A global model study of oxygen discharges — formation and annihilation of the singlet molecular
metastables and influence of the electron energy distribution function and wall material
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Abstract

A volume average global model has been used to study an oxygen dis-
charge. Considering a great number of reactions, it was identified that the
blzg state could be present in amounts higher than the a' A, state. We explore
the role of the EEDF and the chamber wall material in determining the plasma
parameters in an oxygen discharge, in particular the formation and annihilation
of the singlet molecular metastables.

Introduction

The metastable species Og(alAg) and Og(blZg) are known to play a

significant role in oxygen discharges. Although the Og(blZg) density
has been reported as being present in plasmas in lower amounts than
the Og(alAg) density, previous global model studies showed that the
Og(blZg) 1s an 1important contributor to the loss of O™ through de-
tachment.

Experimental findings indicate that the EEDF in inductively coupled
discharges can be approximated by a Maxwellian distribution at low
pressures. As the pressure increases, it becomes depleted of high-
energy electrons. In capacitively coupled discharge the EEDF 1s com-
monly observed to be bi-Maxwellian.

Description of the model

In brief, the volume average global model consists of a set of equations
that include balance particle equations, energy balance equation, and
the charge neutrality requirement. Solving this system of equations,
one can obtain the density of species, electron temperature, sheath po-
tential, and other important parameters. The rate coefficients are cal-
culated through

k(Tog) = (2¢/me)t/? /OOO o(e)et? f(e)de (1)

so they depend on the cross section and the EEDF. The reaction set
used and a detailed description of the model can be found 1n Tonel1 et

al. [1].

For this study the reactor was assumed to be a cylindrical chamber of
stainless steel or anodized aluminum with R = 15 cm and L = 30 cm.
The gas temperature 1s assumed to be 600 K, the power 500 W, and the
flow rate 50 sccm.
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Figure 1: Mean density of neutral species as a function of pressure for a cylindrical
stainless steel chamber with =30 cm and L=30 cm and P,;,.=500W [1].

Results and discussion

Formation of Og(alﬁg) 1s mainly through:
e+02(X325 ) — Og(alAg)+e (dominant process)
O('D)+05(X7%; ) — O(°P)+Oa(a’Ay)
O('D)+03(b' ) — O(P)+0a(a'Ay)

Annihilation of Og(alﬁg) is mainly through:

e+09(a’Ay) — O(°P)+O('D)+e
e+09(atAg) — O(P)+O(’P)+e
e+0o(alAy) — OF +2e
e+02(a' Ag) —> O9(XT; )+e

Formation of Og(blzg) 1s mainly through:

O(lD)+02(X328T ) — O(3P)+Og(b1§]g) (dominant process)
Annihilation of Ox(b'Y;) is mainly through:

wall quenching

e+09(b'S1) — OCP)+O('D)+e

e+02(b'S)) — O(°P)+O(°P)+e

e+09(b' ) — O +2e
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Figure 2: Mean electron density as a function of pressure for z = 0.5, x = 1.0
(Maxwellian EEDF), and = = 2.0 (Druyvesteyn EEDF) for cylindrical stainless steel

chamber and cylindrical anodized aluminum chamber of radius R = 15 cm and length
L =30 cm, and absorbed power of 500 W [2].

Figure 1 shows the mean density of neutral species calculated for a
Maxwellian EEDF and stainless steel chamber. In the pressure range
2.5 to 80 mTorr, the Og(alﬁg) density 1s lower than the Og(blZg) den-

sity.

Figure 2 shows the mean electron density as a function of pressure
for Maxwellian and non-Maxwellian EEDFs and for stainless steel and
anodized aluminum chambers. The decrease of the mean electron den-
sity as pressure increases 1s due mainly to the decrease of the mean
density of O; since this 1s the dominant positive ion in the discharge
and the mean electron density is calculated through the charge neutral-
ity requirement. The mean electron density 1s lower for stainless steel
reactor that presents a higher recombination coefficient for O(°P) at the
walls.

Figure 3 shows the yield of atomic oxygen as a function of pressure.
Differences in the oxygen atom densities for different EEDFs are im-
portant only for pressures below 10 mTorr. The low recombination
coefficient of oxygen atom at anodized aluminum walls results in high
yield of atomic oxygen.
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Figure 3: The yield of atomic oxygen as a function of pressure for x = 0.5, x = 1.0
(Maxwellian EEDF), and z = 2.0 (Druyvesteyn EEDF) for cylindrical stainless steel

chamber and anodized aluminum chamber of radius R = 15 cm and length L = 30
cm, and absorbed power of 500 W [2].

Conclusions

e In the pressure range 2.5 to 80 mTorr assuming a Maxwellian EEDF,
the Og(alﬁg) density 1s lower than the Og(blZg) density.

e The mean electron density presents higher values for bi-Maxwellian
EEDF as compared to Maxwellian and Druyvesteyn EEDFs.

e The yield of atomic oxygen is high at anodized aluminum reactor
especially at low pressures.
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