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ABSTRACT

A planar one-dimensional particle-in-cdl simulation
with Monte Carlo Colli sions (PIC/MCC) package has
been used to study 1356 MHz argon dscharge
including metastables gedes. Reactions sich as
metastable aeation, ionization from the metastable
state, metastable quenching to resonant level and
collisions between two metastables were taken into
acocount. The dfed of presaure and applied voltage on
the metastable density was examined. At high presaure
and high voltage the metastable profile is gightly
peaked at the sheah edges. At low presaure and low
voltage the metastable profile are rather flat and the
plasma density profile has a peak in the center of the
discharge. The shape of the profile is determined by
mean free path for eedrons and metastables in the
discharge. For high voltage axd high-pressure @ses an
esentid part of the ionization comes from multiple
step ionization and metastabl e-metastable alli sions.

INTRODUCTION

Discharge with inactive gases sich as argon has been
widdy studied since agon can be used in mixtures
with others reactive gases. This kind of mixture have
wide appli cation in materials processng plasmas [1,2].
The metagtable spedes has been considered since once
formed, the metastable densties are often significant
compared to those groundstate atoms, due to their
long lifetimes [3]. Furthermore, the cross &dions for
interactions with the metastable states are cmparable
or higher than to that ones. This work consideres
reactions between two metastable argon atoms and
ionization from metastable state. Metastable particles
ae aeated by ededron collisons and dffuse
themselves through the discharge interacting with the
neutral spedes. They can be destroyed by further
collisions with eledrons or other metastables or by
hitting to the wall s.

In the present work, the planar one-dimensional
particlein cdl simulations with Monte Carlo Callision
package [4] is used to study a 1356 MHz rf argon
discharge including metastable species. The dfed of
pressure and applied voltageis also verified.

MODEL

In the smulation it is asaumed that the ground state
argon gas density remains constant and uniform in
space, and so the neutral particles are not represented
as particles. In this modd, the metastable ecited
atoms are followed as particles, al owing them to make
collisions. The dgorithm for determining colli sions
between charged and neutral spedes uses the method
described by Birdsall [4] and Vahedi and Surendra
[5]. The algorithm was modified in order to include the
reactions (3), (5) and (6) [6]. The reactions used in the
argon MCC model are:

(1) e+ Ar->e+ Ar dastic scattering
(2) e+ Ar -> e+ Ar* excitation, E=11.83eV

(3 e + Ar -> e + Arm metastable ecitation,
E=11.55%V

(4) e+ Ar -> 2e+ Ar+ ionization, E=15.76 eV

(5) e + Arm -> 2e + Ar+ multistep ionization,
E=4.21eV

(6) Arm + Arm -> Ar+ + Ar + e metastable poding
(7) Ar+ + Ar -> Ar + Ar+ charge exchange
(8) Ar+ + Ar -> Ar+ + Ar eadtic scattering

The reaction including collisions between two
metastables has a large @oss ®dion [6] and the new
dedron created cary out a energy of 7.34 V. So, this
process can be important to maintain high eledrons
energy in glow discharges.

RESULTSAND DISCUSSION

The smulation modeled an rf capacitive discharge
with external circuit dements R=L=0and C=1F (i.e,,
the extterna matching network is a short circuit). An
dedrode spacing of L = 0.05m and an eledrode area
of 0.002m?is used. Theinitial conditions for eectron,
ion and metastable densities were n, =n; = 10°°*m™ and
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Nm = 10*m™. The smulations were run for until the
paticle densities and energies remained constant,
averaged over the rf cycle, at which time the plasma
was presumed to have reached equilibrium. In order to
verify the presaure and vdtage dfects were onsidered
two cases: 1 - low presaure/voltage, p= 50 mTorr and
V=50V and 2- high presaurel/voltage, p= 1 Torr and
V=500 V.

Figure 1 shows the density profiles for cases 1 and 2
For case 1 the plasma density profil e has the form of a
typical diffusion profile, with a peak at the center.

For the @se 2, the densties have a peak near the
plasma sheath interface This happens due to enhance
metastable production in this region and becuse the
eledron mean free path is snall at this presare. So,
ededrons with high energy are produced at thisregion.
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Figure 1: Particle densitiesfor cases 1(a) and 2(b):
ions (solid line), electrons (dotted line) and
metastables (dashed line).

Figure 2 shows the llision rates for ionization from
the ground dstate, multistep ionization from the
metastable state, and metastable-metastable @lli sions
for cases1and 2

For case 1 aimogt all of the ionization comes from the
dired ionization from the ground state, with lessthan
1% dueto ather processes. From Fig. 1(a) one can seen
that metastable dendty is too low to al ow significant

contributions to ionization rate. However, for the ase
2, ground state ionization, multistep ionization and
metastable callisions contribute with 64%, 11% and
25% of the total ionization, respedively. Note that for
this case, ground state ionization is grongly peaked at
the sheah edges snce it is a function of the higher
eedron dengty in this region. Multistep ionization is
not peaked sincethe lower energy bulk electrons cary
it out. Metastable-metastable ionization is dightly
peaked at the sheath edges (although it is difficult to
see in this graph) in accordance with the peak in the
metastable densty in thisregion.
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Figure 2: lonization rate profilesfor cases 1 (a) and
2 (b), plotting ionization from the ground state
(dashed line), multistep ionization rate (dotted line)
and metastable pooling (solid line).

CONCLUSION
A planar one-dimensional particle-in-cdl simulation

with MCC package has been used to study the dfect of
metastable atoms in an rf argon discharge. It has been
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found that multiple step ionization and ionization from
collisions between two metastables are relevant for
high presaure/voltage ase which contribute with 36\%
of thetotal ionization.

For low presaure @se the plasma density has the form
of a diffusion profile, with a peak in the center of the
discharge. On the other hand for high presaire the
profiles have a peak nea the sheaths due to enhance
metastable production in this region and becuse the
eledron mean freepath issmall at thispresaure.
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