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This paper studies the diffuse mode of the positive column in nitrogen, the contracted one near the threshold of
its onset as well as the transition between these modes. The dynamics of the reduced electric field E/p variation as
well as that of the electron temperature T, and the plasma concentration are investigated with a Langmuir probe in
the process of this transition. The diffuse mode is observed at low pressure in the total range of discharge current
values as well as at the pressure values above the threshold one of 1.5 Torr and low current values. The contracted
mode sets on at the pressure values above 1.5 Torr. A jump-like transition occurs between the diffuse mode (with
low E/p and T,) and the contracted one when a critical current value is attained.

PACS: 52.80.Hc

INTRODUCTION

Dc glow discharge has been studied already for
more than 200 years (starting from the book by Petrov
[1], and a large number of papers have been devoted to
its physical properties and technological applications
(see, e.g. [2-12]). Despite this fact, the dc glow
discharge remains to be less studied than the much more
«younger» discharges in alternate electric fields [13-21].

The positive column is one of the important
constituents of the glow discharge used for pumping gas
discharge lasers. The positive column of the glow
discharge may exist in a stratified and a uniform modes
[22-26] as well as in a contracted one [4]. Contraction is
a reduction of plasma into a filament under pressure
increasing and the current growing. Conventionally a
contracted mode is observed at high gas pressure (order
of 100 Torr and higher) and high discharge currents
(hundreds of milliamperes). As the phenomenon of
contraction usually has been studied at high gas
pressure, it is expedient to establish the threshold
pressure for its onset.

The present paper deals with studying the dynamics
of plasma parameter variation in nitrogen with the
changes in the discharge current and the gas pressure as
well as the transition of the positive column from the
uniform mode to a contracted one near the threshold of
its onset.

1. EXPERIMENTAL

In order to investigate the existence conditions and
characteristics of the uniform and contracted modes of
the positive column of the glow discharge we have
employed the discharge chamber which design is shown
in Fig. 1. The tube inner radius was R = 27.5 mm, the
distance between the flat anode and cathode was
395 mm. The experiments have been performed at the
nitrogen pressure within the range p =0.05...5 Torr
whereas the dc voltage range was Uy, < 3000 V. The gas
pressure was measured with the capacitive manometer-
baratron with the maximum measured value of 10 Torr.
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Fig. 1. Design of the experimental setup

The axial profiles of plasma parameters were measured
with a single cylindrical Langmuir probe of 3.2 mm in
length and 0.18 mm in diameter. A saw-tooth voltage
was fed to the probe from the generator.

2. EXPERIMENTAL RESULTS

Fig. 2 presents the current-voltage characteristics
(CVCs) for different nitrogen pressure values. The
figure demonstrates that up to the pressure of 0.6 Torr
the CVCs possess a positive tilt, and the positive
column exists in the uniform (diffuse) mode. At the
nitrogen pressure of 0.8 and 1 Torr the CVCs are
transformed practically into vertical lines. Then, starting
from the pressure of 1.5 Torr, there are observed not
only the uniform (diffuse) mode but also the contracted
one with a negative tilt of the CVC. A higher current
density flows through the contracted positive column
and gives rise to the Joule heating of gas molecules by
electrons. This entails the lowering of the concentration
of gas molecules N, the increase of the reduced electric
field E/N in the contracted positive column giving rise
to the rates of ionization and excitation of gas molecules
by electrons. Therefore for a higher discharge current to
flow one needs smaller voltage drops across the
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Fig. 2. Discharge current-voltage characteristics at
different nitrogen pressure values
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Fig. 3. Voltage across the electrodes versus the
distance L between them for the nitrogen pressure of
0.5 Torr and the discharge current of 5 mA
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Fig. 4. Reduced electric field E/p in the positive
column versus the discharge current for the
nitrogen pressure of 0.5 Torr. Solid and empty
circles are for the data obtained in this paper,
empty triangles depict the data obtained in paper by

contracted positive column what makes the CVC of the
complete discharge negative.

Varying the distance L between the anode and the
cathode one may obtain the dependence of the voltage
across the electrodes on L for different gas pressure and
discharge current values (Fig. 3). If the anode is located
in the region of the positive column then the voltage
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across the electrodes grows with L according to a linear
law. Then one may determine the electric field strength
E in the positive column. The electric field E has been
also determined with a Langmuir probe measuring the
plasma potential at two fixed points of the positive
column in the diffuse as well as in the contracted
modes.

Fig. 4 demonstrates the dependence of the reduced
electric field E/p in the positive column on the
discharge current for the nitrogen pressure of 0.5 Torr.
At such gas pressure the positive column has been
observed only in the diffuse mode and it has occupied
the total tube cross section. The reduced electric field
has been found in the range E/p = 30...40 V/(cm-Torr)
and it has decreased uniformly with the current
growing. At the same time one observes the satisfactory
agreement between the E/p values measured with the
Langmuir probe as well as calculated from the
dependence of the voltage across the electrodes on the
distance between them and the data from paper [27].

However at higher nitrogen pressure values one
may observe the diffuse as well as contracted modes of
the positive column. Such a case is shown in Fig. 5 for
the gas pressure of 3 Torr. The diffuse mode has been
observed up to the current values of 10 mA whereas the
contracted mode might be supported starting from the
current value of 5 mA. In the diffuse mode the reduced
electric field has been approximately equal to
E/p =10 V/(cm-Torr), and in the contracted positive
column it has decreased uniformly with the current
growing from 22 to 13 V/(cm-Torr). Note that the E/p
values measured from the discharge CVC agree
satisfactorily with the data of probe measurements in
the diffuse as well as contracted modes.

Fig. 6 demonstrates the results of probe
measurements of E/p in the positive column at different
gas pressure values and the discharge current of 5 mA.
One clearly sees there that at the pressure values below
1.5 Torr only the diffuse mode is observed, and the
contracted one also appears at higher nitrogen pressure.
For the diffuse mode the E/p parameter decreases
uniformly with the growth of the gas pressure whereas
for the contracted mode this parameter experiences
weak changes and it is located within the range of
20...25 V/(cm-Torr).

At low pressure the positive column glows rather
brightly even with low discharge current values but it
becomes dark at the pressure above 1 Torr in the diffuse
mode. At the pressure of 0.5 Torr the E/p ratio
uniformly decreases on the average with the current
growing. However, already at the pressure of 0.6 Torr
with low current values before the discharge extinction
the E/p ratio diminishes abruptly, it approaches
maximum with the current increasing and then it lowers.
Such a behavior of the E/p ratio also remains at higher
nitrogen pressure values (to 1.5 Torr) i.e. with low
current values the E/p ratio keeps its values invariably
small and it lowers with the pressure growing. Starting
from the nitrogen pressure value of 1.5 Torr one
observes not only the diffuse but also the contracted
modes. The diffuse mode with low E/p and T,
experiences transition with a jump to the contracted one
with high values of the E/p and T, parameters. In the
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Fig. 5. Reduced electric field E/p in the positive
column versus the discharge current for the nitrogen
pressure of 3 Torr
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Fig. 6. Reduced electric field E/p in the positive
column versus the nitrogen pressure for the discharge
current of 5 mA registered with the probe technique

brightly glowing contracted mode the electron
temperature is approximately 1.5...2 times higher than
one in the diffuse dark positive column.

The images shown in Fig.7 make evident the
presence of the diffuse and contracted discharge modes.
The first image (a) depicts the diffuse mode in which
one practically cannot see the glow of the positive
column against the background of the negative and
anode glows. On increasing the current the contracted
positive column is being formed near the anode
occupying the part of the tube cross section. On
increasing the current further the length of the positive
column increases to a certain maximum value
depending on the gas pressure. The higher is pressure,
the shorter are the cathode sheath, the negative glow and
the dark Faraday space and the longer is the positive
column.

CONCLUSIONS

The present paper deals with investigating into the
transition of the positive column from the uniform mode
to the contracted one near the threshold of its onset. The
dynamics of plasma parameters in the positive column
in nitrogen is studied varying the discharge current and
the gas pressure in the process of this transition. At low
pressure the positive column exists in the diffuse mode,
it is glowing rather brightly even at small discharge
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Fig. 7. Discharge image at the nitrogen pressure of 3

Torr and the current values 5 mA (a), 7 mA (b), 10 mA

(c) and 30 mA (d). The anode is located to the left and
the cathode is to the right

current values, but it becomes dark at the pressure
above 1 Torr. At the pressure above 1.5 Torr diffusion
(with low T.) and contracted (with high T,) mode are
observed with a jump-like transition between them. The
diffusion mode is characterized by the low reduced
electric field E/p, and the contracted one possesses the
high E/p values.
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KOHTPAKIIUA ITOJIOKUTEJBHOT'O CTOJIBA TJEIOHEI'O PA3PSIJIA B ASOTE
B.A. Jlucosckuii, B.A. /lepesanxo, B./]. Ezopenxos

HccnenoBaH 1MOJIOKHUTENBHBIN CTONIO0 B a30T€ B OJHOPOJHOM PEXHME, B KOHTPAarMPOBAHHOM pEXnMe BONM3U
TIOPOTa €T0 MOSBJICHHS, a TAKXKE Mepexo]] MeXy STUMH peskiuMamu. C moMomnpio JISHrMIOpOBCKOTO 30H/a U3y4eHa
JMHAMHUKA W3MEHEHHs MPUBEICHHOrO SJIEKTPUYEecKoro moiyisi E/p, TemmepaTypbl 3J€KTPOHOB T, M IUIOTHOCTH
IUIa3Mbl B Tporecce JaHHoro nepexoxaa. Juddysueli pexnm HabmrogaeTcst MpuW HU3KUX IABICHUSX BO BCEM
Jana3oHe pa3pAgHBIX TOKOB, a TakXkKe IpH JaBICHHUAX Bblme moporosoro 1,5 TOpp M HM3KMX TOKax.
KoHTparupoBaHHbIi peXuM MOSBISETCS MpH JaBieHusx Boime 1,5 Topp. Mexny nuddy3HbM pexumoM (c
au3kumu E/p 1 Tg) 1 KOHTparupoBaHHbIM (C BEICOKUMU E/p 1 Te) IpH TOCTHIKEHUH KPUTHIECKOTO TOKA MPOUCXOIUT
CKayK00Opa3HbIil mepexo.

KOHTPAKUIA MTO3UTUBHOI'O CTOBIIA TJIIOUYOI'O PO3PSAAY B A30TI
B.0O. Jlicoecvkuii, B.O. /lepes’anxo, B./l. €zopenkos

JlocmipkeHO TO3UTUBHUM CTOBI B a30Ti B OAHOPITHOMY PEXHMi, B KOHTParoBaHOMY PEXHMi IMOOIH3y HOpora
HOro BUHUKHEHHS, a TAKOX IEpexil MK IUMH peKHMaMH. 3a JONOMOTror0 JIEHTMIOPIBCHKOTO 30HAa BHBUCHA
JMHaMiKa 3MiHH 3BEJCHOrO eJeKTpu4YHOro mojs E/p, temneparypu enekTpoHiB T, i TYCTHHH IUIa3MH B Mpoleci
nporo mepexony. AudysHnii (OAHOPIIHHMN) PEXUM CIIOCTEPITAETHCS NPH HU3BKOMY THUCKY y BCHOMY Jliala3oHi
PO3PSITHOTO CTPYMY, @ TaKOX IPH TUCKY BHIIe noporosoro 1,5 Topp i Hu3bkoMy cTpyMi. KoHTparoBanuii pexum
3'siBisieThesl mpu TUCKY Buine 1,5 Topp. Mix mudysnum pexumom (3 Hu3bkumu E/p 1 To) i koHTparoBanum (3
Bucokumu E/p i Ty) npu AOCATHEHH] KPUTHYHOTO CTPYMY BiIOYBa€ThCsI CTPUOKOMOAIOHUIT epexif.
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