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Abstract
We use the one-dimensional object-oriented particle-in-cell Monte Carlo colli-

sion code oopd1 to explore the evolution of the electron heating mechanism in a
capacitively coupled oxygen discharge, as we vary the surface quenching coeffi-
cient for the singlet metastable molecule O2(a

1∆g). At low driving frequency and
low pressure (10 mTorr) a combination of stochastic (α-mode) and drift ambipolar
(DA) heating in the bulk plasma (the electronegative core) is observed and the DA-
mode dominates the time averaged electron heating. At higher pressures (50 mTorr)
stochastic heating dominates. For low effective surface quenching of the singlet
metastable molecule O2(a

1∆g) on the electrodes the stochastic (α-mode) heating
dominates but as the quenching is the less effective the discharge transitions into
combination drift ambipolar (DA) heating in the bulk plasma and α-mode heating
even at higher pressures (50 mTorr).

Introduction

Here we explore the influence of the surface quenching coefficient for the
singlet metastable molecule O2(a1∆g) on the electron heating mechanism
in a capacitively coupled oxygen discharge.

Earlier we have demonstrated that at low pressure (10 mTorr), the electron
heating is mainly within the plasma bulk (the electronegative core), and at
higher pressures (50 – 500 mTorr) the electron heating occurs mainly in the
sheath region [1,2].

When operating at low pressure the electron heating within the discharge
is due to combined drift-ambipolar-mode (DA-mode) and α-mode and at
higher pressures the discharge is operated in a pure α-mode [3,4].

The simulation

For this current study we assume the discharge to be operated with voltage
amplitude of V0 = 222 V with an electrode separation of 4.5 cm, while
the discharge pressure is varied in the range 10 – 50 mTorr and the sur-
face quenching coefficient for the singlet delta metastable O2(a1∆g) and is
varied in the range 0.1 – 0.00001.

The kinetics of the charged particles (electrons, O+
2 -ions, O+-ions and

O−-ions) was followed for all energies. The kinetics of the neutrals are
followed when their energy exceeds a preset energy threshold value. To
determine the partial pressures of the background thermal neutral species
we applied a global (volume averaged) model of the oxygen discharge.

Results and discussion

Figure 1 shows the spatio-temporal behaviour of the electron power absorp-
tion at 50 mTorr for various surface quenching coefficients for the singlet
metastable molecule O2(a1∆g). For low quenching coefficients there is no
electron heating observed in the plasma bulk (Figures 1 (a) – (c)) and pure
α−mode is observed and for the highest quenching coefficients (Figures 1
(d) – (e)) bulk heating appears.

Figure 2 shows the time averaged electron heating profile between the
electrodes 〈Je · E〉. At 10 mTorr almost all the electron heating occurs in
the plasma bulk (the electronegative core) and the electron heating profile
is almost independent of the surface quenching coefficient for the singlet
metastable molecule O2(a1∆g). As the surface quenching coefficient is de-
creased at 25 and 50 mTorr the electron heating in the bulk region decreases
and the heating in the sheath regions increases.

Figure 1: The spatio-temporal behaviour of the electron power absorption at 50 mTorr
for surface quenching coefficient for the singlet metastable molecule O2(a1∆g) as (a)
γwqa = 0.00001, (b) γwqa = 0.0001, (c) γwqa = 0.001, (d) γwqa = 0.01 and (e) γwqa = 0.1
for a parallel plate capacitively coupled oxygen discharge with electrode separation of 4.5
cm driven by a 222 V voltage source at driving frequency of 13.56 MHz.
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Figure 2: The time averaged electron heating profile for a parallel plate capacitively
coupled oxygen discharge at (a) 10 mTorr, (b) 25 mTorr, and (c) 50 mTorr, with a gap sep-
aration of 4.5 cm driven by a 222 V voltage source at driving frequency of 13.56 MHz..

At 10 mTorr there is a strong electric field gardient in the bulk region and
the electric field strength and profile is independent of the surface quench-
ing coefficient as seen in Figure 3 (a). The electronegativity is high or in
the range 107 –114.

At 25 mTorr and 50 mTorr the higher the quenching coefficient, the higher
is the electric field peak in the sheath region as seen in Figures 3 (b) and
(c). There is a transition from DA-α-mode to α−mode when increasing the
operating pressure from 25 mTorr to 50 mTorr and this transition coincides
with a drop in electronegativity.
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Figure 3: The electric field in the bulk region for a parallel plate capacitively coupled
oxygen discharge at (a) 10 mTorr, (b) 25 mTorr, and (c) 50 mTorr with a gap separation of
4.5 cm driven by a 222 V voltage source at driving frequency of 13.56 MHz.

We have demonstrated that the surface quenching coefficient of the sin-
glet metastable molecule O2(a1∆g), and thus the electrode material, more
or less dictates the electronegativity within the discharge and the electron
heating mechanism, except at very low operating pressure (∼ 10 mTorr).
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