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This paper is devoted to studying the effect of flat electrode diameter values on current-voltage characteristics
and axial structure of the glow discharge in nitrogen. We have demonstrated that the discharge current increases
with the electrode diameter growing. One has to apply a considerably higher voltage across small electrodes than
across large ones to transport one and the same current. The discharge structure evolves at the current fixed in such a
way that a thinner cathode sheath forms near the small cathode, the negative glow length is substantially larger, and
the positive column is shorter than in the case of employing large diameter electrodes. In the negative glow we have
observed maxima in the axial profiles of the emission lines of nitrogen molecules and ions measured with the optical
spectrometer. On moving away from the cathode, the line intensities decrease uniformly till the positive column
indicating the presence of fast electrons not only in the negative glow but also in the dark Faraday space.

PACS: 52.80.Hc

INTRODUCTION

Glow discharge is widely applied in such devices
employing glow discharge as gas discharge voltage sta-
bilizers (voltage stabilizer diodes, surge protectors) as
well as in fluorescent lamps, etc [1-3]. In order to apply
the glow discharge correctly, one requires to know the
conditions of its existence as well as its quantity charac-
teristics in different gases, under various gas pressure
values and electrode dimensions. In the most of the
available publications the glow discharge was reported
to be ignited between flat parallel electrodes of equal
area [4-14]. However, the referred papers do not actual-
ly contain the data demonstrating how the flat electrode
dimensions affect the plasma parameters of the glow
discharge in discharge tubes of different length. There-
fore, the aim of the present paper was to study the effect
of the flat cathode and anode diameter values on the
current-voltage characteristics and structure of the glow
discharge.

1. EXPERIMENTAL

Dc glow paspsx was ignited in the chamber, with the
scheme depicted in Fig. 1. To the chamber butts the
stainless steel flat anode and cathode were fixed. The
discharge tube was 56 mm of inner diameter. Experi-
ments have been performed with flat electrodes of the
diameter equal to 55 mm, 35 mm, 25 mm and 12 mm.
The inter-electrode distance varied from 5 to 350 mm.
The electrodes were inserted into indentations of the
dielectric flanges so that the surface of the flange and
the electrode were located in one plane. The nitrogen
pressure range studied was p = 0.1...1 Torr.

With the optical spectrometer Qmini (RGB La-
sersysteme) 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 [15].
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Fig. 1. The scheme of the experimental setup
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Fig.2. Current-voltage characteristics for different elec-
trode diameters. The inter-electrode distance is
350 mm, the gas pressure is 0.15 Torr

2. EXPERIMENTAL RESULTS

We have found that at low nitrogen pressure (in
Fig. 2 the results for 0.15 Torr are given) the discharge
current is higher for large diameter electrodes. The rea-
son is that more charged particles are produced in the
cathode sheath near the large electrode at the same volt-
age compared with that near the small one.
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Fig. 3 presents the photos of the glow discharge in
nitrogen for electrode diameter values of 55 and 12 mm
in which the cathode is on the left and the anode is on
the right. The gas pressure and discharge current values
are kept constant. However, for supporting the current
of 2 mA two substantially different voltage values are
required: 643 V for the electrode of 55 mm in diameter
and 1332 V for the electrode of 12 mm in diameter. This
also affected the discharge structure. The cathode sheath
thickness for the large electrode was 10 mm and for the
small one it diminished to 9 mm.
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Fig. 3. Photos and axial profiles of the emission
line intensities for the electrode diameter values of

55 and 12 mm. The nitrogen pressure is 0.15 Torr,
the discharge current is 2 mA

The cathode surface is bombarded with positive ions
produced in the cathode sheath and in the part of the neg-
ative glow close to it. Under this bombardment secondary
electrons leave the cathode and they gain a considerable
energy in the sheath high electric field and perform an
intense ionizationu in the cathode sheath and the negative
glow [16-19]. The length of this negative glow is conven-
tionally estimated as the path length of the fastest elec-
trons produced near the cathode not losing a remarkable
portion of energy during their motion due to inelastic
collisions with gas molecules. One observes in Fig. 3 that
the negative glow near the small electrode spans much
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farther than that near the large one due to higher energy
of fast electrons. The current through the negative glow is
carried by the directional flow of fast electrons as well as
by the diffusion flow of intermediate electrons (which
had no time to thermalize but their energy is still insuffi-
cient to excite and ionize gas molecules). After the cath-
ode sheath and the negative glow the dark Faraday space
is observed in which, as assumed in papers [19, 20], there
are already no fast electrons, and the current transport is
accomplished via the diffusion flow of intermediate elec-
trons. In order to compensate for their loss to tube walls
because of ambipolar diffusion, the electric field strength
in the dark Faraday space increases. The positive column
is formed when the electric field strength becomes suffi-
ciently large to compensate the loss of electrons to the
tube walls by their production due to ionization [21-27].
It is clear from Fig. 3 that for the electrodes of 55 mm in
diameter the positive column is observed at the distance
of 120 mm from the cathode, whereas for the electrodes
of 12 mm in diameter it is located at the distance of
247 mm. At low pressure the positive column is
stratified. The long positive column with large electrodes
consists of 6 complete strata with the anode glow, and the
short one consists of 2 complete strata and the anode
glow.

We have employed the optical spectrometer to meas-
ure the discharge emission spectra at different distances
from the cathode, from which we have got the axial dis-
tributions of emission lines of the first and second posi-
tive systems of the nitrogen molecule, the first negative
system of molecular ions as well as the emission of the
atomic nitrogen (see Fig. 3). These axial profiles demon-
strate that the maximum intensity of emission lines is
observed in the negative glow near the cathode sheath
boundary. On moving away from the cathode the intensi-
ties of all lines decrease uniformly. Note, however, that
the intensities do not vanish at the boundary between the
negative glow and the dark Faraday space (do not ap-
proach the spectrometer noise level) but continue de-
creasing until the positive column. Probably, the flow of
fast electrons capable of exciting or even ionizing gas
molecules does not disappear at the negative glow
boundary but approaches the positive column.

The stratified positive column consists of successive
bright (with high electric field strength) and dark (with
weak or even negative field) layers, i.e. strata. In the re-
gions with high field electrons are accelerated, and max-
ima of the emission lines of not only nitrogen molecules
but also nitrogen ions and atoms correspond to each stra-
tum. At higher pressure of 1 Torr the positive column
becomes uniform with approximately constant intensity
of emission lines along it.

Above we have demonstrated that the electrode di-
ameter affects the discharge structure substantially. So for
the electrode of 12 mm in diameter the positive column is
located at the distance of 150 mm from the cathode with
the lowest current of discharge burning of 0.06 mA, with
the current growing it moves fast from the cathode and at
the current of 2.5 mA it disappears completely in the tube
of 350 mm long. For the electrodes of 55 mm in diameter
at low current the positive column is observed at the dis-
tance of 100 mm from the cathode, and one needs cur-
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rents of several tens of milliamps for its complete disap-
pearance.

The dependences of the voltage across the electrodes
on the inter-electrode distance are also differing consider-
ably for different electrode diameter values. The results
presented in Fig. 4 have been obtained with the movable
anode technique when with the inter-electrode distance
varying the discharge current value was kept fixed and
the voltage was measured. At narrow gaps when only the
cathode sheath found its place between the electrodes, the
discharge was burning in the obstructed mode [28]. On
removing the anode from the cathode through the nega-
tive glow one has to increase the inter-electrode voltage
to keep the discharge current fixed [16-18]. In Fig. 4 the
AG letters indicate the distance between the anode and
the cathode, when the anode glow appears near the an-
ode. The appearance of the positive column within the
inter-electrode gap is indicated with the letters PC. These
distance values from the anode to the cathode when the
anode glow Lg and the positive column Lpc appear are
shown in Fig. 5 against the discharge current for different
electrode diameter. The anode glow is shown to appear
approximately at the one and the same place for different
electrodes with the one and the same discharge current.
However, the positive column is located farther from the
cathode for the electrodes of lesser diameter.

1500

12 mm

> 1000
o)

o«
‘ - Aunun.n“nnn
Yy nn,nun“nnn‘
DI NI

0 100 200 300
L, mm
Fig. 4. Voltage across the electrodes against the inter-
electrode distance for the electrode diameter values of
12, 25, 35, and 55 mm at the nitrogen pressure of
0.15 Torr and the discharge current of 2 mA
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Fig. 5. Distance from the cathode at which the anode
glow appears near the movable anode and the positive
column boundary is observed against the discharge
current for the electrode diameter values of 12, 25, 35,
and 55 mm at the nitrogen pressure of 0.15 Torr
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CONCLUSIONS

This paper is devoted to the experimental study into
the effect which the flat electrode diameter values have
on the structure and properties of the glow discharge in
nitrogen. We have measured the current-voltage charac-
teristics and showed that the discharge current increases
with the electrode diameter growing keeping constant
the current density with the voltage fixed. Therefore,
one requires to apply higher voltage across small elec-
trodes in order to transport a definite current than one
needed for large electrodes. Increasing the voltage
across the cathode sheath of small electrodes entails the
decrease of its thickness, elongation of the negative
glow and shorter positive column. Axial profiles of
emission line intensities of nitrogen molecules and ions
possess maxima in the negative glow near the cathode
sheath boundary due to the flow of fast electrons leav-
ing the sheath. On moving away from the cathode
sheath boundary line intensities decrease uniformly not
only in the negative glow but also in the dark Faraday
space until the positive column.
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BJIMSIHUE JUAMETPA IJIOCKHUX 2JEKTPOJIOB HA CTPYKTYPY U CBOMCTBA TJEIOIETO
PA3PSIJIA

B.A. Jlucosckuii, P.O. Ocmaes, B /. Ezopenkos

HccnenoBano BiaMsHUE TUaMeTpa INIOCKUX JIEKTPOJOB HA BOJIBT-aMIIEPHBIC XaPAKTEPUCTUKU U OCEBYIO CTPYK-
Typy TJICIOIIETO pa3psja B a3ore. [lokazaHo, YTO pa3psiHBII TOK ¢ POCTOM JHMaMeTpa 3JIEKTPOJIOB YBEINIHUBACTCH.
Jnst mepeHoca OHOTO M TOTO K€ TOKa HYXXHO NPHKJIAIBIBATh K MajbIM 3JEKTPOJaM ropas3io Oojee BBICOKOE
HamnpspKeHUe, YeM K OOJBIIMM. DTO PUBOAUT K TOMY, YTO NPH (PUKCHUPOBAHHOM TOKE BOJIM3HM MaJoro karoaa ¢op-
MHUpyeTcs Oosee TOHKHI KaTOAHBIN CIIOH, JUIMHA OTPHULIATEIEHOTO CBEYCHUS! CYIIECTBEHHO OOJIbIIIE, a TTOJIOKUTEIb-
HBII cTOJI0 KOpoye, YeM IPU MCHOIb30BaHNH JIEKTPOJIOB OOJIBIIOro auamerpa. Ha m3sMepeHHbIX ¢ TOMOMIIBIO ONTH-
YECKOTO CHEKTPOMETPA OCEBBIX MPOQUIISIX MHTEHCUBHOCTH JINHUN U3JTyYEHUS] MOJIEKYJ M HOHOB a30Ta MaKCHUMYMBI
HaOJIOMal0TCS B OTPUIIATEIbHOM CcBeYeHMH. [Ipy yraneHu# OT KaToJa MHTCHCHBHOCTH JIMHUM MOHOTOHHO YMEHB-
IIAI0TCS BIUIOTH A0 MOJOXXHUTENBHOTO CTOJI0A, YTO YKa3bIBACT HAa HAJIMYHE OBICTPHIX IEKTPOHOB HE TOJIBKO B OTPH-
LIaTeJIbHOM CBEYEHMH, HO U B TEMHOM (hapaieeBOM IMPOCTPAHCTBE.

BILIMB JIAMETPA IUIOCKUX EJEKTPOJIIB HA CTPYKTYPY TA BJACTUBOCTI TJIIOYOT O
PO3PSIIY

B.O. Jlicosecvkuit, P.O. Ocmacs, B./l. €zopenkos

JlocnipkeHo BIUIMB AiaMeTpa IUIOCKHMX €JIEKTPOIB Ha BOJbT-aMIIEPHI XapaKTEPHUCTHKH 1 OCbOBY CTPYKTYpPY TJi-
1090T0 po3psay B a3ori. [lokazaHo, 110 po3psAHUIA CTPYM i3 3pOCTaHHSIM JliaMeTpa eIeKTpoNiB 30inbiryeTbes. s
TIEPEHECEHHS OIHOTO 1 TOTO X CTPYMY HNOTPIOHO MPUKIIAATH IO MaJlMX €JIEKTPOAiB Habararo OUIBII BUCOKY Harpy-
Ty, HK 710 BenukuX. Lle mpu3BoauTh 10 TOTO, 10 MpHu (PikcoBaHOMY CTpyMi MOOIM3y MaIoro Karoaa GOpMYEThCS
OB TOHKWIA KaTOJAHWHA MIap, JOBKWHA HETATHBHOTO CBITIHHS ICTOTHO OiJibIlIa, a TIO3UTUBHUN CTOBM KOPOTIIHUH,
HDXK TIPH BUKOPHCTaHHI €IEKTPO/IB BEIMKOTo AiamMerpa. Ha BHMIpSHHX 3a JONOMOTOI0 ONTHYHOTO CIEKTPOMETpa
OCBHOBUX HPOQINIAX IHTEHCHBHOCTI JIiHI BHIPOMIHIOBAaHHS MOJIEKYJI 1 10HIB a30Ty MaKCUMYyMH CIIOCTEpPIraroThCs B
HeTaTUBHOMY cBiTiHHI. IIpy BinganeHHi Bix KaTo/a iIHTECHCHBHOCTI JIiHIf MOHOTOHHO 3MEHIIYIOTHCS aX JI0 TIO3UTH-
BHOT'O CTOBIIA, IIIO BKa3y€ HA HASBHICTH IIBHIKUX €JIEKTPOHIB HE TIIbKM B HETaTUBHOMY CBITiHHI, @ i B TEMHOMY
(apaneeBomy 1pocTopi.
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