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We present recent studies on rotating instabilities in low temperature plasma devices in crossed electric and magnetic field (EXB) configurations. We will focus on the simple geometry of a cylindrical magnetron discharge and will describe the formation of rotating instabilities as predicted by Particle-In-Cell Monte Carlo Collisions (PIC MCC) simulations. 

At pressure in the range 1-10 mtorr, the instabilities are associated with a rotating azimuthal ionization front  “rotating spoke”. The rotating spoke is a strong double layer moving towards the higher potential region at a velocity close to the critical ionization velocity, a concept proposed by Alfvén in the context of the formation of the solar system1,2. The mechanisms of cross-field electron transport induced by this instability will be described in detail.

At pressure below a few 0.1 mtorr, the plasma may be locally nonneutral and the simulations predict the formation of electron vortices that rotate in the azimuthal direction. These vortices may move between cathode and anode while rotating azimuthally, interact and merge. Similar phenomena have been described experimentally by Kervalishvili3 and coworkers and have some common features with vortices observed in  pure electron plasmas and resulting from the diocotron instability.
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