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In low pressure capacitive radio frequency discharges two mechanisms of electron heating play a

major role: i) Ohmic heating due to collisions of electrons with neutrals and ii) stochastic heating – often

referred to as Fermi heating – due to momentum transfer from the oscillating sheath. Various models

have been proposed in order to study electron heating phenomena in capacitive discharges [1, 2, 3, 4].

These models do not account for non-sinusoidal radio frequency currents due to self-excitation of the

plasma series resonance [5, 6, 7]. An experimental study of an rf discharge observed that harmonics

were enhanced at the series resonance [8]. Recently, analytic calculations of enhanced ohmic electron

heating due to nonlinear series resonance excitation have been described [9, 10].
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Figure 1:Ohmic (top) and stochastic (bottom) dissipation power and for cases with (solid line) and without

(dashed line) the series resonance effect.

In this work we observe significant enhancement of both ohmicand stochastic heating of electrons

due to the series resonance effect. We use a nonlinear model, which self-consistently takes into account

the DC bias voltage across the sheath, to calculate ohmic andstochastic heating for varying gas pressure.

In order to study the effect of the plasma series resonance on the heating we distinguish between two

cases: The “fast” dynamics where the plasma series resonance is excited and the “slow” (or quasi-

stationary) dynamics, where the self-excitation of the plasma series resonance is switched off.
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Figure 2:Total dissipation for cases with (solid line) and without (dashed line) the series resonance effect.

We incorporate stochastic heating by using the so-called “hard wall” model proposed first by

Godyak [1]. At lower pressures, the series resonance can enhance both the ohmic and stochastic heating

by factors of 2 – 4, with the ohmic heating tending to zero as the pressure decreases. We argue that

the nonlinear plasma dynamics (i.e., resonance effects) has to be taken into account in order to describe

quantitatively the heating mechanisms of electrons in capacitive radio frequency discharges [11, 12].
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