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An experimental study of the influence of HF power and configuration of the magnetic field on the plasma parameters

of the gas source with incandescent cathode was carried out. It is shown that the application HF power into discharge

results in reduction of electron temperature. For discharge in decreasing magnetic field the radial distribution of the

plasma density in the axial region is more uniform compared with increasing magnetic field.

PACS: 52.50.Dg

1. INTRODUCTION

The experiments about dynamics of radial and
longitudinal flows of multicomponent plasma rotat-
ing in crossed electric and magnetic fields are pre-
sented in works [1, 2]. The received results indicate
the possibility of spatial separation of extracted mass
flows. However the results must be confirmed by di-
rect mass-spectrometry of outgoing ions flows in ax-
ial direction and analysis of ions spectra injected into
standard target in lateral direction. Complication for
such analysis is comparatively small plasma density
∼ 1010 cm−3 and high density of neutral component
(3.5 ·1012...3.5 ·1013) cm−3, i.e. low ionization degree
of neutral gas. Inefficient ionization results in the sig-
nificant impact of charge exchange processes and so
difficulty of received results interpretation. Therefore
carrying out of additional work directed to increase of
ionization degree and improvement of vacuum condi-
tions during discharge was necessary. These param-
eters directly depend on work characteristics of the
source creating a plasma.

2. DESCRIPTION OF EXPERIMENT AND
RECEIVED RESULTS

The requirements early formulated in works [3, 4]
to plasma sources for carrying out of experiments on
installation DIS-1 are given below:

– gas source must create multicomponent plasma
(ionization of gas mixture with greatly different
masses);

– vacuum conditions up to (10−4...10−5)Torr
(mean free path of ions before charge exchange onto
neutrals must be higher than system size: λ = 1m
at T = 5 eV );

– low plasma temperature (low temperature of
electron component reduces the probability of the
multiple-charge ions appearance);

– stationary or quasi-stationary work mode (for
quasi-stationary mode plasma pulse duration must
be 2...5 times higher than transit time of the system
by the heaviest plasma ions, i.e. τ = L/Vp, where L
– system length, Vp – plasma rate);

– the creation of uniform plasma with density
range (1010...1013) cm−3 (higher densities are un-
desirable as they will bring to collision-dominated
regime).

Currently there are many different types of
plasma sources [5, 6, 7]. All of them have a number of
advantages and disadvantages and partly satisfy re-
quirements mentioned above, but do not satisfy them
completely.

The paper deals with an experimental study of the
gas source with incandescent cathode. For a station-
ary source with incandescent cathode time-of-flight
factor is not important. However problems of plasma
uniformity, ionization degree and created plasma den-
sity are still important.

The purpose of the article is to explore the possi-
bility of decreasing of the electron temperature and
increasing of the uniformity of the plasma density
radial distribution of the stationary gas source with
incandescent cathode.

Two variants of magnetic field configuration in
plasma source region are realized during the experi-
ments (Fig.1). The switching on the solenoids 2 leads
to the creation of the decreasing magnetic field (see
Fig.1,a) and solenoids 3 – to the increasing magnetic
field (see Fig.1,b) in the plasma source region.

Parameters of arc discharge are similar to those
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described in [1]:Ua−c = 150V , Idisch = (3...5)A.
Initially, the cryopump housing – annular cylinder
with L = 35 cm, D = 34 cm, located in discharge
region, was used as HF antenna. HF field was
created by generator with frequency (3...8)MHz,
power 1.5 kW . The parameters of created plasma
were measured by using a single electric Lang-
muir probe with d = 0.5mm, h = 5mm. The
probe construction allowed to carry out the mea-
surements both in radial and longitudinal directions.
Magnetic field – (0...1.5) kOe, discharge voltage –
(0...300)V , vacuum – (10−3...10−4)Torr. The mag-
nitudes of magnetic fields and neutral gas density
considerably differ from mentioned in works [8,9].

Fig.1 Schematic view of the experimental installation
and two variants of the magnetic field intensity distribu-
tion: 1 – plasma source; 2, 3 – magnetic system; 4 – HF
antenna; 5 – single Longmuir probe

The results of probe measurements of plasma
parameters radial distribution with a combina-
tion of arc and HF discharges are presented on
Figs.2 and 3. The probe was located at a dis-
tance 27 cm from outlet section of plasma source.
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Fig.2 The radial distribution of density and temperature
of plasma created in decreasing magnetic field
H = 390Oe, P = 4 · 10−3 Torr
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Fig.3 The radial distribution of density and temper-
ature of plasma created in increasing magnetic field
H = 390Oe, P = 4 · 10−3 Torr

Comparative analysis of probe measurements showed
that in the case of decreasing magnetic field the
plasma density distribution in the axial field is more
uniform and the average value of plasma density is
higher. And, despite the fact that the electron tem-
perature on the axis is higher than in the increasing
field, in the rest region temperature is lower. Low
electron temperature reduces the probability of the
multiple-charge ions appearance.

Tables 1 and 2 show the probe measurement
results of the plasma of arc discharge and arc
discharge with the introduction of HF power for
two configurations of the magnetic field. The
measurements of plasma density and tempera-
ture were carried out at the axis (r = 0) and
at Hmax = 390Oe and P = 2 · 10−3 Torr.

Table 1. The parameters of plasma created in
decreasing magnetic field

Inc. Inc.
cathode cathode+HF

discharge

Te, eV 12.4 8

Ne, cm
−3 3.8 · 1010 3.8 · 1010

Table 2. The parameters of plasma created in
increasing magnetic field

Inc. Inc.
cathode cathode+HF

discharge

Te, eV 4.8 4.4

Ne, cm
−3 5.8 · 1010 5.9 · 1010

As seen the combination of discharges as in the case
of decreasing as in the case of increasing the magnetic
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field reduces the temperature of the electron plasma
component. In this case the application of HF power
into the arc discharge does not change the plasma
density. The difference of the results obtained from
those presented in [8, 9] can be explained by the
difference in the discharge parameters.

3. SUMMARY

The studies have shown the possibility of increas-
ing the uniformity of the plasma density distribution
together with a decreasing of the electron tempera-
ture in the axial region. With the introduction of
high-frequency power into the plasma created by the
gas source with incandescent cathode, the plasma
density is not changed, and the temperature of the
electron plasma component is decreased. The plasma
of discharge in the decreasing magnetic field has more
uniform radial distribution of density. The results ob-
tained in the case of decreasing magnetic field better
satisfy the requirements to plasma sources.
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ÂËÈßÍÈÅ Â×-ÐÀÇÐßÄÀ ÍÀ ÏÀÐÀÌÅÒÐÛ ÏËÀÇÌÛ ÃÀÇÎÂÎÃÎ ÈÑÒÎ×ÍÈÊÀ

Ñ ÍÀÊÀËÈÂÀÅÌÛÌ ÊÀÒÎÄÎÌ

Ñ.Â.Øàðûé, Â.Á.Þôåðîâ, Ò.È.Òêà÷îâà, À.Ñ.Ñâè÷êàðü, Ì.Î.Øâåö, Â.È.Òêà÷îâ

Ïðîâåäåíî ýêñïåðèìåíòàëüíîå èññëåäîâàíèå âëèÿíèÿ Â×-ìîùíîñòè è êîíôèãóðàöèè ìàãíèòíîãî ïîëÿ

íà ïàðàìåòðû ïëàçìû ãàçîâîãî èñòî÷íèêà ñ íàêàëèâàåìûì êàòîäîì. Ïîêàçàíî, ÷òî ââåäåíèå â ðàçðÿä

Â×-ìîùíîñòè ïðèâîäèò ê ñíèæåíèþ ýëåêòðîííîé òåìïåðàòóðû. Äëÿ ðàçðÿäà â óáûâàþùåì ìàãíèòíîì

ïîëå ðàäèàëüíîå ðàñïðåäåëåíèå ïëîòíîñòè ïëàçìû â ïðèîñåâîé îáëàñòè áîëåå îäíîðîäíîå ïî ñðàâíåíèþ

ñ íàðàñòàþùèì ìàãíèòíûì ïîëåì.

ÂÏËÈÂ Â×-ÐÎÇÐßÄÓ ÍÀ ÏÀÐÀÌÅÒÐÈ ÏËÀÇÌÈ ÃÀÇÎÂÎÃÎ ÄÆÅÐÅËÀ

Ç ÐÎÇÆÀÐÞÂÀËÜÍÈÌ ÊÀÒÎÄÎÌ

Ñ.Â.Øàðèé, Â.Á.Þôåðîâ, Ò. I.Òêà÷îâà, À.Ñ.Ñâi÷êàðü, Ì.Î.Øâåöü, Â. I.Òêà÷îâ

Ïðîâåäåíî åêñïåðèìåíòàëüíå äîñëiäæåííÿ âïëèâó Â×-ïîòóæíîñòi òà êîíôiãóðàöi¨ ìàãíiòíîãî ïîëÿ íà

ïàðàìåòðè ïëàçìè ãàçîâîãî äæåðåëà ç ðîçæàðþâàíèì êàòîäîì. Ïîêàçàíî, ùî ââåäåííÿ â ðîçðÿä Â×-

ïîòóæíîñòi ïðèçâîäèòü äî çíèæåííÿ åëåêòðîííî¨ òåìïåðàòóðè. Äëÿ ðîçðÿäó â ñïàäàþ÷îìó ìàãíiòíîìó

ïîëi ðàäiàëüíå ðîçïîäiëåííÿ ùiëüíîñòi ïëàçìè â ïðèâiñåâié îáëàñòi ¹ áiëüø îäíîðiäíèì â ïîðiâíÿííi iç

çðîñòàþ÷èì ìàãíiòíèì ïîëåì.
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