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It is well-known that nonlinear hysteresis effects are observed during the reactive magnetron deposition of oxide, nitride and other compound coatings if the content of the reaction gas in the mixture is varied [1]. These processes are of great importance for the characteristics of growing films, since they determine the stoichiometry and deposition rate. As a rule, optical emission spectroscopy is used to control the reactive sputtering processes. However, it is does not provide localized measurements of the ion fluxes of different sorts [2]. For this purpose, corpuscular diagnostics is an excellent choice.
Experimental diagnostics of the component composition of ion fluxes from the discharge plasma were carried out in a setup with a planar magnetron with circular 75-mm-diameter target (Pinch Magneto series). For corpuscular diagnostics, a magnetic sector mass analyzer with a custom extraction system was used [3]. The maximum detectable mass for an accelerating voltage of 1 kV was 140 amu. To increase the measurement sensitivity, a secondary electron multiplier connected to a picoammeter was used as a detector. The mass spectra were measured both in separate dedicated experiments and during the deposition of coatings.
A discharge with Al and Zr targets in Ar and O2 mixtures was studied with different oxygen content in the total gas flow and at different discharge power (100, 200, 300 W). The magnetron was operated either in direct current or in pulse-periodic mid-frequency (100 kHz) power modes. It was observed that an increase of the oxygen content in the gas mixture while maintaining constant total mass flow rate of Ar and O2 leads to a decrease in the fluxes of positive Ar+ ions and metal ions (Al+ and Zr+). An increase in the oxygen flow rate changes the ratio between them towards the prevalence of metal ions. Decrease of Ar+, O+, O2+, Al+, and Zr+ ion currents is accompanied by an increase of the negative O– ion current.
In case of pulsed modes, it is shown that with an increase in the pause duration for a fixed average discharge power, the absolute fluxes of metal and gas ions increase. This effect is illustrated in Fig. 1 for zirconium target.
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Figure 1. Dependence of fluxes of different ions on the duty factor
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