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Abstract
Dielectric barrier discharge (DBD) is considered as'a promising technique to produce large
&

volume uniform plasma at atmospheric pressure, and(the dielectric barrier layer between the
electrodes plays a key role in the DBD processes and enhancing discharge uniformity. In this work,
the uniformity and discharge characteristics,of the nanosecond (ns) pulsed DBD with dielectric
barrier layers made of alumina, quartz glass, polycarbonate (PC), and polypropylene (PP) are
investigated via discharge imageQbservation, voltage-current waveform measurement and optical
emission spectral diagnosis..Through analyzing discharge image by gray value standard deviation
method, the discharge,uniformity is quantitatively calculated. The effects of the space electric
field intensity,.theselectron density (Ne), and the space reactive species on the uniformity are
studied with, guantifying the gap voltage Ug and the discharge current lq, analyzing the recorded
optical emission spectra, and simulating the temporal distribution of N. with a one-dimensional
fluid model. It is found that as the relative permittivity of the dielectric materials increases, the

space electric field intensity is enhanced, which results in a higher Ne and electron temperature
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(Te). Therefore, an appropriate value of space electric field intensity can promote electron
avalanches, resulting in uniform and stable plasma by the merging of electron avalanches.
However, an excessive value of space electric field intensity leads to the aggregation of space
charges and the distortion of the space electric field, which reduce the discharge unifermity. The
surface roughness and the surface charge decay are measured to explain the influences of the
surface properties and the second electron emission on the discharge unifarmity. The results in
~

this work give a comprehensive understanding of the effect of the dielectricamaterials on the DBD
uniformity, and contribute to the selection of dielectric materials for DBD reactor and the
realization of atmospheric pressure uniform, stable, and reactive plasmasources.

Keywords: dielectric barrier discharge, dielectric,. material, uniformity, discharge

4

characteristics

(Some figures may appear in colourenly in the anline journal)

1. Introduction

N
Dielectric barrier discharge (DBD) can generate large volume non-equilibrium plasma at
atmospheric pressure, which_is characterized by high electron temperature, low gas
temperature, large plasma volume and good uniformity [1-3]. The dielectric barrier layer(s)
between electrodes’ is critical important to keep DBD plasma in good uniformity by
limiting discharge current and preventing arc formation [4]. Therefore, DBD has broad

application prospects in various fields, including material surface treatment [5, 6], ozone

synthesis [7, 8], environmental protection [9, 10], and plasma biomedicine [11, 12]. To
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treat the material surface more evenly and further improve the energy efficiency of DBD, it
is important to enhance the discharge uniformity of DBD further. The most commaon
strategies to enhance the discharge uniformity are the promotion of the seed electron
production, and the reduction of the space electric field distortion and the breakdown
voltage [13]. These measures all serve to prevent excessive discharge intensity, thereby
averting the formation of filamentary streamer discharges. Therefore, more efforts have
~
been devoted to obtaining uniform DBD by selecting power supplies_[14], working gases
[15] and dielectric materials [16], and optimizing electrode_structuress[17] and operation
conditions [18]. Rui et al established a bipolar pulse’ power. supply through electrode
optimization, using the charged particles generated’by dielectric surface pre-ionization to
&
enhance discharge uniformity [19]. Research by Guo et/al indicated that appropriately
increasing the flow rate can improve discharge uniformity [20]. The gas flow can mitigate
the electron memory effect and reduce the likelihood of filamentary discharge channels
forming. Among them, the different dielectric materials for dielectric barrier layers
between electrodes have dif@ent relative permittivities, and surface physical and
chemical properties, and can efficiently influence the space electric field intensity and the
second electron generationinear dielectric plate, which increases attention on the influence
of dielectric_materials on discharge uniformity [21-23].
Most of/the efforts focus on the measurement of the DBD characteristics and the

optimization of the DBD application effects with different dielectric materials. Ran et al

investigated the impact of surface morphology on the air DBD mode in different dielectric

materials (quartz and alumina) and found that as the surface roughness increased, there was
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a noticeable transition between the discharge modes [24]. Luo et al investigated the impact
of dielectric surface morphology on discharge characteristics by comparing quartz “and
special ceramics as dielectric materials, revealing that shallow traps on the dielectric surface
facilitate the generation of seed electrons for uniform discharge [25]. Ozkan et al.conducted
a study on the mechanisms of the influence of dielectric materials (alumina, pyrex, mullite
and quartz) on the coaxial DBD mode and CO: conversion| through' electrical
~
characterization. The research revealed that higher effective plasmaoltage in quartz is
conducive to enhancing CO; conversion efficiency [26]. Liu et al explored the influence of
dielectric materials (quartz, alumina, and zirconia) on the characteristics of CO discharge
and conversion in a planar DBD reactor. The resultshindicate that materials with higher
&
relative permittivity exhibit elevated discharge intensity and enhanced CO» conversion rates
[27]. Teranishi et al studied the electrical properties and ozone generation characteristics of
DBD under different dielectric materials;revealing that high thermal conductivity materials
effectively transfer the generated heat to the external environment [28]. Wang et al studied
the impact of different dielecth materials on the removal efficiency of NO [29]. These
findings have demonstrated that jsthe dielectric materials are of great importance for the
discharge characteristics and.the application effects of DBDs. However, the functions of the
dielectric materials_participating in the DBD processes are more complex, especially in
DBD pulsed by nanosecond (ns) pulses, which involve the fast spatiotemporal evolution of
the space electric field, the seed electron production, the charge accumulation and decay on

dielectric barrier layer surface [30-32]. The previous results are mostly observed in specific

conditions and there is lack of the comprehensive studies on the mechanisms of the
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dielectric materials on DBD processes. It limits the development of uniform and reactive
plasma sources at atmospheric pressure and the applications of DBD. To improve the
discharge uniformity, the effects of the dielectric materials on the discharge processes
should be investigated thoroughly.

In this work, the discharge images of the ns pulsed DBDs with different dielectric materials
(alumina, quartz glass, polycarbonate (PC), and polypropylene (PP)) have been recorded for the

~
investigation of the discharge uniformity. To analyze the effects of dielectric materials on the
uniformity of ns pulsed DBD, the discharge voltage dropped on the gap space and the discharge
current are calculated from the measured voltage-current waveforms, and are used to estimate
the space electric field intensity and electron density (Ne):»Theremission spectra are measured,
&

and the temporal distribution of Ne is also simulated with a one-dimensional fluid model. The
effects of the surface roughness and the surface charge decay of the different dielectric materials

on the discharge processes are also analyzediand discussed.

2. Experimental setup_ .

The experimental setup and/measurement system used in this study are illustrated in figure 1.
An ns pulse powersupply (Xi’an Lingfengyuan HV-2015) is employed as the driving source
for DBD. It features a voltage amplitude range from 0 to 15 kV, a frequency range from 0
Hz to 100 kHz, and a pulse width range of 50 ns to 1 ms. The rise and fall times can be
adjusted within the range of 50-500 ns. For this experiment, the ns pulse power supply is
configured with a fixed repetition frequency of 2.5 kHz, a pulse width of 1500 ns, and rise

and fall times of 50 ns. The reactor made of stainless steel, is capable of being evacuated to
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keep the working gas purity. A parallel plate electrode with a diameter of 50 mm is placed at
the center of the reactor. It is covered with a 2 mm thick, 80 mm diameter dielectric barrier
layer with different dielectric materials of alumina, quartz glass, PC, and PP with 6.0, 3.7, 2.6
and 3.1 relative permittivity values. The gap distance is fixed as 1.5 mm during gxperiment.

The applied voltage and total current are measured using a Northstar PVM-5
high-voltage probe and a Pearson Electronics Inc. 2877 current coil. The voltage crossing

~

over a 2.2 nF reference capacitance (C,) in the grounding electrode side is measured using
an LDP-6002 differential probe. The voltage-current waveforms are, collected using an
oscilloscope (Tektronix 3054). The optical emission spectrum_is measured by an Ocean
Optics HR4000CG-UV spectrometer (wavelength range 200—i100 nm, resolution 0.75 nm).
The discharge image is captured by a Canen EOS 6D. camera with an exposure time of 50
ms. The high-purity argon (99.999% purity) is used,as working gas, and the flow rate is

controlled by Sevenstar D08-4F mass flow meter at 1 L/min. During the experiment, the

pressure inside the reactor is maintained at 1.01x10° Pa at a room temperature of 25 <C.

Nanosecond pulse power supply Digital camera
_ < ;
i
[ ]
High vol robé Spectrometer
tage pi [H el
= | — ™
& Mass flowmeter +*
Oscilloscope - I

Voltage probe

ke

= Ar

Figure 1. Experimental setup and measurement system.
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3. Results and discussion

3.1. Discharge uniformity

To investigate the effect of dielectric materials on the DBD uniformity, the discharge images
of alumina, quartz glass, PP, and PC at different applied voltages are recorded and shown in
figure 2. The change of the applied voltage can lead to the change of the‘space electrical
field, which affects the discharge process and the discharge uniformity [33]. ‘Due to the

~

different relative permittivities of the investigated dielectric (dielectrics, their initial
discharge voltages are also different. To compare the discharge charaeteristics of different
dielectrics, the voltage range is selected from the inception discharge voltage to the voltage
at which discharge transitions to over-discharge, based on thefctual discharge effects. From
figure 2, it can be seen that as the increasing of the voltage, the discharge intensity is
significantly enhanced. When alumina and'quartznglass with high relative permittivity
values are served as dielectric barrier layers as shown in figures 2(a) and (b), the uniform
discharge can only be observed in,a narrow voltage range. When PP and PC with low
relative permittivity values arQerved as dielectric barrier layers as shown in figures 2(c)
and (d), the uniform discharge can be observed in a large voltage range. The discharge mode
can be determinedrqualitatively by eye from the discharge image. It is still important to
analyze the DBDyuniformity quantitatively. Some researchers had already used methods
such as fast Fourier transform, spatial correlation functions, chi-squared tests, grayscale
analysis, etc.; to analyze discharge uniformity from discharge images [34, 35]. In our

previous work [36], a gray value standard deviation (GVSD) method was developed for

quantitative analysis of discharge uniformity, involving the conversion of discharge images
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into grayscale value and subsequent standard deviation calculation. First, the images
captured from the central discharge region are converted to grayscale to obtain the ‘gray
values of the pixels on the 40 mm long horizontal line in the middle of the discharge area.
Next, the pixel values along the centerline of the discharge space are extracted as the
reference value x,. Using the average value xm of xy, the grayscale values are normalized, as

shown in equation (1):

Xy = (1)
Vv

where x, represents the zero-mean normalized pixel value,»w is the variance. For the
evaluation of the discharge uniformity, the gradient value of Z is obtained by the
differentiation of x,. The standard deviation of Z GVSb, is used to represent the
uniformity of the discharge.

Figure 3 shows the corresponding"GV.SD values of the discharge images in figure 2. It
is shown that the GVSD valugs,for PC consistently remain at a low level, whereas only few
conditions for alumina and guartz glass, are below 1. This indicates that PC has good

A S
discharge uniformity, which isfconsistent with the results of the discharge images.

2200 V A () 3100V
2300 V 3 3500V

2700 V <A 3600V

2800 V —— s e | 3900V ] )
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Figure 2. Discharge images of the ns pulsed DBD under different applied voltages with

different dielectric barrier layers. (a) Alumina, (b) quartz glass, (c) PP, and (d) PC.
8
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Figure 3. GVSD values of the discharge images of the ns pulsed DBD<under different

voltage amplitudes with different dielectric barrier layers.

3.2. Electrical characteristics
From the observed discharge images, it can be seen that the applied voltage affects the
discharge uniformity significantly 4oy theselectric field in discharge space. For DBD, the
applied voltage is applied on4he dielectric barrier and the gas gap, and to accurately obtain
the dynamic change process of voltage on the gas gap, it is necessary to separate the applied
N
voltage (U:) to obtain the applied voltage (Uq) on the dielectric barrier layer and the voltage
(Ug) on the gas gap. Our research group previously used the method of series connection of
sampling capacitors at the ground electrode for voltage separation [36, 37]. As the reference
capacitor is a capacitive, load, its voltage (Ur) should be proportional to the dielectric barrier
layerivoltage Uq."When the discharge is extinguished, nearly all of U; is applied on dielectric
barrier-and-Uy is close to 0. An appropriate coefficient can be selected to simulate Ug by
multiplying with U,. Uy can be obtained by subtracting Ug from U:. For the measured total

current (lt), it is composed of the displacement current (lq) and the conduction current (lg) in
9
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the gas gap. ls can be obtained by pumping reactor to vacuum or replace to extinguish

discharge at the same U. Then, I4 can be subtracted from the total current I to obtain I4 [37].

Figure 4 shows the separation of voltage-current waveforms of DBD with dielectric barrier

layer of alumina.

4500

3000

1500

Voltage (V)
Current (A)

-1500

-3000 L

0 500 1000 1500 2000 2500 0 5000 %1000 1500 2000 2500

Time (ns) Time (ns)

Figure 4. Waveforms of voltage separation (a) and current seﬂaration (b) of ns pulsed DBD

with dielectric barrier layer of alumina.

In previous studies, thedpulse rise time has been identified as an important factor of

achieving discharge uniformity [38]. The, rate of pulse rise significantly affects Ug and the
N

E/n, whereas the pulse/fall time primarily concerns charge accumulation and does not
impact critical parameters such as Ug. Therefore, this study only explores the effect of the
discharge rise time on the discharge uniformity of different dielectric materials. It can be
seen from/figure 4(a) that on the voltage rising edge, Uq rises rapidly when U rises, which
mean$ most of voltage drops on the gas gap. Uq rises slowly and causes lq in figure 4(b).
When thespeak value of Uy reaches the threshold voltage, the breakdown occurs, which
leads_to' the decrease of Ug and the appearance of Ig. With more charges accumulated on

dielectric barrier layer surface, the reverse electric field by the accumulated charges
10
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distinguishes the discharge and most voltage drops on the dielectric barrier. On the voltage
rising edge, with the rapidly drop of U, the reverse electric field reaches the threshold
voltage, the reverse discharge occurs as the reverse peaks of Ug and Ig shown in figures 4(a)
and (b). Figure 5 shows the peak values of Ug, which can estimate the reduced electric field
E/n in space, and lg on the voltage rising edge of the ns pulsed DBDs of different applied
voltages with different dielectric materials. It can be seen that at same U, Ug of ns pulsed
~
DBD with dielectric barrier layer of alumina is always the highest compared with the others,
which results in a high space electric field intensity and causes filament discharge more
easily. The ns pulsed DBDs with dielectric barrier layers of PC.and PP have low Ug, which

favors the generation of uniform discharge.

4
(a) (b)
- 6.0
—&— alumina —&—alumina
—#— quartz glass —#— quartz glass
3600 —a— pp 174 —A— PP
—— PC —4— PC
45
3000 F 4,61
S =)
B = 3.0
~ 2400 F J49, 55 ™
L5}
1800 | 137
&
1 L 1 1 0.0 1 1 1 1
2500 3000 3500 % 4000 4500 2500 3000 3500 4000
Volfage (V) Voltage (V)

Figure 5. The peak values of the rising edge Uq (a) and Iy (b) of ns pulsed DBD with

different dielectric materials at different applied voltages.

The different values of Uy in the ns pulsed DBDs with dielectric barrier layers at same

Uy are caused by the different relative permittivity values. Alumina has the highest relative

permittivity value, 6.0, and more voltage drops in space. While, PC and PP have low relative

permittivity values, 2.6 and 3.1, and little voltages drop in space. As the relative permittivity
11
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increases, there is a corresponding increase in E/n, which leads to a higher ionization rate, a
higher electron drift velocity, a higher electron density (N.) and a higher value of 1. At Same
Ug, a higher Ne would easily lead to space electric field distortion and result in filament

discharge. Ne can be estimated from the equation (2) [36]:
Ig
S =eNVyie, (2

where S is the area of discharge, e is the elementary charge, VgrisIS theirift velocity of
electron, which is defined as the equation (3):
Vain = #E . (3)

where e is the electron mobility, which can be obtained by BOLSIG+ code with the
corresponding E/n [37, 39]. The calculated values /©f Ne of the ns pulsed DBDs with
different dielectric materials are given in figure 6. It can be seen that at the same Uy, there is
a significant difference in the values ofiNe.of the ns pulsed DBDs with different dielectric
materials. From the electrical{characteristics” measurement, the E/n and Ne are the important

factors affecting the discharge uniformity.of the DBDs with different dielectric materials.

>
—=— alumina
—#= quariz glass
6F —~—PP

—t— P

2500 3000 3500 4000 4500
Voltage (V)

Figure'6. The peak values of N, of the ns pulsed DBDs with different dielectric materials.

12
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The values of Ne given in figure 6 are the peak values. The time resolved Ne of the ns

pulsed DBDs with different dielectric materials can be calculated by a one-dimensional

oNOYTULT D WN =

9 plasma fluid model with continuity equation and momentum equation [40], which is a
12 self-programmed FORTRAN code and is reported in our previous work [33]. Figure 7 shows
the time resolved N, of the ns pulsed DBDs with dielectric materials of alumina, quartz, PP,
17 and PC at 3700 V, which shows the ns pulsed DBDs with a higher relative permittivity

~
20 dielectric material obtaining a higher Ne both at the rising and falling edges.

alumina
30 - /4 = quartz glass

----- PP
26 \

20} v

N
O
N, (x10"'em™)

32 10

0 500 1000 1500 2000
Time (ns)

Figure 7. Time resolved NeQ‘ the ns pulsed DBDs with different dielectric materials.

46 Figure 8 alsorshowsnthe peak values of Ne of the ns pulsed DBD with different
48 dielectric materials.at different voltages. Compared with figure 6, the tendencies of the peak
51 values of Ne are the same with the highest N. of the ns pulsed DBD with dielectric material
of alumina and the lowest N of the ns pulsed DBD with dielectric material of PC. However,
56 the simalation results are several times higher of the experimental calculated results, which
59 are caused by the error in the calculation process and the inaccurate coefficients. However,

13
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due to the overestimation of the initial density of atmospheric molecules and inaccuracies in

the secondary electron emission coefficient during the simulation calculations, “the

simulation results are several times higher than the experimental results.

35

—=— alumina
—e— quartz glass
—&— PP

—¥— PC

2400 2800 3200 3600 4000
Voltage (V)

Figure 8. The peak values of N. of the ns pulsed DBDs withdifferent dielectric materials by
&

simulation.

3.3. Optical characteristics

The reactive species in Ar plasma are mainly excited argon atom Ar”, metastable argon atom
Ar™ argon atom ion Ar*, and argon molecular ion Ar?* [41], but only a few of them can be
observed by the optical emission spectra measurement. Figure 9 shows a typical emission
spectrum of the ns'pulsed DBD with alumina as a dielectric barrier layer at 3.5 kV, which

are mainly composed of Ar (2p—1s) emission lines.

14
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Figure 9. The emission spectrum of the ns pulsed DBD with dielectricarrier of alumina.
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Figure 10. The emission intensities of Ar emission lines and the intensity ratio of Ar (696.5
nm) and Ar_(912:3 nm) at different voltages of the ns pulsed DBDs with the dielectric

barrier layers‘of (a) alumina, (b) quartz glass, (c) PP, and (d) PC.

Figure 10 shows the emission intensities of Ar emission lines and the intensity ratio of

Ar (696.5 nm) and Ar (912.3 nm) at different voltages of the ns pulsed DBDs with the

15
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dielectric barrier layers of alumina, quartz glass, PP, and PC. It can be seen that the ns
pulsed DBD with dielectric material of alumina has the highest emission intensities, which
is consistent with the electrical characteristics results. The high Ug and Iq result in the high
densities of reactive species. For the ratio of Ar (696.5 nm) and Ar (912.3 am), it can
indicate the trend of the electron energy, T. [42-46]. That is because the emission intensity |
of Ar excited by direct electron collisional excitation can be given as follows:

~

| < C;Atny ek,

4

where C, represents the spectral response of the optical measurement system, A stands for

the Einstein coefficient, 7 is the effective lifetime, na, is the number density of ground-state
- - - . - - -
Ar, and k represents the excitation rate (determingd by Te¢). The intensity ratio of Ar

emission lines, 11/1z, is proportional to the ratio of.excitation rates, ki/kz, as follows [37, 46]

L CiuAiTike

I 0CazAr T2k (5)
Ky o CazdaTohy _ - 11
ky “CnAiTilp I
(6)

Therefore, 11/l2 can reflect the trend of ki/ko changes, which characterizes the changes

in Te. In this study, the emission lines of Ar (696.5 nm) and Ar (912.3 nm) with excitation

energies of 13.3 eV.and:12.9 eV are selected to calculate 11/l,. From figure 10, it can be seen

that the ratios of 1.1/l of the ns pulsed DBDs with the dielectric barrier layers of alumina,

quartz glass, and PP increase firstly and then saturate in the studied voltage, while the ratio

of la/l,0f the ns pulsed DBD with the dielectric barrier layer of PC increases almost linearly.

It is because the discharge mode changes from uniform to filament, which costs energy in
16
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the filamentary channels and saturates or even reduces T.. The ns pulsed DBD with the
dielectric barrier layer of PC stays in uniform mode in the studied voltage range and the

increased input energy increases its Te.

3.4. Surface characteristics

The discharge uniformity is not only determined by the space electric field and the space
~

particles but also determined by the materials properties, especially the surface properties,

which affects second electron emission and charge dissipation [47, 48]. Hence, it is

necessary to characterize the surface characteristics of the dielectric materials and explore

their effects on the discharge uniformity. The atomic force microscope (AFM) images of the

&

dielectric materials used for the ns pulsedyDBDs are measured and depicted in figure 11.

The average surface roughness (Ra) of alumina is the highest with a value of 81.1 nm. The

uneven surface is prone to generate excessively strong localized electric fields, thereby

affecting discharge uniformity. Thewalues of R, of quartz, PP, and PC are less than 10 nm.

This lower roughness is advar@geous for achieving a uniform distribution of the electric

field within the discharge gap, consequently enhancing discharge performance.

(a) Ra=81.1 nm (b) Ra=2.46 nm

467.9 nm 242 nm

l4nm 43 nm l

Y(um)

2 X(um) \ E X(um)
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(¢) Ra=9.33 nm (d)Ra=9.31 nm

544 nm 94.1 nm_

-15.7 nm

x(pum) x(pum)

Figure 11. The AFM images of (a) alumina, (b) quartz glass, (¢) PP, a@ (@ PcC.

The charge dissipation on the material surface can supply free electrons for next
discharge. PC and PP are the electret materials with shallow wells to trap electrons, which
are considered important to generate uniform discharge [4?—50]. Therefore, the charge
dissipation rates of alumina, quartz glass, PP-and PC are measured with the procedure by
polarizing at 3000 V for 5 min and “measuring the surface potential immediately after
charging. The surface chargéndensity of the,dielectric materials with time is shown in

figure 12.
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Figure 12. The decay of the surface charge density of different dielectric materials.
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From figure 12, it can be seen that the surface charge density of alumina and quartz
glass decays fast after charging. After 1000 s, the surface charge density of alumina
decreases to 0.26 pC/mm=while that of quartz glass shows 7.22 pC/mm= In centrast, the
surface charge density of PP and PC shows minimal reduction. After 1000's, the surface
charge density of PP is 33.05 pC/mm=2while that of PC is 62.33 pC/mm= It is concluded

~
that PC and PP have more surface charges for next discharge, which_dowers the discharge
threshold voltage and the space electric field intensity. Therefore, the ns pulsed DBDs with
the dielectric materials of PC and PP have better uniformity thanthose with the dielectric
materials of alumina and quartz glass with lower<Ug,nlower. Iy, and lower surface charge
&
dissipation capability.

Figure 13 illustrates the effect of the dielectric material surface on the discharge.
During the rising edge, charges trapped. in shallow traps on the dielectric surface are
released by the external electric field. These released charges provide additional seed
electrons for the discharge,\facilitating electron avalanche formation, reducing the
breakdown voltage of theair gap, and weakening the discharge intensity, which promotes
uniform discharge:’During the falling edge, electrons, influenced by the electric field, move
to the dielectric surface and are captured by shallow traps, where they are stored as
secondary seed electrons for the next discharge. Deep traps, requiring more energy, cannot
capture a significant amount of charge. From this, it is evident that electret materials such as
PP and PC, which can store more electrons on their surfaces, provide more seed electrons at
the start of the next discharge cycle. This facilitates electron avalanche formation, resulting
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in a lower breakdown voltage of the air gap and maintaining discharge intensity at an

appropriate level. It avoids electric field distortion and promotes discharge uniformity.

I
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4 Yoala
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U U U U U U U gr
bod v | ow o e

Figure 13. The effect of the dielectric material surface onthe discharge.

4. Conclusion

In this work, the effects of dielectric materials onthe uniformity of ns pulsed DBD are
investigated by electrical and optical diagnosis. It'is found that the uniformity of DBDs with
PC and PP dielectric barriers are better.than those with alumina and quartz glass from observation
of the discharge images and calcj{lation of the GVSD values. With voltage-current waveform
separation processing, thewoltage on the gas gap Uy and the conduction current Iy are
obtained from applied.voltage Uy and total current l.. At same U, Ug of DBDs with alumina
and quartz glass are higher than those with PC and PP due to larger relative permittivity values. A
higher Ug results in/a higher space electric field intensity and E/n, causing higher intensities
of space charges, active species, and then higher lg, which are confirmed by the
one-dimensional fluid model simulation results and the emission spectra measurements. A
higher space electric field intensity of DBDs with alumina and quartz glass promotes the
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formation of filaments in discharge space. The low discharge thresholds in space of DBDs
with PC and PP are mainly due to their electret properties with more surface charges supplying for
successive discharge. From the surface charge measurement of the four dielectric materials, it
is found that the surface charge densities of PP and PC are 33.05 pC/mm=and 62:33 pC/mm=

after 1000 s, which provides seed electrons and lowers the discharge threshold.
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