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Radial inhomogeneity in a shape of spectral line emitted from hollow
cathode discharge
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The Lorentzian width of the spectral line Hel 504.7 nm emitted in the negative glow of a hollow cathode discharge (HCD)
was found to increase depending on the distance from the emitting volume to the cathode axis. This effect manifests itself at
low buffer gas pressures py, € (0.0-0.28) Torr. The later is typical for the experiments on SFS, radiative width and other con-
stants. Thus, the observed radial inhomogeneity concerns the accuracy of these measurements. It is checked by determina-

tion of radiative width of the Hel 504.7 nm line emitted by two regions along the radius of HCD.
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1. Introduction

Hollow cathode discharge (HCD) is known as widely used
light source in both absorption and high-resolution spec-
troscopy. The unique sputtering-excitation properties have
lately also traced much interest to HCD within modern
spectroscopic investigations, i.e., magneto-optic [1],
opto-galvanic [2], and magneto-galvanic [3] ones. These
application fields stimulate further studies of HCD emis-
sion and electric characteristics under wide region of buffer
gas pressure [4].

Earlier, we observed radial inhomogeneities in spectral
line shape emitted from HCD at low gas pressure p €
(0.2-2.2) Torr [5]. They were ascribed to the electric field,
which penetrates from cathode dark space to the negative
glow at low enough gas pressure. Two effects, i.e., broad-
ening AV(R;) and shift 6W(R;) of the spectral line were ob-
served from different regions R; along the HCD radius R.
These effects rise at both gas pressure decreasing (Av o< p~!
and 6V o< p!) and distance R; from the cathode axes Ry,
i.e., Avec R; and 6V < R;. This result concerns the accuracy
of various measurements by HCD usage.

In this work, behaviour of the Lorentzian half-width
Av;(R;) of Hel 504.7 nm line at the gas pressure
Pue € (0.09-0.28) Torr is investigated. The results are dis-
cussed within the frames of its radiative width.

2. Experiments
Aluminium end-to-end HCD of the diameter 2R =25 mm and

length 1 = 30 mm installed in a covar cylinder is used. The
bottomless cathode allows both monitoring of Hel 504.7 nm
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absorption by using a reflecting mirror and excluding effects
at the cathode bottom. The cathode walls are liquid
air-cooled. The ratio 2R// has been taken based on consider-
ation of HCD stability at the suitable low-pressure range
Pue € (0.09-0.28) Torr. The discharge at discharge current 4
mA is driven by a current-stabilized power supply. Shapes of
spectral line Hel 504.7 nm are recorded since its small oscilla-
tor strength f = 0.0082 minimizes the effect of reabsorption
[6]. A scanning two-position Fabri-Perot interferometer (FPI)
is used (Fig. 1).
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Fig. 1. Experimental scheme. FPI is the Fabri-Perot interferometer,
M 1is the monochromator, P is the photomultiplier, and A is the
amplifier.

The optical scheme contains a reflecting mirror. The
periodic variation of the mirror inclination permits simulta-
neous recording of two line shapes, each one emitted from
different regions R; along the cathode radius. Thus, the
shapes may be compared in all parameters correctly. A cyl-
inder with a base of 1 mm determines space resolution,
limited by the optical system and source geometry.

Every FPI contains the profile emitted from the plasma
along the axis R (Fig. 2, case 2) — as a standard and along
another R; (Fig. 2, case 1).
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Fig. 2. Two-position interferogram of the spectral line Hel 504.7
nm emitted at a distance of 4 mm from the axis (1) and along the
cathode axis (2).

The Lorentzian Av, and Gaussian Av; half-widths
[width of the line shape at I(v) = [,,,,/2] of FPI are obtained
by using the Balik’s method [7].

3. Results and discussions

The recorded FPIs were found broadening when the emit-
ting gas discharge region R; has not been localized along
the cathode axes R,. Their deconvolution suggests that the
Lorentzian causes this anomalous tendency.

Table 1. Lorentzian width ; in the profile of Hel 504.7 nm emitted
along the axis R and at a distance 4 mm R, from the axis.

Py, (Torr) 0.28 0.2 0.13 0.09
Ri (mm) R() R4 RO R4 RO R4 RO R4

Av;x103 em™ | 50 | 51 | 47 | 50 | 43 | 48 | 41 | 47

Table 1 consists of the Lorentzian widths Av; obtained
from interferograms by deconvolution. Everywhere
Av Ly > Av Ly, arlld the inequality rises at lower pressure
since Av Ly = D pe - On the other hand this inequality also
rises with the distance Ri, i.e., Av Ly, = R; at a given pres-
sure. The relation Av; o lee Rilpiro Suggests that the
real Lorentzian contains an additional component due to
the observed inhomogeneity at low buffer gas pressure.
This component may influence the value of any parameter,
consisting in Av;.

The last consideration is checked by determining of ra-
diative width of the Hel 504.7 nm line emitted by two emit-
ting regions along the radius of HCD.

346

Opto-Electron. Rev., 11, no. 4, 2003

Generally, the Lorentzian width consists of one light
source proper component Avg and that of instrumental
broadening Av,

Avp = Avg + Av,. (1)

In order to eliminate the entirely broadening Av,, the same
interferogram (at py, = const) has been recorded at differ-
ent distances ¢ between the mirrors of the interferometer;
the following extrapolation Av,—Av;” at +1—0 gives the
real value of Avs.

The value Avg in our case includes the radiative width
Avy, the broadening due to the pressure Av, and the term

0vii_o concerning established dependence
Avp ~ R, (AVyig = AV — AVy)
Avg = Avy + AV, + vy o. )

One should note the dual acting of gas pressure in Eq.
(2). The term Av, o< p describes the normal collisional in-
teraction and does not depend on the parameter R;, i.e., it
manifests itself everywhere in HCD. The other term was
found as Av;; o< R, p~! and it may dominates Av, at both
enough low p and long R;. The contribution of the colli-
sions Av, is estimated according to Ref. 8. The value of
Av, turned out to be 0.22x10-3 cm™! at the particle density
of 5x10'" ¢m™. This component was eliminated by
Lorentzian width extrapolation to zero pressure. Then the
width Avg was found to be

AVl gego = (13 £1)x10-3 cm1;

AV gega = (17.2 £1.5)x10-3 cm~.

The value Avg | r=ro 18 1n a good agreement with the ra-
diative width measured in Ref. 9 and can be considered as
radiative one, i.e., AV | oo ro = Avy. On the contrary, the
value of Avg | r= ro €xceeds in more than 1.3 times that
of Avg | r= ro and cannot be taken as a real radiative width
because of the term dv;4 o # 0.

Obviously the accuracy of experimental data depends
on both optical system space resolution and steepness of ra-
dial inhomogeneity dAv; /dR. Usage of a bottomed cath-
ode introduces additionally a background of broadening.

4. Conclusions

At low operating gas pressure py, < 0.3 Torr, the Lorentzian
width Av; of Hel 504.7 nm line is found broadening when
spontaneous emission of HCD is detected along the cathode
radius at the distance R; from the geometric axis R, This
broadening depends abnormally on operating gas pressure,
i.e, Avy o p~! and rises with distance R;.

The used operating pressure region is the suitable for
the experiments on SFS, radiation constants, isotope shift,
etc. and the observed radial inhomogeneities in Av; may
compromise the accuracy of the measurements. Moreover,
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the radial inhomogeneity influences the shape of the spec-
tral line when the Gaussian is not enough dominating.

The observed broadening is analysed within the frames
of the problem of radiative width. The later is found differ-
ent for Hel 504.7 nm emitted by HCD plasma along the
cathode axis [(13 +1)x10~3 cm™! which is close to the liter-
ature data] and at distance of 4 mm from the axis [(17.2
+1.5)x10-3 cm™! which is influenced by radial broadening].

The results outline the importance of optical system
space resolution at low gas pressure operation, i.e., it has to
be conformed to the current inhomogeneity steepness
dAv; [OR.
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