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Topic A4

Predicting formation of self-organized patter ns of cathodic spotsin dc glow
microdischargesin argon and helium
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Modelling of high-pressure dc glow microdischargedifferent gases is performed with the aim to
explain why self-organized patterns have been @bsgein xenon but not in other gases such as
argon. Modelling results show that conditions afaar microdischarges are indeed less favourable
for the appearance of self-organization than thelitmns of xenon microdischarges, which is due
to lower cross sections of elastic collisions bemvelectrons and atoms. It should be possible,
however, to observe formation of self-organizedtgras also in argon, and even in helium,
provided that the pressure is sufficiently high &mel microdischarge radius is large enough.

1. Introduction and the electrons written in the drift-diffusiorcés-
Self-organized patterns of cathode spots ha¥field approximation, and the Poisson equation:
been observed in DC glow microdischarges in 00, =w, J,=-D0On-un0g,
xenon, e.g., [1]. The patterns comprise two or more 00, =w, J,=-D,0On,+un0¢,
cathode spots and seem to appear at the transition 2.
from the normal mode to the abnormal mode. &9 =—en -n,),
The first steps towards a self-consisten/here
modelling of these patterns were taken in [2-4]: w=n.au E - pn.n;.
modelling of microdischarges in xenon has revealddere n,, ne, J, Je, Di, De, @i, andue are number
existence of multiple solutions for the same valtie densities, densities of transport fluxes, diffusion
discharge current, some of the solutions describimgefficients, and mobilities of the ions and
normal discharge, others describing 2D (axiallglectrons, respectivelyy is Townsend's ionization
symmetric) patterns of cathodic spots, and othegsefficient; B is the coefficient of dissociative
describing 3D patterns similar to those observed f@combinationy is electric potentialE = |14 is the
the experiment [1]. electric field strengthg is the permittivity of free

A very interesting question is why modes withspacegis the elementary charge.

self-organized patterns have been observed in DCThe Townsend ionization coefficient was

glow microdischarges in Xxenon but not in othegyaluated by means of formula:

gases such as argon [6]. In this work, calculatimins U

microdischarges in different plasma-producing gases a =Cpexp{— D(p/E) J

are reported. An explanation as to why self-.
. . with

organized patterns were not observed in argon

— -1 -1
microdischarges is proposed. It is predicted that C = 292x10°'m™ Torr ™,

self-organized patterns can, in principle, be D = 266x102V¥?(mTorr)™?

observed in plasma-producing gases other thgy argon and

xenon provided that conditions are right. C=44x10°m™Torr?,
— 2\ 71/2 -1/2

2 The model D =14x10%V*?(mTorr)

The plasma-producing gases considered in tHigr helium [8]. The rate coefficient of dissociagiv
work are argon and helium. The modelling of argorecombination was set equal t638x10*m’s™

microdischarges has been performed in thg, argon [9] and375x10"m3s* for helium [10].
framework of the basic model of glow discharge andliectron mobility was estimated using the formulas

in the framework of a more detailed model. The -, 11
modelling of helium microdischarges has beerﬁl‘f_102 /nym™V s for argon and

performed in the framework of the basic model only, = 225x10**/nm™V™'s™ for helium Ny is the

The basic model comprises equations Qfensity of the neutral gas), which represent an
conservation of a single ion species (moIecuIas)|onapproximaﬁOn of mobility data calculated using

and the electrons, transport equations for the io%%lsig+ [11]. Mobility of ions is estimated by mean
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of the formulas g = 71x10%/nm™v s for lonization channels taken into account are diradt a

_ 2 A -11 . stepwise ionization, metastable pooling, and
argon and; =55x10°/n,m=v=s™ for helium, ionization of excimers by electron impact.

which are an approximation of measurements [12Gonversion of atomic ions into molecular ions is
The diffusion coefficients of the ions and thgaken into account, as well as spontaneous decay of
electrons were evaluated with the use of Einsteintkcited atoms and excimers.
relation with the gas and electron temperatures The electron kinetic and transport coefficients
equal to 300K and 1eV, respectively. were calculated by means of Bolsig+ [11] using
The detailed model takes into account atomigyoss sections [13]. Rate coefficient of ionization
ions, molecular ions, electrons, atoms in exciteglom excited states in thes4nanifold was computed
states, excimers, and comprises conservatigRing formula of [14]. Rate coefficients for théet
equations for all species, transport equationsafor processes were taken from [15, 16].
species written in the drift-diffusion approximatio = A cylindrical discharge tube is considered, with
for the charged species and in the form of Ficki8 | pases of the cylinder being the electrodes and the
for excited atoms and excimers, the Poissqgteral surface (wall) being insulating. Boundary
equation, and the equation of conservation @pnditions at the electrodes are written assuming
electron energy which is written in the formnat diffusion of the charged particles attractgd b
recommended in [11]: the electric field is negligible compared to drifhe
00, =S, Jip=-D; Ony —ny 4, 09, boundary conditions at the wall are written under
0m,=S,, J,=-D,0n,-n,u,08 ;hrz is]cfeucrpe;ﬁ!on that all species coming to the wall
ail,=S,, J.=-D.0On,+n Og,
©oT e *Nele D9 3. Results and discussion

OWyw:=Su1, Jw1 =Dy 0Ny, The formulated problem admits a 1D solution

_ _ with all discharge parameters varying only in the

UByz = Swar Jwz =~DuzUnyz, axial direction. This is basically the classic von
25— _dn +n. - Engel and Steenbeck solution.

&0 e[n'l 2 ne], The current density voltage characteristics

00@,=F,-S, J,=-D,0n, +n, u 0. (CDVCs) described by this 1D solution referring to

_ o microdischarge in argon computed by means of the
Here the indexesl, i2, e, M1, M2 ande refer to  pasic and detailed models are shown in figure 1 for
atomic ions, molecular ions, electrons, atoms ifhe pressure of 30Torr and interelectrode bapf

excited states, excimers, and average electroflsmm. For comparison, also shown are the CDVC
energy, respectively, is number density of species

a; the electron energy density is definednasn.e, 320 -

where ¢ is the average electron energy, anEIJ i
o LI (V)
coincides to the accuracy of a factor of 2/3 with
electron pressurep is electric potentialS, is the 280
rate of production of particles of specieper unit
time and unit volumesS is the rate of loss of
electron energy per unit time and unit volume due t240
collisions; F, =-eJ [E is the rate of gain of

electron energy per unit time and unit volume due t
Joule heatingD, is diffusion coefficient of species 200
a in the gas of neutral atomB, is the so-called
electron energy diffusion coefficient, is mobility
of species: in the neutral gas of atoms, is the so- 160
called electron energy mobility.

The kinetic scheme is as follows. A single
representative excited state for argon is constblere 10 100 .1000_2
which includes all excited states in theanifold. J (Am)

Higher-order excited states are assumed to dedagure 1: CDVCs of the 1D mode. p = 30Torr,
instantly into a level within the s4 manifold. N =0.5mm. Solid: detailed model. Dashed: basicehod
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described by the 1D mode for xenon under the sarskould be higher than in xenon and argon due to a
conditions, computed by means of the basic modeigher ionization potential.)
[2] and a detailed model [7] which is similar teeth  If product of pressure and interelectrode gap is
above-described one for argon. For both argon aimtreased sufficiently, a falling section of the \GD
xenon, the CDVC obtained in the framework of th&ill appear. An illustration is given in figure &
basic model is similar to the one obtained in ththis figure the calculated CDVC of the 1D mode in
framework of the detailed model. the framework of the basic model for argon is
In addition to the 1D solution shown in figure 1shown for a pressure of 75Torr and for the same
the considered problem may admit multidimensionahterelectrode gap of 0.5mm. The pressure was
solutions, describing self-organized spot patteims. chosen such that the falling section of the CDVC
the case of xenon, the modelling in the frameworttecreases by about 15% of the breakdown voltage,
of the basic model for the same pressure, the saag it does in baseline calculations for xenon at a
interelectrode gap, and discharge radis).5mm pressure of 30Torr and the same interelectrode gap
[2-4] has indeed revealed two 2D modes anaf 0.5mm.
thirteen 3D modes; at least three 2D modes exist Also shown in figure 3 is a CDVC calculated for
under the same conditions in the framework of lelium in the framework of the basic model for the
similar detailed model for xenon [7]. Each of theseame interelectrode gap. The pressure is set &mual
multidimensional solutions branches off, or joins530Torr; a falling section of the CDVC is present
the 1D solution shown in figure 1 at two statefor this pressure with a decrease of about 15%ef t
(bifurcation points), both positioned on the faljin breakdown voltage.
section of the CDVC. Bifurcation analysis has shown that at least five
In the case of argon, however, the CDVC has maultidimensional modes exist for each plasma-
falling section; a feature characteristic of amroducing gas (argon and helium) under conditions
obstructed discharge. This suggests that theraareof figure 3. Bifurcation points where the first and
multidimensional modes bifurcating from the 1Dsecond 3D modes (the one with a spot at the
mode in microdischarge in argon. It has begperiphery and the one with two spots at the
confirmed by bifurcation analysis performed ageriphery opposite each other) branch off, or join,
described in [17] in the framework of the basithe 1D mode are shown in figure 3. One can see that
model that the latter is indeed the case. Thesdtses modes with spot patterns do occur in plasma-
represent a quite clear indication that conditiohs producing gases other than xenon provided that the
argon microdischarges are not as favourable for tkhenditions are right.
appearance of spot patterns as conditions of The above-mentioned calculations were
microdischarges in xenon. performed neglecting neutralization of the charged
The difference between CDVCs of the 1D mode
for xenon and argon can be understood by Q., (1020 m?)
comparing cross sections of elastic collisions 5g—
between electrons and the atoms. These cross
sections are shown in figure 2 for the values of
average electron energy of interest. Also shown are 40—
cross sections of elastic collisions between adestr
and helium atoms. The fact that the cross section o
elastic collisions between electrons and atoms is 30
larger for xenon than for argon is the reason viley t -
discharge in argon is obstructed under the
conditions considered: since the mean free path of 20
electrons in argon is higher, the ionization .
coefficient of argon saturates at discharge cusrent 10
lower than in xenon for the same product of pressur
and interelectrode gap and the discharge in argon
operates on the left-hand side of the Paschen curve g
Thi_s effept should be even more pronoun_ced for 0 4 8 12 16 20
helium, since the corresponding cross sections are e (eV)
even lower than those of argon. (Note that thEigure 2: Cross sections of elastic collisions et
average electron energy in a helium glow dischargectrons and neutrals as a function of electramgn
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U (V) argon microdischarges with a larger radius and
425401 _,bg\ higher pressure than in [6].
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