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Transition mechanism of the density jump to high-density helicon plasma
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In helicon discharge, abrupt jumps in plasma density, so-called density jumps, are observed as the input power is increased.
The transition from a low-density (1917 m~2) to high-density (16°—2° m—3) plasma is considered to be transition process
from Capacitively Coupled Plasma (CCP) to Helicon Plasma (HP) through Inductively Coupled Plasma (ICP). The density
jump observed in the ICP production process is known to be the transition from CCP to ICP. However, there is an unclear part
in the density jump from the low-density region to the high-density HP. In the low-density region, the electric field consists
of the capacitively-coupled component near the antenna, and the inductively-coupled components of the TG (Trivelpiece-
Gould) wave which is excited near the antenna and the Helicon wave which penetrates in plasma within its skin depth. The
gualitative evaluation of the contributions of these components in the power absorption has not yet be done, and it is unclear
whether the low-density plasma is generated by the capacitively coupled component or the inductively coupled component,
or the coupling of these components. In practical, it is important to clarify the necessary condition and the trigger for the
density jump from the low- to high-density HP by identifying the generation mechanism of the low-density plasma.

By using 1D model assuming axial uniformity, we have shown previously that the density jump in the high-density region
from 1.0<10° m~3 to 2.5:10'"” m—3 is caused by the axial mode transition of helicon wave, which quantitatively explain the
experimental results. However, when a low input power is applied, the equilibrium state for the low-density redfon' ("10
m~3) is not reproduced by the inductive coupling alone (Fig. 1). Therefore, the process of density jump from the low-density
to high-density region ("16—2° m~3) remains unclear. The spatio-temporal evolution and the trigger of the transition process
to the high-density HP needs to be clarified for the practical use of HP. In this study, the capacitive coupling component of
antenna is included in our model to investigate the density jump from the low- to high-density region. 2D model has also
been developed to make comparison with the 1D model.
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