of the voltage pulse, that
is, also when the potential at the electrode is changed to zero without changing the sign of the
polarity at the electrode. MD appears in every half period of the applied voltage while the
potential of the driven electrode changes. Thus, the emergence of MD in the new half-period is
also induced by field reversal. From this point of view, a comparison between pulse-driven and
sinusoidal DBD needs to be made with a bipolar applied voltage, which represents the same type
of potential change but at a different voltage. A number of papers in the literature have compared
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pulsed and sinusoidal high-voltage sources as in refs [13, 14]. Experiments with a single MD as
the basis for a multi-filament system have been reported. In the case of pulse-driven operation,
this has so far not received much attention in the literature. Experimental details include spatially
dependent streamer speed, single MD image, high resolution voltage and current curves, and
transferred charge values.

HV Electrode HV Electrode
—/Y)ielectric
material
& Ground
Dielectric Electrode
material
(2) (b) ©)

Figure 1. Dielectric barrier discharge arrangement. (a). Cylindrical DBD,
(b) Planar DBD, (c) Surface DBD.

The barrier used as an insulating layer is glass, quartz, ceramic, and a polymer layer as an
insulating layer. The type of material, thickness and surface structure of the dielectric material
can affect the plasma discharge. DBD is generally used as a method of generating high-voltage
ozone, also known as a high-voltage plasma generator. High-voltage plasma generators are
widely used in various areas such as medicine, chemistry and physics. This technology consists
of a high-voltage generator, electrodes and a dielectric part. How it works is by supplying the
dielectric barrier discharge with a high voltage which at a certain value will produce a plasma
that is visible to the eye. This plasma occurs due to the failure of a material to maintain its
insulating properties [15,16]. Ozone is a gas that is widely used in various fields, for example it
is used as a disinfectant for water treatment, sterilization of medical devices and food
preservation. Ozone is an almost colorless gas with a characteristic odor and can be detected by
humans at low concentrations of 0.01 ppm. This ozone can be produced by the dielectric barrier
discharge method, which is generally used as an ozone generation method supplied by sinusoidal
and non-sinusoidal high voltages. In this study, several floor tiles and granite were tested such
as permittivity, plasma light intensity, discharge current and voltage and ozone concentration.
Ceramics and granite were chosen as DBD in this study because not many scientists had
investigated their electrical properties. Ceramics and granite are also easier to find in the market
and are cheaper.

2. Experimental procedures
A. High voltage generator circuit and experiment set up

The use of a high-voltage resonant inverter in an ozone generator with a full push
configuration has been reported [16]. The function of the parallel resonant push-pull inverter is
to generate an alternating current with a frequency in the order of kiloHertz, so that, the voltage
can be increased by using a fly-back transformer which requires input voltage in the order of
kiloHertz. This construction is smaller than the high voltage transformer which is supplied with
an alternating current of 50 Hz frequency. Parallel switch (MOSFET) was chosen because the
results of previous studies found damage to the MOSFET repeatedly. So that this circuit is also
added a current sensor connected to the microcontroller to detect overcurrent which can damage
the circuit. The complete electronic circuit of the resonant inverter is given in Figure 2. The input
voltage of the inverter was supplied from a direct current (DC) power supply of 15 volts. The
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ignition side of this inverter was installed with IC CD4047, an integrated PWM (pulse width
modulation) circuit. Six MOSFETs (M1...M6) were connected in parallel to form a bridge and
mounted to 12 Vdc. This circuit was equipped with an inductor (L) 10mH and connected in series
with a capacitor (C2) 150nF. The output of the resonant circuit was connected to the low-voltage
side of the fly-back transformer, with the primary winding being a center tap with multiple 10/2
windings. The high voltage resonant inverter generator was energized by an input voltage of
220VAC and a frequency of 50 Hz. The output voltage of this inverter can reach 8 kV under
load conditions at a frequency of 20 kHz [16]. Measurement of the capacitance of each tile was
using an LCR meter.
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IC PWM: CD4047;
M1...M6: MOSFET IRFZ44N; L: Inductor (10 mH);
C1...C3: Capacitors (100 nF, 150 nF, 200 nF); Dz: Zener diode;
S: Switch
Cs: PWM Capacitor of 100 nF;
R: Resistor of 100 Ohm;
Figure 2. The electrical circuit for high voltage generation.

The tiles used were K1 to K5 and granite types G1 and G2 which are shown in Figure 2.
Dielectric barrier discharge (DBD) was composed of high voltage and ground electrodes made
of stainless steel. Bonding electrodes was using Teflon and bolt and nut was used as a spacer
between the electrode gap and the barrier/tile. There were five types of floor tiles and two types
of granite were used in this study. The image and shape of the ceramic is given in Figure 3. The
distance between the hv electrode and the barrier was 1.2 mm. The light intensity of the plasma
was recorded by the Aspectramini application on the android software. The discharge current
and voltage were measured with a Hantek CC650 current probe and a SEW voltage divider with
a ratio of 1,000:1. These discharge currents and voltages were recorded by a Hantek digital
oscilloscope. The ozone produced by this ozone generator was measured using an HT-O3 Ozone
meter. Ozone generator and production tests were carried out for all K1 to K5 and G1 and G2
dielectrics. This test was carried out at room temperature and a pressure of 1 atm.
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Figure 3. Type of ceramics and granites.

3. Results and discussion
A. Values of Capacitance and Relative Permittivity for Sample Ceramics

Seven types of ceramic brands (tile K 1 to K5) and 2 types of granite (granite G 1 and G2)
that installed as a barrier in an ozone generator were tested in this study. The measurement of
the capacitance value without ceramics and the measurement of capacitance with ceramics was
carried out using a measuring instrument, namely the LCR meter. From the results of the air
capacitance measurement, the gap between the plates used as electrodes is as thick as ceramic,
from five kinds of ceramics there are three different sizes of ceramics and two kinds of granite
have the same thickness. The thickness of the ceramics is 8 mm (K1), 6 mm (K2, and K5), 7 mm
(K3 and K4), and the thickness of two types of granite (G1 and G2) is 9 mm, respectively. From
the results of the air capacitance measurement, the highest measurement value is at a frequency
of 100 Hz with a ceramic thickness of 6 mm, which is 34 pF, and the lowest measurement results
are at a frequency of 100 kHz with a thickness of G1 mm, which is 21.21 pF, respectively. The
capacitance measurement value without ceramic is smaller than with the ceramic. From the
results of measuring the capacitance of five kinds of ceramics and two kinds of granite using five
different frequencies on the measuring instrument, it can be seen that the highest ceramic
capacitance measurement value is at a frequency of 100 Hz, which is 252 pF at K5, the lowest
ceramic capacitance value is at a frequency of 100 kHz, which is 95 pF in K1, the highest granite
capacitance value is at a frequency of 100 Hz, which is 77 pF in G1 and the lowest granite
capacitance value is at a frequency of 100 kHz, which is 50.29 in G2, respectively. The highest
relative permittivity of ceramics is found in K3 and K5 with relative permittivity values of each
with a measuring instrument frequency of 100 Hz, namely 7.41 and 7.61, respectively and G1
and G2 with relative permittivity values respectively with a measuring instrument frequency of
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100 Hz, namely 4.52 and 5.83 respectively. The capacitance value of all ceramics is given in
Figure 4. The highest capacitance in this experiment was obtained in ceramics of K5 at the testing
frequency of 100 Hz, and the lowest value was ceramics of G2 which was a type of granite. In
Figure 4, it can be seen that the capacitance decreases with increasing the testing frequency.
However, the granite type of ceramics shows a more stable value for all testing frequencies. The
relative permittivity of all ceramics is given in Figure 5. The ceramics of K1 to K5 shows that
the relative permittivity decreases by increasing the test frequency. While in granite ceramics of
G1 and G2, the relative permittivity slightly increases by increasing the frequency. This relative
permittivity value affects the shape of the plasma or the value of the plasma light produced during
the test. We can also look the plasma that occurs when each ceramic is used as a barrier in an
ozone generator. This test was also carried out on DBD with the same air gap space.
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Figure 4. Capacitance of several tiles.
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Figure 5. Relative permittivity of several tiles.
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B. Plasma Light Intensity
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Figure 6. Plasma light intensity for several tiles
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The results of using the AspectraMini application are in black/dark conditions, in this
condition the light intensity value that is read will approach 0 (zero) a.u. While the results are in
white/bright conditions, in this condition the light intensity value is at the point of 1.020 a.u. K1
used has a thickness of 8 mm and has ceramic permittivity values (&€r) with frequencies of 100
Hz, 120 Hz, 1 kHz, 10 kHz and 100 kHz are 2.75,2.81, 2.79, 3.04 and 3.07, respectively. Figure
6(a) shows light intensities that vary from 40 a.u to 1020 a.u. At positions 0 to 383 pxl it can be
seen that the plasma light intensity fluctuates and reaches its peak at a position of 270 pxl. This
variation indicates that the plasma emission is not uniform. It is clear that K1 produces an
inhomogeneous plasma. The ceramic of K2 used have a thickness of 6 mm and have ceramic
permittivity values (&r) with frequencies of 100 Hz, 120 Hz, 1 kHz, 10 kHz and 100 kHz are
2.25, 2.29, 2.15, 2.33 , and 2.37, respectively. Figure 6(b) presents varying plasma light
intensities. At the pixel position 0 to 198, it can be seen that the plasma light intensity tends to
fluctuate from 170 a.uto 1020 a.u in the 0 to 383 pxl position. The intensity of light tends to vary
homogeneously. The ceramic of K3 used have a thickness of 7 mm and have ceramic permittivity
values (&r) with frequencies of 100 Hz, 120 Hz, 1 kHz, 10 kHz and 100 kHz are 7.41, 7.59, 6.13,
5.19, and 4.02, respectively. Figure 6(c) gives the plasma light intensity ranging from 765 a.u to
1020 a.u. It can be seen that the plasma light intensity for all positions 0 to 383 pxl fluctuates
and is unstable. It is seen that the plasma light intensity is not homogeneous and shows that the
plasma that occurs in the air gap is not uniform. The ceramic of K4 used has a thickness of 7 mm
and has ceramic permittivity values (€r) with frequencies of 100 Hz, 120 Hz, 1 kHz, 10 kHz and
100 kHz are 5.87, 6.03, 5.57, 4.44, and 2.61, respectively. Figure 6(d) shows that the plasma
light intensity at positions 0 to 383 varies from 320 a.u to 1020 a.u and tends to be unstable. The
ceramic of K5 used has a thickness of 6 mm and has ceramic permittivity values (Er) with
frequencies of 100 Hz, 120 Hz, 1 kHz, 10 kHz and 100 kHz are 7.61, 8.03, 7.2, 3.71, and 2.07,
respectively. Figure 6(e) shows that the plasma light intensity at positions 0 to 198 pixels tends
to be stable with intensity variations from 765 a.u to 1020. However, at 198 to 383 pxl, the
plasma light intensity tends to decrease at the 310 pxl position. The granites of G1 used has a
thickness of 9 mm and has ceramic permittivity values (€r) with frequencies of 100 Hz, 120 Hz,
1 kHz, 10 kHz and 100 kHz are 4.52, 4.78, 4.83, 4.22, and 2.88, respectively. Figure 6(f) shows
that the plasma light intensity at positions 0 to 383 pixels tends to be unstable with light intensity
from 285 a.u to 1020 a.u. The granite of G2 used has a thickness of 9 mm and has ceramic
permittivity values (&r) with frequencies of 100 Hz, 120 Hz, 1 kHz, 10 kHz and 100 kHz are
5.83,6.17,5.86,3.81, and 2.13, respectively. Figure 6(g) shows that the plasma light intensity at
positions 0 to 383 pxl tends to be unstable with variations in plasma light intensity from 10 a.u
to 1020 a.u.

The light intensity of the plasma formed in Figures 5a and 5g is the first type, and the second
type in Figures 5b, 5d and 5f and the third type in Figures 5¢ and 5S¢ occurs because the density
of the plasma formed is similar and different. It can be concluded that the plasma density is
influenced by the content of ionized and deionized gas molecules that make up the plasma. In
addition, the plasma formed is also influenced by the chamber terminal voltage and the dielectric
permittivity. It is indicated that the primary and secondary electrons movement to the barrier
above the high voltage electrode, ionizing the gas and generating electron avalanches [17], [18].
It is known that the light intensity is proportional to the electron density, meaning that the light
intensity increases from the ground electrode to the high voltage electrode with a maximum in
the high voltage region where the electron density is maximum [19].

C. The voltages and displacement currents

Figure 7 presents the discharge currents and voltages for all types of tiles. The characteristics
of the discharge current and voltage as shown in Figure 7(a). There are small noises in the
discharge current. These noises occur in the negative cycle of the current waveform and there
are less noises in the positive cycle of the current waveform. Furthermore, the highest noise
occurs during the positive cycle. The peak voltage and discharge current for ceramic of K1 are
5.07 kV and 29.8 mA, respectively. Then, the discharge current and voltage as shown in Figure
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Figure 7. The voltages and displacement currents for several tiles. (a) Ceramic of K1, (b)
ceramic of K2, (¢) ceramic of K3, (d) ceramic of K4, (¢) ceramic of K5, (f) granite of G1,
and (g) granite of G2

7(b) shows that there are also small noises in the negative cycle of the current waveform and a
lot of small noise in the positive cycle of the current waveform. This noise reaches its peak when
the current waveform is in the positive cycle at the position of this wave near the zero value. The
peak voltage and peak current for ceramic of K2 are 3.45 and 22mA, respectively. DBD with
barrier as ceramic of K3 produces the voltage and discharge current as shown in Figure 7(c).
There are small noises in the current waveform in both the negative cycle and a lot of noise in
the positive cycle. This noise reaches its peak value around the maximum value of the discharge
current. Peak voltage and current were reached at 4.08 kV and 26.7 mA, respectively. This is
also found in Figure 7(d) for DBD with K4 as barrier. The peak values of the voltage and current
are 4.55 kV and 31.4 mA, respectively. The noises that formed during the positive cycle of the
current wave are more than the negative cycle. Noise reaches its peak value around the peak
value of the discharge current. Figure 7(e) gives the values of the discharge voltage and current.

23



The Promising of Tiles as Barrier on DBD with Narrow

Peak values for voltage and current are reached at 4.08 kV and 31.4 mA, respectively. Noises
are formed in the current waveform during both the positive and negative cycles. The current
noises in the positive cycle are more than the negative cycle. The peak value of this noise occurs
around the peak value of the discharge current. Figure 7(f) shows the value of voltage and current
in DBD with barrier G1. The current noises that formed in the positive cycle of the current wave
are more than the negative cycle. These noises occur when the current value is zero to its peak
value. While the noises that formed on the current wave in the negative cycle are formed when
the current wave is zero until it reaches its minimum value. The peak voltage and discharge
current values for this DBD are 7.37 kV and 40.5 mA, respectively. Figure 7 (g) shows DBD
with barrier G2 with peak voltage and current values of 7.22 kV and 40.2 mA, respectively. The
noises that occur in the current wave during the positive cycle are less than the negative cycle.
The noises during the positive cycle occur around the peak value of the discharge current and
the peak value of the noise that rises in the negative cycle of the discharge current occurs around
its minimum value. The peak voltage for DBD with barrier G1 is higher than for other barriers.
Meanwhile, the highest peak current occurs in DBD with barrier G1 as well. This shows that the
current and voltage in DBD are influenced by the type of barrier used. Noise formed on all tiles
indicates that in the DBD gap there are a lot of micro discharges that cause the gas molecules to
be ionized and most likely to form ozone.

The discharge current occurs continuously, and the gap voltage during gas breakdown
extends. The plasma light intensity in Figure 6 shows a strong intensity on the barrier surface
above the high-voltage electrode, and a weak luminosity appears on the barrier surface above
the ground electrode [20][21].

D. Ozone Production

Measurement of ozone concentration was carried out using HT-E-O3. The unit of
measurement for measuring ozone concentration is ppm (parts per million). This meter is capable
of measuring the concentration of ozone produced up to 225 ppm. When measuring the ozone
concentration, an air compressor is needed that functions so that the air pressure does not spread
when the test is carried out. This air compressor is located in the shut-off valve and must be equal
or in line with the gap or distance in the ozone generator. The measurements were made only at
the best distance for each ceramic and granite dielectric, which was 1.2 mm. This test is carried
out for 30 seconds. From the results of measuring the ozone concentration of ceramic 1 at a
distance of 1.2 mm, the highest measurement value is 197.6 ppm/30 seconds. From the results
of the measurement of the ceramic ozone concentration 2 at a distance of 1 mm, the highest
measurement value is 155.1 ppm/30 seconds. Ceramic 5 is one of the best plasma producing
dielectrics compared to other dielectrics. This can be seen from the results of measurements of
ozone concentrations that have been carried out. Ozone concentration at a distance of 1.2 mm
was 225 ppm at the 17th second. Granite 1 is one of the best plasma-producing dielectrics
compared to other dielectrics. This can be seen from the results of measurements of ozone
concentrations that have been carried out. Ozone concentration at a distance of 1.2 mm was 225
ppm at 15 seconds. Granite 2 is also one of the best plasma-producing dielectrics compared to
other dielectrics. This can be seen from the results of measurements of ozone concentrations that
have been carried out. Ozone concentration at a distance of 1.2 mm obtained 225 ppm in the 15th
second. From the measurement of ozone concentration, the measurement results show that the
best ozone concentration measurement results are found in the K3, K5, G1 and G2 dielectrics at
a distance of 1.2 mm. The best measurement results can not be separated from the influence of
the shape of the plasma and the intensity of the light produced. The better the shape of the plasma
and the intensity of the light produced, the higher the concentration of ozone produced.
Comparison of the measurement results of ozone concentration can be seen in the following
Figure 8.
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Figure 8. Ozone concentration measurement for several types of tile with gap Distance 1.2 mm

4. Conclusions

The results showed that plasma with high light intensity is found in K3, K5, G1 and G2.
Discharge current in G1 is higher than others. The highest discharge voltage occurs in the G1
with an air gap of 1.2 mm. K3, K5, K1 and K2 have better ozone concentrations than K1, K2
and K4, respectively. Meanwhile, the highest peak current occurs in DBD with barrier G1 as
well. This shows that the current and voltage in DBD are influenced by the type of barrier used.
Noise formed on all tiles indicates that in the DBD gap there are a lot of micro discharges that
cause the gas molecules to be ionized and most likely to form ozone. The measurement results
show that the best ozone concentration measurement results are found in the K3, K5, G1 and G2
dielectrics at a distance of 1.2 mm. The best measurement results can not be separated from the
influence of the shape of the plasma and the intensity of the light produced. The better the shape
of the plasma and the intensity of the light produced, the higher the concentration of ozone
produced. From the results of the calculation of the dielectrics used, all of them have a dielectric
permittivity value of less than 15 and the relative permittivity of these ceramics affects the shape
of the plasma, the light intensity of the plasma and the concentration of ozone produced. This
type of granite as barrier that produces light intensity, plasma voltage, discharge current and the
resulting ozone concentration is higher than the ceramic type. The peak voltage for DBD with
barrier G1 is higher than for other barriers.
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