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A STUDY OF THE RADIAL DISTRIBUTION
OF THE ULTRAVIOLET RADIATION FROM
HOLLOW CATHODE GLOW DISCHARGE"

L. CERVENAN?, V. MARTISOVITS®, Bratislava

An energetic neutral flow (metastable atoms and ultraviolet radiation) effusing from
the negative glow of the hollow cathode discharge through a small orifice (diameter
85 um) into a high vacuum region was studied by the time-of — flight method. The hollow
cathode could be displaced against the effusing orifice. Spectroscopically pure neon was
used and the measurements were made at a pressure range of 30—500 Pa, for
a discharge current from 2 mA to 10 mA. Under our experimental conditions no signal
corresponding to metastable atoms was observed.
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B paGoTe Ha OCHOBe BpeMeHH fIpONieTa TPOBENECHO MCCHCHOBAHHE BBICO-
KOIHEPreTHIECKOTO HEHTPANLHOTO NMOTOKA (MeTacTaGHIIBHBIX aTOMOB H YAbTpadmo-
NETOBOTO M3NyYeHHs), BBITEKAIOILEr0 M3 KATONHOTO CBEYEHHS OT paspaia B MOIOM
KaTofie Yepe3 Mmanoe Kpyrnoe oTsepctve (muaMeTp 85 MKM) B 06nacts BEICOKOTO
Baxyyma. [lonblit xaTon npH 3TOM HO/KeH OBITH PACHONOXEH NPAMO HAIPOTHB Kpyr-
NOro OTBepcTHA. B 3KcnepuMeHTe HCIONb30BAICH THCThIA HEOH U M3MEPEHUA APOBOAM-
nuch npu pasnenwsix 30— 500 ITa pna pa3psauoro Toka ot 2 MA fio 10 MA. B nanmbix
IKCHEPHMEHTANBHBIX YCIOBHAX He OGHapyXeHO HMKAKHX JaHHBIX O HANWYHH MeTac-
TaGUIBLHBIX aTOMOB.

I INTRODUCTION

A positive column of the glow discharge was observed [1] to be an efficient
source of the effusing energetic neutral flow (metastable atoms, ultraviolet
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radiation). The energetic neutral flow effusing from a positive column was studied
in our previous papers [2, 3, 4, 5, 6]. The experimental arangement used gave
information about the flux density of particles at the wall only. Generally, an
estimation of reaction rates of various elementary processes requires a radial
variation of the flux density to be known, too. For this purpose we have used
a radially displaceable hollow cathode as in [12] for ion-molecular reactions.

II. EXPERIMENTAL METHOD

Information about the distribution of the effusing flow from negative glow can be
obtained by means of a discharge tube with a displaceable hollow cathode. The
geometry of this tube was suggested in such a way as to suit the experimental
apparatus [8]. A detail of the experimental apparatus with the hollow cathode
discharge tube is schematically shown in Fig. 1.
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Fig. 1. Experimental apparatus. EZ — electrometer, OZ ~ amplifier.

The excited atoms, charged particles, ultraviolet radiation and groundstate atoms
passed from the hollow cathode K (inner diameter 11 mm, length 40 mm) through
a small orifice 0 ( (85 um diameter) in the extraction electrode into a high vacuum
region. Any charged particles present in the beam were removed by retarding fields
[2]. The effusing beam was chopped by a rotating disc Cy to separate contributions
of the ultraviolet photons and metastable atoms in the collector current by the
time-of-flight method [8]. The metastable atoms passed through the drift space
(31 cm length) with a delay corresponding to their thermal velocities. On the other
hand photons passed through the drift space with negligible transit time. After
passing through the drift space the particles (photons and metastables) were
detected in the gated detector by means of the electron emission when the
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metastable atoms and photons struck a metal w_iw.nm [5]. The m.m:wa aﬂo:Mo”Mn
consisted of a molybdenum collector and a control grid M, placed in mnoﬂccnu 3
collector. The ejected electrons from the 8=oo~o.n.m=o R.u the Eagmw omamn
photons could be accelerated to grid My by a vOm_:.<n mm.nam pulse, mnrmo the
current to the collector could be measured at any desired time after the chopping

pulse.

~

1. RESULTS AND CONCLUSIONS

In the case of a positive column of the glow discharge 5.:00._. and argon a signal
corresponding to the metastable atoms in the collector circuit was observed [5].
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Despite of the fact that the hollow cathode discharge is often considered as a rich
source of the metastable atomsg [7,9, 10}, no signal corresponding to the metast-
able atoms was obtained in our experiment. Spectroscopically pure neon was used.
The steady state discharge was produced at various pressures in the range of
30—500 Pa and a discharge current from 2 mA to 10 mA. The sensitivity of the
applied method was increased by using an accumulative technique (Multichanel
analyser NTA 1024). We have accumulated 100 transit time spectra as is illus-
trated in Fig. 2. It can be seen that no signal corresponding to the metastable atoms
is present. A considerable number density of the metastable atoms would cause
a collector current delayed by approximately 360 us against a maximum of the
ultraviolet radiation pulse. We have concluded that the metastable atoms were
deexcited by the Penning ionization due to collisions with metal vapor in the cavity
of the cathode. Therefore we consider now only the signal from the ultraviolet
radiation below the threshold wavelength of 290 nm (Mo collector).
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Fig. 3. Radial profile of the integral intensity of Fig. 4. Radial profile of the integral intensity of
the u-v radiation for various pressures. the u-v radiation for various discharde currents.

The radial profiles of the normalized integral intensity of the ultraviolet radiation

as a function of the pressure and discharge current are presented in Figs. 3 and 4.

The variation of the discharge parameters can be seen to have an influence on the

flux mainly in the region of the glow edge. The observed profile of the radial

- integral intensity of the ultraviolet radiation varies with the discharge current in

a similar way as in the case of He II line (486.6 nm) [11). The nonzero value of the

collector current in the region of the cathode dark space probably corresponds to

photons from the immovable anode A of the discharge tube. A spurious effect can
also arise from the small angular resolution of the detector system (£2.8°).
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