
A new mechanism for pattern formation in low-pressure RF plasmas

V. Désangles1, J.-L. Raimbault2, A. Poyé1, P. Chabert2, N. Plihon1

1 Laboratoire de Physique, ENS de Lyon, Univ Lyon, Univ Claude Bernard, CNRS, France
2 Laboratoire de Physique des Plasmas, CNRS, Éc. Polytechnique, France

Self-organization of DC plasma discharges, known as striations, has been reported since the

beginning of the 19th century. Striations are understood as emerging from an ionization insta-

bility due to the non-linear evolution of the ionization frequency as a function of the electron

density [1]. Similar patterns have been reported in radio-frequency (RF) discharges, but the

physical origin remained unknown [2].

Figure 1: Light emission observed in an annular RF

plasma (increasing pressure from left to right, top to bot-

tom) showing modulations of the form eimθ

We recently proposed a mechanism

from a fluid model in which transport

coefficients have been computed from a

0-D kinetic model [3]. In the quasineu-

tral regime, the electron flux Γe and the

energy flux He may be expressed as a

function of the plasma density gradi-

ent ∇ne and electronic temperature gra-

dient ∇Te, with transport coefficients

Da,µe,χe and κe as:
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. When the electron distribution is non-

Maxwellian (as usually observed at low pressures), the off-diagonal terms χe and µe may be

non-zero and unstable regimes may develop when they are negative.

Using a kinetic model [4] for a low pressure Argon plasma, we demonstrated that, at low

pressure, off-diagonal terms may be sufficiently negative to overcome diffusive effects and to

lead to an instability. This model reproduces all experimental features observed in an annular

RF plasma: (1) axisymmetry is broken above a critical pressure, (2) azimutal modulations of the

plasma parameters are observed, with mode number m increasing with pressure, (3) axisymme-

try is recovered at higher pressure (see Fig. 1).
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