THE POSSIBLE VARIANT OF PULSED RF-DISCHARGE CLEANING
MODE OF THE URAGAN-3M TORSATRON
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The cleaning regime with the use of pulsed RF-discharges in hydrogen-nitrogen mixture was examined over the
nitrogen concentration range from 4 at.% to 96 at.% at the same parameters of RF-generator as for pure hydrogen. The
analysis of obtained preliminary data has shown that even about 2x10° discharge pulses in H,-N, mixture causes drastic
decrease of partial hydrogen pressure and ultimate base pressure. But, in contrast, to revert initial high hydrogen partial
pressure in the U-3M torsatron vacuum chamber, it is needed more than 2x10* pulsed discharges in pure hydrogen. The
possible reasons of effective hydrogen removing in RF-discharges in hydrogen-nitrogen mixtures are discussed.

PACS: 52.40H, 52.80.Hc, 07.30.Bx
1. INTRODUCTION

The usual regime of pulsed RF-discharge cleaning
under wall conditioning in the Uragan-3M (U-3M)
torsatron [1, 2] includes long time plasma machine
operation at high hydrogen pressure of about 10 Torr.
The interaction of low temperature hydrogen plasmas
with plasma facing components (in the U-3M they are,
mainly, stainless steel housing of helical windings of
magnetic coils and TiN-coated stainless steel RF-
antennas) and the intensive molecular hydrogen flow,
passed through U-3M vacuum chamber [3], result in the
increase of hydrogen concentration on the surface and in
the bulk of the PFM and walls of vacuum chamber. As
the consequence, hydrogen partial pressure in the U-3M
vacuum chamber increases to about 5x10” Torr (instead
of 2-3x107 Torr ultimate base pressure) and desorbed
hydrogen becomes the main gas in the mass-spectrum of
residual gases. It lets to carry out plasma experiments
under sufficiently clean conditions in spite of the unbaked
variant of U-3M vacuum chamber construction.
Moreover, the possible activated state of desorbed
hydrogen similar, as it had been shown for metal hydrides
[4], could play the positive role on the initial stage of
pulsed plasma discharges. But, when the mode of
operation with low hydrogen recycling is needed, it is
necessary to revert system in the state with low hydrogen
isotope concentration in the materials and low hydrogen
partial pressure. It is possible, using rare gases during
discharge cleaning, e.g., helium or helium-oxygen
mixture [5]. Such researches are also of a great interest
from the point of view to improve methods of
minimization of hydrogen isotope contamination of
constructional materials.

2. EXPERIMENTAL RESULTS

As shown earlier [6-8], the small amount (about 0.5-4%)
of hydrogen admixed in N, (or N, admixed in H,) leads to
a significant change of discharge characteristics in high
frequency discharges and in dc glow discharges.
Therefore, before experiments in the U-3M some imitating
examinations had been carried out in abnormal glow
discharge plasmas of an axial configuration [9], when
hydrogen came through hot Pd-cathode into nitrogen
plasma, and in mirror Penning discharge plasmas in DSM-
1 device [10]. The current-voltage characteristics were

measured with and without hydrogen admixture (= 1-8
at.%). In the case of glow discharge plasmas it had been
founded really strong influence of hydrogen admixture to
nitrogen on discharge current (as seen in Fig.1, discharge
current at the same voltage for H,-N, mixture is in 5-8
times higher than for pure nitrogen). In the contrary, in
the case of Penning discharges it had not been founded of
significant influence of the hydrogen admixture in the
working gas (nitrogen) on voltage-current plasma
performances (Fig.2). A similar situation was observed for
discharges when nitrogen was admixed in hydrogen. Such
behavior can be explained by the fact that the plasma
column of Penning discharge due to magnetic field has no
direct contact with the wall surface, so surface reactions
influencing recombination rate do not play an essential
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Fig. 1. I-V characteristics for abnormal GD in pure
nitrogen and in nitrogen with hydrogen admixture
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Fig.2. Current-voltage characteristics for N,- and (N, +
1%H,) — Penning discharges at pressure 0.266Pa.

role. It has to be noted only, that discharge current
instability takes place in Penning discharges during of a
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few minutes on an initial stage of discharge caused by
impurity flow from cathodes. In this time discharge
current decreased on 30-50% from the current value in the
initial stage of discharge.

According to estimations made in [10], it could be
about 75 % impurity content (mainly H,O, CO, CO,,) on
the initial stage of discharges, if to suppose only one
impurity monolayer on cathodes surfaces before
discharge. So really, on the initial stage, the discharge
characteristics are presented for mixture of gases. The
second fact needed to be noted is the essential ultimate
pressure improvement, observed after pure nitrogen
throughput and discharge cleaning in nitrogen of Penning
discharge device DSM-1, which long time worked with
hydrogen work gas before.

In this work the cleaning regime of U-3M with the
use of pulsed RF-discharges in hydrogen-nitrogen
mixtures was examined under the nitrogen concentrations
4 at.% and 96 at.% at the same parameters as for pure
hydrogen: 1 pulse per 6 seconds, RF input power was
about 50 kW, discharge duration was 60 ms, the
stationary magnetic field was varied from 250Gs to 270
Gs. The comparison measurements of plasma density,
voltage-current characteristics of Langmuir probe, current
and voltage of RF-antenna, mass-spectra were made in
discharges at the different nitrogen concentration and in
pure hydrogen. It is seen in Fig.3 that plasma density
decreases with nitrogen concentration increase, and the
essential rise of the antenna voltage is observed (Fig. 4).
Note, that at this time the breakdown voltages for H,-N,
mixtures were essentially lower than for pure hydrogen.
To provide the increase of plasma density and low
antenna voltage one can using of the raising of the
magnetic field value from 250 Gs (pure hydrogen) to 270
Gs and what is more (for H,-N, mixtures).
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Fig.3. Plasma density vs nitrogen concentration in
hydrogen under different magnetic fields.

At the same time voltage-current characteristics of
Langmuir probe are near for both the pure hydrogen and
mixtures (Fig.5). This fact confirms that in the case of the
magnetic confined plasmas there are not essential
influence of the surface recombination reactions, as it was
observed for Penning discharges [10].

It is seen in Fig.6 that even about 2-5x10° discharge
pulses in H,-N, mixture causes drastic decrease of partial
hydrogen pressure. It should be noted that ultimate base
pressure also decreased from 2.5x10-7 Torr to 1.5x10-7
Torr. But, in contrast, to revert initial high hydrogen
partial pressure in the U-3M vacuum chamber, it is
needed more than 2x10* pulsed discharges in pure
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hydrogen. What could be the reasons of such hydrogen
effective removing?
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Fig.4. Influence of magnetic field on RF antenna voltage
for different nitrogen admixtures: O - 250Gs, - 270Gs
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Fig.5. I-V characteristics of Langmuir probe under
cleaning discharges in pure hydrogen (closed squares),
in  (4%N,+96%H,)-mixture (open triangles) and in
(96%N,+4%H,) mixture (open squares).
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Fig.6. Time evolution of hydrogen concentration in the
vacuum chamber of the Uragan-3M torsatron, as
measured by IPDO-1 mass-spectrometer.

There are the main three kinds of outgassing surfaces
in the U-3M, which specify a vacuum conditions:
stainless steel walls of the U-3M vacuum chamber and
plasma unfacing surfaces of stainless steel housing of
helical windings, plasma facing surfaces of stainless steel
housing of helical windings, and TiN-coated stainless
steel RF-antennas. For the first, the essential role can play
an intensive molecular nitrogen flow, passed through U-
3M vacuum chamber under the pressure of discharge
cleaning regime similar to effect of essential decrease of
TiN and stainless steel outgassing after hydrogen
throughflow presented in [3, 11]. It is well known [12]
that the interaction between nitrogen and a stainless steel
surface is negligible and the exposure to N, atmosphere
makes possible to short time of pumpdown and to
improve an ultimate pressure including hydrogen partial
pressure. For the plasma facing surfaces of the U-3M



components, behind of nitrogen throughflow, the
important role can play interactions of adsorbed particles
with neutrals (the production of H and N atoms radically
increases in mixtures [12]) and different radicals
NH(NH"), NH,(NH," ). In such conditions the removal of
adsorbed hydrogen could be more effective. And, at last,
what about TiN-coated surfaces of the RF-antennas. It
had been shown in the previous work [13] that long time
work of TiN-coated surfaces under exposure to hydrogen
plasmas can lead to drastic changes in the TiN outgassing
behavior. It is caused by the possibility of selective
sputtering of the TiN surface, and the Ti enrichment of
the coating nearest surface layer. Titanium, in its turn,
activaly adsorbs hydrogen and impurities. So, after the
work over a long period of time under hydrogen plasma
impact, the TiN-coated RF-antennas could change into
significant source of hydrogen and, after exposure to air,
of impurities, too. In this situation the exposure of TiN-
coated surfaces to nitrogen plasmas or to plasmas of N,-
H, mixtures could not only to clean these surfaces, but to
repair the faulty parts of antennas forming titanium nitride
instead of titanium. Of course, to choose the optimal
characteristics of RF-discharge cleaning in the U-3M and
to shed light on the real mechanisms of wall conditioning
under cleaning in N,-H, mixtures, the additional
experiments are needed.

3. CONCLUSION

It had been shown that short time wall conditioning of
the U-3M torsatron by RF-discharge cleaning in N,-H,
mixtures had resulted in essential decrease of hydrogen
partial pressure and in improvement of the base ultimate
pressure. Such variant of RF-dischage cleaning mode
could be used, but additional experiments are needed
before, to choose the optimal discharge characteristics and
to understand in detail the real mechanisms of the N,-H,

mixed plasma interactions with surfaces of the U-3M
torsatron components.
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BO3MOKHBI BAPUAHT PEXKUMA YACTKHA TOPCATPOHA YPAT'AH-3M
NMITYJIBbCHBIMH BBICOKOYACTOTHBIMMU PA3PAJAMU

I'.IlL. I'nazynos, E.J]. Boakos, /I.1. bBapon, I1. H. Konomon,A.B. Jlozun, C.A. L[ei6enxo

HccnenoBancs pexuM 4YMCTKU UMITYJIbCHBIME BU-pa3psinamu B cMecu BOIOpo/ia U a30Ta MPU KOHLIEHTPAIUIX a30Ta
oT 4 at.% to 96 at.% mpu Tex xe mapamerpax BU-reHepatopa, 4TO M AJs YUCTOTO BOJOPOJAA. AHAIHM3 MOJYyUYEHHBIX
JAHHBIX TI0Ka3aJ, 4To yke 0Komo 2x10° ummynscoB B Hy-N, cMecH BBI3BIBAET 3aMETHOE CHIDKCHHE NapLHaibHOIO
JIaBJICHUS] BOJIOPOZA W TIPENeNIbHOTO AaBieHus B kamepe Y-3M. HampoTus, 4yToOBI BEepHYTbh BBICOKOE ITapLUaIbHOE
JIaBJIeHHe BOJOPOJA B BaKyyMHO# kamepe Y-3M HeoGxomumo Gosee uem 2x10* HMMITy/IbCHBIX paspsiioB B UMCTOM
Bozopoze. O0cy>KaalTcs BOZMOXHbIE IPUYMHBI 3((GEKTUBHOTO yIaJICHNs! BOJOPOa pa3psaaMu B CMECH BOIOpOJa U
azora

MOKJINBU BAPIAHT PEJKUMY YUIIIEHHS TOPCATPOHA YPAT AH-3M
IMITYJIBCHUMHU BUCOKOYACTOTHHUMMU PO3PAJJAMHU

I'.I1. I'nazynos, €./1. Boakos, /I.1. bapon, I1.H. Konomon, A.B. Jlo3zin, C.A. [{ubenko

JocmimKkyBaBcsi peKUM YWIICHHS IMIyJIbcHUMH BY-po3psimaMu B CyMIIli BOIOHIO i a30Ty NpH KOHIIEHTPAIisIX
a3oty Bix 4 at. % to 96 at. % mpu THxX ke mapamerpax BU-reneparopa, mo i s 9MCTOrO BOAHIO. AHANI3 OTPUMAaHUX
JIAHAX TOKA3aB, Mo Bke 61m3bKo 2x10° imMmymbcis y Hy-N, cyMmilni BUKITHKae MOMITHE 3HIDKEHHS IapLialbHOTO THCKY
BOAHIO 1 TPaHWYHOrO0 THCKy B Kamepi Y-3M. Hammportw, mo6 moBepHYTH BHCOKHI MapLialbHUN THUCK BOIHIO y
BaKyyMHil kamepi Y-3M HeoOxinHo Gimbmn ik 2x10% iMmymbcHHX poO3psmiB y ducTOMy BOmHI. OGroBOPIOIOTHCS
MOXJIMBI MPUYMHH €()EKTUBHOTO BUAAICHHS BOJIHIO PO3PsIaMU B CyMillll BOJTHIO 1 a30Ty.
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