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Inductively coupled radio frequency (ICRF) discharges have been widely applied in

plasma processing of material surfaces. Beside the plasma processing parameters,

e.g., pressure and RF power, the most important plasma parameters electron density

and temperature or the electron energy distribution function, respectively, are of great

interest. Furthermore, the density of negative ions and metastable oxygen molecules,

e.g., the O
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), and the gas temperature have to be studied using comprehensive

diagnostic methods. The Langmuir probe technique, the Gaussian beam microwave

interferometry (160 GHz), the optical emission and VUV absorption spectroscopy,

respectively, were applied to study the transition from the capacitive (E-) to the

inductive (H-) mode of a planar ICRF discharge at 13.56 MHz. The phase resolved

optical emission spectroscopy provides information about the electron heating

mechanisms during the mode transition. In particular, the E-mode with low electron

density and high electron temperature is characterized by the heating during sheath

expansion and electric field reversal during sheath collapse. The strong field reversal

reveals high electronegativity in the E-mode. With increasing RF power a continuous

transition into the H-mode with two heating phases within the RF cycle was observed.

In the H-mode the electron density continuously raises over two orders of magnitude

with increasing RF power, whereas the electron temperature drops from about 6 to 3

eV. Simultaneously, the gas temperature and the density of metastable oxygen

molecules increase by a factor of about two. In the early afterglow of the pulsed ICRF

discharge an electron density peak is observed within about 50 µs, which is a result of

the collisional detachment of negative ions by metastable oxygen molecules. Taking

into account the corresponding negative ion density the electronegativity (n
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) in the

H-mode is reduced.
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