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ACCELERATION OF LASER PLASMA IONS IN A MICROWAVE CAVITY

G.N. Grachev, A.E. Medvedev
Institute of Laser Physics SB RAS, Novosibirsk, Russia, e-mail: grachev@laser.nsc.ru
Surface implantation technologies require easy and efficient methods for obtaining ion flows. Traditional implantation methods are based on the acceleration of ions in vacuum and near-electrode layers of a low-pressure glow discharge. At technologically most convenient atmospheric pressures, the transmission of electric energy to ions exceeding the thermal one by their acceleration in a direct electric field is practically impossible. The effect of implantation of particles at atmospheric pressures is observed as a result of the interaction of the laser plasma of an optical pulsating discharge (OPD) with the surface of metals [1]. 

In our work, an attempt was made to use the near-surface laser plasma layer as a source of ions accelerated at atmospheric pressure. For greater efficiency of energy transfer, the plasma was placed in a gap of a bumped capacity of a microwave cavity. The field does not penetrate into dense laser plasma, and all voltage applied to the gap drops at the screening layer (
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- plasma temperature) whose thickness at atmospheric pressure does not exceed the free path length. For a not too high frequency of the external source, when the oscillation amplitude of electrons (
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) is higher than 
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, the electrons will reach the electrode. Then, owing to the semiconductor properties of the plasma-conducting body interface, at the screening layer there will be direct voltage needed for ion acceleration, in addition to alternating voltage. It is well-known that in high-frequency discharge plasma as the gas pressure and field frequency rise, the direct voltage at near-electrode layers drops, and interaction with the surface in the microwave frequency range is not observed. However, for plasma density higher than 
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 at an external generator frequency no more than 10 GHz the condition 
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 is satisfied. It follows from our estimates that in the microwave field the OPD plasma (
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) ions will interact with the surface with an energy up to 100 eV.  

An analysis was made to test experimentally the possibility of obtaining, on the basis of OPD, in gases at atmosphere pressure an ion flow and its further use in the implantation technology. The motion of particles in the plasma layers in the gap with an alternating field was simulated. On the basis of the analysis results, a calculation and design of the toroidal cavity were performed. The cavity was located on the technological head forming a laser beam and a sonic gas flow. The laser plasma layer formed in the cavity is adjacent to one of the bumped capacity plates. The gap between the base and the technological head nozzle is used as such a capacity. The energy input to the cavity from the pulsed microwave generator of a frequency of 2856 MHz and a power of up to 1 kW is synchronous with the laser pulsed radiation. 
The results of the first experiments on combined action of the OPD plasma in the electric field of a microwave cavity on the titanium surface nitriding are presented.
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