Plasma processes controlled by the adjustment of particle and energy fluxes
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The parameters influencing the plasma process were extensively studied and modelled especially for the thin films growth by sputtering techniques [1]. All previous works highlight the importance of the energy flux in the control of the plasma process, its contribution resulting not only in the overall effect as substrate heating but also in the transient and local effects which can have a significant impact on the film properties.
Two significant examples will be given wherein the energy fluxes are controlled in a different manner according to the type of technology being used and the proposed goal. In both cases, reducing the energy is required and this is performed either by a selective polarisation of the electrodes in an inverted cylindrical magnetron or by a power-modulated high-frequency plasma in the sputtering process assisted by microwave dipolar plasma. The resulting effects are discussed on concrete examples in terms of undesirable substrate heating when it cannot be cooled and when it is grounded, or when the substrate cooling in not enough to ensure a fine control of the compound stoichiometry in reactive deposition process. More precisely, one of the examples concerns the deposition on a stainless steel wire surrounded by the sputtering cathode having a much larger surface than that of the former, acting as the substrate, while the energy flux of the impinging particles can readily constitute a limiting factor for the deposition process due to the creeping and failure temperature of the substrate. The second example relates to the magnesium hydrides where the competitive growth between Mg and MgH2, as well as hydrogenation-dehydrogenation mechanisms seem to be very sensitive to the energy brought to the surface by particles (i.e. atoms and ions) during the synthesis process. This suggests that the physical quantities (ion energy, radical fluxes) that are driving the plasma surface interaction must be precisely known and controlled as independently as possible.
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