2190

IEEE TRANSACTIONS ON PLASMA SCIENCE, VOL. 39, NO. 11, NOVEMBER 2011

Three-Dimensional Modeling of Self-Organization
in DC Glow Microdischarges

P. G. C. Almeida, M. S. Benilov, and M. J. Faria

Abstract—Three-dimensional simulations of self-organization
in dc glow microdischarges are reported. The results describe a
mode with a normal spot and modes with patterns of multiple
spots, qualitatively similar to those observed in experiments with
microdischarges in xenon.

Index Terms—Glow discharge, self-organization, normal
discharge.
MPORTANT advances have been achieved in self-

consistent modeling of self-organization in gas discharges,
such as patterns in DBDs and the normal current density effect
in dc glow discharges (e.g., [1] and [2], respectively). The initial
steps toward a self-consistent modeling of self-organization in
dc glow discharges have been taken in [3] and [4]. It was shown
that the simplest self-consistent model of glow discharges ad-
mits multiple solutions which exist at the same value of the
discharge current. Those of the solutions that are 2-D (axially
symmetric) were calculated and found to describe either the
normal mode or patterns which appear to be 2-D analogs of
patterns observed in microdischarges in Xe [5].

In this paper, simulations of 3-D patterns in dc glow micro-
discharges are reported for the first time. The model is the same
as in [4]; it accounts for only one ion species (molecular ions)
and makes use of the local approximation for electron kinetics
and transport. Note that results [6] indicate that an account
of detailed plasma chemistry and the nonlocality of electron
energy does not alter results qualitatively. A steady-state solver
of Comsol Multiphysics was employed. (The use of a non-
stationary solver would not allow finding and understanding
the whole pattern of existing steady-state solutions since such
solvers do not compute sections of solutions which are unstable
with the power supply circuit being considered.) Information
on where to look for multiple solutions and what they are like
was obtained by means of bifurcation analysis, similarly to how
it was done in [4].

The results reported in this paper refer to a cylindrical
discharge vessel with parallel electrodes and a reflecting lateral
wall. The pattern of multiple solutions for such vessel is the
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simplest and the easiest to understand [3]. (Note that the effect
of neutralization of ions and electrons at the wall is likely
to be the same as for 2-D solutions [3], [4].) The radius and
height of the vessel are equal to 0.5 mm. The plasma-producing
gas is xenon, and its pressure is 30 torr. For these conditions,
the problem admits solutions describing 16 different modes of
current transfer: a 1-D mode, two 2-D modes, and thirteen 3-D
modes. The 1-D mode is well known, and the physics behind it
is similar to that described by the classical von Engel and Steen-
beck solution. The 2-D modes were reported in [3] and [4].

The CVCs of the 1st, 8th, and 12th 3-D modes are shown
in Fig. 1(a) (U is the discharge voltage and (j) is the average
axial current density). Also shown is the CVC of the 1-D mode.
Each of the 3-D modes exists in a limited range of values of the
discharge current and branches off from (or joins) the 1-D mode
at two points (bifurcation points): one at low currents and the
other one in the vicinity of the point of minimum of the CVC
of the 1-D mode. All the bifurcations involving the 1st and 12th
modes are subcritical (the 3-D mode branches off “backward,”
as can be seen in the inset). Both bifurcations involving the 8th
mode are supercritical.

Distributions of the current density over the surface of the
cathode are shown in Fig. 1(b)—(d). Note that the states corre-
sponding to (j) = 2.4, 394, and 339 A - m~2 in Fig. 1(b) are
positioned between the corresponding bifurcation and turning
points all the states shown in Fig. 1(d) are positioned between
the turning points.

In the vicinity of bifurcation points, the distributions of dis-
charge parameters along the cathode are smooth and governed
by the Helmholtz equation, in accordance with the theory [7].
Localized current spots are formed away from the vicinity of
the bifurcation points. The first mode exhibits the normal cur-
rent density effect: There is a large plateau in the corresponding
CVC, and the maximum current density on the cathode surface
remains virtually unchanged in states on this plateau. The 2nd
and subsequent modes exhibit patterns with multiple spots.
In general, this pattern of self-organization corresponds to the
theory [7] and is similar to the pattern of self-organization of
2-D modes [4].

The effect of normal current density shown in Fig. 1(a)
and (b) corresponds to the experimental observations, and the
spot patterns shown in Fig. 1(c) and (d) are qualitatively similar
to those observed in microdischarges in Xe [5]. There is a
minimum or, respectively, a maximum of the current density
at the center of the cathode in most states shown in Fig. 1(c)
and (d). This result cannot be obtained by means of bifurcation
analysis (there is no extremum at the center in distributions
governed by the Helmholtz equation) and is important since
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(a) CVCs of the (solid line) 1-D mode and the (dotted line) 1st, (dashed line) 8th, and (dashed—dotted line) 12th 3-D modes. (Circles) Bifurcation points

in which 3-D modes branch off from the 1-D mode. (b)—(d) Distributions of current density over the cathode surface in states belonging to 3-D modes. Bars

in A-m~2. (b) Ist mode. (c) 8th mode. (d) 12th mode.

both the patterns with and without spot at the center have been
observed in the experiment [5].
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