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This paper studies the modes of burning and structure of the glow discharge with "hollow cathode and flat an-
ode" and "hollow anode and flat cathode™ in nitrogen. We have demonstrated that a higher discharge current is ob-
served with a hollow cathode because its area exceeds 3 times that of a flat one. The discharge with a hollow cath-
ode may burn in hollow or glow modes (with the cathode cavity filled with negative glow or not). We have meas-
ured the axial profiles of the emission line intensities for nitrogen molecules, atoms and ions with different gas pres-
sure, discharge current values and electrode designs. We have observed the high intensity of the emission lines of
the atomic nitrogen in the cathode sheath near the surface of the flat cathode indicating a remarkable dissociation

degree of nitrogen molecules in this region of the discharge.

PACS: 52.80.Hc
INTRODUCTION

Glow discharge with a hollow cathode and/or anode
is widely applied in many industrial ion devices (ion
sources), in fluorescent lamps, for pumping gas-
discharge lasers, for welding and melting materials with
an electron gun, for modifying surfaces of solid bodies
(etching, depositing thin films), in analytical and plasma
chemistry [1-4].

In order to apply glow discharges optimally, one has
to know their properties in various modes of burning [1,
5-7]. In the majority of papers one dealt with the glow
discharge with a cylindrical hollow cathode as well as
with a segmented cathode. The glow discharge with a
hollow anode is less studied (see [4] and the references
cited therein). And we do not know the papers compar-
ing modes of burning and properties of the glow dis-
charge with a “hollow cathode and a flat anode” and
that of a “hollow anode and a flat cathode”.

This paper is devoted to studying the variation of the
discharge modes of burning for a pair of electrodes one
of which is flat and another one possesses a cavity in the
form of two parallel plates when these electrodes are in
turn a cathode and an anode. The discharge CVCs have
been measured and the structure of a glow discharge in
N2 has been studied with the optical spectral analysis.

1. EXPERIMENTAL

To investigate the glow discharge, a discharge
chamber was used schematically shown in Fig. 1. We
have performed our experiments in the discharge tube
with the 56 mm inner diameter. One of the electrodes
was flat and of 55 mm in diameter. Another one was
hollow and of the following shape. Two plates 2 mm
thick were located at the distance of 8 mm one from the
other and they were fixed to a flat disc of 55 mm in di-
ameter. Ends of plates were located at the distance of
37 mm from the flat portion of the electrode. These two
electrodes served in turn as a cathode and an anode, i.e.
we have considered the configurations of a “hollow
cathode and a flat anode” and a “hollow anode and a flat
cathode”. The distance between flat parts of the elec-
trodes was 100 mm. The study has been performed in
nitrogen in the pressure range p = 0.05...1.5 Torr.
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Fig. 1. The scheme of the experimental setup

With the optical spectrometer Qmini (RGB Lasersys-
teme) we have measured the axial profiles of emission
lines of nitrogen molecules, atoms and ions in the
300...900 nm wavelength range. For the analysis of
molecular gas spectra, we used the Pearse and Gaydon
handbook [8].

2. EXPERIMENTAL RESULTS

Consider the results for several nitrogen pressure
values. At low pressure the discharge with a hollow
cathode may burn in glow and hollow modes. Fig. 2
presents the photo and the axial profiles of the emission
line intensities for the molecular nitrogen (773 nm is the
1st positive system and 357 nm is the 2nd positive sys-
tem), for No* molecular ions (391 nm is the 1st negative
system), as well as for the atomic nitrogen (868 nm, the
transition from the “D° level to the “P one). In the glow
mode the cathode sheath loops over the hollow cathode
from the outside not filling the cavity. One observes the
maxima on the emission line intensity profiles located in
the discharge negative glow. And only near the edge of
the cathode plates one observes a brighter glow mani-
festing itself in the form of a moderate maximum on the
profile for the atomic nitrogen. This glow is caused by
secondary electrons produced out of inner surfaces of
cathode plates and accelerated in the electric field away
out of the cathode cavity. When one moves away from
the cathode to the anode, the emission line intensities
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decrease uniformly. When one moves from the edge of
the cathode plates into the cavity, the line intensities are
lowered with rather higher rate. We remark that the line
of the 1st negative system possesses the largest of the
nitrogen molecular ions (391 nm and other lines not
shown in the figures).
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Fig. 2. Discharge photo and emission line profiles of
neutral molecules and ions as well as of nitrogen atoms
are depicted. A hollow cathode is on the right and a flat
anode is on the left. The pressure is 0.1 Torr, the dis-
charge current is 20 mA. Glow mode
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Fig. 3. Discharge photo and emission line profiles of
neutral molecules and ions as well as of nitrogen atoms
are depicted. A hollow cathode is on the right and a flat

anode is on the left. The pressure is 0.1 Torr, the dis-

charge current is 20 mA. Hollow mode
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It is caused by the fact that for electron energies
above 20 eV the cross section of the molecule ionization
with the formation of ions excited to the level
N2*(B 2Z,*) becomes higher than the excitation cross
sections to the B *[1gq and C 3T, levels of the molecular
nitrogen [9]. Therefore in the regions where sufficiently
energetic electrons are present, the ion glow may be
brighter than that of excited molecules.

On increasing the current, the discharge fills the cath-
ode cavity jump-like, a so-called hollow mode sets on
(Fig. 3). Within the cavity a bright negative glow is built
up which partly may reach outside over the edge of the
cathode plates. Correspondingly, one observes two max-
ima on the glow intensity profiles— one is inside the cavi-
ty, and another one is outside it. As an overwhelming
majority of fast electrons oscillate in the cathode cavity
and produce effective ionization of gas molecules in it,
and a flow of fast electrons to the anode is small, a posi-
tive anode drop forms near the anode to produce the cur-
rent transfer. The anode glow near the anode surface [10-
16] is its consequence, and the emission line intensities in
this discharge region grow considerably.

Now consider how the discharge structure changes
for the “hollow anode” (Fig. 4) and “flat cathode”. Near
a flat cathode a cathode sheath of equal thickness is
formed, then there goes a negative glow approaching
the hollow anode. One observes the maxima on the pro-
files of all emission lines in the negative glow. On ap-
proaching the cathode the intensities of the 2nd positive
(N2) and the 1st negative (N2*) systems in the cathode
sheath decrease and the intensity of the 1st positive sys-
tem increases. However the concentration of the atomic
nitrogen near the cathode grows several times indicated
by an abrupt growth of the 868 nm line intensity. The
processes in the cathode sheath have been studied earli-
er, see, e.g papers [17-24]. As the hollow anode pos-
sesses a large area and fast electrons approach its sur-
face, then a sheath with a negative voltage drop is
formed near the anode [15]. The hollow anode serves as
a collector of fast electrons in this case, and due to their
loss the intensities of all emission lines lower near it.

Fig. 5 demonstrates that the current in the discharge
with a hollow anode (and a flat cathode) is considerably
less than one in the discharge with a hollow cathode. The
CVCs of the discharge with a hollow cathode possesses
two branches. The lower one corresponds to the glow
mode. The hollow cathode area 3 times exceeds that of
the flat one and therefore the current values for the hol-
low cathode are always higher. When the negative glow
fills the cathode cavity, a hollow mode is observed with a
high current. The transition between glow and hollow
modes has a hysteretic pattern.

Consider now the case of higher pressure of
0.5 Torr. At such pressure and low current the discharge
with a hollow cathode is burning first outside the cath-
ode cavity, but with the current growing it fills the cavi-
ty gradually. The current-voltage characteristic possess-
es the S-pattern without hysteresis. A brighter spot is
observed inside the cavity (with the maxima on the line
intensity profiles), the negative glow is partially spread
out the limits of the cathode cavity. Further, similar to
the case of low pressure, line intensities decrease when
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one moves away from the cathode, and the anode glow
appears near the anode surface.
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Fig. 4. Discharge photo and emission line profiles of
neutral molecules and ions as well as of nitrogen at-
oms are depicted. A hollow anode is on the right and a
flat cathode is on the left. The pressure is 0.1 Torr, the
discharge current is 20 mA
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Fig. 5. Current-voltage characteristics for hollow an-
ode and cathode. The pressure is 0.1 Torr. Glow and
hollow modes of the discharge with a hollow cathode
are indicated
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On employing a hollow anode with an increased gas
pressure, the thickness values of the cathode sheath and
negative glow decrease. Fast electrons lose their energy
traversing only a part of their way from the cathode
sheath boundary to the anode. Therefore in order to col-
lect a sufficient number of electrons, a sheath is formed
near the anode with the positive voltage drop in which
electrons get additional acceleration.

At the gas pressure of 1.5 Torr and low current val-
ues the discharge covers only a part of the cathode area
and it is burning in the normal mode. Dealing with the
discharge with the hollow cathode at low current values,
one may observe a section of the CVC with a negative
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tilt, corresponding to the normal mode. After the cath-
ode is completely covered with plasma the discharge
experiences a transition to the abnormal mode [10, 11,
21]. However in the case of a hollow cathode the width
of the section with the negative tilt exceeds 230 V and it
is associated not only with the normal mode. Between
the flat anode and the outer surface of cathode plates a
narrow positive column is being formed at low current
values. Its length decreases with the discharge current
growing. In this case the reduced electric field E/N de-
creases with the current growth [13, 14, 25, 26]. Corre-
spondingly, the voltage drop across the positive column
as well as the total one across the electrodes become
lower. Therefore the simultaneous expanding of the
discharge spot over the hollow cathode area and narrow-
ing of the positive column lead to the presence of the
clearly expressed CVC branch with the negative tilt.

CONCLUSIONS

So, in the present paper, a glow discharge in N; has
been studied with optical emission spectroscopy. We
have considered two cases with the hollow cathode and
hollow anode. Employment of the hollow anode has
shown to furnish a rather low discharge current than it
has been observed with the hollow cathode, because the
area of the hollow cathode is larger than that of the flat
one, therefore the area of the cathode sheath and nega-
tive glow (and the number of charged particles produced
in them) is always larger for the hollow cathode. The
glow and hollow modes of burning have been observed.
The concentration of atomic nitrogen grows substantial-
ly near the surface of the flat cathode.
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CTPYKTYPA U PEJXKUMBI TJIEIOIIETO PA3PSIJIA B A30OTE C OJIBIMH KATOJOM WA
AHOJIOM

B.A. JIucosckuit, P.O. Ocmaes, /I.H. Xunvko, B.JI. Ezopenxos

HccnenoBansl peskuMBbl TOPEHUS U CTPYKTypa TIICIOLIETO paspsjia C «IIOJBIM KaTOAOM M MJIOCKAM aHOJAOM» H
«TIOJIBIM aHOJIOM M IIOCKHM KaTozoM» B aszote. [lokazaHo, 4To Oosiee BHICOKMH pa3psaHbIA TOK HaOIIoqaeTcs s
TMOJIOTO KaToJla, TaK KakK ero Iomazp B 3 pasa 0ojplie, 4eM INIOCKOro. Paspsit ¢ mojIbIM KaToJJOM MOXET TOpeTh B
MIOJIOM HJIM TJICIOLIEM PEXHMax (C KaTOAHOW IOJIOCTHIO, 3aIIOJTHEHHON OTPHUIAaTEeIbHBIM CBEUCHHEM WU HeT). Jlnd
Pa3MYHbIX JaBJICHUH ra3a, pa3psAHbIX TOKOB M I€OMETPUIl 3JIEKTPOJIOB MOCTPOEHBI OCEBbIe MPO(UIN HHTEHCUBHO-
CTH JINHUH M3JIy4eHHUs] MOJIEKYJ, aTOMOB M HOHOB a30Ta. BOMM3M MOBEPXHOCTH IJIOCKOTO KaToja B KaTOAHOM CIIO€
HaOJroaeTcsl BHICOKAsh MHTEHCUBHOCTD JIMHUIM M3ITy4eHHsS aTOMapHOTO a30Ta, YTO YKa3blBaeT HA 3HAUYHUTENIBHYIO
CTeTIeHb TUCCOIMALNN MOJIEKYJI a30Ta B 3TOW 00JIaCTH pa3psaaa.

CTPYKTYPA TA PEXXMMH TJIIIOYOTO PO3PSIY B A30TI 3 IOPOKHUCTHUMU KATOJOM YU
AHOJIOM

B.0O. Jlicosecvkuii, P.O. Ocmacs, /I.1. Xinvro, B./l. €2openkos

JociikeHi pesKuMu TOPIiHHS 1 CTPYKTYpa TIIFOYOTO PO3PSIY 3 «IOPOXKHUCTHUM KaToJIOM 1 TFIOCKHM aHOJOMY i
«MOPOKHUCTUM aHOJIOM 1 INIOCKUM KaToJoM» B a30Ti. [lokazaHo, 110 OiiblI BUCOKMH PO3PSITHUN CTPYM CIOCTEpi-
Ta€THCS IS MTOPOKHICTOTO KaTOLy, OCKITBKH MOTO IJI0IMa B 3 pas3u Oinbla, HiJK INTOCKOT0. Po3psia 3 HOpOKHUCTHM
KaToJI0M MO>K€ TOPITH B MOPOKHUCTOMY a00 TII0YOMY pPeKUMax (3 KaTOIHOIO MOPOKHUHOIO, 3aIIOBHEHOKO HETATH-
BHUM CBITiHHAM 4 Hi). /I pi3HUX 3HA4YEHBb THUCKY Ta3y, PO3PSAAHUX CTPYMIB 1 reoMeTpiil eneKTpodiB moOy0oBaHi
0CBOBI MPO(iii IHTEHCUBHOCTI JIiHIM BUIIPOMIHIOBaHHS MOJIEKYJ, aTOMiB Ta i0HIB a30Ty. [1001m3y moBepxHi 1uIoc-
KOTO KaTo/ay B KATOJAHOMY IIapi CIIOCTEPIraeThCsl BUCOKA IHTEHCHBHICTH JIiHIM BUNPOMiIHIOBaHHS aTOMapHOTO a30TYy,
0 BKa3y€e Ha 3HAYHHN CTYIiHb TUCOIiallii MOJIEKYJ a30Ty B IIill 001acTi po3psy.
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