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The work is devoted to the study of the pulsed high-current diffuse discharge (HCDD) that is a peculiar uncontracted quasistationary form of the magnetron type discharge in crossed electric and magnetic fields. HCDD forms in the working gas pressure range p ~ 10−3–10 Torr. One of the HCDD features — negligible cathode sputtering or electrode material evaporation — caused another name applied to this discharge regime — «nonsputtering impulse magnetron discharge» [1]. This quasistationary regime can be utilized in the plasma reactors for the high-rate thin layer etching as well as in the high-power impulse injectors and plasma accelerators with strongly inhibited electrode erosion.

The aim of our work is to carry out optical diagnostics of the plasma formations in order to classify the pulsed low-pressure (p ~ 10−3–10−2 Torr) gas discharge regimes in the magnetron devices and to determine the conditions for their realization.
Experimental apparatus consists of a pair of axially symmetric electrodes with their surface geometry replicating the cusped magnetic field lines configuration. The magnetic field is generated by two electromagnetic coils where currents flow in the opposite directions [1].

The BIFO K011 9-frames streak optoelectronic camera with a computerized control was utilized to record the processes running in the discharge chamber. This device allows one to obtain the object images with programmable frame duration (0.1–100 μs) and frame-to-frame pause (0.1–100 μs). Synchronously, Avantes AvaSpec-2048x14 spectrometer was used to perform plasma optical emission spectroscopy. The electrical parameters of the discharge (current Id and voltage Ud) were recorded by the Tektronix TPS 2024 digital storage oscilloscope.
Several low-pressure discharge regimes differing in the plasma dynamics and the plasma optical emission spectra were observed and experimentally investigated. The certain discharge form realization depends on the electrical power and the magnetic field configuration.
The experiments were conducted in the discharge chamber in two modifications: 1) with both profiled electrodes and 2) with the profiled cathode only (vessel walls acting as an anode). It is shown that the collection of the pulsed discharge forms is not affected by removing the anode electrode. However in this case both the optoelectronic camera photography and the plasma optical emission spectroscopy allow acquiring more information concerning the processes running in the discharge chamber. It is demonstrated that if distinct glow inhomogeneities occur near the cathode surface (supposedly, arc spots) the plasma optical emission spectrum contains the lines corresponding to the cathode material elements. Otherwise, if the discharge remains uncontracted, such spectral lines are not observed.

The optical diagnostics carried out enabled the visualization of the high-current impulse magnetron discharge to quasistationary diffuse regime transition processes as well as the transition between HCDD and an arc. Such technique also allowed imaging of the plasma filling the magnetic trap during HCDD.

Further experimental studies of the pulsed quasistationary magnetron type discharges include time-resolved measurements of the internal electric and magnetic fields as well as the azimuthal drift currents.
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