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DIAGNOSTICS OF DC GLOW DISCHARGE IN A LONGITUDINAL MAGNETIC FIELD

Abstract. This article presents the results of a study of the characteristics of direct current
(DC) glow discharge in an external longitudinal magnetic field. The Langmuir electric probe
and emission spectrometer are used as diagnostics of glow discharge plasma. Using the current
— voltage characteristic (VAC) of a stratified glow discharge plasma, the main plasma parame-
ters, such as electron temperature, concentration of plasma particles were determined under var-
ious magnetic field conditions. With a relatively large magnetic field, it was determined that the
concentration of plasma particles increases and the electron temperature decreases. It was also
determined using the spectroscopic method that the luminosity of the discharge (intensity) of a
DC glow discharge increases with increasing value of the magnetic field. A qualitative interpre-
tation was made to explain the change in plasma parameters under various conditions of the

magnetic field.
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Introduction

At the moment, it is difficult to
overestimate the importance of studying plasma
physics. A huge number of laboratories of
universities around the world are engaged in
research of plasma processes. In the future,
these studies are widely used in the industrial
sector in the form of technical applications:
lighting, modern plasma nanotechnology; fine
ion cleaning of the surface of materials, etc [1-
2].

Low-temperature plasma is the subject of
numerous studies. Interest in it is caused by the
possibility of wide application in gas lasers,
plasma chemical reactors, energy converters,
voltage switches, etc. Successful application of
plasma objects is impossible without a deep
understanding and quantitative description of
the processes occurring in them. The construc-
tion of physical models fully reflecting the be-
havior of plasma systems is based on the
knowledge of the corresponding plasma param-
eters. In this regard, the development of plasma
diagnostic methods is of great interest and prac-
tical importance [3].

Of particular interest is the study of plas-
ma behavior in a magnetic field. Since plasma
is an ionized gas consisting of charged parti-
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cles, the presence of a magnetic field has a sig-
nificant effect on all processes occurring in
plasma [4-9].

A probe method for plasma diagnostics
was proposed and substantiated by Langmuir
[10]. The essence of the method is as follows:
the current of charged particles is measured on
a small charged electrode, which is placed in
the plasma, and the dependence of the current
on the electrode potential is obtained. Under
certain conditions, the main plasma parameters
— temperature, concentration of charged parti-
cles, and space potential — are determined
from the probe characteristic under certain con-
ditions.

One of the advantages of the probe method is
the simplicity of measurements, where complex
special equipment is not required. The main
disadvantage of this method is the perturbation
of the plasma by the probe, which leads to a
change in the distribution function and space
potential in a certain region around the probe.
According to the probe theory, it is assumed
that these perturbations are localized near the
probe, so that they have little effect on the state
of the plasma and on the gas discharge regime
in most of the volume under consideration. This
is due to the fact that in sufficiently dense
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plasma the probe is surrounded by a layer of
charged particles that shield it from the rest of
the volume.

Among the various methods for studying
plasma, spectral diagnostics occupies a special
place, since it provides non-contact and rapid
measurements. This method is based on the
analysis of the intensity and shape of the
spectral lines of atoms, ions and molecules
present in the plasma. The characteristic lines
can determine the composition of the plasma;
Doppler broadening and shear can be used to
determine particle velocities and temperature;
in absolute and relative radiation intensity -
temperature and electron concentration; using
the Zeeman and Stark effects, magnetic and
electric fields.

Description of Experimental setup &
Results

The experimental setup consists of sever-
al integrated subsystems that must work togeth-
er to achieve our research objectives. The main
subsystems of the experimental setup are: an
experimental discharge tube, a coil of Helm-
holtz systems, a vacuum vessel and associated
vacuum systems, a plasma generation system
(power supply), a laser system, a measuring
system (ammeter, voltmeter), an electrode sys-
tem (anode, cathode, and metal probe) and vid-
eo surveillance system. The general scheme of
the experimental setup is shown in Figure 1.
The experiment was conducted in the laborato-
ry of dusty plasma and plasma technology
IETP. At the beginning, a residual pressure in
the working volume of 10-3 torr is provided
from the discharge tube using a HiCube vacu-
um system. Gas pressure is measured using a
PMT-6-3M sensor. Then a plasma-forming gas
(Ar) is launched into the volume. A stabilized
rectifier BC-22 is used as a plasma source.
When a high voltage is applied to the elec-
trodes, a gas breakdown occurs and a stratified
glow discharge is established in the tube. The
gas pressure was 0.23 Torr. The discharge cur-
rent was 1.3 mA. This condition was chosen to
determine the parameters of glow discharge
plasma, which showed an interesting behavior
of dust structures and was not observed in other
similar experimental works [8-9]. The magnet-
ic field is created by a Helmholtz coil. Induc-
tion of a magnetic field depends on the current
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flowing in the solenoid. With a current value of
1.9 A, the maximum magnetic field in the cen-
ter of the solenoid is B = 32 mT. Probe and op-
tical diagnostics were carried out in the center
of the solenoid (see Figure 1).
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Figure 1 — Experimental setup for probe diag-
nostics.

The probe is made of nichrome wire with a
diameter of 100 microns. To determine the
electron temperature and concentration, as well
as other plasma parameters, the current-voltage
characteristic of the probe was used at different
values of the magnetic field (Figure 2).
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Figure 2 — Current-voltage characteristic (loga-
rithmic scale) of the probe under different
magnetic field conditions. (Experiment parame-
ters: P=0.23torr, 1=1.3 mA (Ar))
Detailed information of the probe and the
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method for determining the plasma parameters
are shown in [15].

The results obtained using the probe are
shown in Figure 2. As can be seen from the
graph, a significant difference in the current —
voltage characteristics of the probe does not
appear at various magnetic field inductions.
This suggests that the plasma parameters do not
change at relatively weak values of the
magnetic field. The main plasma parameters for
various values of the magnetic field are shown
in Figure 3. As can be seen from the table, the
measurement was carried out at five points of
the magnetic field (0; 6; 15; 19; 28 MT). As the
magnetic field increases, it is seen that the
plasma concentration increases, and the electron
temperature decreases.

As the magnetic field increases,
ambipolar diffusion decreases in a direction
perpendicular to the magnetic field. The
probability of collision of electrons with atoms
increases, therefore, ionization also increases.
As a result, electrons lose their energy more due
to ionizing collisions during their drift due to
the E x B effect. This leads to a decrease in the
electron temperature from 4.1 to 3.45 eV. With
increasing magnetic field, the floating potential
takes on less negative values. At relatively high
magnetic fields, electrons become more limited,
and therefore the plasma potential becomes
more negative in order to compensate for the
rate of ion loss and maintain plasma quasi-
neutrality.

In [11], the ion current density in the wall
was measured. As the field increases, the ratio
of the density on the wall to the density on the
axis decreases with increasing magnetic field.
In order for the number of electrons per unit
length of the discharge to remain constant, the
concentration must increase. It should be noted
that we use direct current (direct current dis-
charge) discharge.

During the experiment, spectroscopic di-
agnostics were carried out in which the spectra
of optical radiation were obtained in a buffer
plasma at various magnetic fields. The parame-
ters of the experiment are similar to the parame-
ters of the experiment that were established dur-
ing probe diagnostics. Instead of a metal probe,
a Solar S100 spectrometer is installed. The
spectrometer is connected to the computer
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through a cable. Using software such as Spec-
trometer and OriginLab 8, the property of opti-
cal radiation was determined.
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Figure 3 — The parameters of the stratified
glow discharge in different conditions of the
magnetic field. The results were obtained
using plasma probe diagnostics. (Experiment
parameters: P=0.23torr, I=1.3 mA (Ar))

Consider the spectrum of optical radiation
in a buffer plasma. Figure 4 shows that intense
spectral lines of argon (Ar) and copper (Cu)
appear.
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Figure 4 — Optical emission spectra of strati-
fied glow discharge at different magnetic
fields

This can be explained by the fact that
argon is our plasma-forming gas. The electrode
system is made of copper. With increasing
magnetic field induction, the spectral line
intensity increases. As mentioned above, with
an increase in the magnetic field due to
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diffusion, the collision probability increases,
which in turn leads to increased ionization.
Perhaps the number of excited atoms increases,
which leads to an increase in the discharge
intensity.

Conclusion

Probe and spectroscopic diagnostics of a
buffer gas discharge plasma were carried out
under various conditions of an external magnet-
ic field. The main parameters of the buffer
(concentration and temperature of electrons)
and complex plasma (distribution of dust parti-
cles near the probe) were obtained for various
parameters of the external magnetic field.

The work was done with the support of
the Ministry Education and Science of Republic
Kazakhstan in the framework of the grant
AP05133536.
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DIAGNOSTICS OF DC GLOW DISCHARGE IN A LONGITUDINAL MAGNETIC FIELD

Abstract. This article presents the results of a study of the characteristics of direct current
(DC) glow discharge in an external longitudinal magnetic field. The Langmuir electric probe and
emission spectrometer are used as diagnostics of glow discharge plasma. Using the current — volt-
age characteristic (VAC) of a stratified glow discharge plasma, the main plasma parameters, such as
electron temperature, concentration of plasma particles were determined under various magnetic
field conditions. With a relatively large magnetic field, it was determined that the concentration of
plasma particles increases and the electron temperature decreases. It was also determined using the
spectroscopic method that the luminosity of the discharge (intensity) of a DC glow discharge in-
creases with increasing value of the magnetic field. A qualitative interpretation was made to explain
the change in plasma parameters under various conditions of the magnetic field.
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JAUATHOCTHKA TJIEIOIIEI'O PA3PAJA IIOCTOAHHOI'O TOKA
B IMPOJAOJIbHOM MAT'HUTHOM I1OJIE

AHHoTanus. B craThe npeacTaBieHbl pe3yabTaThl 110 SKCIEPUMEHTAIBHOMY UCCIIeI0Ba-
HUIO XapaKTEePUCTHUK IJIa3MbI CTPATU(UIIUPOBAHHOTO TJCIOIIETO pa3psiia MOCTOSHHOTO TOKA BO
BHEIITHEM MarHuTHOM moJie. OAuMHOYHbIHN 30H]1 JIGHTMIOpa U SMUCCHOHHBIN CIIEKTPOMETP HCIIOb-
30BaHbI B KAUE€CTBE JUArHOCTUKH JJIsl OLIEHKH Pa3IMYHbIX TapaMeTpoB I1a3Mbl. C MOMOIIBIO
BOJIbT-aMIIEPHOM XapaKTEPUCTUKHU I1JIa3Mbl CTPATUPUIIMPOBAHHON TIICIONIETO Pa3psi/ia ONpeaeIeHbI
OCHOBHBIE [TapaMeTphl IJIa3Mbl, TAKUX KaK TEMIIEpaTypa 3JEKTPOHOB, KOHIEHTPAIUS U IIaBAIOLIUIl
MOTEHIIMAT PU PANUYHON UHAYKIUH MArHUTHOTO TOJIsl. YBEIWYCHHE BETUYMHBI MATHUTHOTO
T0JISI IPUBOIUT K YBEITMYEHUIO KOHIIEHTPALIMK YaCTHUII IJ1a3Mbl U CHIKEHHUIO TEMIIEPATYPHI
ANIEKTPOHOB. Tak¥Ke C MOMOIIBI0 CHEKTPOCKOMUYECKOTO METO/1a YCTAaHOBJICHO, YUTO HHTEHCHUBHOCTD
CHEKTPATBHOM TUHUH CTPATU(PHUIIMPOBAHHOTO TICIOLIETO pa3psiia BO3PACTACT C YBEIUUCHUEM
MHIYKIUKA MarHuTHOTO ToJisl. [locne nuteparypHoro o630pa pabotsl bukepToHna u JHrens,
KOTOpBIE ¢ TOMOIIIBIO 30H1a JIeHrMIOpa MpOBENU JIETaTbHOE UCCIEI0BAHUE TTOJOKUTEIBHOM
CTOJIOBI B IPOJAOJILHOM MarHMUTHOM T0JIe, Obljia cliefiaHa IPpOoCTasi HHTepIpeTanus A 00bsICHEHUS
HalllUX pe3ybTaTOB HKCIIEPUMEHTA.

KurroueBsble cioBa: €O pa3ps, Mia3Ma, MarHUTHOE 1oJie, 3011 JIeHrMiopa,
CHEKTPOMETP.
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MATHUT OPICIHAEI'T TYPAKTbBI TOKTbI COJIFbIH PA3PAAKA KYPI'I3IVI'EH
JAUATHOCTHUKA

AHHoOTanus. byn XyMmbICTa TypakTbl TOKTbI COJIFBIH Pa3psi/i IUIa3MacblHbIH CUIIATTaAMAChIH
3epTTeyre apHajFaH SKCIIEPUMEHTTIK HOTHXKeNepi KopceTireH. DiekTpiik JISHrMiop 30H/bI KoHE
SMHUCCHOH/IbI CLIEKTPOMETP KOMETIMEH OpTYpJll IJIa3Ma MmapaMeTpiepiHae AMArHOCTHKA KYPIi3UiIl.
BonbT-aMmnepiik cumarramMa KeMeriMeH OpTYpJli MarHUT OpICIHIH IIaMacbIHAAFbl IIa3MaHbIH
HEeri3ri mnapameTpiepi, SIFHU OJJIEKTPOH TeMIIepaTypachl, KOHILIEHTpalMs aHbIKTauabl. Maraur
OpICIHIH MIaMachl TIuIa3Ma OOJIIeKTEPIHIH KOHIICHTPALMACHIHBIH AapTyblHA KOHE DJJIEKTPOH
TEMIIEPaTypachblHbIH TOMEHJIEHYIHE OKEIl COFaThbIHbl aHBIKTAIAbl. CHEKTPOCKOMHUSIIBIK 9JIIC
HEri3iHJ€ MarHuT OpiCiH apTTBIpFaH KE3/1€ COJFbIH pa3psAAThbIH HMHTEHCUBTLUIIN apTaThIHBI
OaKplIaHIbl. AJBIHFAH HOTHIKEJEpre canaibl HHTEPIPETaus KYPri3iii, TaJKbUIaH bl

Tyiiin ce3aep: TypakThl TOKTHI Ta3AbIK pa3psil, MarHut epici, JIeHrMiop 30H.BI,
CHEKTPOCKONUS
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