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Ion flows from area of beam plasma discharge at low magnetic field – physics and application 
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An effect of formation in beam plasma discharge of an ion flow spreading on a normal from a discharge axis with energy, much exceeding a thermal energy of electrons, was detected in [1]. With the purpose of learning a nature of the effect a numerical simulation of dynamics of beam instability development in a bounded volume of plasma at a low magnetic field is carried out. The simulation is performed by means of the “Karat” code [2]. Is shown, that in such system in area occupied by an electron beam highly non-equilibrium plasma with mean energy of electrons reaching hundreds of eV is formed due to accumulation of HF field. The acceleration of a flow of ions on a normal from an axis of a system is a consequence of presence of a potential gradient between area with high level of microwave oscillations and peripheral area of plasma. Essential result of numerical experiment is stochastic behavior of excited oscillations at temporal development. It is possible to guess, that the heating of plasma electrons observed in these numerical experiments using a model of collisionless plasma, is determined by the mechanism of collisionless attenuation of stochastic oscillations.

For verification of conclusions of the numerical experiment the measurements of a velocity distribution function of electrons escaping area of discharge to its collector, together with energy distribution of ions which are running out from discharge on a normal from an axis are carried out. The effect of essential heating of electrons of plasma in paraxial area is detected in those regimes, when the acceleration of ions is observed. The effect of accumulation of a field of regular oscillations in the region of injection of a beam as well as their stochastisation in process of propagation along the axis of system are detected. The results of physical experiments qualitatively correlate with the data of the “Karat” simulation. 

The analysis of the physical mechanism, which is responsible for effect of generation of a flow of ions, has enabled to determine a way of effective control of the flow energy and density. In the report the capability of change of mean energy of an ion flow in range from 20 up to 70 eV with increase of its density by the order is demonstrated.

Possible application of the effect is a novel plasma processing reactor for treatment of materials used in electronics engineering. In particular, here information is represented on approbation of a technology of soft etching of AlGaAs barrier layer of semiconducting AlGaAs/InGaAs/GaAs heterostructure, used for manufacturing of pseudomorphic high-electron mobility transistors (p-HEMT.
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