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Abstract—Multiple complex space-charge structures in un-
magnetized low-temperature plasmas arise from ionization 
phenomena near additional negatively or positively biased elec-
trodes or due to local constraints. Because of their usually 
spherical form, such structures are called fireballs. If they ap-
pear inside hollow grids, they are called inverted fireballs or 
plasma bubbles. The temporal evolution of such structures is 
often accompanied by strong plasma instabilities. The dynam-
ics of complex space-charge structures have been investigated 
by using single spherical grid cathode with an orifice. Lang-
muir probe and optical emission spectroscopy were used to di-
agnose the structures. Measurements delivered the axial pro-
files of the plasma potential, electron temperature and density, 
and the densities of excited atoms and ions, that confirmed the 
formation of a fireball in the region near the orifice (also evi-
denced by visual observation). Inside the grid, a plasma bubble 
has developed, with a high ion density inside due to the hollow 
cathode effect. Information on the nonlinear dynamics of the 
complex space charge structures was obtained from the analy-
sis of the oscillations of the discharge current.

Keywords—fireball, plasma bubble, hollow cathode, oscilla-
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