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This paper studies how an anode diameter value affects ignition and CVC of the dc glow discharge. The decrease in
anode diameter is shown to cause a shift of breakdown curves to higher gas pressure and breakdown voltage values and
increases the discharge extinction voltage. In the normal mode for moderate anodes the decrease in the discharge
current is accompanied with a considerable increase of the voltage across the electrodes. A bright anode glow is found
to be present around the small anode in the total range of gas pressure under study.

PACS: 52.80.Hc
1. INTRODUCTION

In order to apply the glow discharge correctly we have
to know the conditions of its existence and the qualitative
characteristics in various gases, at different gas pressure
and electrode size values. In the majority of papers the
glow discharge was ignited between flat parallel
electrodes of equal area. The anode area was, as a rule,
equal to the cross section area of the discharge tube.
Presently the literature contains only the data on the effect
of the anode shape on the sign and magnitude of the
anode voltage drop in long discharge tubes in mercury
vapor [1, 2]. However there are practically no data
showing the effect of anode size on dc discharge plasma
parameters in short discharge tubes. Thus the aim of the
work was to study the effect of a flat anode size on
ignition and current-voltage characteristics (CVC) of dc
glow discharge.

2. EXPERIMENTAL

In order to study the effect of flat anode size on
ignition and CVCs of dc glow discharge we employed
two discharge chambers, whose schemes are depicted in
Fig. 1. In the first case (see Fig. 1, a) the fused silica
tube possessed the inner diameter of 56 mm. The
cathode diameter was 55 mm. Experiments were
performed with flat anodes whose diameter was 55, 5,
3 and 0.8 mm. With small area anodes the tube cross
section was closed with a dielectric plate of 55 mm in
diameter, through the hole in which the anode was
inserted located in one plane with it. The inter-electrode
distance was 20 mm. The dc power supply was
connected to the cathode, whereas the anode was
grounded. The discharge circuit contained the external
resistor of 50 kQ limiting the current and preventing the
cathode spot occurrence. Experiments were performed
in the nitrogen pressure range of p =0.1...10 Torr with
the dc voltages Uy <3000 V.

In the second case (see Fig. 1, b) the fused silica tube
was of 100 mm of inner diameter. Electrodes overlapped
the total cross section of the discharge tube. During the
experiments a dielectric plate Imm thick was located on
the anode. An orifice of required diameter was
perforated at its center. Thus the collecting surface of
the anode was limited with this orifice. Experiments
were performed anode diameters of 100, 10 and 5 mm.
The inter-electrode distance was 32 mm. In this case we
employed argon within the pressure range of
p=0.01... 10 Torr.
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Fig. 1. Scheme of the experimental setup
3. EXPERIMENTAL RESULTS

Fig. 2 depicts breakdown curves of glow discharge
in nitrogen in the chamber shown in Fig.l,a and
registered for different anode diameters. It shows that
the best conditions for discharge ignition are observed
when the anode overlaps the total cross section of the
discharge tube (the curve for the anode diameter of
55 mm). The minimum of this breakdown curve is
located at nitrogen pressure of 0.25 Torr and voltage of
286 V. On decreasing the anode diameter the breakdown
curves are shifted to the region of higher gas pressure
and breakdown voltage values. So for the anode of
5 mm in diameter the minimum of the breakdown curve
is observed at 0.3 Torr and 508 V, and for the anode of
3mm in diameter the minimum coordinates become
0.33 Torr and 632 V. On decreasing the anode diameter
the area of dielectric walls, where electrons may escape
due to diffusion increases. Increasing pressure increases
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the ionization rate and simultaneously decreases the rate
of diffusion escape of charged particles to the walls.
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Fig. 2. Breakdown curves of dc discharge in nitrogen
with anode diameters of 0.8, 3, 5, and 55 mm

Therefore the decrease in diameter, first, led to the
increase of breakdown voltage, and, second, to the shift
of the breakdown curve to the region of higher gas
pressure. Similar behavior of the breakdown curves is
observed with discharge tube diameter decreasing as
well as with lowering the emission ability of the
cathode. Decreasing the anode diameter leads to the
enhanced escape of charged particles to tube walls and
the dielectric surface surrounding the anode as well as to
the ionization increase near the anode. In a discharge
chamber with a small anode the distribution of the
electric field becomes strongly nonuniform, and near the
anode the electric field intensity increases considerably.

Registering data on breakdown curves of the glow
discharge in argon performed in the chamber shown in
Fig. 1, b furnished similar results (Fig. 3).
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Fig. 3. Breakdown curves of dc discharge in argon with
anode diameters of 5, 10, and 100 mm

The breakdown curve for the anode not covered with a
dielectric plate possesses the most low gas pressure and
breakdown voltage values at the minimum. For the
anode covered with the plate with a small diameter
orifice the breakdown curve is shifted to the region of
higher gas pressure and breakdown voltage values.

Fig. 4 presents CVCs of discharges in nitrogen in a
broad range of pressure values for the discharge
chamber shown in Fig. 1,a. At nitrogen pressure
0.1...0.3 Torr the discharge burns only in the abnormal
mode. Starting from the pressure of 0.5 Torr and above
with low discharge current values the discharge spot
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occupies only a part of the cathode surface, and a normal
mode is observed which experiences to the abnormal
one with current increasing. Decrease in the anode
diameter led to the increase of the minimum voltage of
discharge sustainment. CVCs of the discharges in argon
registered in the discharge chamber shown in Fig. 1, b
demonstrated a similar behavior.
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Fig. 4. Current-voltage characteristics of glow
discharge at different nitrogen pressure values with
anode diameters of 55 mm (a) and 3 mm (b).
Tube diameter is 55 mm
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Fig. 5. Current-voltage characteristics of glow
discharge in argon at pressures of 0.1, 0.5,and 2 Torr
and anode diameters of 100 and 5 mm. Tube diameter is
100 mm



Fig. 5 compares CVCs of the discharge in argon
registered at identical gas pressure values and different
anode diameter values. It is clear from the figure that at
p=0.1 Torr CVCs for the anode diameters of 100 mm
and 5 mm are similar qualitatively but the decrease in
anode diameter led to the increase in the discharge
extinction voltage. For the pressure p = 0.5 Torr at the
smallest discharge currents we observe the normal mode
of burning, that is the discharge spot occupies only a
part of the cathode surface. At p =2 Torr in a broad
range of current values the discharge burns in the normal
mode for the small as well as big anodes. However for
the anode of 5 mm in diameter the discharge current
lowering is accompanied by a substantial increase of
voltage across the electrodes. For the anode of 100 mm
in anode this effect is pronounced more weakly. Usually
the discharge column in the normal mode burning
between the electrodes of large area occupies larger area
on the anode than on the cathode. But with the anode
diameter of 5 mm the situation is the reverse, i.e. the
discharge column on the anode is limited by its area and
it cannot expand but near the cathode the column
expands. In the case of electrodes of large area the
expansion of the plasma column near the anode is due to
ambipolar diffusion of charges particles. And for the

compensation of electron losses from the discharge
column of small diameter the voltage across the
electrodes must be higher. In the case of a small
diameter anode the discharge column narrowing
accompanying electron motion to the anode leads to
their enhanced escape due to ambipolar diffusion. This
circumstance may explain the considerable growth of
voltage across electrodes when the current of the normal
mode of the glow discharge with a small anode lowers.
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BJIUAHUE TUAMETPA AHOJIA HA 3A’KUT'AHUE U 'OPEHUE PA3PAJA HOCTOAHHOI'O TOKA

B. Jlucosckuii, E. Ckyoenxo, E. Kpasuenxo, B. Ezopenxoe

WccnenoBano BiausHUE AnaMEeTpa aHoda Ha 3aXKWI'aHUC U BOJIbT-aMIICPHBIC XapaKTECPUCTUKU TIICIOLICTO pa3psia
MOCTOSSHHOT'O TOKa. YMECHBIIICHHUE ArnaMeTpa aHoJia NpUBOAUT K CMCHICHUIO KPHUBLIX 3aXXUT'aHUSA B obyacte Goiee
BBICOKHX J_'[aBJ'IeHI/Iﬁ rasa u l'[pO6017[HLIX HaHpH)KeHHﬁ, a TaKKXC IMOBBIIACT HANPSKCHUEC YraCaHUs paspdaaa. B
HOPMAJIbBHOM DPCKHUME TOPCHUA JIA HEOOIBIINX AHOJIOB YMCHBIICHUC Pa3paJHOTO TOKa COIIPOBOXKIACTCA
3HAYUTCJIbHBIM TOBBIIMICHUCM HAMPAKCHUA Ha JJICKTPOJax. B6mu3u mamoro aHoJja Ha6J'[IOﬂaCTC$I SAPKOC aHOJHOC
CBCUYCHHEC BO BCEM HMCCIICAOBAHHOM IHAIIa30HC ,E[aBJ'ICHI/II\/'I rasa.

BILIMB JJIAMETPA AHOJY HA 3AIIAJIIOBAHHS TA T'OPIHHSA PO3PSITY IOCTIMHOIO CTPYMY

B. Jlicoécovkuii, K. Ckyoenxo, K. Kpasuenxo, B. €zopenxos

JocnipkeHo BIUIMB JiaMeTpa aHOAy Ha 3alaIOBaHHS Ta BOJIBT-aMIIEPHI XapaKTEPHCTHKH TJIIIOYOTO PO3PSIy
MMOCTIHHOTO CTPyMy. 3MEHIICHHS AiaMeTpa aHOIy NPU3BOAWTH IO 3CYBY KPHBHUX 3alalllOBAaHHS B O0JIACTh OLIBII
BHCOKOTO THCKY Ta3y i MpoOiifHMX Hampyr, a TakoX 30UIbLIye HAIPYTy 3racaHHs po3psny. Y HOPMalbHOMY PEXHMi
TOPIHHS Ul HEBEJHMKUX aHOIB 3MEHIICHHS PO3PSAIHOIO CTPYMY CYNPOBODKYETHCS 3HAYHUM 301IBLICHHSAM HAINpyTH
Ha enekTpoaax. [To6nmm3y Manoro aHOAy CIIOCTEPIraeThbes ICKpaBe aHOIHE CBITIHHA Y BCHOMY AOCIHIPKEHOMY Jliama3oHi
THCKY Ta3y.

127



