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Abstract - This study investigates the electrical characteristics of Dielectric Barrier Discharge (DBD)-based Atmospheric 

Pressure Plasma Jets (APPJs) with varying input voltage amplitudes at industrial frequencies. The experiments show that 

increasing voltage amplitude significantly enhances discharge pulse density driven by a spatial electric field formed on the 

dielectric layer during each half-cycle and lowers the breakdown threshold of discharge onset. Increasing the voltage amplitude 

results in a higher density of discharge pulses, enhancing the plasma’s reactive output. This increase in discharge pulse density 

is accompanied by a reduction in the breakdown threshold, making it easier to initiate and sustain plasma discharges at higher 

voltages. The study also reveals that under the experimental condition, energy consumption by discharge increases linearly with 

voltage amplitude up to 3 kV, independent of gas flow rate. Beyond 3 kV, energy consumption depends on gas flow, with higher 

rates leading to greater energy usage. These findings offer critical insights into DBD plasma jet behavior, highlighting the 

importance of voltage amplitude and gas dynamics in optimizing APPJ performance, particularly in industrial power source 

applications. 

Keywords - Atmospheric pressure plasma jet, Non-thermal plasma, Dielectric barrier discharge, Plasma application, Plasma 

characteristics. 

1. Introduction  
Currently, Atmospheric Pressure Plasma Jets (APPJs) 

have garnered significant attention because of their diverse 

applications, as well as their near-field functioning at ambient 
temperature without vacuum and inexpensive production 

costs. Because it can operate at near room temperature without 

a vacuum, the DBD-based APPJ devices are compact and 

portable.  

Due to their simple design and operation, APPJ devices 

are cost-effective compared to other plasma technologies, 

especially in large-scale and continuous processing. APPJ is 

versatile and suitable for on-site treatments in various settings, 

including in medicine for wound healing and cancer treatment, 

as well as for modifying surface properties in materials 

science in environmental science for pollutant degradation and 

air purification and for sterilization and decontamination in the 
healthcare and food industries [1, 2].  

In practice, plasma jets can be generated in various 

configurations and designs. However, a common 

configuration is based on the Dielectric Barrier Discharge 

(DBD) principle in biological, environmental, and medical 

applications. DBD-based APPJ offers several advantages in 

various applications due to its unique properties and 

capabilities; DBD-based APPJ can generate a stable and 

focused plasma stream to open air with high concentrations of 

reactive species, including charged particles, metastable 

species, highly reactive radicals and UV radiation [3, 4].   

The basic configuration of an APPJ consists of a high-

voltage connecting electrode and a ground electrode 

encircling a dielectric layer, which can be a quartz or glass 

tube. The creation of electrical discharge is easier and more 

developed in systems with floating electrodes. This form of 
plasma is created using a variety of power sources, including 

Direct Current (DC), high-voltage Alternating Current (AC), 

Microwaves (MW), Radio Frequency (RF), and pulsed DC 

power sources [5-8].  

In a DBD-based APPJ configuration, dielectric layer 

voltage, frequency, and properties significantly influence 

discharge behavior [6, 9]. Charges accumulated on the surface 

of dielectric layers create a memory effect, causing discharges 

to either tend to reignite at previous locations in bi-polar high-

frequency mode or distribute across the electrode surface in 

high-voltage uni-polar pulse mode [10, 11]. 

The power sources used in generating Atmospheric 

Pressure Plasma Jets (APPJs) play an important role in 
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influencing the characteristics of the APPJs. It affects not only 

the shape and stability of the plasma but also other important 

parameters such as temperature, electron density, and the 

chemical reactions occurring within the plasma. The APPJ 

operating with the DBD principle is often generated by pulsed 

power supplies or high-voltage AC power sources, 
particularly at frequencies in the range of 10 to 100 kHz [1, 2, 

12]. This type of power source helps prevent the formation of 

high-temperature arcs, creating stable plasma suitable for 

surface treatment and biomedical applications. Increasing 

input power generally leads to an increase in plasma density 

and electron temperature [13, 14]. However, too much power 

can cause unstable arc formation, reducing plasma efficiency 

[15]. 

Additionally, the frequency of the power source 

significantly affects plasma characteristics. High frequencies 

typically produce plasma with higher electron density and 

stronger chemical reactions, while lower frequencies 
generally create more stable and easier-to-control plasma [16]. 

Higher voltages usually result in stronger ionization, creating 

a plasma with higher density. However, excessively high 

voltages can cause instability in the plasma. Power sources 

with square, triangular, or sinusoidal pulses can affect the 

energy distribution within the plasma, thereby influencing 

chemical reactions and energy conversion processes [8]. 

These factors indicate that selecting the appropriate power 

source is extremely important for adjusting APPJ 

characteristics to fulfill the unique needs of each application 

[20]. Understanding the impact of the power source helps 
researchers and engineers optimize plasma operating 

conditions, thereby improving efficiency and expanding the 

potential applications of APPJ in industry and biomedicine 

[17, 18, 19, 21].  

In most prior research, plasma jets are typically produced 

using high-voltage sources or high-frequency pulse sources, 

which tend to be costly. Consequently, this study employs 

high-voltage power sources at an industrial frequency to make 

plasma jet applications more accessible. While many studies 

have focused on high-frequency, high-voltage sources, there 

is still a lack of detailed research on the effects of low-

frequency power sources. Memory effect in the DBD principle 
can influence the discharge behaviour by retaining residual 

charges on the dielectric surface from previous cycles, 

especially under low-frequency operation. This effect can 

distort the electric field in subsequent discharge cycles, 

leading to irregular plasma formation and potentially affecting 

the uniformity and stability of the discharge process. In this 

study, an APPJ in Ar gas was generated by a sinusoidal 

voltage source at industrial frequency. The electric processes 

and characteristics, in turn, with increasing amplitude of 

applied discharge voltage, were inspected by measuring the 

voltage and current waveforms. The effects of applied voltage 

amplitude were investigated and identified from the 

experimental results, and then the discharge mechanism of the 

plasma jet system operating at industrial frequency was 

analyzed.  

2. Experimental Setup and Conditions 
The experimental setup for generating APPJ is shown in 

Figure 1. The apparatus is arranged in four main parts: gas 

feeding system, power supply, plasma jet reactor, and 

experimental data acquisition system. Argon gas used for 

plasma generation was fed into the discharge zone from the 

top of the tube and then exhausted into the open air at the 

bottom tip. The flow rate ranged from 1 to 5 slm.  A high-

voltage power system is a sinusoidal high-voltage source 
operating at the low frequency of 50 Hz, including a primary 

power supply and a step-up transformer. The primary power 

supply is a commercial adjustable AC power source with an 

amplitude of input voltage that can change smoothly from 0 to 

230 V.  A step-up transformer boosts the output of the primary 

power supply and is then connected to the high voltage 

electrode of the discharge tube via a 5 M resistor. The 5 M 
resistor is used to limit current and supply from the source to 

ensure stable operation of the experimental system. In this 

arrangement, the amplitude of the applied voltage on the High 

Voltage (HV) electrode was changed in a range of 1 to 4 kV. 

The structure of the APPJ reactor is illustrated in Figure 

2. The plasma jet reactor comprises an HV electrode placed 
inside a coaxial tube and a grounded electrode in the form of 

a copper wire wound in a helical pattern around the outer 

tube’s surface. The tubes are made from quartz and play the 

role of dielectric layers in this configuration. The HV 

electrode is a 100 mm long tungsten needle with 1 mm 

diameter. The tube has dimensions of 8.5 mm outer diameter, 

6.5 mm inner diameter, and 110 mm in length. The tip of the 

HV electrode is positioned 10 mm away from the end of the 

tube.  

The data acquisition system includes an oscilloscope 

connected to high-voltage and current probes. The voltage at 
the powered electrode was measured using a high voltage 

probe (Tektronix P6015A). The discharge current was 

monitored using a 10  shunt resistor (BPC10100J) connected 
in series between the grounded electrode and the ground point. 

The discharge current was determined by measuring the 

voltage drop across the shunt resistor and dividing the voltage 

value by the resistance of 10  of the shunt resistor. The shunt 
resistor is typically made from manganin, a highly precise and 

non-inductive material with a low resistance value. Its 

function is to reduce voltage by creating an alternative path 

with very little resistance. Therefore, it allows accurate, 

current measurement without affecting the main circuit while 

limiting harmonic currents caused by parasitic capacitances 

and conductors. 
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Fig. 1 Experimental setup  

 

 
 

 

 

 
 

 

 

 

 

 

 
 
 

 

 

 

 
 

 
Fig. 2 The configuration of DBD based-plasma jet (a) Configuration, and (b) Nozzle structure. 

Argon Gas 

Gas 

Flow Meter 

Feed Gas 

HV Electrode 

Resistor 5Ω 

High Voltage 
Transformer 

0~15 kV 

Primary 
Power Supply  
0~230 VAC 

Ground 

Electrode 

Plasma Jet d
nozzle

 

Copper Plate 

Capacitor 1300 Fp 

Reactor Configuration 

(V
app

) 
HV. Probe (1000:1) 

Shunt Resistor  
10 Ω 

Oscilloscope 

(i) 

(V
M

) 

HV. Probe (1000:1) 
Capacitor 

Ground 

Monitoring 

Current (i
M

) 

Tube 
Outside : 8.5 mm 
Inside : 6.5 mm 

Length : 110 mm 
Quartz 

HV 

Electrode 
Length : 100 mm 

Radius : 1 mm 
Wolfram 

Needle 

High Voltage 

Electrode 
Quartz Tube Ground Electrode 

Feeds Gas 

Plasma 

High Voltage Applied 

AC 

(a) 

Grounded Electrode 

Helix Copper Wire  
Length : 35 mm 
Diameter : 1 mm 

(b) 

Quartz Tube 
Length: 110 mm 
Outer Diameter: 8.8 mm 
Inner Diameter: 6.5 mm 
Thickness  2 mm 



Hoa Thi Truong & Van Nhan Truong / IJEEE, 11(11), 122-130, 2024 

 

125 

Table 1. Experimental condition 

Primary Power Supply 0 ~ 230 VAC 

High Voltage Transformer 0 ~ 15 kV 

Frequency 50 Hz 

Working Gas Argon (1÷5 slm) 

Temperature Room Temperature 

Pressure Atmospheric Pressure 

 

The power consumption can be estimated by analyzing 
the Q–V Lissajous figure. The Q–V Lissajous figure was 

obtained by placing a copper plate as an interactive object to 

collect charge particles transferred by the discharge and 

accumulating on the dielectric layer. A monitoring capacitor 

(CM) with a capacitance of 1300 pF is connected in series with 

the copper plate to measure the amount of charge accumulated 

on the dielectric layer after each discharge cycle.  

Similarly, a voltage probe (Tektronix P6015A) measured 

the voltage drop on the monitoring capacitor. The data has 

been recorded by digital oscilloscopes (Tektronix TBS 

1102B-EDU-100 MHz- 2.5G S/s and Tektronix MDO3022- 

200 MHz-2.5G S/s). Experiments have been conducted with a 
condition presented in Table 1. 

3. Results and Discussion 
Firstly, the experiment sought to investigate the impact of 

increasing the amplitude of the industrial voltage source on the 

discharge process. The applied voltage amplitude was 

adjusted from 1 to 4 kV in 0.5 kV increments, using Ar gas at 
a flow rate of 3 slm. The experimental results are presented in 

Figure 3, which displays the waveforms of the applied voltage 

(Vapp), discharge current (I), and voltage drop across the 

monitor capacitor (VM). The appearance of current pulses can 

detect discharge occurrence.  

As seen in Figure 3, at the voltage amplitude of 1 kV, no 

discharge occurs. However, when the voltage amplitude is 

increased beyond 1.5 kV, the appearance of current pulses 

indicates that the discharge has ignited. As the amplitude of 

applied voltage increased, the breakdown threshold required 

to initiate discharge decreased significantly, leading to an 

earlier onset of discharge, an increase in discharge frequency, 
and a greater number of discharge pulses per cycle.  

Additionally, the discharge becomes particularly dense at 

both the rising and falling edges of the sinusoidal voltage 

waveforms just before reaching the peaks for applied voltage 

amplitudes ranging from 2 to 4 kV. The number of discharge 

current pulses per cycle and the breakdown voltage threshold 

(the instantaneous value of the voltage at which discharge 

begins for each voltage amplitude) were estimated. Figure 4 

collectively illustrates the behavior of the APPJ as the applied 

voltage amplitude increases. 

Discharge pulses were counted using a data processing 

method only when the minimum current pulse threshold was 

4 mA or higher, which ensured that interferences were 

ignored. In Figure 4(a), the graph illustrates the relationship 

between the increased applied voltage amplitude and the 

number of discharge current pulses per cycle. In contrast, 
Figure 4 (b) shows the effect of the increase in applied voltage 

amplitude on the breakdown threshold of the temporary 

voltage value at which the discharge initiates.  

The breakdown threshold of the temporary voltage value 

has been calibrated by the value at which the first discharge 

current peak appeared in each haft cycle of the applied voltage 

waveform, denoted as (VB), as shown in Figure 3. The 

experiment was conducted at three different flow rates of 1, 3, 

and 5 slm, maintaining a laminar flow of the working gas to 

ensure reproducibility [21].  

The experiments showed that increasing the input voltage 

increases the density of discharge pulses. The data clearly 
demonstrate that the number of discharge pulses increases 

quasi-exponentially with the increased applied voltage 

amplitude. At the same time, the breakdown voltage threshold 

decreases similarly, dropping from an initial instantaneous 

value of the voltage of 2 kV to zero, meaning that the 

discharge initiates at a lower temporary voltage value as the 

applied voltage amplitude becomes higher.  

The experimental results for the DBD-based Atmospheric 

Pressure Plasma Jet (APPJ) can be interpreted by examining 

the behavior of the dielectric layer during the discharge 

process. Specifically, during each discharge pulse, especially 
at the positive voltage's half-cycle, charges accumulate on the 

dielectric layer's surface. This charge accumulation forms a 

spatial electric field within the discharge tube. As the voltage 

from the source reverses during the negative half-cycle, this 

spatial electric field aligns in the opposite direction to the 

original electric field provided by the source. Nonetheless, 

when the source voltage returns to the positive half-cycle, the 

spatial electric field's direction becomes again aligned with the 

source voltage.  

The presence of a spatial electric field generated by stored 

charges on dielectric layers inside the discharge tube enhances 

the total electric field, augmenting the electric field originated 
by the source. This enhancement results in the discharge 

occurring at a lower voltage, leading to a higher density of 

discharge pulses as the input voltage increases. Furthermore, 

an increase in the amplitude of the applied voltage leads to a 

faster rate of voltage rise, contributing to the intensification of 

the discharge process.  

Even if the electric field becomes saturated during 

discharge, the rise in voltage amplitude can cause the electric 

field at locations where discharge has already occurred to 

intensify further, triggering additional discharges. These 
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discharges are further stimulated by surface electrons released 

from previous discharges or by free electrons already present 

in the discharge environment. Furthermore, as the voltage 

amplitude increases, the discharge spreads across the 

dielectric surface to areas and points that had not previously 

experienced discharge. This expansion of the discharge area 

results in a greater number of discharge pulses, which 

continues to increase until the applied voltage reaches its peak 

value. However, once the applied voltage reaches its peak and 

begins to decrease, there is no discharge during the downward 

slope of the voltage cycle. The discharge only resumes in the 

next half-cycle when the voltage increases again.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 3 Voltage, discharge current waveforms, and waveforms of voltage on monitor capacitor (VM) measured at different applied voltage amplitudes 

(a) 1 kV, (b) 1.5 kV, (c) 2 kV, (d) 2.5 kV, (e) 3 kV, (f) 3.5 kV, and (g) 4 kV; in the figure VB-denotes the breakdown voltage threshold. 

   

 

 

 

 

 

 

 

 

 

 
 

                                
Fig. 4 Effect of increase in applied voltage amplitude on (a) Number of discharge current pluses, and (b) Breakdown voltage threshold. 
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The experimental results suggest that the discharge stops 

as the voltage drops from its peak until the voltage rises again 

in the following half-cycle. It is important to note that these 

effects may become less pronounced and more challenging to 

observe at high frequencies. At high-frequency operation, the 

time available for charge accumulation on the dielectric 
surface and the formation of the spatial electric field is 

reduced. This reduction may diminish the spatial electric 

field's impact on the discharge tube's overall electric field.  

The findings align with the principles discussed, which 

emphasize the role of voltage amplitude and dielectric surface 

properties in controlling the distribution and reactivation of 

discharges. The study highlights that at low frequencies, as 

used in industrial applications, the interaction between the 

applied voltage and the dielectric surface leads to complex 

discharge patterns that can be optimized for specific 

applications by carefully managing the voltage amplitude and 

the timing of the applied pulses. The influence of applied 

voltage amplitude on the electrical characteristics of the APPJ 

has been examined using the Lissajous graph. To determine 

the power dissipated in the discharge, the area enclosed by the 

hysteresis loop of the Q-V diagram, known as the Lissajous 

figure, is calculated.  

In a DBD system, the charge on the dielectric changes as 
the applied voltage varies during the AC cycle, forming a loop. 

The area of this Q-V hysteresis loop is directly related to the 

energy dissipated during each AC cycle. The average active 

power dissipated in the plasma discharge can be calculated 

using Equation (1) [22].  

1
 DBD DBD M

one
cycle

f SP V dQ
T

     (1) 

Where, T is the period, f is the frequency of power supply, 

and S is the area of the closed loop in the Lissajous graph. 
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Fig. 5 Lissajous (Q-V) graphs with different applied voltage amplitudes (a) 1 kV, (b) 1.5 kV, (c) 2 kV, (d) 2.5 kV, (e) 3 kV, (f) 3.5 kV, and (g) 4 kV. 
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𝑉DBD =  𝑉app − 𝑉M ,                (2) 
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𝑄M(𝑡) = 𝐶M ∙ 𝑉DBD(𝑡).           (3) 
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As a result, more energy is required to sustain the discharge at 

these elevated flow rates and higher voltage amplitudes. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 6 Effect of the increase in applied voltage amplitude on the power 

dissipation of the discharge 

The study suggests that at this low-frequency operation, 

similar to those used in industrial settings, raising the working 

voltage amplitude is a viable method to improve the 

performance of DBD-based APPJs. Moreover, the operating 

conditions, including gas flow rate and environmental factors, 

must be carefully managed. Higher voltage amplitudes can 

alter the plasma characteristics, potentially leading to more 

intense and localized discharges, which may impact the 

uniformity and stability of the plasma jet. It is also important 

to consider the implications of higher voltage levels on safety, 

energy efficiency, and overall system reliability. 

4. Conclusion 
This research revealed the electrical characteristics of 

DBD-based APPJs under different input voltage amplitudes. 

An increase in the voltage amplitude has led to a higher 

discharge pulse density and lowered the breakdown threshold 

for discharge onset during the half-cycle of the applied voltage 

cycle. Under the experimental condition, energy consumption 

increased linearly with voltage amplitude up to 3 kV 

regardless of the gas flow rate; however, beyond 3 kV, it 
started to depend on the gas flow rate. These findings 

highlighted the significance of voltage amplitude and gas flow 

dynamics in optimizing APPJ performance for applications, 

particularly in medical and environmental applications. By 

optimizing APPJ performance through a better understanding 

of electrical characteristics, the research offers pathways for 

improved treatment efficacy and efficiency.  

The studies indicated that at low frequencies, 

corresponding to industrial frequencies, increasing the 

working voltage amplitude may be an effective option to 

enhance the performance of DBD-based APPJs. However, this 
approach requires careful consideration of the system 

configuration, electrical durability, and operating conditions 

related to the increased voltage levels. 
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