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Striation enhanced non-local collisional heating in
capacitive radio-frequency CF4 plasmas
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Abstract

We investigate the mechanism of the enhanced electron non-local collisional heating process in radiofre-
quency (RF) CF4 capacitively coupled plasmas (CCPs) operating in the striation mode. Particle-in-cell/Monte
Carlo collision (PIC/MCC) simulations are conducted under an RF voltage amplitude VO of 300 V, a CF4 gas
pressure p of 60 Pa, a gap d of 2 cm and driving frequencies f within the interval of 6.78 MHz to 27.12 MHz, pre-
senting a discharge mode transition from the striation mode to the drift-ambipolar (DA) mode. We show that
in the striation mode, the mean electron energy ee within the bulk plasma exhibits a striated profile with high-
energy peaks. A comparative electron heating analysis reveals that non-local collisional heating dominates
the formation of these high-energy peaks in the striation mode, whereas its contribution to the bulk plasma
produced by the DA-mode discharges is negligible relative to that of Ohmic heating. A further investigation
conducted using a collisionless test particle analysis demonstrates that low-energy electrons can be trapped in
the bulk plasma of striation-mode CF4 CCPs, triggering multiple rebounds among the striations. High-energy
electrons are not trapped but rather undergo periodic acceleration and deceleration during transport through
the bulk region in the striation discharge mode. These findings support the critical role of striations in enhanc-
ing the non-local collisional heating process in CF4 capacitive RF discharges operated in the striation mode.
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