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Abstract—An independent volumetric glow discharge was experimentally obtained at atmospheric pressure
in an argon atmosphere. A volumetric glow discharge is realized in an electrode system consisting of a thin
metal wire and a metal grid with a dielectric barrier and is ignited using an auxiliary discharge, a low-current
surface discharge initiated at the end of a glass tube along the dielectric surface between the pointed cathode
and a cylindrical metal anode.
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1. INTRODUCTION

At present, to generate a spatially homogeneous
nonequilibrium plasma at atmospheric pressure, vari-
ous types of gas discharges are used (corona dis-
charges, a discharge with a microhollow cathode, a
capillary discharge, various types of dielectric barrier
discharges) [1–7]. Atmospheric pressure glow dis-
charge (APGD) is one of the effective and promising
sources, while the discharge compares favorably with
both the simplicity of the discharge geometry and the
electrical equipment. The capabilities of APGD are of
particular interest for biomedical applications due to
the uniformity of the discharge glow and the relatively
low voltage required to sustain the discharge.

In most studies, APGD is formed at small (milli-
meter) interelectrode gaps [8–10]. Under these condi-
tions, the processes occurring in the cathode layer of
microdischarges are predominant. And due to nonlo-
cal effects in the plasma of microdischarges, it is pos-
sible to obtain electron energy distributions containing
high concentrations of high-energy electrons at low
gas temperatures. However, with an increase in the
discharge current, the gas temperature also increases,
as a result of which the regime of stable combustion of
microdischarges is limited to the region of low cur-
rents and simple gas mixtures. Another problem is
related to the fact that the plasma of microdischarges
is small, which significantly narrows the scope of the
discharge.

One of the main limitations is that, with increasing
pressure, the glow discharge becomes unstable due to
the transition of the discharge into a spark or arc dis-
charge [11]. To increase the stability of a diffuse glow
discharge at atmospheric pressure, special electrode
geometries and various methods of excitation of a gas-
eous medium are used [12–15]. It should be noted that
glow discharges are more stable in atomic gases and
other light gases at high pressures [16].

2. EXPERIMENTAL TECHNIQUE
The scheme of the experimental gas-discharge

source of bulk nonequilibrium (cold) plasma is shown
in Fig. 1.

Gas discharge chamber 5 is a glass tube 125 mm
long and 12 mm in diameter. The discharge chamber
contains a thin metal wire, cathode 1 (diameter 1 mm),
with a sharpened end with a tip radius of 25 μm. The
cathode is mounted on the axis of the insulator 4 in a
dielectric (polytetrafluoroethylene) housing shaped
like a cylinder with a diameter of 7 mm. Anode 2 is a
metal cylinder 10 mm long and 13 mm in inner diam-
eter coaxially enclosing the tip cathode. Insulator 4 is
equipped with longitudinal passage holes 3 to supply
argon.

To stabilize the discharge, the cathode-tip is loaded
with adjustable ballast 8. Glass f lask 5 coaxially covers
grounded metal mesh 6. From a regulated high voltage
source 10, DC voltage up to 20 kV is applied. Ballast
resistance value 8 in the external circuit varies from 10
to 63 MΩ. Argon consumption G < 2.8 × 10–2 kg/s.
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Fig. 1. Scheme of the experimental setup: (1) thin metal wire–cathode, (2) cylindrical anode, (3) through holes for gas pumping,
(4) cylindrical insulator (polytetrafluoroethylene), (5) glass tube, (6) mesh metal electrode, (7) ammeter, (8) ballast resistance,
(9) voltmeter, and (10) power supply.
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3. RESULTS AND DISCUSSION
An independent volumetric glow discharge of

atmospheric pressure is realized in a three-electrode
system and is ignited using an auxiliary discharge (Fig. 2).
The auxiliary discharge is a low-current surface dis-
charge initiated at the end of a glass tube along the
dielectric surface between the cathode-point 1 (Fig. 1)
and a cylindrical metal anode 2 (Fig. 1) when applying
high voltage (U = 11.2 kV) to the cathode.

Visually, the surface discharge is low-current
streamer discharges in the form of thin current fila-
INSTRUMENTS AND EX

Fig. 2. Weak surface discharge. Discharge current I =
0.45 mA.
ments, radially diverging from the cathode points
towards the cylindrical metal anode. The intensity and
number of occurrence of streamer discharges
increases with increasing applied voltage.

When initiating a low-current surface discharge at
the end of a glass tube (Fig. 2), simultaneously a
homogeneous volumetric glow discharge is ignited in an
electrode system consisting of a thin metal wire 1 and
metal mesh 6 with dielectric barrier 5, which is used as a
glass tube with a thickness d = 4 mm (Fig. 3a).

A photograph of a self-sustaining volumetric glow
discharge at atmospheric pressure in the coaxial
geometry of the electrodes is presented in Fig. 3a.

As can be seen, the glow discharge completely fills
the cavity of the glass tube, while the glow over the
entire volume is quite uniform and uniform (Fig. 3b).

4. CONCLUSIONS

A volumetric self-sustaining glow discharge of
atmospheric pressure at direct current has been exper-
imentally implemented in a three-electrode system, in
which low-current surface discharge between a
pointed cathode and a cylindrical metal anode is used
as an auxiliary discharge.
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Fig. 3. Photograph of an independent volumetric glow discharge at atmospheric pressure.
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