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Investigation of Transition of Discharge Modes in Radio Frequency Discharge
Used in Plasma Processing

by Atsushi OHSAWA* and Yasuyuki TABATA*

Abstract . Capacitively coupled radio frequency (RF) discharges have been widely used in industrial
applications, e.g., fabrication of microelectronic devices, gas lasers and decomposition of pollution
gases, because the discharges provide higher energy electrons and ions, excited atoms and molecules
and radical species, then they lead to high temperature chemistry at low gas temperature. However,
the understanding of the mechanisms of discharge sustaining and chemical reaction in the process is
not rich. A great deal of knowledge of the mechanisms is essential for optimized and safety control
of the discharges.

In this paper, the electron temperature, the electron density, the electron energy distribution
function (EEDF), the light emission and the DC self-bias voltage in argon RF discharges for
frequencies of 5, 9 and 13.56 MHz, RF voltage amplitude up to 1600 V and a pressure of 0.4 Torr
have been measured to investigate the discharge transition from low RF voltage (a) to high RF
voltage (y) mode. When the transition occurs, these measured characteristics changes dramatically.
The changes show the existence of two distinct discharge modes. Probe measurements showed the
transition was accompanied by a sharp drop in the electron temperature, a sharp rise in the electron
density and a decrease of higher energy region in the EEDF. Optical emission spectroscopy also
showed the existence of two discharge modes which drastically changed in the light emission spectra
and axial distribution of the light emission. In the high voltage mode, it was found that the axial
distribution consisted of the light emissions caused by a direct excitation and a recombination, while
the direct excitation was a main process in the low voltage mode. The DC self-bias voltage as a
function of RF voltage amplitude also changed, when the sheath voltage of the driven electrode
achieved a sustaining voltage for a DC normal glow discharge.

These results emphasize that users of the discharge must pay attention to the distinct different
discharge modes for an optimum and safety control of the plasma processes.

Keywords ; RF glow discharge, « and y modes (discharges), Electron temperature, Electron density,
Electron energy distribution function, Optical emission spectroscopy, DC self-bias voltage.
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Fig. 1 Schematic diagram of experimental apparatus.
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Fig. 2 Electron temperatures and electron densities in
argon as a function of RF voltage amplitude
for different frequencies and a pressure of 0.4
Torr at the center of the gap.
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Fig. 3 Electron energy distribution functions, F(¢), in
argon for different RF voltage amplitude, a
frequency of 5 MHz and a pressure 0.4 Torr at
the center of the gap.
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Fig. 4 Optical emission spectra of argon discharges
for a frequency of 5 MHz and a pressure of 0.4
Torr at the center of the gap,(a)low RF volt-
age(@)mode, 400 V,(b)high RF voltage(y)

mode, 1000 V and(c) DC discharge.
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Fig. 5 Axial distribution of light emission at 419.8
nm, for different RF voltage amplitude, a fre-
quency of 5 MHz and a pressure of 0.4 Torr.
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Fig. 6 Light emission intensity of 4s [3/2]-5p[1/
2] at 419.8 nm as a function of RF voltage
amplitude for a frequency of 5 MHz and a
pressure of 0.4 Torr at the center of the gap.
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Fig. 7 DC self-bias voltage of the powered electrode
as a function of RF voltage amplitude for
different frequencies and a pressure of 0.4
Torr.
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