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Inductively coupled radiofrequency (rf)  discharges  can  be operated in  two different 
modes:  at  low  input  power  capacitive  coupling  dominates  which  leads  to  a  low-density 
discharge, called E mode. With increasing power a sudden transition to the inductive regime (H 
mode) takes place which is typically accompanied by a drastic density increase of up to two 
orders of magnitude.

The E to H and the reverse H to E transition usually do not occur at the same set of control 
parameters,  exhibiting hysteresis  e.g.  in  the  discharge input  power  or  pressure  dependencies. 
Currently, the mode transitions and the hysteresis can be explained in terms of power balance 
arguments [1] and power losses in the matching unit [2]. However, these investigations do not 
cover the transition dynamics.

Fig. 1 Evolution of the electron energy probability function during the H to E mode transition, argon,
           0.8 Pa. The enhanced low-energetic part is visible at ~40 µs.

In order to investigate these dynamics experimentally, the input power of an inductive rf 
discharge  is  periodically  amplitude-modulated  (here,  we  confine  ourselfs  to  rectangular 
modulation between two levels  of  power).  Several  diagnostics  are  applied,  aiming at  a  high 
temporal  resolution  to  cover  the  typical  ten-microsecond  timescale  of  the  mode  transitions. 
Langmuir  probe  measurements  show an  enhanced  low-energetic  part  of  the  electron  energy 
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distribution at the onset of both, the E to H and the H to E mode transitions which indicates a 
regime  of  mixed  power  coupling  [3].  As  an  example,  the  evolution  of  the  electron  energy 
distribution during the H to E transition is shown in figure 1. The enhanced low-energetic part is 
clearly visible at the onset of the mode transition.

Fig. 2 Electron density and mean energy during the E to H mode transition, argon, 0.8 Pa. The 
transition starts with an initial slow stage (until ~75 µs).

The E to H transition is characterized by an initial stage of slow density evolution, followed 
by a rapid increase, as shown in figure 2. The slow stage shows a strong variation of the mean 
energy due to the reaction of the electrons on the increased input power.

The results are supplemented by measurements of the electromagnetic fields in the 
discharge and the current and voltage in the induction antenna and interpreted by comparing them 
to a time-resolved global model. The model includes inductive and capacitive power coupling 
and, at the present stage, reproduces the E to H transition dynamics nicely. However, it yields 
slightly differing timescales, probably due to the fact that metastable dynamics have not yet been 
included.
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