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Abstract
This research mainly describes the generation and diagnosis of plasma using a wire-plate
discharge device driven by different power supplies, aimed at investigating the effect of driving
source parameters on micro-discharge induced by a corona. The influence of parameters such as
waveform, duty ratio and bias voltage on discharge characteristics was explored preliminarily.
Experiment results show that the determination of volt-ampere characteristics under different
driving source waveforms indicates that the application of square and pulse waveforms shows
great advantages over that of sawtooth and sinusoidal waveforms. Similarly, the photo-thermal
effects of the system were investigated by comparing the high-voltage electrode temperature
and relative emission intensity of N2 (C

3Пu→B3Пg, 0–0, 337 nm), where square and pulse
waveforms also achieved better performance. But the pulse waveform had a slight advantage
over the square waveform in terms of energy conversion. Further, investigations of the duty ratio
and bias voltage applied on the pulse waveform were conducted, and the results indicate that the
duty ratio could effectively improve the discharge power and thermal effect to a certain extent;
however, the application of bias voltage on the pulse signal had little influence on the discharge
power and thermal effect.
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1. Introduction

Given the increasingly strict control of exhaust in the country,
new requirements have been put forward to intensify terminal
treatment technologies. Non-thermal plasma, a new technol-
ogy for exhaust treatment, has the advantages of fast degra-
dation and being convenient for real-time control in the
process of purifying exhaust [1, 2], which give it great
application foreground and technical optimization value. Thus
more and more studies focus on promoting plasma generation
to improve its application. With the aid of a three-electrode
discharge reactor, Jiang et al systematically investigated the
degradation efficiency and active species generation of vola-
tile organic compounds (VOCs) during a sliding double-
dielectric discharge driven by a unipolar pulse, a bipolar pulse
and a coupled negative DC power supply [3, 4]. It was found
that the sliding dielectric barrier discharge (DBD) not only

produced a more uniformly distributed low-temperature
plasma, but also had some advantages in the process of
degrading VOCs. Besides, as an energy supply module, the
driving sources played a critical role in enhancing the strength
of the plasma. Wang [5] conducted an exploration of plasma
generation and application using a coaxial DBD device driven
by pulsed power and AC power, and higher energy efficiency
and power deposition were achieved in the case of the pulsed
power supply. Ma [6] made a comparison of discharge
behavior between pulse-enhanced arcs and AC arcs. With the
assistance of pulsed power, not only was the electron probe
current enhanced by one to two times, but the electron
emission was also strengthened. In our previous research, an
investigation into improving plasma strength and activity by
inducing micro-discharge in a porous insulating layer at low
voltage during a corona was conducted and significant
improvement was obtained [7]. Looking at existing researches
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based on non-thermal plasma, the approaches for improving
the application of plasma can be summarized as promoting
plasma activity and strength using different methods [8–10].
However, there still exists a big space for optimization in
enhancing the strength and activity of plasma.

In this paper, based on the micro-discharge induced by
coronas in early research, the experiment focused on the
influence of different power supplies on discharge. The
effects of driving source parameters such as waveform, duty
ratio, and bias voltage on discharge characteristics were
investigated to illustrate the function rule of power supply on
discharge, and thus to provide a theoretical basis for
improving the efficiency of non-thermal plasma generation.

2. Experimental setup

The experiment system is shown in figure 1. In this experi-
ment, a wire-plate discharge device with line-to-line spacing
of 10 mm and line-to-plate spacing of 20 mm was employed;
a tungsten wire with a diameter of 0.08 mm was selected as
the high-voltage electrode, and a stainless steel plate was used
as the low-voltage electrode with a size of 100×60×
1 mm3. Following previous research, a porous polytetra-
fluoroethylene layer with a thickness of 30 μm was deposited
on the surface of the low-voltage electrode to meet the con-
ditions for inducing surface micro-discharge. A function
generator (AFG3152C) was used to generate and deliver
various driving waveforms to a power amplifier (Matsusada
AMPS20B20) with a magnification of 30 to provide external
energy injection for the discharge device. A high-voltage
probe (Tektronix 6015A) and a current probe (Pearson 2877)

were used to measure the voltage and current during the
discharge process.

To evaluate the photo-thermal effect during the discharge
process, an infrared camera (FLIR T660) was mounted at a
distance of 60 cm from the discharge device to capture a
thermograph of the discharge. An emission spectrometer
(Princeton Instruments sp-2750) with an optical fiber probe
horizontally placed 3 cm away from the high-voltage wire
electrode was employed to collect the emission spectral signals at
280–450 nm.

The discharge power of the system can be calculated
according to the following formula:

ò= · ( ) · ( )P f U t I t td
T

0

where f represents the repetition frequency, U(t) is the
instantaneous voltage, and I(t) is the instantaneous current.

3. Results and discussion

3.1. Effect of signal waveforms on discharge characteristics

Figure 2 shows the voltage and current waveforms used in
this study. The effects of waveforms on discharge were
investigated by measuring volt-ampere characteristics and
photo-thermal effect parameters during the discharge process
to evaluate the energy injection of the discharge reactor.
Figure 3 shows the volt-ampere characteristics of discharge
with the application of a sinusoidal waveform, a square
waveform (the duty ratio was 50%), a sawtooth waveform
and a pulse waveform (the duty ratio was 8%). Comparing
with the sawtooth and sinusoidal waveform, a better volt-

Figure 1. Schematic diagram of experimental setup: (1) spectro-
meter, (2) function generator, (3) power amplifier, (4) current probe,
(5) wire-plate reactor, (6) high-voltage probe, (7) oscilloscope, and
(8) infrared camera.

Figure 2. Voltage and current waveforms.
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ampere characteristic was obtained when the driving source
was square or pulse waveform. When the applied voltage was
12 kV, the current was 10 140 μA, 8726 μA, 4712.5 μA and
4360 μA, corresponding to the square, pulse, sawtooth and
sinusoidal signal waveforms. This shows the great advantage
of the first two waveforms.

The effect of different waveforms on thermal effect was
investigated preliminarily. Figure 4 shows the thermal distribu-
tion of the discharge space captured by the infrared camera
under conditions of 12 kV applied voltage. We discovered that
the heat produced during the discharge was mainly concentrated

near the high-voltage electrode, so the experiment took the high-
voltage electrode as the reference position to conduct further
investigation into the influence of waveforms on thermal effect
during the discharge process. Figure 5 shows the temperature
measured on the high-voltage electrode when different wave-
forms were applied at the voltage of 12 kV; obviously, the
temperature floated in a small range of 29 °C–40 °C. Similar to
the volt-ampere characteristics, the temperature was relatively
high when the input signals were square and pulse waveforms
and relatively moderate when the signal was a sawtooth wave-
form, but the temperature of the electrode driven by a sinusoidal
waveform was relatively low. At the voltage of 12 kV, the
average temperatures on the electrode were 37.7 °C, 36.7 °C,
34.8 °C, and 30.3 °C, corresponding to square, pulse, sawtooth
and sinusoidal waveforms, which intuitively reflect a better
action of square and pulse waveforms on thermal effect.

Since the gas discharge was accompanied by heat and
significant luminescence, in order to investigate the influence
of different waveforms on discharge characteristics more
comprehensively, the experiment first compared the optical
emission spectra of plasma excited by different signal
waveforms. As shown in figure 6, with applied voltage of
12 kV, the second positive band emission spectrum of N2

(C3Пu→B3Пg) [11] could be detected during the discharge,
which was accounted for by a series of chemical reactions
induced by the electron beam. Comparing the relative emis-
sion intensities of N2 (C3Пu→B3Пg, 0–0, 337 nm) to illus-
trate the photo-effect energized by different signal

Figure 3. Effect of signal waveform on volt-ampere characteristic.

Figure 4. Heat energy distribution of the discharge space.

Figure 5. Effect of signal waveform on thermal effect.

Figure 6. Effect of signal waveform on intensity of emission
spectrum.
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waveforms, one could obviously discover that the relative
emission intensities of N2 (C3Пu→B3Пg, 0–0, 337 nm)
engendered by square waves and pulse waves were stronger
than those produced by sinusoidal and sawtooth waveforms.
The relative emission intensities of N2 (C3Пu→B3Пg, 0–0,
337 nm) corresponding to the different waveforms were in the
following order: square>pulse>sawtooth>sinusoidal,
with the relative intensity appearing as 10 844 a.u., 9604 a.u.,
6026 a.u., 4384 a.u., respectively, thus corresponding to its
function rule on volt-ampere characteristics and thermal
effect.

Compared with sinusoidal and sawtooth waveforms, both
square and pulse waveforms had the characteristics of a
steeply rising edge and a short duty cycle [12, 13], which
could instantaneously inject a large amount of energy into the
discharge reactor, thereby inducing great power injection
efficiency and photo-thermal energy [14]. However, con-
sidering the comparable photo-thermal effects engendered by
the square waveform and pulse waveform under the same
applied voltage, the higher power input made the energy
conversion less efficient in the case of the square waveform.
Therefore, the pulse waveform was selected for further
research in this study.

Since the duty ratio and bias voltage might affect the
generation efficiency of plasma driven by pulse waveforms to
a certain extent [15, 16], this study focused on the effect of
the duty ratio and bias voltage on discharge characteristics in
the following experiment.

3.2. Effect of duty ratio on discharge characteristics

The experiment investigated the effect of the duty ratio on
discharge characteristics. Figure 7 shows the change of dis-
charge power with the duty ratio at a voltage of 13.5 kV and a
frequency of 4 kHz. Within the range of duty ratios investi-
gated, the discharge power of the system was obviously
enhanced as the duty ratio increased, but the growth trend of
power gradually slowed down with the increase of the duty
ratio. At the duty ratio of 25%, a relatively better discharge

power of 65.8W was obtained, an increase of 58.4W over
that at a duty ratio set to 5%. Figure 8 shows the temperature
of the high-voltage electrode under different duty ratios of
5%, 10%, 15%, 20% and 30%. The corresponding average
temperatures measured on the electrode were 30.96 °C,
31.61 °C, 32.7 °C, 33.97 °C, and 34.26 °C. Similar to the
variation of discharge power, the increase of the duty ratio
efficiently promoted the thermal effect of the discharge. On
the one hand, since the increase of the duty ratio could
effectively lengthen the external electric field’s action time, it
could increase the discharge power of the system to some
extent during the effective discharge period [17]. In addition,
the increase of the duty ratio would enhance electron density
and electron temperature, which could engender stronger
ionization, hence increasing the thermal effect during dis-
charge [18]. On the other hand, as the duty ratio increased, the
energy input of the system simultaneously rose, but the dis-
charge process was accompanied by energy loss. For a given
discharge device, when the gas discharge excitation ionization
reached saturation, excessive energy input would lead to an
increase in energy loss, which in turn would reduce the
energy utilization efficiency of the system.

3.3. Effect of bias voltage on discharge characteristics

In this experiment, we also studied the effect of bias voltage
on discharge characteristics. The function generator provided
bias voltage signals and then delivered them to the amplifier
to magnify as applied bias voltage. Figure 9 shows the var-
iation of discharge power with bias voltage at an applied
voltage of 13.5 kV and a frequency of 4 kHz. During the
course of the experiment, continuing to increase the positive
applied bias voltage or to reduce the negative applied bias
voltage outside the range of −135 V to 4050 V caused spark
breakdown. Therefore, the range of bias voltages examined in
this paper was the maximum range that the experimental
device could withstand.

Within the bias voltage range explored, the changeable
scale of positive bias voltage was greater than that of negative
bias voltage, and the increase of the absolute value of the bias

Figure 7. Effect of duty cycle on discharge power.

Figure 8. Effect of duty cycle on thermal effect.
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voltage would promote the discharge power of the system.
However, the maximum increase induced by the variation of
bias voltage was no greater than 4W, which indicates just a
slight impact on the discharge power. Similarly, figure 10

compares the temperature of the high-voltage electrode when
different bias voltages were applied. With the variation of bias
voltage, the average temperature of the electrode is shown in
table 1. One could obviously find that the maximum and
minimum temperatures were 33 °C and 35.8 °C, namely, the
temperature variation range was less than 3 °C. This reaffirms
the little effect of bias voltage on the thermal effect.

4. Conclusion

In conclusion, the comparison of volt-ampere characteristics,
discharge power and photo-thermal effect not only enriches
the theory of energy efficiency optimization during discharge,
but also provides insight into the function rules of critical
driving source parameters. Based on the research carried out
in this study, the conclusions are as follows:

(1) Different waveforms had significant effect on the volt-
ampere characteristics and photo-thermal effect of dis-
charge. Specifically, compared with the application of
sawtooth and sinusoidal waveforms, better volt-ampere
characteristics and thermal effect were obtained when
discharge was driven by square and pulse waveforms.
Furthermore, the pulse waveform had a higher energy
conversion efficiency than the square waveform.

(2) The increase of the duty ratio from 5% to 30% could
significantly enhance the discharge power and the
thermal effect of discharge. When the voltage was
13.5 kV and the frequency was 4 kHz, a relatively
higher discharge power and temperature of the high-
voltage electrode were observed (65.8W and 33.97 °C
respectively) when the duty ratio was set to 25%.

(3) The maximum adjustable range of bias voltages for the
discharge device in this study was −135 V to 4050 V,
and within the range investigated, the bias voltage had
little influence on discharge characteristics.

Acknowledgments

This work was supported by National Natural Science
Foundation of China (No. 51777165) and the National Key
Research and Development Program of China (Nos.
2018YFF01010804 and 2016YFC0801200).

References

[1] Schiavon M et al 2017 Water Air Soil Pollut. 228 388
[2] Veerapandian S K P et al 2017 Catalysts 7 113
[3] Jiang N et al 2018 Chem. Eng. J. 350 12
[4] Jiang N et al 2017 J. Phys. D: Appl. Phys. 50 155206
[5] Wang Q et al 2018 Plasma Sci. Technol. 20 035404
[6] Ma Y et al 2018 IEEE Trans. Plasma Sci. 46 2619
[7] Li J et al 2017 High Volt. Technol. 43 1759 (in Chinese)
[8] Mu H B et al 2014 IEEE Trans. Plasma Sci. 42 2332
[9] Hui H et al 2015 Plasma Sci. Technol. 17 1043

Figure 9. Effect of bias voltage on discharge power.

Figure 10. Effect of bias voltage on thermal effect.

Table 1. Average temperature of electrode under different bias
voltages.

Bias voltage signal (mV) Temperature (°C)

−200 34.1
−150 33.4
−100 33
−50 33.35
100 35.7
500 35.7
1000 35.7
1500 35.8

5

Plasma Sci. Technol. 21 (2019) 054007 Y Guan et al

https://doi.org/10.1007/s11270-017-3574-3
https://doi.org/10.3390/catal7040113
https://doi.org/10.1016/j.cej.2018.05.154
https://doi.org/10.1088/1361-6463/aa5fe9
https://doi.org/10.1088/2058-6272/aaa357
https://doi.org/10.1109/TPS.2018.2801333
https://doi.org/10.13336/j.1003-6520.hve.20170527002
https://doi.org/10.1109/TPS.2014.2324614
https://doi.org/10.1088/1009-0630/17/12/11


[10] Gómez-Ramírez A et al 2017 Chem. Eng. J. 314 311
[11] Zhao Z L et al 2017 Plasma Sci. Technol. 19 064007
[12] Fischer G et al 2018 Plasma Sources Sci. Technol. 27 074003
[13] Saifutdinov A I, Saifutdinova A A and Timerkaev B A 2018

Plasma Phys. Rep. 44 359
[14] Dehnavi V et al 2013 Surf. Coat. Technol. 226 100

[15] Bai K H et al 2001 Phys. Plasmas 8 4246
[16] Wu Y et al 2014 Nanosecond pulsed discharge plasma actuation:

characteristics and flow control performance Proc. 45th AIAA
Plasmadynamics and Lasers Conf. (Atlanta: AIAA) 2014

[17] Yilmaz M S and Sahin O 2018 Surf. Coat. Technol. 347 278
[18] Cho D H et al 2018 Curr. Appl. Phys. 18 968

6

Plasma Sci. Technol. 21 (2019) 054007 Y Guan et al

https://doi.org/10.1016/j.cej.2016.11.065
https://doi.org/10.1088/2058-6272/aa6679
https://doi.org/10.1088/1361-6595/aaca05
https://doi.org/10.1134/S1063780X18030066
https://doi.org/10.1016/j.surfcoat.2013.03.041
https://doi.org/10.1063/1.1395571
https://doi.org/10.1016/j.surfcoat.2018.04.085
https://doi.org/10.1016/j.cap.2018.04.022

	1. Introduction
	2. Experimental setup
	3. Results and discussion
	3.1. Effect of signal waveforms on discharge characteristics
	3.2. Effect of duty ratio on discharge characteristics
	3.3. Effect of bias voltage on discharge characteristics

	4. Conclusion
	Acknowledgments
	References



