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Oxygen discharges are scientifically and industrially intergglue to their chemi-
cal properties and physical effects. The latter are mostytduhe presence of negative
ions affecting the plasma boundary in front of the surface to begseteln this contribu-
tion we use particles levitating in the Oxygen plasma sheahdasgnostic of the interme-
diate positions in the sheath between the plasma and the solid sitiacexperimental
results for three particle sizes are compared with the theadrigtvitation force obtained by
the modelling of the electronegative plasma sheath and the charging dépantit.

Experiments The plasma was generated by radiofrequency excitation, 13.56MHz
and 300V (peak-peak) of the upper of two parallel plane elecirdldedower electrode
being grounded with an external ring biased at -5V to confinerestatically the particles.
These were illuminated by laser-light spread in a thin vétager and filmed by a video
camera at 90 Melamine-formaldehyde particles, of diameter 6.81, 3.42 and 1.29um were
injected in the plasma through a fine mesh from a dispenser silthedge of the plasma.
The experimental arrangement can be found in [1]. Fig. 1 shows tideoposition above

the electrode. In the interme-

diate range of pressure 17 <

o ¥ o o p < 70Pa the particles re-
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In this range two, semi-

5 + 6.8 micron (lower)  m 6,8 micron (upper) —  stable, clearly separate equi-
A 3.4 micron (lower) X 3.4 micron (upper) o .
1 >X'1.29 micron (lower) e 1.29 micron (upper) — librium Iayers were detected.
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Fig.1 The particle positions above the lower electrode witfents allowed us to derive
respect to pressure. There are 2 layers for each size of pghlk plasma parameters. A W

cles (1.29, 3.4 and 6.8 pm) above 20Pa. '
probe, 87.5mm radius and
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3mm long, was inserted from a
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lateral port and, being slightly bent, could

O=19 5“: be rotated to scan the space between the

6—6-5 E electrodes. The probe was RF actively
g 0 ‘: driven with compensation on the
:-1 0. 10 fundamental frequency and the second
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harmonic. When the electronegativity of
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the discharge is required, great care must
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be taken in the data acquisition. The |-V
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Fig.2 The second derivative of probe cur-

rent at P=5.6Pa. the 2 peaks shape is causé&amps and the obtained second derivative
by the presence of negative ions

characteristics were averaged on 1000

graphs could be averaged further over 5
sets of measurements. Oxygen gas was constantly introduced imathber and the flow
rate was increased until the Langmuir probe characterisges found time independent.
The curves were analysed to derive: the electron temperabumnettie electron retardation
part of the characteristic and the electron density from therduat plasma potential. The

electronegativity of the dischargesn/ne was obtained by the eq.
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where M and m are the mass of ion and electron, V is the voltagss, tfie space
potential.| . andI” . denote the second derivative of the current to the probe in a range
where it is clearly attributable respectively to electrand negative ions. The distribution
of electrons (depleted at low energies)and negative ionseadycidentifiable only for p <
20Pa, see for example fig. 2. We relay on the conservation ofdéhe i the unavoidable
instrumental integration. This method is valid for non-Maxwellianrithstions and not

sensitive to the value of the negative ion temperature or to collisions (see table).

P (Pa) Te(eV) Ne(M™) a n.(m™) derived
5.6 2.3 47 10 23 1.1107

19 2.7 8.5 10" 12 1.0 10"

39 3.3 1.410* - -
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Fig.3 Time-averaged profiles of electron, g;

positive and negative ions densities at P=6
and 39 5P;

Simulation From the particle levitation position, fig.1 and the Langmuir probalte we

é; .4 Time-averaged profiles of voltage V and
ctric field E at P=6.6 and 39.5Pa

deduce that for pressures above 20Pa collisional effects are amipdrhe collision-less
model presented in [2] explains the higher equilibrium position for ther uaper in the
intermediate range of pressures, where the ions have not dedpbut fails to explain
the observed double equilibrium position. Collisions are usually dealtiimerical simula-
tion so we have used the fluid Siglo-RF code (Kinema) [3] fomansstric RF discharge in
O, the gap between electrodes being 30mm, the gas pressure p =rgl@P5ERa, and the
amplitude of RF voltage tJp-p= 300 V. We obtained the time-averaged profilesHhn
n, (negative ions), see fig. 3 and the electric field and poteséalfig 4. Particularly inter-
esting is the peak in the electron density at 39.5Pa, at about 2mrnth&aiectrode, due to
the radiofrequency. We would expect this peak to be even larger asyammetric dis-
charge as in our experiments. The values thfat can be deduced from fig. 3 are somehow
higher than the experimentally derived. In plasma environment, witbotmopic distribu-
tion of ions, the charge of the particles has been calculated the&ingacuum approxima-

tion, Q=4reor,Vs With Vi, the floating potentials, derived from
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Instead for directed ions we have used the following eq.

ZGN‘ ‘Vf‘ ‘Vf‘
ne._| ol 1+ f = 4n.e e “Te + 4ne = K- 3
Mi 2mM

Here all V are negative numbersy ¢ measured from plasma andi¥ measured

from the local \. If collisions are important 3/should be replaced by the drop of voltage
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on the last m.f.p. We have used the values of the temperature ang gemaded
by the simulation and M= 16, M=32.

The levitation force, F = EQ and the weight of the partialesshown in fig. 5, the
lined curves correspond to the sheath solution (eq. 3 for the chargepvér&ap continu-
ously to plasma solution (eq.2). The theoretical equilibrium position gigheles is indi-
cated by the crossing of the weight line with the respectitaten force. The larger and
medium particles have almost coinciding equilibrium position in tmgeacovered be
sheath solution while the smaller particles are clearljhenrange where the plasma solu-
tion applies. We can not see the double equilibrium position as in figd nidy be attrib-
uted to the non symmetric set-up of our experiment that may logadpfify the RF en-
hancement of the charge of the particles. Another reason can weddeom the electron/
negative ion densities given in fig. 3 that give a constant valugaifout 100, for the two
pressures. In this case the equilibrium position of the particlesdwiolibw the usual
shrinking of the sheath at higher pressures. In the experimas&aMe observe a stronger
dependence af on the pressure. This research was founded by: Das Bundesnuinister
fuer Bildung und Forschung durch das Zentrum fuer Luft- und Raumfahr{2LR) unter
dem Foerderkennzeichen 50 RT 0207.
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Fig.5 Levitation forces for particles of three sizes from pkasmd sheath solution. Hori-
zaontal lines cefine the weiaht foieach particles si.




