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STUDY OF THE RADIAL DISTRIBUTION FUNCTION
OF CHARGED PARTICLES IN THE OXYGEN-NEON
MIXTURE GLOW DISCHARGEY

HRACHOVA, V.2), KANKA, A%, Praha

By means of probe methods the radial distribution of charged particles
in positive column of glow discharge is studied. This radial distribution is
measured in the dependence on the ratio of neon and oxygen in the mixture
and on the discharge current. The great influence of even the small amount of

oxygen is found.

I. INTRODUCTION

Oxygen glow discharge is a very frequently studied medium due to its ap-
plication in technological processes and also in laser physics. Very often in these
applications the oxygen exists in mixtures with both rare and other kinds of gases.
Here we continue our previous studies of mixtures of oxygen with rare gases (e-g.[1],
(2]), now from the point of view of the charged particles radial distribution.

In pure oxygen this radial distribution was often studied both theoretically and
experimentally. As an example of the theoretical approach can be mentioned the
paper of Sabadil [3], who solved numerically the balance equations in order to
find the radial distribution of charged particles and found the enlargement of radial
distribution with increasing ratio of a negative atomic oxygen lon in comparison
with the Bessel distribution. Masek and Léaska [4] studied the influence of wall
on the oxygen positive column and derived correction factors for radial distribution.
A complex theoretical and experimental analysis was made in [13, 14], where the
radial profile of the electrons and of the negative atomic ions was studied. In
experimental studies the dependence of the existence of a more uniform distribution
on increasing negative ion density was found [5], [6], [7], too. These changes are
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studied in these papers in dependence on discharge currents and oxygen pressures.
It was found that in pure oxygen there exist the radial distributions of electrons
both more uniform in comparison with the Bessel distribution and steeper. It
depends on the density ratios of negative ions and electrons and there exists the
critical limit [6] of this ratio (n_ /no = 3 — 4). Above this limit the electron radial
distribution is more uniform.

II. METHOD

Similarly as the authors of papers [5] and [6], we used probe methods for
radial distribution measurements. In [5] electron densities measured both by the
microwave method and the double probe method were analysed. The same electron
densities in oxygen were found by means of the resonator method and from the
double probes saturated ion current; the radial distribution was determined from
the relative values of this current. We derived the same dependences of electron
densities also from these two methods in mixtures with oxygen 1], [2].

In the present paper, our measurements were performed for two pressures of
mixtures 133 and 266 Pa for discharge currents 10, 20 and 30 mA, such conditions,
for which in pure oxygen there exists the H-form of the positive column only. From
the brief survey above, it is clear that the existence and the density of negative ions
in the discharge is the dominating influence on the oxygen radial changes. From
the detailed analysis in [8] we found that for our condition (by E/N), the negative
dominant particle is the electron (the number of negative ions O~ is less than 10%
and the number of ions Q5 even by one order of magnitude lower), so that we can
expect a distribution similar to the Bessel one. We tried to measure not only the
relative saturated ion double probe current as in [5] and [6], but also the relative
saturated one probe ion current (about 100 V from floating potential). The type
of distribution was practically the same (difference in the amplitude was 1 - 2%,
only for 133 Pa and 10 mA for pure oxygen it was about 8%).

All our measurements were performed in the discharge tube, the shape and
dimensions of which are seen in the Fig. 1. The radial moving cylindrical probe
was 100 um of diameter and 3 mm of length, parallel to the discharge tube axis.
The positive column was homogeneous from the point of view of moving striations
for all measured mixtures and for pure oxygen. In the pure neon for the pressure
of 266 Pa there was the limit of moving striations about 12 mA, so that for 20 and
30 mA we have mean values of probe currents only.

ITI. RESULTS OF MEASUREMENTS AND DISCUSSION

In the Fig. 2 the courses of the axial electric field are shown (in the upper part
for the pressure 266 Pa and in the lower part for 133 Pa). This field has the usual
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Fig. 1. Discharge tube. Both the electrodes and the probes are made of platinum.

4
et mxm | F — e
= + 100% O, x s .
& o 95 % O = p/p/p/e/w
2 s S0% O, S
- - 5% O, 1r
2+ e S N
B et At
A—————p—— . Y
D w|‘|\4
. 0 1
- . 0 10 20 30
. ? T ! 1 {mA]
0 10 20 30
i{mA]

Fig. 2. Dependence of axial electric field on the discharge current for various oxygen-neon

mixtures.

character (e.g. [1]) for all measured mixtures. It amoammmm.m E.E_ aoo.a_mmmmwm pres-
sure, with decreasing oxygen portion in the mixture and with increasing %morwmmm
O:Emm_a.?;ron figures the studied radial changes are E@m:owa As.mer .».ro help of
relative saturated ion currents). First we shall analyse Em m_.ecmso~.~ in mro, pure
gases. In the neon (sign e in all figures) the Bessel &mn:_u:e_o.n. mx_.mam (it is ﬁ.ﬁm
direct distribution of electrons, because the quasineutrality condition is n, ~ Net)
for all measured currents of both pressures.

In the pure oxygen (sign + in all figures) we found a very mon.vm wmnam:.maa
with the results presented in {5] and [6]. It means m:ma g.m radial distribution of
density (practically electron density) is steeper for r_.mrmn discharge currents at ;M
same pressure (see Figs. 3 and 5 for 133 Pa and Figs. 4 and 6 for 266 Pa) an
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Fig. 3. Radial change of the relative ions Fig. 4. Radial change of the relative ion
saturated current for 133 Pa and 20 mA  saturated current for 266 Pa and 20 mA.
(Io is the saturated ion current on the axis

of discharge tube)
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Fig. 5. Radial change of the relative ion Fig. 6. Radial change of the relative ion
saturated current for 133 Pa and 10 mA. saturated current for 266 Pa and 30 mA.

at higher pressures for the same discharge current, too (see Figs. 3 and 4). For
the pressure 266 Pa and the discharge current 30 mA, i.e. the case of the highest
electron densities in our measurements, the radial distribution in the pure oxygen is
steeper than in pure neon. According to analyses in [7], [8] it is possible to assume
that the attachment of electrons is compensated.

Let us now pay attention to the studied mixtures. From our figures the dif-
ference between both measured pressures is evident. For the pressure 266 Pa (see
Figs. 4 and 6) the distribution for all mixtures is practically the same (including
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10 mA), for 133 Pa it is different - for 5% oxygen in the mixture it is most uniform
(including 30 mA).

We can explain these facts by a further hypothesis. For lower electron density
(pressure 133 Pa), the presence of neon can cause the creation of negative ions
both atomic and molecular in two ways. Firstly, by supplying energy arising from
transitions between neon excited states for the dissociative attachment [15]:

O;4¢— 0" +0.

Excited states of neon have also their radial distribution, which is more uniform
for lower pressures [9]. Secondly, the neon atom can have the catalytic role in the
ternary attachment process [10], [11]:

O3 + e+ Ne — Oy + Ne.

With a further increase of the oxygen portion in the mixture, similarly to the
increase of the pressure, the attachment is compesated, because the density of the

_excited oxygen molecules O} (namely metastable Oz(a'Ag)) increases too, which

causes a great detachement in reactions [12]:

0" +0; —0O3+e.

Om. +0m - 209 + €.

In future, in order to explain more exactly our measured effects, both the measure-
ments with other rare gases and measurements with the spherical probe (to remove
the influence of striation around the parallel probe) will be prepared.
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H3YYEHHRE PARNAJIBHOTO PACOPEJEJIEHRA HOCHTENEHN 3APANA
B TIEIOMEM PA3PAJE CMECH KHCIOPOJI-HEOH

B pa6oTe HCCHEfOBAaKO pafEalbHOE PacHpefieleHBe 3apAXKeHHX TacTHI, MeTO[OM
JOH{EPOBaHEA B NONOXHETENLHOM cTouisbe ThewLiero padpapa. Pacnpefienente BamMepeno
B DABHCHMOCTE OT COCTaBa CMecH (HEOH, KECHOPOR) B BeHIHHL TOKa paspafna. Haiinena
CHIbHAZ 3ABHCHMOCTH BIHAHHSA NPEMECH KHCIOpPOJA.
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