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MULTIPACTOR DISCHARGE ON A DIELECTRIC SURFACE IN THE SATURATION REGIME
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The process of absorption of microwave radiation by a quasi-steady multipactor discharge on a dielectric surface and the effect of the discharge electrons on the dielectric material have been investigated. The experiments were carried out in an evacuated rectangular waveguide (6 ( 12 cm), in which an Н10 standing mode with a frequency of f = 1.95 GHz was excited. The incident microwave power was varied in the range 0.05(1 MW, and the microwave pulse duration was 1(5 (s. A dielectric sample (a 0.5 ( 1 ( 8-cm LiF single crystal) was placed in the antinode of the electric field of the standing microwave. In the experiments, the incident and reflected microwave powers were measured, the current of electrons onto the waveguide wall in the vicinity of the sample was detected, and the luminescence spectrum of the single-crystal in the visible region was recorded.

It is found experimentally that the development of the electron avalanche in a multipactor discharge excited on a dielectric surface has a threshold in terms of the microwave power. Near the threshold, the electron current onto the waveguide wall increases abruptly with increasing microwave power. When the microwave power exceeds substantially its threshold value, the current increases more gradually with increasing microwave power and remains nearly constant during the microwave pulse. In this case, the glow of the crystal in the luminescence band of the F2 and F3+ short-lived color centers grows linearly with time throughout the microwave pulse, starting from the instant at which the electron current onto the wall is detected. By the end of a microwave pulse with a power of about 1 MW and duration of 3 (s, the surface density of color centers is found to be about 1014 cm2, which corresponds to their volumetric density at a level of 1019(1020 cm(3. The coefficient of absorption of microwave radiation at a microwave power slightly exceeding its threshold value in the regime of electron current saturation is on the order of 1%.

A theoretical model has been developed that allows one to calculate the microwave power absorbed by a multipactor discharge in the regime in which (osc >> (1, where (osc = (eE0/(0)2/2me is the electron oscillation energy in the microwave field and (1 is the energy of incident electrons at which the coefficient of secondary electron emission is equal to unity. Under these conditions, the electrostatic field produced near the dielectric surface by the electron space charge returns the emitted electrons back to the surface over a time much shorter than the period of the microwave field, so that a quasi-steady state corresponding to the instantaneous value of the microwave electric field has time to be established at each instant. In this case, the time-dependent problem is in fact reduced to solving a steady-state problem on the equilibrium distribution of emitted electrons in quasi-steady transverse and longitudinal electric fields that parametrically depend on the time t. The power absorbed by a multipactor discharge has been calculated for different distribution functions of emitted electrons over transverse velocities. For a step-wise distribution function, the averaged (over the microwave period) absorbed power per unit area of the discharge is W ~ (v0/c)W0, where v0 is the characteristic velocity of emitted electrons and W0 is the power flux density of the incident microwave radiation; i.e., the coefficient of absorption of microwave radiation is on the order of ( ~ v0/c. For a Maxwellian distribution function, the absorbed power is on the order of W ~ (vTe/c)W0ln((osc/(1), where vTe is the thermal velocity of secondary electrons; i.e., in this case, the absorption coefficient increases logarithmically with increasing microwave power, ( ~ (vTe/c)ln((osc/(1).
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