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Ve have performed extensne measurements m capacrimvely coupled radio-frequency discharges.
producmg MN-CH; plasmas for methane concentrations between 0% and 10%6. These dusty
plazmas are well characterized by momtormg the evolation, with the methane concentation of the
electron density, the self-bias voltage, the coupled powsr, and the spectral hne intensity of 2
pumber of opiical fransbons. The plasma properhes exlibet drashe changes that are found
corelated wath the dust producton regime.

Introduction

The mferest m N,-CH, capacitively coupled radio-frequency discharges (cerf) has grown in recent
years due to its potential to sinmlate. at laboratory scale. the atmosphere of Titan In particular, the
large amount of dusts and precipitates produced by these plasmas are of great interast to planetology,
miven their analogy with the tholires found in Titan's atmosphere [1].

Experiment
This work reports an extenzive study of these plasmas, performed in the PAMPRE expenment at

the TATWMOS laboratory. The Expenmmtal setup 15 thoroughly descnibed in [1-2]. The discharge is
droven by an of power generator, nmming at 13.36 MHz, coupled to an asynumetric parallel-plate
cylindrical reactor through an impedance matchm.g box. Both the rf-applied voltage I, and the de-self-
bias voltage T, were measured. in addiion to the effective power coupled to the plasma 7, (obtained
by using the subtractve methed [3]), and the electron density n, (obtained by micro-wave rescnance
frequency shift [4]. usmg the TM,,, cawvity moede) Optical emussion spectroscopy (0OES)
measurements were performed upon the second positive and the first negative systems of ;. as well
as upon the violet CN bands.

Measurements were carmtied out both at constant Iy and at constant generator power, beaning in
nund that the applied voltage 15 an mput parameter to simdations [3], whereas the coupled power is
the key parameter controlling the experiment.

Results

Figure 1 presents measirements, at constant Jr and at constant generator power, of the electron
denzity (accuracy of 4x10" m™) and of the absolute value of I, as a fimction of the methane
concentration. For the measurements at fixed power, one nofices a sudden drop in the values of both »,
and |V,.|. when the gas composition goes from pure IV, to a mixture containing 1% of CH,. At constant
power [see figure 1(b)], after the mitial drop the electron density and the self-bias voltage mcrease
with the concentration of CH,, becoming similar to those observed in pure N, plasmas for mixtures
containing 7-8% methane. The decrease of these two quantites from the pure W, values 13 well
comrelated with the vanation of dust production efficiency as a fimction of CH: concentration [6]. At
constant 17, however, [see figme 1(a)] the effect of dust is somewhat masked by the fact that the
experiments were ran by varying the generator power, in order fo mamtain the desired Py

This behavior can be confirmed in fimwe 2. Here, one observes that: (1) the coupled power must
mitially increase [see fimume 1(a)], to compensate for the drop in the applied voltage [see figure 1(b]]
due to the formation of dust; (1) for CH, concenfrations above 1%, W, decreases to ensure a constant
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T [ fizure 1(a)], since the applied voltage tends to ncrease with the admixture of methane, at
constant power [see figure 1(B]].
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Fiz 1: Electron denuty (sobid lmes) and self-‘baas wvoltage (dotted), as a fimchion of the CH,
concentration. at: a) fixed = 220 V and three different pressures (w-0.50 mbar; #- (.77 mbar; k-
0.98 mbar); b} fixed 30%W genarator power and 0.9 mbar pressure.
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Fig 2: 3} Effective power coupled to the plasma, as a funchon of the CH, concentration, at fixad
V=220V and thwee different presswes (m-0.30 mbay;#-0.77 mbar; &-0.98 mbar); b) Apphed
voltage, s funchion of %o CHy, at fixed 3 W genarator power and 0.9 mbar pressure.

The paper will also present and discuss the OES meamwements performed for the different operating
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