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Development of a Heated Probe for Diagnostics of Reactive Plasmas
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Abstract

This paper reports the development of a heated Langmuir probe for diagnostics of reactive plasmas
which are used for various material processing. Diagnostics of reactive plasmas with conventional Lang-
muir probes have drawbacks in that the probe tip is covered with thin insulated films. The tip of the
probe presented in this paper was indirectly heated to 1,000 K to avoid the deposition of insulated films
on the surface. By utilizing a commercial sheathed heater for the probe tip, the probe was constructed
simply and economically. The effectiveness of the heated probe was examined in an inductively coupled
CF,4 plasma. In addition, the F~ density in a helicon-wave CF,4 plasma was measured by the heated probe

combined with laser photodetachment.
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3.2mm ¢, L=110mm
Fig. 1 Schematic of the heated probe.
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Fig. 2 Inductively coupled plasma (ICP) reactor used in the

experiment.

Table 1 Typical values of plasma parameters measured
with and without probe heating for ICP Ar plasma.
lon Electron Electron lon Electron
saturation [ saturation |[temperature | density density
current current [oV] [x10%em™] | [X10%cm™]
density density
[AIm?] [am?)

Without
heating 133 4980 46 41 8.8
With
heating 174 3980 4.4 54 7.0
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Fig. 3 Temperature dependence of voltage-current char-
acteristics in ICP CF4 plasmas.
(The symbols of O~[] indicate the V-I traces with
decreasing temperature gradually from 1,000 K to
890 K. After that, the V-I trace increased in one step
from 890 K to 1,000 K is indicated by the symbol &)
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Fig. 4 Appearance electron density and electron tempera-
ture vs probe temperature evaluated for V-I traces
of Fig. 3.
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Fig. 5 Temporal variation of the positive ion (n+), electron

(ne) and negative ion (n-) densities observed in
the afterglow of a CF4 plasma.
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Fig. 6 Laser photodetachment current (/,q) observed at the

same time as laser irradiation, added to electron
saturation current (/es).
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