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Plasma ionization and sustainment mechanisms in capacitively coupled plasmas (CCP) are 

investigated using phase resolved optical emission spectroscopy (PROES) and particle-in-cell (PIC) 
simulations. Heating mechanisms in these discharges have long been a major topic of intense research 
with still many unresolved open questions. This has been primarily motivated through their 
importance for plasma processing technologies, in particular the semiconductor industry. 
Understanding these mechanisms is vital for future development. Due to the complex nature of the 
mechanisms sophisticated diagnostics with high spatial and temporal resolution are required and are 
only recently available through modern technology. The operation regimes of the discharge are 
mapped, clearly illustrating the different sustainment mechanisms. At higher pressure secondary 
electrons sustain the plasma in gamma-mode. As the pressure decreases the discharge turns to alpha-
mode and at the low pressure operation limit of the discharge rather complex mechanisms govern 
plasma ionization. Very good agreement between experiment and particle-in-cell simulations is 
observed in this regime. Figure 1 (a) and (b) shows the spatio-temporal excitation and ionization in 
the experiment and simulation, respectively in a 2 MHz neon CCP at 2 Pa . The electron dynamics is 
observed to be governed by both the expanding and contracting sheath and also through complex 
wave-particle interactions depending on conditions. Interestingly, a so-called field reversal, usually 
associated with hydrogen or electro-negative plasmas, is observed in this noble gas discharge as the 
sheath collapses (100 ns) toward the electrode. Electrons are energized through both the advancing 
and retreating electric field of the rf sheath. Associated interaction of energetic sheath electrons with 
thermal bulk plasma electrons drives a two-stream instability also dissipating power in the plasma. 
This can be observed as a series of oscillations at the sheath edge starting around 200 ns. Such 
discharges can provide an opportunity for more detailed fundamental laboratory investigations of 
non-linear wave particle interactions. 
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