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Radio-Frequency Glow Discharges of Different
Gases Using Bare Metallic Electrodes

at Atmospheric Pressure
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Abstract—The images of the atmospheric-pressure glow dis-
charges driven by the radio-frequency power supply using He, Ar,
N2, O2, air, or their mixture as the primary plasma-working gas
are presented in this paper. The plasma jet, produced using the
planar-type plasma generator behaving like a “brush”, is useful
for the effective treatment of different materials exposed to the
plasma jet.

Index Terms—Atmospheric-pressure glow discharge, plasma
jet, radio frequency (RF).

COMPARED to low-pressure gas-discharge plasmas,
atmospheric-pressure gas-discharge-plasma sources show

outstanding features in their actual applications, e.g., the lower
capital costs of the whole plasma generation and processing
system, no limitations on the sizes of the treated materials, more
flexible operations, and so on [1]. With the foregoing unparallel
capabilities, they have been or would be used in a variety of
fields, including the plasma-aided etching, deposition, disinfec-
tion and sterilization, surface modification/treatment, spraying,
waste treatment, etc.; and in particular, new applications which
cannot be easily achieved using low-pressure gas-discharge-
plasma sources, for example, applications in the fields of
industrial microorganisms, biomedical and public health, anti-
terrorism, national securities, etc., are also being created
(cf. [2] and the references cited therein).

In different types of atmospheric-pressure gas-discharge-
plasma sources, atmospheric-pressure glow discharge (APGD)
plasma source driven by radio-frequency (RF) power sup-
ply with water-cooled bare metallic electrodes, which is the
so-called RF APGD, hereafter, in this paper, has been devel-
oped recently due to its unique features. Currently, one of the
challenges for the RF APGDs is the limitation of the plasma-
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working gases. Most of the authors used helium or argon as the
primary plasma-working gas (e.g., [3] and [4]), which leads to
high capital costs of the RF APGDs in their actual applications.
Therefore, it is necessary to obtain the uniform and steady
glow discharges with cheaper primary plasma-working gases,
for example, O2, N2, or even air.

Recently, the induced gas-discharge approach was proposed
for obtaining the RF APGDs operating in the γ mode with air
or N2 as the primary plasma-working gas [2]. In this paper, it
is shown that the induced gas-discharge approach [2] is also
effective for obtaining the stable pure-oxygen glow discharges
operating in the γ mode. During the operation process, the
γ or α−γ coexisting mode discharge using helium or argon
as the plasma-working gas is obtained first; then, with the
increase of the flow rate of oxygen, the γ-mode discharge of the
helium–oxygen or argon–oxygen mixture is obtained; and then,
with the decrease of the flow rate of helium or argon, a stable
glow discharge of pure oxygen operating in the γ mode can be
obtained when no helium or argon is added into the plasma-
working gas.

The experimental setup used for studying the characteristics
of RF APGDs is similar to that presented in [2]. In this paper,
the planar-type plasma generator composed of two 5 cm ×
8 cm water-cooled bare metallic electrodes is employed for
generating the stable RF APGDs using different gases or gas
mixtures as the plasma-working gas.

The discharge images of the RF APGDs, operating in the
α or γ mode using He, Ar, N2, O2, air, or their mixture as
the working gas and taken by the digital camera (Fujifilm
FinePix S9600), are shown in Fig. 1(a). The corresponding
14 cases are listed in Table I. In Fig. 1(a), the gap spacing
between electrodes (d) is 2.12 mm, the total gas flow rate (Q)
and the RF power input (Pin) for the α- and γ-mode discharges
are 6.0 slpm, 60 W and 1.0 slpm, 300 W, respectively. It can be
seen that, from the area of the discharge regions, the α-mode
discharges cover the whole gap spacing, while the γ-mode
discharges only cover a small part of the electrodes due to the
limitation of the maximum power output of the power supply
used in this laboratory; from the luminous structures of the
discharges, for the α-mode discharges, two brighter layers exist
closer to the electrodes with a less brighter region between
them, while for the γ-mode discharges, there is a much brighter
positive column across the gap between two electrodes.

The plasma jet with high concentrations of the reactive
species is usually employed to treat different types of materials.
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Fig. 1. (a) Discharge images taken by the digital camera with cases listed in Table I, and the plasma jet images viewed in the directions (b) perpendicular and
(c) opposite to the flows [QHe = 70.0 slpm, QN2 = 0.15 slpm, Pin = 100 W, exposure time Tex = 20 s for (b), and Tex = 1 ms for (c)].

TABLE I
LIST OF THE CASES STUDIED IN THIS PAPER

The images of the plasma jet issued from the planar-type
plasma generator and viewed in the directions perpendicular
and opposite to the flows are shown in Figs. 1(b) and (c),

respectively. It is shown in Figs. 1(b) and (c) that the plasma
jet produced by the planar-type plasma generator is uniform
and behaves like a wide “brush” which is suitable for the fast
treatment of the materials with large areas.
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