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The thrust-to-power ratio is a key characteristic of electric propulsion devices for spacecraft. It can be increased by increasing the ion density of the discharge plasma for a given power. Nevertheless it has been observed in Hall thruster that the ion density does not increase with power beyond a certain threshold. In this paper we study the effect of the secondary electron emission yield from the dielectric wall on the sheath formation in low temperature plasma. Since the electrode and wall sheaths in gas discharge chamber determine the lost of plasma, the ability to control the sheath potential will help to modify the plasma characteristics. We can change the ion and electron energy distribution functions and plasma fluxes on the wall. It was shown in the experiment [1] that the dielecric material with enhanced electron yield helps to decrease the sheath potential. In our simulation we study the sheath structure in the direct current discharge plasma for the experimental conditions [1].
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Fig. 1. Electron density normalized with 108cm-3 for discharge curent je=0.48 mA/cm2, the applied voltage U=90V.


The discharge glow is sustained by the thermo-emission electron current from the heated cathode. As in the experiment [1] we took the plate made from Al2O3. This material  has larger secondary emission coefficient due to the electron  bombardment (, which increases with the energy of incident electron energy. 

In our calculation the chamber has a cylindrical shape with the radius of 20 cm and the height of 50 cm. The radii of the cathode and the plate are 5 cm.  The distance between cathode and plate is 27 cm. The geometry of the chamber is shown in Figs. 1. The cathode is placed at z=5 cm and the plate is at z=42 cm. The discharge glows in argon at pressure P=10-4 Torr. The cathode voltage U is ranged from 60 V to 120 V. The thermo-emission electron current from the hot cathode is je =0.24-0.48 mA/cm2.  
The discharge parameters are calculated with solving the system of equations, which includes the Boltzmann equations for electron and ion energy distribution functions, the Poisson equation for the electrical potential, balance equation for the currents for the plate surface potential. The equations are solved self-consistently with PIC MCC method and the steady-state solution is obtained by the iterative method.
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Fig. 2. Potential distributions over the axis of symmetry for je = 0.36 mA/cm2  for U=60 V (1), 70 (2), 90 (3) and 120 V (4).


In kinetic PIC MCC simulations we have studied the influence of the secondary electron emission yield on the sheath formation near the plate in dc discharge. It has been shown that two types of the sheath appear near the plate depending on the voltage and thermo-emission electron current values (see Fig. 2). The first type of sheath has a large potential drop and its structure is set by the electron and ion currents from the plasma.  The second type of the plate sheath appears when the energetic part of EEDF on the plate becomes reach enough to produce large number of secondary electrons. In this case the potential drop on the sheath is smaller and set by a balance of the electron current from plasma and the secondary electron emission current from the plate. The calculation results and the experimental date are in a good agreement.
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