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Nowadays, a lot of practical applications—such as material etching; electric propulsion (plasma
thrusters); material testing under high thermal and plasma loads—demand having efficient sources of highly
ionized metal-free plasma. It could be convenient to utilize commercially available high-power impulse
magnetron sputtering (HiPIMS [1]) technique for this purpose. However, originally HiPIMS is being used
for coating deposition and thus in its conventional form is not suitable for generating plasma free of metal
species. The usage of light working gas (hydrogen or helium) can significantly reduce the sputtering effects
and turn this type of discharge into highly efficient generator of metal-free plasmas.
Depending on operating conditions (including pulse duration), it is possible to transform long HiPIMS
regime (L-HiPIMS) into the non-sputtering low-voltage mode at the same power level. This mode is known
as non-sputtering magnetron discharge (NSMD) [2–4]. Introducing hydrogen or helium into NSMD might
result in high density plasma generation with extremely low cathode material erosion rate.
In this study, the operation of millisecond-scale non-sputtering discharge in hydrogen and helium has
been examined. The pulse duration was around 1 ms, and the maximum pulse power was around 80 kW. The
plasma parameters were monitored with an electric probe. The optical emission spectra from plasma were
recorded synchronously with each pulse by AvaSpec ULS2048 spectrometer. Typical waveforms of
discharge voltage and current together with probe current are presented in Fig. 1.

Fig.1. Discharge current and voltage traces together with probe current waveform (H2, 2 Torr).

The use of the pulsed non-sputtering modes in hydrogen and helium enables achieving non-constricted
plasmas with high density and no traces of optical emission lines corresponding to the species of cathode or
anode materials.
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