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Introduction

The interface between a plasma and its surrounding sur{aedls, electrodes, substrates)
is formed by a self-organised structure, called the plash&ath. In plasma diagnostics a rel-
atively large uncertainty exists for the determination lu# structure of these plasma sheaths
near the surface. To gain additional insight, micro-sizadiples can be used as electrostatic
probes. Due to electron and ion fluxes in the plasma, theselparacquire a negative surface
charge, allowing for trapping them within the plasma sheAtmultitude of forces act on the
particles, which have been discussed extensively in titeeg1]. The particles will attain an
equilibrium position, where the sum of all acting forces igaes. In our case, the system is
dominated by gravitational and electrostatic forces, &vhgutral and ion drag, thermophoresis
and photophoresis are of minor importance. The levitatetighes react sensitively to changes
in the plasma sheath [2], making them suitable electraegpatibes. This approach has been suc-
cessfully demonstrated in front of the powered electrode adpacitively coupled rf-discharge
[3]. In the present work, we focus on the behaviour of dusingran front of the grounded elec-
trode. We determine their equilibrium position and resaeainrequency, whereby we calculate
the electric field and particle charge. The sheath strudgtufieont of a grounded surface is of

importance in plasma technology for the treatment of sabssurfaces.

Experiment

The experimental setup is shown in figure 1. A typical asymieietapacitively coupled
rf-plasma in argon (1- 10 Pa) is employed to charge the pastighich are spherical melamine-
formaldehyde (MF) particles of 0.5, 1, 5, andul in diameter. The cylindrical reactor vessel
with 40 cm in diameter and 50 cm in height contains two elegso(diameter 13 cm) in a
distance of 10 cm. The upper electrode is rf driven with a payfd0 W. The lower electrode
is a so called adaptive electrode (AE). It consists of 10htidal square segmentsX7 mnt)
surrounded by 4 larger segments and an outer ring electiaad segment can be biased inde-
pendently with dc and/or ac voltage of uptd 00 V and frequencies of maximum 50 Hz. This
arrangement allows distinct local manipulations of thespia sheath to create different static
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Figure 1. Experimental setup (PULVA-INP)

or time dependent forms of horizontal confinement of suspémurticles. An rf-compensated

Langmuir probe was used to measure the plasma parametersnlabove the adaptive elec-

trode as a function of the horizontal position [4]. In depemce on the discharge conditions
we measured electron densities 0P 2.0 cm3, electron temperatures of 0.8 - 2.8 eV, and
plasma potentials with respect to ground of 20 - 30 V for thstipe plasma.

The different ions (A, Ar™*, Ar], ArH*) and their kinetic energy at the grounded surface
were investigated by energy resolved mass spectrometttyelpressure range from 1 to 10 Pa
we observed a higher (about 20 eV) and a lower (about 8 eVyeheion group in the energy
spectrum. This result reflects the transition from a cahsess to a collisional sheath. The main
energy of the higher energetic ion group provides a valuéeéth voltage which corresponds
to the measured plasma potential.

The injected particles were illuminated using a laser at w32 Their position and motion
as well as the total emission of the plasma were monitored &gns of a CCD camera. We
studied the intensity of plasma emission as function of thight above the centre of the AE
to determine the sheath thickness. The intensity profileaisva distinct bend. We defined this
bend as the position of the plasma sheath edge which agrdlesithethe position of 0.5um

MF particles which were levitated at the sheath edge [3].

Results

The equilibrium position of a negatively charged partictearge—q(z)) is determined by
q(z)E(z) = mg, if both drag forces and phoresis effects are neglected tHelenotes the parti-
cle’s masskE(z) andg the absolute values of the electric field at positiand the acceleration

of gravity respectively (cf. figure 2, left). A sinusoidalnagtion of the bias voltage at the central
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Figure 2: Left: Forces acting on a particle within the plasshaath. Right: Dependance of
the resonance frequenay on the equilibrium position for different pressurep and particle
diametersl. The dashed lines are least square fitapE a;z+ ag to the data.

segment of the AE induces the particle to vertically ostllaround its equilibrium position.
For small amplitudes this oscillation is harmonic and thetiplers charge is approximately
constant. Within this approximation of a driven harmonicilstor, the particle’s resonance
frequency at positiom is given byw?(z) = —q(nzf) %E . Combining this equation with the

equilibrium conditionm can be eliminated, and the resulting differential equatembe solved

by separation. Formal integration yields

£ —E©exp] — [ @)l b )
0

Equating the negative integral over the electric field axtbe sheath with the sheath voltage
fixes the value oE(0) at the surface of the AE.

For a further evaluation we need to know the relation betwesanance frequency and equi-
librium position throughout the whole sheath. To get thi®imation we confined single MF-
particles of different diameters above the central segrokttie AE and applied a sinusoidal
voltage of variable frequency to this segment. The frequeviich causes the maximum am-
plitude of the particle oscillation is extracted as the reswe frequency. Experimental data (cf.
figure 2, right) suggests a linear behaviour frof@rhm to the sheath edge for low and moderate
pressuresf < 7.5Pa). Forp = 10Pa, the available data and the assumption of a lineararlat
betweenwy andz agree only poorly. Using a linear ansatz tof in equation 1, we obtained
the electric field in the sheath of the grounded electrodelifterent pressures as presented in

figure 3.
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Figure 3: Absolute value of the electric fiekl as a function of distance from the AE for
different pressurep. Inset: Absolute value of particle chargen units of elementary charge
as a function of particle diametdrfor p =5 Pa.

Furthermore, with the knowledge of the electric field thetipba charge can be directly ob-

tained from the equilibrium condition.

Conclusion

The experiments show clearly that the electric field stme&cttan be determined by means
of charged micro-particle probes also in front of groundeddditionally biased surfaces. To
get further information about the relation between resoadrequency and equilibrium position
closer to the electrode, additional measurements witletgrgrticles, which are levitated lower,

are necessary.
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