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Oxygen discharges are scientifically and industrially interesting owing to chemical properties and
physical effects. These latter are mostly due to the presence of negative ions affecting the plasma
boundary in front of the surface to be processed. In this contribution we use particles levitating in the
Oxygen plasma sheath as a diagnostic of the intermediate positions in the sheath between the plasma
and the solid surface. The experimental results for three particle sizes are compared with the theoretical
levitation force obtained by the modelling of the electronegative plasma sheath and the charging of

particles in it.

EXPERIMENTS

The plasma was generated by radiofrequency
excitation, 13,56 MHz and 300 V (peak-peak) of
the upper of two parallel plane electrodes, the lower
electrode was grounded with an external ring biased
at—5 V to confine electrosta-tically the particles.
These were illuminated by laser-light spread in a thin
vertical layer and filmed by a video camera at 90°.
Melamine-formaldehyde particles, of diameter
6,81; 3,42 and 1,29 mm were injected in the
plasma through a fine mesh from a dispenser at the
side edge of the plasma. The experimental
arrangement can be found in [1]. Fig. 1 shows the
particle position above the electrode. In the
intermediate range of pressure 17 <p <70 Pa the
particles remained in the equilibrium position only
for a time of the order of about a minute. In this
range two, semi-stable, clearly separate equilibrium
layers were detected.
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Fig.1. The particle positions above the lower electrode
with respect to pressure. There are 2 layers for each size
of particles (1,29; 3,4 and 6,8 pum) above 20 Pa.

LANGMUIR PROBE

Langmuir electric probe measurements allowed us
to derive the plasma parameters. A W probe,
87,5 mm radius and 3 mm long, was inserted from
a lateral port and, being slightly bent, could be
rotated to scan the space between the electrodes.
The probe was RF actively driven with compen-
sation on the funda-mental frequency and the second
harmonic. When the electronegativity of the discharge
is required great care must be taken in the data
acquisition. The I -V characteristics were averaged
on 1000 ramps and the obtained second derivative
graphs could be ave-raged further over 5 sets of
measurements. Oxygen gas was constantly
introduced in the chamber and the flow rate was
increased until the Langmuir probe characteristics
were found time independent. The curves were
analysed to derive the electron tempe-rature from
the electron retardation part of the characteristic and
the electron density from the current at plasma
potential. The electronegativity of the discharge, o
=n /n, was obtained by the equation
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where M and m are the mass of ion and electron, V
is the voltage, V is the space potential. | ”and 1 ”
denote the second derivative of the current to the
probe in arange where it is clearly attributable res-
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pectively to electrons and negative ions. The distri-
bution of electrons and negative ions are clearly iden-
tifiable only for p <20 Pa, see for example fig. 2.
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Fig. 2. The second derivative of probe current at P = 5,6 Pa.

The 2 peaks shape is caused by the presence of negative
ions.

We will have some error in evaluating the areas
in the range in which they overlap but this method is
valid for any distribution and not sensitive to the value

of the negative ion temperature or to collisions. Some
data are given in tabl. 1.

Table 1
P(Pa)| T,eV) | n(m?) o n (m?) derived
5,6 23 4,7-108 23 1,1-10%
19 27 8,5:1013 25 1,0-10%
39 33 1,4-10" - -
SIMULATION

From the particle levitation position, fig.1 and the
Langmuir probe results we deduce that for pressures
above 20 Pa collisional effects are important. These
effects are not dealt by the collisionless model pre-
sented in [2] so we have tried to explain the experi-
mental results by numerical simulation. We used the
fluid Siglo-RF code (Kinema) [3] for a symmetric
RF discharge in O,, the gap between electrodes
being 30 mm, the gas pressure p = 6,6 Pa and
49,5 Pa, and the amplitude of RF voltage U
» = 300 V. We obtained the time-averaged profiles
of n,n,n (negative ions), see fig.3 and the
electric field and potential, see fig. 4. Particularly
interesting is the peak in the electron density at
39,5 Pa, at about 2 mm from the electrode, due to
the radiofrequency. We would expect this peak to
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Fig. 3. Time-averaged profiles of electron, positive and
negative ions densities at P = 6,6 and 39,5 Pa.
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Fig. 4. Time-averaged profiles of voltage V and electric
field E at P=6,6 and 39,5 Pa.

be even larger in an asymmetric discharge as in our
experiments. The values of o that can be deduced
from fig. 3 are somehow higher than the expe-
rimentally derived. In plasma environment, with an
isotropic distribution of ions, the charge of the
particles is calculated using the vacuum appro-
ximation, Q = 4me r V, with V| the floating
potentials, derived from:
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Instead for directed ions we have used the following
eq.

n.e /2;—[\T"| 1+% =4ne /2nm expl| — ’V ‘
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Fig. 5. Levitation forces for particles of three sizes from plasma and sheath solution. The horizontal lines define the

weight for each particles size.
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Here all V are negative numbers, V is measured
from plasma and V, is measured from the local V.
If collisions are important V should be replaced by
the drop of voltage on the last m.f.p. We have used
M_ =16 and M.=32.

The levitation force and the weight of the particles
are shown in figs. 5 and 6; the lined curves cor-
respond to the sheath solution (eq. 3). The theoretical
equi-librium position of the particles is indicated by
the crossing of the weight line with the respective
levitation force. The larger and medium particles
have almost coinciding equilibrium position while the
smaller particles are clearly in the range where the
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JIEBITAIIA YACTUHOK Y O, TVIA3MI

B.M. Aunaparone, T. AHTOHOBA, B.A. JlicoBchKuid,
I.M. Tomac, I.E. Mopdinia
Po3psaam B KUCHI TPECTABISIOTH HAyKOBHUH 1 TEXHOJIOT14-
HUI iHTepeC 3aB/SIKHA XIMIYHAM BIaCTUBOCTSIM Ta (Di3MIHAM
edexram. [IprarHOIO IIHOTO € HAsIBHICTH HETaTHBHIX 10HIB,
110 BIUIMBAIOTH Ha TPaHUIIIO IIa3MH Iepex 00pobioBa-
HOIO ITOBEPXHEI0. Y aHii poO0Ti BUKOPHCTOBYIOTHCS Yac-
THHKH, SIKi JICBITYIOTh B IIPHEIIEKTPOJHOMY IIapi KHCHEBOT
IJIa3MH K JIarHOCTUYHHAN 3aci0 I MPOMIKHHX TOJ0-
JKeHB Yy IIapi MiX IDIa3MO¥0 1 TBEpI0I0 TIoBepxHero. Excrre-
pUMEHTAaNBHI Pe3yNbTaTh IS TPHOX PO3MipiB YaCTHHOK
TTOPIBHIOIOTHCA 3 TEOPETUIHOIO CHIIOIO JIEBIiTAIii, OTpHU-
MaHO{ 32 JOIIOMOT'0I0 MOJIEIIIOBAHHS [Ia3MOBOTO LIapy B
SJIEKTPOHEraTHBHOMY Ta3i Ta IpoIecy 3apsikid B HhOMY
YaCTHHOK.

plasma solution applies (eq. 2). We cannot see the
double equilibrium position as in fig. 1. This may be
attributed to the nonsymmetric set-up of our
experiment or to some approximation of the code.
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JIEBUTALUSA YACTHULL B O, IVIASME
B.M. Aunaparone, T. AHTOHOBa, B.A. JIncoBckuii,
I'M. Tomac, I.E. Mopduin
Paszpsabl B KuCHOpoAe NpeaCTaBISIOT HAYyYHBIH U TEX-
HOJIOTHYECKUH HHTEpec Oarogapss XUMUIeCKUM CBOUCT-
BaM U prznaeckuM dpdexram. [IprauHoN 3TOTO SBIIETCS
HaJIM4HEe OTPULIATEIIbHBIX HOHOB, BO3/ICHCTBYIOIMX Ha Tpa-
HUITY TUTa3MEI Iepe 00padaTbiBaeMoi MOBEpXHOCTHIO. B
JaHHO padoTe NCTIONB3YIOTCS YaCTHUIIBL, TIEBUTHPYIOIIHEC
B [IPURJIEKTPOJHOM CJIO€ KUCIIOPOJHOM IIa3MBbI KaK JHar-
HOCTHYECKOE CPEJICTBO IJISI TPOMEKYTOTIHBIX MOIOKEHHIH
B CJIO€ MEXY TTIa3MOI1 M TBEPIOH MOBEPXHOCTHIO. DKCITe-
PUMEHTAJIBHBIC PE3yIbTaThl VI TPEX pa3MEpPOB YACTHI
CPaBHHUBAIOTCS C TEOPETUUECKON CHIION JIEBUTALIUH, TIOJTY-
YEHHOH C TIOMOIIBIO MOJIEITMPOBAHUS IIIA3MEHHOTO CII0S
B DJIEKTPOOTPHLIATEIIFHOM I'a3e U MPoLecca 3apsSaKH B HEM

YaCTHII.
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