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Characterization and analysis of N2 plasma DC glow discharge at different
voltage
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ABSTRACT

In this work, the plasma glow discharge characteristics of nitrogen gas will be studied and analyzed at
different pressures, and we will study the effect of these pressures on the I-V curve, the Panchen curve, the
I-P curve, the current-voltage curve, and their effect on the electrical conductivity of the generated plasma.
The distance between the glow electrodes was (15.5) cm. The pressures that were used in this work were
(0.025, 0.05, 1.5, 5) T. The results indicated that the discharge was operating in the atypical glow region. On
the other hand, the discharge current decreased as the gas pressure increased. On the other hand. Also, the
conductivity decreased in its values with the increase in applied pressure as well as the voltage of the plasma
focus.
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1. Introduction

Plasma is a luminous material, and this is what is expressed by the glowing discharge. This illumination or
luminosity was a result of the electron generated by the plasma, which has sufficient strength and density to
generate visible light as a result of recombination by excited collisions [1]. This incandescent discharge has
many varied applications. For example, photogeneration applications (fluorescent and neon discharge tubes for
advertising, etc.), gas laser manufacturing, and large-area flat-panel plasma screens. Besides, there are other
essential applications in microelectronics industries [2]. Other important applications are the surface treatments
of materials, which include surface etching for the manufacture of integrated circuits, plasma polymerization,
polymer curing, and coating deposition [3]. There are other very important types in the energy field such as
beam glow discharge such as DC parallel plate plasma reactors, electron bombardment plasma, etc. [4]. In the
simplest case, a glow discharge can be obtained by applying a potential difference of the order of a few 100
volts to a few kilovolts) between two electrodes in a chamber containing an inert gas at pressures ranging from
a few mTorr to atmospheric pressure [5]. As a result of this voltage difference, the electrons are accelerated
away from the cathode, which increases the secondary collisions between the electrons and the positive ions of
the plasma material, which results in excitation, ionization, dissociation, etc., which creates an excited and
electrically unneutral substance, which can decompose into levels Emitting less energy difference in the form
of light, this is responsible for the distinctive name of the "glow" discharge. As the ions accelerate toward the
negative electrode, the secondary ions release electrons that bombard the surface of the cathode [6]. The
secondary electrons are accelerated away from the cathode and can lead to further ionization because of the
collisions caused by these electrons. As a result, these collisions create ion-electron pairs, and this ion-electron
multiplication in the presence of sufficient excitation potential makes the glow discharge process a self-
sustaining plasma [7]. The research aims to study the properties of DC glow discharge plasma for gas of different
pressures, where the effect of gas pressure on plasma parameters, such as voltage in the focus of the plasma,
properties, and electrical conductivity of glow discharge as well as light emission from the discharge at the
applied voltage and different pressures has been studied.
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2. Method
Figure 1 shows the DC glow discharge plasma system used in this work.
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Figure 1. A schematic of system DC glow discharge plasma circuit

The electrodes (cathode and anode) are placed inside the chamber, while the pressure inside the chamber is
controlled by a special instrument (needle valve). An appropriate voltage was then applied between the anode
and the cathode while maintaining an anode ground connection. By changing the pressure value, the breakdown
voltage (Vbr) occurs at different discharge values. When nitrogen gas is used, Vbr decreases with increasing
BD, while it increases with increasing pd. When a breakdown occurs, plasma forms between the electrodes, and
current begins to flow through the system rapidly. Whereas the voltage drops across the panels quickly once a
breakdown occurs. To obtain the electrical characterizations, the DC was passed between the electrodes first by
providing sufficient breakdown voltage from the DC source. The basic properties of plasma discharge, such as
I-V, I-P, and Paschen's law (VVbr-PD) at different pressures of nitrogen gas in the chamber were studied (0.025,
0.05, 1.5, and 5) Torr using a needle valve. The distance between the two electrodes was 15.5 cm.

3. Results and discussion

The characteristics of a nitrogen gas plasma DC glow discharge such as breakdown voltage, 1-V, and I-P
characteristics, and the plume of the plasma depend on the pressure gas and the distance between the electrodes,
where the plasma is created. These measurements were made using power DC voltage (0-1100) V.

It is known that the breakdown voltage is related to the distance between the electrodes PD (Pashen low), where
p is the pressure of the gas used and d is the separation distance between the electrodes. Figure 2 shows the
lowest potential for collapse. The breakdown value can be reduced by increasing the distance between the pd
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electrodes. For pd values >1.6 cm), the breakdown voltage increases linearly with increasing pd values. For the
small quantity pd, its values are determined by Equation 1 and as follows [8]:

pd=A-11n(1+ 1/sec) ....... 1)

where (A) is a constant, and (sec) is the secondary emission coefficient of electrons. Also, the values of V min
and (pd) min play an important role in the more complex problem of the cathode sheath [9].
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Figure 2. The Breakdown of DC voltage as a function of different N, gas pressure

Figure 3 showed that the discharge current increased gradually with increasing the applied voltage obtained at
the pressure (0.025, 0.05, 1.5, and 5) Torr and the distance between the electrodes (15.5 cm). We note from
Figure 2 that the discharge current increased with an increase in applied voltage but the increase is not linear
[10]. We also note that the current density after a short period changes, as well as the thickness of the sheath.
The low current density Jc for the applied voltage Vo across the shell of thickness S is given by the following
relation [11]:

Je=4/9E0(2¢ /M) % V03/2/S2 ........... @)

Where Eo: is free space permittivity, e: is the charge, and M: particles mass. The behavior of the current and
voltage curves can be attributed to the motion of the plasma particles and this behavior is consistent with the
Longmuir equation [12]. Where the results confirm that the ionic currents at different pressures and usually
were interpreted in terms of gas pressure, considering the gas density. As the pressure of the gas increases, the
current of ions will increase. This means that ionic collisions occur during their path between the two poles, and
this process may be accompanied by excitation and ionization because plasma processes occur simultaneously
[9]. The current-voltage (I-V) curves can give us valuable information about the glow-discharge properties of
DC plasmas. This discharge occurs after the supplied voltage is more than 1 kV. As for the voltage of the power
source, it is changed to change the discharge current. Comparing the 1-V curve for different pressures applied
and glow discharge indicates that there is no Townsend mode, and the starter voltage drops (negative resistance).
These regions can be observed in the Torr pressure 1-V curve (0.025, 0.05). At higher pressures, breakdown
occurs rapidly followed by a transition to a normal glow discharge mode which is relatively constant. When the
pressure is increased, the average discharge voltage decreases from about 900 volts at (1.5) torrs to 600 volts at
(5) torr. It is clear that as the pressure increases, the discharge becomes more conductive. The relationship is
nonlinear but becomes linear at larger gaps. This represents an increase in the anode length in the discharge
with the electric field constant.
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Figure 3. The (I-V) curves of glow discharge plasma using N gas at different pressure

Figure 4 shows the I-P curve characteristics of N, gas. The results showed the glow discharge current increased
with the increasing pressure generated in the reactor chamber at a constant voltage of about (3 kV). This
behavior can be attributed to the increase in the pressure chamber leading to the increasing generation of ions
and free electrons in the glowing column, thus increasing the potential for secondary electron emission. So, the
measured current represents the sum of the ions and the currents of the electrons emitted [13].
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Figure 4. (I-P) curves of gloe discharge plasma of N, gas

The electrical conductivity (6) is measured in a glow discharge column of N gas plasma at different pressures.
Figure 5 showed the values of conductivity distribution at different gas pressures. The results showed the
conductivity increased with the increase in applied pressure. The reason is that when the pressure increases, the
gas concentration increases, and this leads to an increase in the formed ions, which means an increase in the
number of electrons, and thus an increase in conductivity, and this is consistent with the arrangement of (Marek

et al., 2002) [14] in the same line.
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Figure 5. The diagram of conductivity with pressure

Figure 6 showed the relationship between voltage (Vb) and conductivity (6) at different pressures, the electrical
conductivity was calculated at each voltage fitted at the specified pressure. The results showed there is an inverse
relationship between the voltage and pressure, where the electrical conductivity decreases with increasing
supply voltage (Vb). Knowing that the applied voltages were decreased with increasing pressure, as shown in
Figure 7 which explains the relationship between voltage and pressure. This means that electrical conductivity
increases the increase in pressure, due to the increase in ionization and excited collisions with the increase in
pressure in the plasma chamber. This is consistent with the results of the researcher (Yunus et al. 2021) [15] in
the same line.
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Figure 6. The evolution of conductivity as a function of Vb
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Figure 7. Evolution the pressure as a function of Vb

Figure 8 showed the relationship between the luminous intensity of the plasma and the applied voltage between
the electrodes for the pressures chosen in this work. The intensity of the lighting in general increased with the
increase in the applied voltage, and this increase varies in intensity according to the applied pressure, as we note
that the intensity is high in the pressure of 1.5 Torr. The intensity of the illumination of the plasma is related to
the secondary collisions of the emitted electrons, as the violet light of the plasma indicates the emission of
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energy when the electrons return to the ground levels after being excited by the secondary collisions. These
results coincide with the results of the researcher (Mari, et al. 2002) [16] which are in the same research line.
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Figure 8. The intensity luminesces with apply voltage

Figure 9 shows the relationship between the electrodes for the pressures chosen in this work. We notice that
the intensity of the lighting in general increased with the increase in the current, and this increase varies in
intensity according to the applied pressure. From Figure 9, we can see that the intensity is high in the pressure
of 1.5 Torr. The intensity of the illumination of the plasma is related to the current of the plasma, this is because
the current increased the secondary collisions of the free electrons. These results coincide with the results of
the researcher [17-21] which are in the same research line.
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Figure 9. The intensity luminesces with current of plasma
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Figure 10 showed the relationship between intensity luminesces and pressure. We can see the high intensity in
the pressure (1.5) Torr, this is meaning the high secondary collisions of the free electrons in (1.5) Torr, this is
clear in Figures 8 and 9.
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Figure 10. The relationship between intensity luminesces and pressure.

4, Conclusions

different pressures in this work. Firstly, the 1-V curve characteristics of the N2 gas discharge indicated that the
plasma obtained under different pressures and voltages operates in an abnormal glow discharge region, which
means that this plasma is important for the microelectronics industry. Second, gas pressure had a significant
effect on glow discharge current, conductance, and plasma density and this is consistent with the Child-
Langmuir equation. The final volume of the plasma and the intensity of the resulting plasma plume (glow)
depends on the gas pressure. Also, the high intensity luminesces in the pressure (1.5) Torr.
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