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1 School of Physics A28, The University of Sydney, NSW 2006alais
2 GREMI (Groupe de Recherches sur 'Energétique des Milienisés), CNRS/Université
d’Orléans , 14 rue d’lssoudun, Orléans Cedex 2, France

Abstract

Measurements of electron density decay in the afterglow of dust-freelasty plas-
mas have been performed. It has been shown that the presencd phdices enhances
the electron loss rate. Preliminary measurements on an argon line decaylshatveust

particles quiken the line decay.

Introduction

Recently the decharging of dust particles in complex plasieagdw raises interest as well
as the dust particle residual charge [1, 2]. Indeed it has bbserved that dust particles do keep
residual electric charges when the power of a RF dischargened off. Moreover, negatively
charged, neutral and positively charged dust particles baen observed in the late afterglow
of the RF discharge [2]. It has also been measured in pulseshagetylene dusty discharge
that the electron density decay during afterglow phasewslam unexpected behaviour: the
electron starts to increase when the RF-power is switcheledffre decreasing exponentially
[3, 4]. This anomalous behaviour was attributed to the ahgrdecharging of the dust particle.
Consequently, any complementary measurements on plasmaidéedpful in order to under-
stand the dusty plasma afterglow physics. In this paper, uneasnts on the electron density
decay in dusty and dust-free plasmas are reported. We @ed estimation on argon line decay

and preliminary spectroscopic measurements on dusty plasierglow

Electron density decay

A RF discharge is ignited in a grounded 13 cm diameter cyloaditbox. The interelectrode
space is 3.3cm. The system is embedded in a vacuum chamlegyonered electrode is linked
to a RF generator with 13.56 MHz frequency. This electrodehisverhead type in order to
obtain an homogeneous gas distribution in the plasma region
Electron density measurements are performed using th@waee resonant cavity technique.

Two antennas are fixed face to face in the bottom of the plasma be first antenna is linked
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Electron density in Nitrogen (N,) aterglow plasma

Electron density in pure argon (A) afterglow plasa
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Figure 1:Electron density decay in dust-free plasma afterglow.:latjon. Right: Nitrogen

Electron densit in Argon/Methane (AICH,) aferglow plasma Electron density as a function of time in a Argon-Silane (Ar/SiH,) afterglow plasma Electron densiy in Nirogen/Methane (N, /CH,) afterglow plasma
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Figure 2:Electron density decay in dusty plasma afterglow. L&f:Chy. Middle: Ar/SiH,, Right: N, /CHj

to a microwave generator which frequency varies betweerkHXand 4GHz The second an-
tenna measures the signal. When looking for the resonanceswath and without plasma, one
can obtain the electron density [5]. Measurements of thetrele density in afterglow plasma
are performed in two kinds of dust-free plasmas: plasma déomtar gas (\») and plasma of
monoatomic gasAr).

For pure argon plasma, tiAe flow rate is 418 sccm The operating pressure islimbarand the
RF power isRy = 20W. In order to reconstruct the resonance curves, the plasrmpuaed
with ton = 10 sandtys = 30 s. For pure nitrogen plasma, tie flow is rate 435 sccm The
operating pressure is®mbar and the RF power i&y = 40W. The plasma was pulsed with
ton=10sandtyss = 30s.

As it can be seenin Figs. 1, the electron density decreades fasa nitrogen afterglow plasma
(T4 ~ 150 us) than for an argon afterglow plasmgy (~ 200 us).This is due to the fact that for
a molecular gas plasma, losses of charged species are imealdile in a monoatomic gas
plasma, losses are in surface (i.e. diffusion and recortibmanto the walls of the reactor).

To observe the influence of dust on electron losses duringdsedischarge phase, electron
density measurements are performed in three kinds of diessynas.

For Ar/CH,4 plasma, an argon flow rate of 8lsccmand a methane flow rate of®)sccmare
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516.22nm line decay for different dust densl(x’um torr and 5’\,:65 w)
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Figure 3:Left: Comparison of Argon line decay with electron temperatrelaxation. Right: Slope of 516.22nm
argon line decay as a function of the Self-bigs in a dusty plasma

used. The operating pressure id4 inbar and the RF power i®y = 20W. The plasma was
pulsed withto, = 40 sandty s = 80 s. For Ar/SiH; plasma, an argon flow rate of 2@cmand

a silane flow rate of 2 sccmare used. The opperating pressure.i2®nbarand the RF power
is Ry = 10W. The plasma was pulsed with, = 2 s andtys; = 20 s. For No/CH,4 plasma, a
nitrogen flow rate of 4% sccmand a methane flow rate of3lsccmare used. The operating
pressure is @ mbarand the RF power i8y = 40W. The plasma was pulsed with, = 30s
andtysf = 60s.

As it can be seen in Fig.2, the electron density decay timeddeated when dust particles are
grown in the plasma. In bot, /CHy4 plasma and\r /SiH, plasma, the decay time ig ~ 30 us
which is more than five times smaller than for dust free plastha. case ofAr/CH, plasma

is more complicated, a small increase of the electron deissdbserved at the very beginning
of the afterglow which tends to indicate that the decay pedse dependent on the nature of
dust particles. In every cases, the size of the grown dusitjeshas been mesured using SEM

microscopy and wargy ~ 50— 100nm

Spectrocopy of dusty plasma afterglow
The argon line intensity depends on the plasma electrongeatyre. If the electron density

Is sufficiently low the population of excited states of atoamsl ions is due to a balance be-
tween excitation from the ground state by electron colfisiand radiative de-excitation. The
corresponding simplified steady-state collisional raggatnodel describes what is referred to as
corona equilibrium [6]. In order to simulate the spectraklemission from a decaying plasma
an exponential decay of electron temperature has been adsfmom a value off g with an
exponential time constatd: Using as an examplégy = 3 eV andty = 10 us the relative in-

tensities of the two argon spectral lines 516.22 nm and D147 have been calculated. The
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intensities of both transitions fall much more rapidly ther(Fig.3). The excitation energy of
the first excited state of neutral argon is 11.55 eV. This ésltwer level for the 714.70 nm
transition, while the 516.22 nm transition has a slightigtiar lower level of 12.91 eV. Due to
the higher excitation energy of the latter, its intensitysféaster than the other transition, but
the difference is small. Although the ratio of these traosg varies withTe, the rapid fall in
intensities means that it is not a practical electron testpee diagnostic, except in the early
stages of the decay.

Consequently, the decay of the 516.22 nm argon line has beesuneeain a capacitive RF
discharge in which dust particles are grown by sputteringodfmer deposited on the powered
electrode. In Fig.3, the slope of the decay as a functionef&#if-bias voltage of the powered
electrode is presented. As the self bias is inversely ptagoral to the dust particle density, it

can be seen that the more dust particles there are, the tlastéecay is..

Conclusion

The presence of dust particles in a plasma modifies signtficére diffusion of electrons
in plasma afterglow. Consequently the decharging procedasifparticles must be influenced
too. It has also been observed that the nature of dust martiofluences the electron decay
process observing an anomalous electron density increabe ivery beginning of the after-
glow in Ar/CH,4 plasma. Furthermore, the presence of dust particles inlisena enhances the
decay speed of the spectral line indicating that they coalgtan influence on electron tem-
perature relaxation. These results are of great importimdkee understanding of dusty plasma

afterglow physics.
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