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Surface waves have attracted much interest in the context of production and heating for processing plasmas.  The many earlier studies on the surface waves in processing plasmas assumed that plasmas were spatially uniform.  However, the realistic processing plasmas are at least non-uniform near the quartz plate window for incident microwave transmission and the metallic wall.  The non-uniformity of plasma density near the quartz plate window has been observed by recent several experiments.  

In this paper, we study surface waves in cold cylindrical plasmas having a non-uniform density profile.  In this case, we have to encounter the problem of so-called plasma resonance.  The wave equation describing the transverse-magnetic (TM) surface waves becomes singular on the plasma resonance surface where the wave frequency  is equal to the electron plasma frequency pe when there are no collisions.  This singularity leads to wave-phase mixing and then causes the damping of the TM surface waves.  This phenomenon is the same as the resonant absorption problem of p-polarized electromagnetic waves with oblique incidence in inhomogeneous plasmas.  We here introduce collision frequency to avoid the singularity due to plasma resonance, as the collision is not negligibly small for processing plasmas.  We find the eigenfrequencies and eigenfunctions for the pure and hybrid modes of the TM surface waves in axially non-uniform collisional plasmas.  And then we show that the axial eigenfunction of the pure surface mode peaks at the position of the plasma resonance layer, on the other hand, that the axial eigenfunction of the hybrid surface mode has two peaks on the plasma resonance layer and on the interface of plasma and quartz plate.  We also analyze the transverse-electric (TE) surface waves in axially non-uniform plasmas, where there is no plasma resonance.  Finally, we consider both axially and radially non-uniform collisional plasmas, and perform 3-dimensional finite difference time domain (FDTD) simulations to analyze the propagation and absorption of electromagnetic waves.  We find the peaking of the wave electric field on the plasma resonance surface, and then we see that the plasma resonance brings the enhanced power absorption of electromagnetic waves.  

