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Influence of the antenna resistance on the rf inductive discharge transition from the mode with the  low electron density to the mode with the high one

K.V. Vavilin, I.F. Kerimova, E.A. Kralkina, V.B. Pavlov, A.A. Rukhadze, V.P. Savinov
Physical faculty of MSU, Moscow, Russia
The RF inductive discharge is known /1/ to be ignited and sustained under low RF generator power PGen in the capacitive mode. After PGen reaches definite threshold value the abrupt transition to inductive mode with high electron density takes place. In some cases the hysteresis of plasma parameters on RF generator power occurs within the transition area. A number of physical reasons of  hysteresis appearance is discussed in [11. The hysteresis origin   is shown [1] to be related to the nonlinear effects in the discharge power balance equation. The present paper is devoted to the revealing of one more nonlinear effect that also gives rise to the hysteresis. The experimental set-up and experimental procedure are described in details in [2].

Fig.1 shows variation of plasma radiation intensity under increase and decrease of the RF generator power. The experiments were conducted with antennas having different effective resistance under same experimental conditions. One can see that the increase of the antenna resistance leads to the shift of the location of the discharge transition from the mode with low to the mode with high electron density as well as to the hysteresis appearance in the transition area. 

Mathematical simulation showed [2], that the physical reason of the hysteresis appearance was the nonlinear dependence of the power absorbed by plasma on the RF generator power. This is the consequence of the nonlinear dependence of the plasma equivalent resistance on the electron density. The effect reveals itself under conditions when plasma equivalent resistance is less than the antenna one. This conclusion was confirmed by the experiment where in addition to RF power the DC power was coupled to the discharge. The electron density and equivalent plasma resistance ( not usual its resistance ) increased. This resulted in the disappearance of the hysteresis. 
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