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Abstract
Many studies employing various methods have been carried out into the number
densities of excited atoms in electrical discharges with inert gases [1,2,3], but the
ranges of the discharge current and gas pressure is very limited in them all. In this
work, the population densities of 35, 3S' of neon have been investigated using the
atomic absorption method. Since the discharge current and gas pressure have marked
effects on the variation of these densities, the pressure range of (.1-15 m. bar and

currents up to 30 mA have been used.

Introduction

To investigate the relationship between the intensity of
a given spectral line emitted from a d.c. glow discharge
and the discharge current for various gas pressures, a study
of the population densities at a level lower than that line
and their variations is required to give some information,
since step-wise excitation in glow discharges play impor-
tant roles [4].

Scans of emission profiles of Nel spectral lines with
lower level 35(3/2)°,, which is a metastable state, showed
a self-reversal effect (Fig. 1), so the population densities
of 38, 38" levels of neon were investigated, and the results
obtained are in good agreement with the results of other
works [6-9].

Experimental Section
Demountable glass or silica discharge tubes were con-
nected to a high vacuum system capable of achieving
pressures of order of 10 m.bar to give high purity condi-
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tions.

Light from a microwave electrodeless discharge lamp
(E.D.L.) was sent through the positive column of neon
glow discharge, and then by use of a scanning Fabry-Perot
interferometer (F.P.1.), in the optical set-up (see Fig. 2),
emission (i=0 discharge off) and absorption (i=1,5, ... mA
discharge current) profiles were recorded (Fig. 3).

Discharge tubes were filled with research grade neon
and also a getter was used to maintain purity, otherwise the
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Figure 1. F.P.l. scans of some of Nel lines at P=2 mbar
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Figure 2. Optical arrangements for absorption measurements

P=5 mbar

Figure 3. Transmitted profiles of 630. 5 nm for various pressures

presence of impurities could cause variation on spectral
and electrical characteristics of discharge. To check the
reproducibility of the obtained results, each time the volt-
age-current (V-i) relationships and the electrical field
strength (X) were measured [7, 10].

The instrument function of interferometer was deter-
mined by recording the profile of neon line 632.8 nm
emitted by amode-stabilizer laser [11]. Because the instru-
ment function was very narrow compared with line profile,
correction was not required, since it could cause 2-4%
ITOTS.
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Theory

Several methods for calculation of the number densi-
ties of the excited atoms are described by Mitchell and
Zemansky [12]. The method used in this work is similar to
thatemployed by Jarrett and Franken [13]. The absorption
coefficient can be calculated by measuring the intensity of
primary source and transmitted light. Then by use of
equation (1) K(v) is determined. ’

K(v)=L" In[I,(v)/i(v)] (M

Where
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K(v)= The absorption coefficient F'y
L = The absorption path length 71
I,(v) = The intensity of primary source
I (v) = The intensity of transmitted light
. 35 [%,]9
When a continuous spectrum is passed through a gas and S 2
transmitted light is measured as a function of frequency (or s‘;-:
wavenumber) the following equation is valid [12]. E’ 0-133ev
K@dveitef2 N @ 04Sev 35[3,]°
8. & 0.052 ev 231
3s[3,]5
Where
A= The central wavelength of spectral line et

8,» 8,= The statistical weight of lower and upper levels
1= The life time
N= The population density of lower level
To calculate N it is enough to determine the integral of
absorption coefficient and by having knowledge about 1,
8,» 8, of the levels involved, the number density of a given
state can be obtained for a given spectral line.

Results and Discussion
The populauon densities of four levels 3S (3/ 2)2
3s3R), 38" (1/2) and 3S° /23 (Fig. 4) were calcu-
lated by graphical integration. The curves of the variations
of these densities (N) against the discharge current were

plotted (Fig. 5). The graphs for 3S '(3/2)3 and 35 '(1/2)3,
which are the metastable levels, showed a saturation
behaviour when the discharge current passed a certain
value, which could be due to the increase in Ioss rate of the
metastable atoms at higher currents. In Figure 6, variation

.of the number density of 3S (3/2)2 with respect to gas
pressure for various currents is shown. As is illustrated,
around apressure of 2 m.bar the population density reaches
a maximum value and then diminishes as pressure in-
creases. This is due to the fact that at low pressures (less
than 2m.bar in this work) the metastable atoms are lost in
collisions with the walls of the discharge, and at higher
pressures (above 2 m.bar in this condition) the metastable
atoms population decreases due to interaction with each
other and other atoms.

As can be seen in Figure 4, the population of 38 ' (1/2)9
level, which is a metastable state, is Jess than the number

density of 38 (3/2)1 which is a radiative level, this
is because of excitation from 3S (3/2)3 and also de-

excitation from 38’ (1/2)8 to that level. Since there is a
very small energy gap between these four excited levels,

Figure 4. Simple diagram of first excited states of neon
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Figure 5. Variation of population densities of the lower excited
states of neon at P= 2 mbar
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Figure 6. Variation of population density of the 353728 level
with pressure for various currents
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the probability of excitation and de-excitation between
them is very high.

Adding a small amount of argon to neon discharge
caused a marked feduction in the population density of the
neon metastable atoms, which is due to Penning effects
that can take place following mechanisms.

Nen+ Ar——————— Arr+Ne+e+E )]
New+ Ar——————— Ar'+Ne+E 5)
Where

Ne.. = The neon metastable atom
Ar = The argon atom
Ar *= The argon ion
Ne = The neon atom
Ar’ = The excited argon atom
¢ = Secondary electron
E = Energy

Therefore, by having a good knowledge about the
population of these levels and how they vary with dis-
charge current and gas pressure, the importance of prob-
ability of two-step excitations to 3P levels of neon spectral
lines via these intermediate states can be considered for
investigation of the intensity relationships with the dis-
charge current under various conditions.

Summary

By observing the self-reversal effect in scanning emis-
sion profiles of neon spectral line, which is good evidence
of high population in the metastable states, the following
points can be made:

(a) Plots of the number densities of the metastable
levels show a saturation trend after a certain amount of
discharge current.

(b) Around neon pressure of 2 m.bar the highest popu-
lation was obtained which is due to variation of collisional
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mechanisms.

(c) Because these four states 3S, 3S' are very close to
each other, the probability of excitation and de-excitation
between them is very high, so their population is changing
alkttte time.

(d) These four levels 38, 3S', together can be taken as
a thick state for step-wise excitation to upper levels,

(e) Adding a small amount of argon or some impurities
to neon discharge has a marked effect on the number
densities of the metastable states, thus affecting the inten-
sity-current (I-i) relationships and in general it could vary
the optical, spectral and electrical characteristics of the
discharge.
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