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Abstract
A self-consistent model is developed in order to investigate the dissociation of O2 molecules in
Ar–O2 surface-wave microwave discharges. The dissociation degree of O2 molecules
([O]/2[O2]0) is determined for surface-wave discharges generated in 0.5 cm and 2.8 cm
diameter tubes with 2.45 GHz and 915 MHz microwave field frequencies, respectively, in the
0.5–25 mbar pressure range at different mixture compositions from pure O2 to 95%Ar–5%O2.
The dissociation degree varies non-monotonically with pressure—it passes through a
minimum—which is more pronounced in high Ar content mixtures. This behaviour is found to
be a consequence of the electron collision processes, in particular the evolution of the
non-Maxwellian shape of the electron energy distribution function with pressure. These
changes make the electron impact dissociation coefficient follow the same non-monotonic
trend with pressure, despite leading to the expected monotonic variation of the ionization rate
coefficient. The minimum in dissociation is in correlation with the momentum transfer
cross-section profiles of the mixture’s components, and occurs approximately at the pressure
that satisfies the condition νce = ω, which explains its dependence on ω.

(Some figures may appear in colour only in the online journal)

1. Introduction

Afterglow systems based on oxygen containing surface-wave
microwave discharges meet several applications in the fields
of biomedicine [1–4] and surface treatment [5, 6], with further
potential in areas such as nanotechnology [7–9]. In numerous
applications the major role is played by the O-atoms; however,
most of the time a synergetic effect between the O-atoms
and ions or UV photons is observed. For example in the
removal of biological contaminants/etching of hydrocarbons
the crucial process is the chemical sputtering induced by the
Ar+ ions and O-atoms [10], while in the bacterial inactivation
[3, 11, 12] and etching of polyolefins (hexatriacontane—HTC)
[5] the synergetic effect between the O-atoms and the VUV/UV
radiation, which can originate e.g. from Ar(4s), has been
found. Therefore, it is important to understand the formation
of O-atoms under different discharge conditions in mixtures

which, besides the O-atoms, can also provide the reactive
species required by the application processes. The aim of
this work is the study of O2 dissociation in one of the most
frequently used mixtures, the Ar–O2.

The O-atoms density has been determined experimentally
by several groups [6, 13–20] in the afterglows of the O2 and
Ar–O2 surface-wave microwave discharges under selected
discharge conditions, in what concerns the gas pressure,
mixture composition, field frequency, tube radius and the gas
flow. A summary of these measurements can be found in our
previous work [9]. Nevertheless, in order to get an insight into
the physical and chemical processes that govern the system and
to understand the formation of the O-atoms, a systematic study
is needed. For this purpose, we conduct theoretical studies
on two configurations of surface-wave discharges regarding
the generating microwave field frequency and tube radius:
(I) f = 2.45 GHz and R = 0.25 cm [6] and (II) f = 915 MHz
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Table 1. Creation and destruction processes for oxygen atoms. The rate coefficients for the two- and three-body reactions are in cm3 s−1 and
cm6 s−1, respectively, while the temperature is measured in K.

Processes Rate coefficients Ref.

(R1) e + O2(X, a, b) → e + O(3P) + O(3P) σ (ε)
(R2) e + O2(X, a, b) → e + O(3P) + O(1D) σ (ε)
(R3) e + O2(X, a) → O− + O(3P) σ (ε)
(R4) e + O3 → e + O(3P) + O2(X, 0) σ (ε)
(R5) Ar(4sj ) + O2(X, 0) → Ar(1S0) + O(3P) + O(3P) 0.46 × 2.1 × 10−10 a [32, 33]
(R6) Ar(4sj ) + O2(X, 0) → Ar(1S0) + O(3P) + O(1D) 0.52 × 2.1 × 10−10 a [32, 33]
(R7) e + O(3P) � e + O(1D)

(R8) Ar(1S0) + O(1D) → Ar(1S0) + O(3P) 3 × 10−13 [34, 35]
(R9) O(3P) + O(1D) → O(3P) + O(3P) 8 × 10−12 [36]
(R10) O(1D) + O2 → O(3P) + O2 7 × 10−12 × exp(67/T ) [36]
(R11) O(1D) + O2(X) → O(3P) + O2(a) 1 × 10−12 [36]
(R12) O(1D) + O2(X) → O(3P) + O2(b) 2.56 × 10−11 × exp(67/T ) [36]
(R13) O(1D) + O3 → O2(X, 0) + 2O(3P) 1.2 × 10−10 [36]
(R14) O2(a) + O3 → O2(X, 0) + O2(X, 0) + O(3P) 5.2 × 10−11 × exp(−2840/T ) [27, 36]
(R15) O2(b) + O3 → O2(X, 0) + O2(X, 0) + O(3P) 1.5 × 10−11 [27, 36]
(R16) e + O(3P) → e + e + O+ σ (ε)
(R17) O(3P) + O3 → O2(X, 0) + O2(X, 0) 0.5 × 1.8 × 10−11 × exp(−2300/T ) [36, 37]
(R18) O(3P) + O3 → O2(a) + O2(X, 0) 0.33 × 1.8 × 10−11 × exp(−2300/T ) [36, 37]
(R19) O(3P) + O3 → O2(b) + O2(X, 0) 0.17 × 1.8 × 10−11 × exp(−2300/T ) [36, 37]
(R20) Ar(1S0) + O2(X, 0) + O(3P) → Ar(1S0) + O3 3.9 × 10−34 × (300/T )1.9 [34]
(R21) Ar(1S0) + O(3P) + O(3P) → Ar(1S0) + O2(X, 0) 5.2 × 10−35 × exp(900/T ) [34]
(R22) O(3P) + O2(X, 0) + O → O3 + O 2.1 × 10−34 × exp(345/T ) [27, 36]
(R23) O2 + O2(X, 0) + O(3P) → O3 + O2 6.4 × 10−35 × exp(663/T ) [27, 36]
(R24) O(3P) + O(3P) + O2 → O2 + O2(X, 0) 0.5 × 3.81 × 10−30 × exp(−170/T )/T [36, 37]
(R25) O(3P) + O(3P) + O2 → O2(a) + O2 0.33 × 3.81 × 10−30 × exp(−170/T )/T [36, 37]
(R26) O(3P) + O(3P) + O2 → O2(b) + O2 0.17 × 3.81 × 10−30 × exp(−170/T )/T [36, 37]
(R27) O(3P) + O(3P) + O → O2(X, 0) + O 3.6 × 10−32 × (1/T )0.63 [38]
(R28) O(3P) + O2 + O3 → O3 + O3 1.66 × 10−34 × exp(T /300) [34]
(R29) O(3P) + wall → 1/2O2(X, 0)

(R30) O(1D) + wall → O(3P)

a 2.4 instead of 2.1 for the Ar(3P0) state.

and R = 1.25 cm [1], in a wide range of pressure and
mixture compositions. The investigations are carried out
with a zero-dimensional kinetic model presented in the next
section. Preliminary results have been presented at the 30th
International Conference on Phenomena in Ionized Gases [21].

2. Model

The kinetic model is based on the solutions of the steady-
state, homogeneous electron Boltzmann equation written for
the case of a microwave field, coupled to a system of rate-
balance equations for the neutral and charged heavy species.
A detailed description of the model is given in our previous
works [9, 22]. The validity of the model has been established
in those works by comparing the calculated species densities
with the available experimental measurements, for different
gas mixtures and operating conditions. A short overview of
the model is given below.

The steady-state, homogeneous electron Boltzmann
equation is solved in an Ar–O2 mixture, using the two-term
expansion in spherical harmonics. It takes into account
elastic and inelastic collisions, electron–electron collisions,
superelastic collisions producing electronic and vibrational
de-excitation, electron dissociation of ground state and excited
molecules, and direct and stepwise ionization. Note that
elastic, inelastic and ionizing collisions with O-atoms are

also included, due to the high degrees of dissociation found
in these discharges. The cross section data for oxygen
species can be found in [23], and those for Ar species in
[24]. The mathematical techniques used for solving the
Boltzmann equation for the case of a microwave field are
detailed in [25, 26].

The continuity and transport equations for the electrons,
different positive ions, and O− ions are also solved, in order
to describe the charged particle motion to the wall under the
presence of the radial space-charge field [27]. The reduced
sustaining microwave field for the plasma in a cylindrical tube,
E/N , is determined using the requirement that, under steady-
state conditions, the total rate of ionization must compensate
exactly for the rate of electron loss by coupled diffusion to the
wall plus electron–ion recombination, under the assumption of
a quasi-neutral discharge.

In what concerns the heavy-particle kinetics, we further
couple the rate-balance equations for the most important
neutral and charged argon and oxygen species, namely: Ar(1S0,
3P2, 3P1, 3P0, 1P1), O2(X 3�−

g , v), O2(a 1�g, b 1�+
g ), O(3P,

1D), O3, Ar+, Ar +
2 , O +

2 , O+ and O−. The collisional–
radiative module that describes the excitation and de-excitation
of the 3p54s levels in a pure Ar discharge has been developed
according to the collisional–radiative model of Ferreira et al
[28, 29]. The processes that contribute to the creation and
destruction of oxygen atoms are presented in table 1. The
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full list of gas phase and surface reactions—in total 79—taken
into account can be found in [22], as well as the corresponding
probabilities and rate coefficients.

The plasma generated and sustained with surface wave in
a small diameter tube is a plasma column with the electron
density decreasing from the launcher to the end of the column,
as discussed in [30, 31]. At the end of the plasma column
the electron density reaches the value nec, the critical density
for surface-wave mode propagation in a homogeneous, cold,
collisionless plasma, surrounded by a dielectric of permittivity
εg. The surface-wave mode can only propagate provided the
electron density is larger than this critical value, obtained
from ωpe > ω

√
1 + εg, with ωpe denoting the electron plasma

angular frequency, which for a quartz tube (εg = 4) gives
nec = 3.74 × 1011 cm−3 and 5.19 × 1010 cm−3 at 2.45 GHz
and 915 MHz, respectively. The calculations are conducted
for this critical electron density, so the discharge characteristics
are obtained at the end of the plasma column.

3. Results and discussion

The calculations have been carried out in the 0.5–25 mbar
pressure range, in mixtures from pure O2 to 95%Ar–5%O2.
The surface recombination probability of O-atoms, which
strongly influences the O-atoms density, has been chosen
γO(3P) = 8 × 10−3 in accordance with the measurements of
Macko et al [39], while the gas temperature has been fixed to
500 K [9, 31].

3.1. O2 dissociation degree in a discharge generated with
2.45 GHz frequency field in a R = 0.25 cm tube

3.1.1. Dissociation degree and electron collision processes.
The dissociation degree of O2 molecules is defined as
[O]/2[O2]0, where [O2]0 is the initial density of O2 in the
mixture. The calculated O2 dissociation degree is shown in
figure 1(a) as a function of pressure, for different initial mixture
compositions. According to the calculations, the highest
dissociation degree occurs in the higher Ar content mixture and
it exhibits a different pressure dependence with the mixture
composition. In the high Ar content mixture discharges the
dissociation degree shows a well defined minimum at around
4 mbar. However, with decreasing Ar percentage the minimum
becomes less pronounced, and in pure O2 only a slight increase
in the dissociation degree can be observed at p > 8 mbar.

The dissociation of the molecules in the discharge is
influenced by the electron collisions, as well as by the
chemical kinetics of the system. The electron dissociation
rates calculated for the different mixture compositions, here
presented for the 90%Ar, 50%Ar and 100%O2 mixtures,
figure 1(b), exhibit a very similar behaviour with pressure
as the dissociation degree. The electron induced dissociation
processes—(R1)–(R3) involving both ground and excited state
O2 molecules—have been found to be the dominant sources
of O-atoms. Nevertheless, the O-atoms’ density is also
influenced by the volume and surface loss processes (discussed
in section 3.1.3), which induce the differences in shape
between the dissociation rates and the dissociation degrees.

Figure 1. (a) O2 dissociation degree and (b) electron dissociation
rates as a function of pressure for an Ar–O2 surface-wave discharge
generated in R = 0.25 cm with 2.45 GHz.

Figure 2. Reduced sustaining field (left axis) and electron
ionization rates (right axis) as a function of pressure for a 2.45 GHz
surface-wave discharge generated in 90%Ar mixture.

In order to fully understand the results presented in
figure 1, in particular the non-monotonic behaviour of both
the electron dissociation rate coefficient and the dissociation
degree, it is pertinent to look as well at the electron impact
ionization rate and the reduced sustaining electric field E/N ,
N denoting the total gas density. They are represented in
figure 2 for the case of a 90%Ar mixture, which shows that
the ionization rate and the reduced sustaining field follow the
expected monotonic behaviour with pressure, even in mixtures
with high Ar content.

Figures 1 and 2 reveal that a global justification for the
variation of the electron impact rate coefficients does not
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Figure 3. Electron energy distribution function (left axis) at
different pressures: 1 mbar (— · —), 4 mbar (- - - -) and 8 mbar
(——) in the case of 90%Ar (thick lines) and 0%Ar (100%O2) (thin
lines) calculated for the microwave field of 2.45 GHz frequency; and
collision cross sections (right axis) [40, 41, 43].

exist. Instead, a detailed explanation must rest on the shapes
of the electron energy distribution function (EEDF) and of
the relevant cross-sections, as processes with different energy
threshold manifest a different response to pressure variations.
Figure 3 depicts the calculated EEDFs at different pressures
and for two mixture compositions, together with the cross-
sections of the processes under analysis. As can be seen, the
deviation of the EEDF from a Maxwellian increases with the
Ar content in the mixture. An overpopulation of the EEDF in
the 6–12 eV energy range occurs in high Ar content mixtures—
but not in pure O2—as the pressure raises above 4 mbar. This
energy region corresponds to the group of electrons that are
able to dissociate O2 molecules, as shown by the collision
cross-section presented in the figure. We note that the 6.0 eV
loss corresponds to the excitation of the pre-dissociative levels
of C 3�u, A 3�+

u and c 1�−
u leading to dissociation forming

two O(3P) atoms, while the 8.4 eV loss corresponds to the
dissociative excitation of B 3�−

u , forming O(3P) and O(1D).
Due to this overpopulation a similar behaviour is observed for
other electron excitation rates. However, this is not the case
for the ionization rates, which have high energy thresholds.

A deeper understanding of the origin of the different
behaviour with pressure of groups of electrons with different
energies seen in figure 3 can be achieved with two additional
remarks. First is to note that in high-frequency discharges
the EEDF is a function of the two independent parameters,
E/N and ω/N [25], which decrease with pressure. But
whereas the former effect leads to a diminution of the electron
impact rate coefficients, the latter leads to their increase [25].
In principle, a non-monotonic behaviour of the dissociation
rate coefficient shown in figure 1 may arise as a result of the
competition between these two opposing effects. However, the

Figure 4. EEDF (left axis) at different pressures: 1 mbar (— · —),
4 mbar (- - - -) and 8 mbar (——) in 100%Ar calculated with σm

(thin lines) and with constant momentum cross-section (thick lines,
see text); and momentum cross-sections (right axis) [40, 41, 43].

actual behaviour depends on the particular shape of the cross-
sections, as the different results obtained for the ionization
coefficient strikingly demonstrate. The second noteworthy
observation is that, for our conditions, the overpopulation in
the 6–12 eV region has been found to be a consequence of
the markedly increasing profile of the Ar momentum transfer
cross-section (σm) for electron energies from the Ramsauer
minimum (∼0.2 eV) up to 12 eV. As a matter of fact, the
calculations conducted in pure Ar by imposing a constant
σm have shown that the overpopulation previously observed
vanishes, as illustrated in figure 4, where the calculations have
been conducted by choosing the maximum value of the actual
cross-section. Simulations performed by taking other constant
values of σm, such as the average value in this energy range,
lead to similar results. Furthermore, in the case of a constant
Ar σm the dissociation degree exhibits a similar behaviour with
pressure in a 90%Ar mixture to the one obtained in pure O2,
which definitely substantiates this interpretation.

3.1.2. Prediction of the dissociation degree behaviour
based on electron collision frequencies. The momentum
transfer cross-section σm—that defines the momentum transfer
collision frequency—also determines the power gain of
electrons with energy ε from the external field, given by the
relation

νc ε = (eE)2νc

2m(ν2
c + ω2)

, (1)

where νc(ε) and ω are the electron collision and field
frequencies, respectively, E is the sustaining field [42] and
e and m are the absolute value of the electron charge and the
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electron mass, respectively. The power gain is maximum when
νc = ω.

Raizer [42] has observed a similar behaviour to that of
the dissociation degree for the breakdown threshold field in
the case of laser induced discharges, where the positions
of the minima along the pressure scale corresponded to the
approximate equality of the angular frequency of light and the
collision frequency (the collision frequency has been taken
electron energy independent), which is the condition of the
maximum power gain. In order to verify if the dissociation
degree’s behaviour is linked to a similar effect we proceed
with the analysis of the collision and field frequencies.

For the present estimation purposes—to compare νc with
ω—νc is taken here as the effective collision frequency, νce

as defined in [44, 46]. In our case, we consider the values
νce(Ar)/N = 2.0 × 10−7 cm3 s−1 [44] and νce(O2)/N =
1.3 × 10−7 cm3 s−1 [13, 47], which ensure that the ionization
coefficient can be expressed as a unique function of the reduced
effective field for allω/νce [44, 46]. Take note that for a mixture
with a fraction of Ar δ, the effective collision frequency is
obtained from νce = δνce(Ar) + (1 − δ)νce(O2).

To clarify the origin of νce we make the following remarks.
In the case of the alternating fields, such as in a microwave
discharge, the effective field approximation [44] can be
used whenever ω � νe, where νe is the energy relaxation
frequency. In this case, the time modulation of the EEDF is
strongly reduced [44]. Moreover, if the (effective) collision
frequency for momentum transfer νc, which may include
both elastic and inelastic contributions [45], is independent
of the electron energy, the EEDF can be obtained by solving
the Boltzmann equation in a dc field, with an effective field
strength given by Eeff = (E0/

√
2)ν2

c /(ω2 +ν2
c )2. The effective

field approximation has been extended to situations where
νc depends on the electron energy by replacing νc(u) by a
momentum transfer collision frequency for the bulk electrons
νce which can be somewhat arbitrarily chosen, provided it is
verified that it leads to a correct calculation of the transport
parameters [44, 46]. In this case, the Boltzmann equation can
be solved as in a dc field replacing E by Eeff .

Figure 5 shows the effective collision and the field
frequencies as a function of pressure, together with the
dissociation degree for the 90%Ar and pure O2 mixtures. It can
be observed that the minimum of the dissociation degree occurs
close to the condition of the νce = ω, which implies maximum
energy gain for the electron. When the energy gain of the
electron from the external field during one cycle is maximum,
the electron is able to acquire high energy that can be, and
is more likely to be, consumed for ionization (that can also
lead to a minimum breakdown field observed by Raizer [42]),
instead of lower threshold excitations and dissociations. In
the case of low energy gains the electrons loose their energy in
excitation processes and have difficulty reaching the ionization
threshold (which can lead to the increase in the breakdown
field). This could explain the minimum of the dissociation
at the condition of the maximum energy gain. This effect is
more pronounced in molecular gas—atomic gas mixtures, in
particular in atomic gas dominant mixtures, since the gas atoms
have much higher ionization thresholds than the molecules.

Figure 5. Field and electron collision frequencies (left axis) and
dissociation degree (right axis) as a function of pressure in the case
of 90%Ar (—— and ) and 0%Ar (- - - - and 
) discharges.

Here it is more difficult for electrons to reach the ionization
potential since they are decelerated due to the molecular
excitation and dissociation processes.

3.1.3. Dissociation degree and the chemical kinetics. As
already mentioned, the dissociation degree of O2 is also
influenced by the chemical kinetics since, in addition to
electron impact collisions, both the O2 and O densities are also
determined by the volume and surface reactions (see table 1).
In high Ar content mixtures the collisions of Ar(4s) atoms
with O2 can contribute to the O2 dissociation ((R5)–(R6) from
table 1), at 1 mbar in a 95%Ar mixture with about 14%, which
decreases to about 3% at 25 mbar, and overall decreases with
Ar percentage. In what concerns the O-atoms, with increasing
O2 percentage in the mixture the three-body recombination
of O-atoms ((R24)–(R26)) starts to play a role at pressures
higher than 10 mbar: in the case of a 50%Ar mixture at 25 mbar
its contribution to the O(3P) destruction is 4%, while in pure
O2 it is 12%. At the same time the surface recombination of
atoms (R29), which is their dominant loss process, becomes
less efficient with pressure.

3.1.4. Comparison with experimental results. The
dissociation degree at different pressures has been determined
experimentally by Mafra et al [6] for the 90%Ar–10%O2

mixture. The microwave discharge has been generated with
2.45 GHz in a 0.5 cm diameter tube having 45 cm length and
connected at the end to a 2.8 cm post-discharge tube. The
gas flow was set to 1000 sccm. The density of oxygen atoms
was determined at the entrance of the larger diameter tube by
NO titration using a special mixing device presented in [48],
which had the same diameter as the discharge tube. Since the
discharge tube is very long, the afterglow already develops in
this tube before entering the larger one. The starting position of
the afterglow, as well as the afterglow time at a given position
depend on the pressure, since the length of the discharge and the
gas velocity change with pressure. Thus, the O-atom densities
measured at the same system position at different pressures
were in fact determined at different instants of the afterglow.
As the gas velocity for constant gas flow rate decreases with

5
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Figure 6. (a) Calculated O(3P) densities along the afterglow (lines)
and measured O-atoms densities ( ) taken from [6], and (b)
calculated dissociation degrees at afterglow times estimated from
the comparison of calculated and experimental densities (
), and
from the change of gas velocity with pressure (��) (see text) for
different pressure values.

pressure, it is expected that at higher pressures the measured
O densities correspond to larger afterglow times.

Figure 6(a) shows the calculated O(3P) density along the
afterglow at different pressures, as well as the measured O-
atoms’ density [6] placed on the corresponding pressure curves
at the afterglow time where it equals the calculated densities. It
can be observed that the difference in afterglow time between
the 2 mbar and the 12 mbar cases is about a factor of 4, which
is less than the afterglow time difference suggested just by
the change of the gas velocity with pressure at otherwise
similar conditions, which would give a factor of 6. The so
obtained afterglow times are just estimations, not only due to
the measurement uncertainties, but also to a possible difference
between the surface recombination probabilities used in the
model and characteristic for the system [49].

Figure 6(b) shows the dissociation degrees calculated at
different pressures for the afterglow time suggested by the
densities comparison, as well as for afterglow times resulting
only from the change of the gas velocity with pressure.
These dissociation profiles, which reflect the behaviour of
the experimentally determined ones [6], do not show the
characteristics exhibited by those determined from densities
taken for the same afterglow time at different pressures (see
figure 1, and figure 10 in [9]). This shows that the dissociation
profiles predicted by the calculations can be verified only in
systems which allow the measurement of the densities at the

Figure 7. (a) O2 dissociation degree and (b) field and electron
collision frequencies (90%Ar —— and 0%Ar - - - -) as a function
of pressure in an Ar–O2 surface-wave discharge generated in
R = 1.25 cm with 915 MHz.

same instant in the afterglow at different pressures, either
by changing the position of the measurement or that of the
discharge generation.

3.2. O2 dissociation degree in a discharge generated with
915 MHz frequency field in a R = 1.4 cm tube

By choosing a lower field frequency the critical electron
density becomes smaller, changing from 3.74 × 1011 cm−3

at 2.45 GHz to 5.19 × 1010 cm−3 at 915 MHz. At the same
time, this smaller field frequency will be equalized by the
electron collision frequency at lower pressures than in the
case of the 2.45 GHz frequency (referred as case I), which
suggest that the minimum in the dissociation degree occurs at
lower pressures. Figure 7(a) shows the calculated dissociation
degrees for different gas mixtures as a function of pressure,
while in figure 7(b) the collision and field frequencies are
represented. The figure shows that the minimum in the
dissociation degree is obtained in the 1–3 mbar range, which
is close to the condition satisfying νce = ω, as predicted.
Furthermore, in this discharge the saturation of the dissociation
degree can be observed at lower pressures than in case I. This
is a consequence of the increased contribution of gas phase
recombination, since the discharge volume is larger than in
case I (here R = 1.4 cm comparing to 0.25 cm in case I). The
calculations reveal that three-body recombination becomes
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important at pressures p � 6 mbar. In pure O2 and at 10 mbar it
contributes with about 10% to the O(3P) destruction, increasing
to 44% at 25 mbar. At this later pressure the contribution of
three-body reactions to the O-atoms destruction decreases with
the Ar content, being of 24% in a 50%Ar mixture, 9% in a
80%Ar mixture, and less than 3% in a 90%Ar mixture.

4. Conclusions

In this work we have studied the dissociation of O2 molecules
in Ar–O2 surface-wave microwave discharges. We have
investigated two surface-wave discharges, that differ in the
generating microwave field frequency and tube radius: (I) f =
2.45 GHz and R = 0.25 cm and (II) f = 915 MHz and R =
1.25 cm. These discharges have been studied with the zero-
dimensional kinetic model, which allows the calculation of the
electron energy distribution function (EEDF), the sustaining
field and the species densities for a given electron density.
The calculations have been conducted for the critical electron
density for the surface-wave propagation, which occurs at the
end of the plasma column.

We have shown that the dissociation degree of O2

molecules in an Ar–O2 surface-wave microwave discharge
does not vary monotonically with pressure, but passes
through a minimum approximately at a pressure satisfying
the condition νce = ω. This condition provides a simple
criterion to find the minimum in the O2 dissociation and
explains its dependence on ω. We have further shown that the
appearance of the minimum is a result of the electron collision
processes and the non-Maxwellian character of the EEDF,
being a consequence of the electron energy dependent profile
of the momentum transfer cross-sections of the mixture’s
components.

By comparing the calculation results with the experimen-
tal measurements, we have shown that the dissociation degree
profiles predicted by the calculations can be obtained experi-
mentally only in systems where the densities at different pres-
sures are measured at the same instants in the afterglow. The
afterglow time corresponding to a fixed position varies with
pressure due to the modifications in the length of the discharge
and in the gas velocity. Therefore, the measurements need to
be done at different positions in the afterglow.
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