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An experiment on chamber RF cleaning for 12 hours a day during 2 weeks with the subsequent vacuum pumping
out was carried out. The plasma was produced by the UHF generator with the frequency of 2.4 GHz. Afterwards, the
VHF generator working at the frequency of 132 MHz in a continuous mode was turned on and continued to work
independently. The process of wall conditioning involved filling the chamber with H, under the pressure range
inside the chamber of (1.8...2.0):10™ Torr. During the process of radio-frequency (RF) chamber cleaning the
pumped out gas was condensed on the cryogenic trap surface. Afterwards the trap was cut off, heated up and the gas
pressure P, inside the cut off trap chamber was measured. The P, dependence on both discharge power and
condensation time period is analyzed. As a result of the RF cleaning the P, pressure was reduced by 4...5 times. The

vacuum pumping out speed was measured when filling the vacuum vessel with propane and nitrogen.

PACS: 52.80.Pi, 52.77.Bn, 81.65.-b.
INTRODUCTION

Uragan - 2M is a medium size stellarator with the
reduced ripples. It is characterized by the torus major
radius R=170 cm, the plasma minor radius r,<24 cm,
and by the toroidal magnetic field By <2.4 T [1].

The chamber is made of stainless steel. The chamber
volume is 3.88 m’, the volume occupied by the plasma
is 1.48 m’. According to the calculations, the total
chamber and drainage branch pipes volume is 4.2 m’.
Uragan-2M chamber is pumped out by 3 turbo-
molecular pumps. There is a cryogenic trap in the input
branch pipe of one of the pumps.

DESCRIPTION OF THE EXPERIMENT

It is known that under RF cleaning CO, H,, H,O,
CHy,4 volatile species are found in the pumped out gases
[2]. And when cooling the cryogenic trap with liquid
nitrogen, only some of these gases will condense at its
surface [3].

An experiment on chamber RF discharge cleaning
for 12 hours a day during 2 weeks with the subsequent
vacuum pumping out was carried out. The plasma was
produced by the UHF generator with the frequency of
2.4 GHz. Afterwards, the VHF generator operating at
the frequency of 132 MHz in a continuous mode was
turned on and continued to work independently. The
very high frequency generator is based on "GI-4A" tube
according to the single-cascade generator schema and
operates in continuous mode at frequencies
132...136 MHz. The anode voltage varied from 2.5 to
3.5kV. The generator is connected to the frame-type
antenna with water cooling.

The RF wall conditioning made in atmosphere of
hydrogen (H2) in the pressure range inside the vacuum
chamber of (1.8...2.0)x10™* Torr, magnetic field is in the
range 200...600 G.

The effectiveness of such cleaning was estimated by
the following method. During the process of radio-
frequency (RF) chamber cleaning the pumped out gas is
condensed on the cryogenic trap surface. Afterwards the
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trap was cut off from the vacuum chamber and heated
up. The volume of the cut-off segment is about 52 1, the
volume of cryogenic trap is 2.7 1, the condensation
surface is 0.105 m”.

Along with the trap surface temperature increase the
pressure inside the cut off trap chamber was increasing
due to condensate evaporating from the surface.

The gas pressure Pg in the cut-off segment after the
trap heating depends on the amount of gas, which was
pumped out of the vacuum vessel and condensed on the
trap surface.

Fig. 1 shows that the more generator power during
RF discharge and the longer condensation period are —
the larger the P, gas pressure is. The effectiveness of
vacuum vessel wall conditioning method could be
estimated by the monitoring of changes in P, values.
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Fig. 1. The Py gas pressure inside the closed trap during
the heating

At the first stage of the experiment method

functionality was checked and its sensitivity was
defined.
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The P, pressure not more than 5-10" Torr was achieved
experimentally by changing the duration of ‘exposing’
(i.e. the condensation time). The pressure was measured
by the thermocouple pressure-gauge. It was
experimentally shown that this method allows to keep
track of quantitative changes of the wall conditioning
process. Besides, the duration of ‘exposing’ must be
around 1 hour both for VHF and UHF modes. 1 hour

time period was, therefore, chosen for further
experiments.
RESULTS OF EXPERIMENTS

The same method was used for measuring a wall
outgassing along with H, filling. The P, in this case was
0.003 Torr, which is almost one thousand times less
than under different variations of RF wall conditioning.
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Fig. 2. The experiment on VHF discharge cleaning. Red
line — the Pypressure before the experiment. Black lines
— the last three days of the experiment
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Fig. 3. Propane pressure — after heating up the trap.
Experiments Nel-5 under Pvv=1-10° Torr, Ne 6 under
Pw=5-10" Torr, Ne7...9 under Pvw=1-10"* Torr
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At the next stage of the experiment the method was
verified for hydrocarbons. Propane (C4H;o) was chosen
as a test gas. The method of constant pressure [3] was
used to define the speed of propane filling the chamber
under the simultaneous pumping out by three pumps
(when the trap is refrigerated). The measurements have
shown that the gas pumping speed was 42 1/s under the
P,, chamber pressure of 1-10” Torr, and Q=53 1/s when
P.,=1-10°Torr. This gas pumping speed Q values
matched with the P, gas pressure values of 0.3 Torr and
0.05 Torr correspondingly (see Fig. 3).

The same method was applied to estimate the
pumping speed for nitrogen.

Experimental results for VHF conditioning and propane

pas fuffing
Pressure Gas Pressure in the
after . vacuum
Parameters | heating of pump 1n§ vessel,
trap out speed, P,, Torr
9 l/s vV
P, Torr
VHF
(Start) 06
VHF 012 0.16 (1.8...2.0)x10™
(Finish) T
UHF 0.2...03
Propane 0.3 42
1.0x10™*
Nitrogen 0.003 245

The main results of the experiment are given in the
Table. On the 10™ day of the experiment on continuous
VHF discharge the P, pressure was reduced by
4...5times (0.6 and 0.12...0.16 Torr) (Fig. 2). At the
initial stage of the experiment the P, values were larger
than at the stage of adding propane. This fact shows that
the gas pumping out speed under such modes of wall
conditioning is insufficient.

REFERENCES

1. V.E. Moiseenko et al. // Plasma Physics. 2009, v. 35,
p. 901-906; Plasma Physics Reports (35). 2009, p. 828-
833.

2. A. Sagara et al. Wall Conditioning at the Starting
Phase of LHD // NIFS (Natl Inst Fusion Sci). 1999,
Ne 586, p. 263-267.

3. L.N. Rozanov. Vacuumnaya tekhnika. M.: «Vischaya
shkolay», 1990, p. 121,128-130, 173-175 (in Russian).

Article received 10.10.12

ISSN 1562-6016. BAHT. 2013. Nel(83)



MN3MEPEHUE CKOPOCTHU YNCTKU KAMEPBI YPAT'AH-2M

JA.H. Bapon, B.A. Yepuvimenko, B.b. Koposun, E./I. Kpamckoit, C M. Maznuuenko, A.@. [lImans,
C.U. Conooosuenko

Bbln1 mpoBeneH SKCIEPUMEHT MO YHCTKE CTEHOK KaMmepbl B TeueHUE 2 Helenb 1no 12 4acoB B JI€Hb C
mocyenyromei oTkaukoit kamepsl. [Ina3zma co3zgaBanace CBU-reneparopom c gactotoit 2.4 I'T' u 3aTeM BKIFO9ancs
YKB-reneparop, pabdoraromuii Ha yactote 132 MI'm B HelpepsIBHOM peXuUMe, KOTOPBIH B JalpHeHImeM padboTai
CaMOCTOATENBHO. YNCTKA MPOM3BOAMIACH C HAITYCKOM BOJOPOAA B JMara3oHe JaBieHnd B kamepe (1 8..2.0)x10"Topp.
B mporecce unctkn kamepsl YKB-pa3psmoM mpon3Boauiack KOHASHCAINS 00pa30BBIBAIOIIETOCS BHYTPH KaMephl
ra3a Ha OXJIQXJCHHYIO ITOBEPXHOCTb a30THOM JIOBYIIKM. 3aTeéM JIOBYIIKAa OTCEKajach OT Hacoca M OT KaMepsl
YCTaHOBKH, IIPOBOJMIIOCH €€ OTEIJIEHME W HW3MEpAIOCh JaBlE€HHME Traza P, B OTCEYEHHOH KaMepe JIOBYLIKH.
IToxasana 3aBucuMoCTb P, OT MOLIHOCTH pa3psja M JUIMTEIBLHOCTH KoHJeHcauuu. ITo pesynpTaTam s3KCepUMEHTa
OTMEYEHO CHWKEHHE 3Hadenuii P, B 5...6 pa3. [IpoBeneHo u3Mepenre CKOPOCTH OTKAYKH BAKyyMHOH CUCTEMBI IS
MpoIiaHa u a3oTta.

BIMIPIOBAHHSA HIBUAKOCTI YNIIEHHA KAMEPH YPAT'AH-2M

.1 Bapon, B.A. Yepnuwenxo, B.b. Kopoein, €./]. Kpamcokuit, C. M. Ma3niueno,
A.®. IlImans, C.1. Conooosuenxo

Byno mpoBeneHO eKCIIEpMMEHT 3 OYMINEHHS CTiHOK KaMepH Ha MpoTsa3i 2 TWXKHIB mo 12 roauH Ha JeHb 3
HACTYITHOIO BigKaukoro kamepwu. [Imasma ctBoproBanace HBU-reneparopom 3 po6odoro wactororo 2.4 I'Tt, micns
nporo BMuKaBcs YKB-remeparop, mo mpamoBaB Ha 4actoti 132 MIm y OesmepepBHOMY peXuMi, SIKUA Hamami
NPALIOBAB CaMOCTiiiHO. OUHMILEHHs POBOIMIOCH 3 HAIYCKOM BOJHIO Y JiianasoHi THcky B kamepi (1.8...2.0)x10™ Topp.
[Ipotarom nporuecy unmeHHs: kamepu Y KB-po3psiaom npoBoauiack KOHACH AN ra3y, 0 CTBOPIOEThCA B KaMepi,
Ha OXOJIOKEHY MOBEPXHIO a30THOTO YyJIOBIIoBada. I10TimM macTka BigTHHANACA BiJ Hacoca i Bil KaMepH YCTaHOBKH,
HPOBOAMIIOCS 1i yTeneHHs i BUMiproBaBcs TUCK rasy P, y Bizacideniii kamepi nactku. ITokasano 3anexHicts Py Bin
MOTYXKHOCTI PO3psIoy Ta TPUBANOCTI KOHJEHcalii. 3a pe3yIbTaTaMi eKCIIEPUMEHTY BiIMiY€HO 3HHKEHHs 3HaueHb P,
y 5...6 paziB. [IpoBeZieHO BUMIpIOBaHHS LIBUIKOCTI BIIKAYKK BaKyyMHOI CUCTEMH JUIS IPOTIAHY Ta a30Ty.
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