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The measuring complex with the cryogenic nitrogen trap [1] was created to monitor the gas composition in the
stellarator Uragan-2M chamber. The complex provides several gas sampling options for the research: directly from
the vacuum chamber, and condensed gas from the cryogenic trap chamber after its being heated. A new measuring
cryogenic trap with its own valves was developed to implement the second method. It is necessary to provide such a
state of the internal vacuum surfaces of the complex so that the background gas emission from the walls of the
measuring vacuum chamber does not lead to the measurement errors in order to obtain more accurate mass spectral
data. The heating of the chamber walls and continuous RF discharge at frequencies of 6...8 MHz and the power of
1 kW without a magnetic field was planned to used for this purpose. Two RF antennas, rod and planar, were

designed.
PACS: 52.50.Qt, 52.55.Hc

Various gases are generated during high-frequency
cleaning process in the vacuum chamber of the
stellarator. These gases can partially condense on the
surface of the cryogenic trap. The more gas is generated
during the cleaning process, the more of it will condense
on the cooled surface of the trap. It is necessary to
condense the gas for a certain time to determine the
amount of condensed gas. Then the trap is cut off from
the chamber and from the pump and is heated in the
closed volume. Since the trap heating volume is
constant, it is possible to judge the amount of condensed
gas and consequently the amount of gas generated
during the cleaning process by the value of the pressure
Py measured in it. As the cleaning time increases, the
speed of gas creation in the chamber should decrease.
We can control the cleaning process through monitoring
of pressure Py This process is entirely described in
details in previous papers [1, 3].

One of the turbo-molecular pumps of the vacuum
system had to be cut off from the main pipeline of the
stellarator Uragan-2M, to heat P, trap and measure the
pressure.
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Fig. 1. The scheme of the measuring complex

This affected the productivity of the whole stellarator
pumping system and led to the pressure change in
Uragan-2M chamber during the experiments. To avoid
such situation, a new measuring trap with its own pipes

and valves was constructed on the basis of the
comparative estimation of the vacuum flows in the
operating and measuring channel of the vacuum system
shown in Fig. 1 in the stationary mode. Since these
channels are connected in parallel, and the pressure
differences between the inlet and outlet channels are the
same, the ratio of the fluxes in these channels will
depend only on their conductivity, and will be equal to
the ratio of the channels vacuum conductances. The
following values of the corresponding channels
conductivity were calculated:

— working channel — 0.75 m¥s;

— measuring channel — 0.0243 m®/s.

This means that the calculated gas flow in the
measuring channel is 30 times less than in the working
channel. Therefore, the same amount of gas can be
condensed in the cryogenic trap. To obtain a sufficient
amount of gas for mass spectrometric measurements, it
is necessary to increase the surface area for the
condensation of the pumped gas. The surface area of the
cryogenic trap pipe is 932.58 cm? the surface area of
the trap is 542.592 cm® The volume of the heated trap
chamber is 0.006585 m?, the volume of the trap itself is
0.000675 m®. The ratio of the chamber and the trap
volumes has decreased almost 5 times. Those the
density of gas molecules flow per unit of cooled area
has decreased, and the condensation probability of gas
molecules on its surface has increased.

The creation of a new measuring trap made it
possible to investigate both gases after their
condensation on the trap, gases directly from the
stellarator chamber, and also gases that passed the
working trap.

The diagnostic complex consists of: a vacuum
pumping system; a system selecting the gas to be
studied; RF cleaning systems; hydrogen inlet system in
the cleaning mode; measuring system. The pumping
system contains a fore-vacuum pump 2HBP-5DM,
which is connected to the turbomolecular pump TMN-
500 through the nitrogen trap LAF-32 and the vacuum
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gate system. The high-vacuum nitrogen trap is located
in front of the vacuum chamber in the inlet pipe of the
TMN-500 pump. This system allows you to achieve a
pressure of 1-107 Torr. Vacuum chamber volume of
46800 cm® consists of three communicating sections.
The first section with a diameter of 200 mm and a
length of 500 mm is located vertically and contains a
block of PMI-2 lamp and a PMO-4C lamp. The second
section, with diameter of 140 mm and length of
1620 mm, is connected to the gas extraction system.
The gas sampling system contains the system of vacuum
gates that connects various sources of the test gas: the
measuring nitrogen trap, and the stellarator chamber.
The antenna for RF cleaning is installed in the second
section of the vacuum chamber. Two types of antennas
were made. The first is a rod with diameter of 10 mm
and the effective length (length inside the section) of
70 mm, and the second is a symmetrical plate (length
800 mm, width 20 mm, thickness 2 mm). Antenna is
connected through a vacuum input device to the parallel
LC-circuit, which loads the RF generator. The circuit
matches the RF generator with the antenna, and
simultaneously provides the increase in RF voltage on
the antenna to ensure the reliable discharge in the
vacuum chamber. There is an observation window for
visual control of the high-frequency discharge opposite
the antenna input. The NRP-1.6 flow regulator is
between the RF antenna input and the first section. It
serves as the inlet of working gas (hydrogen), and
allows to regulate the pressure in the vacuum chamber
of the measuring path in the vrange of
(760...7)-107 Torr. The third section is vertical, it is
140 mm in diameter and 400 mm in length. It connects
the system for sampling the test gas with the measuring
system of the complex. The measuring system consists
of three VIT-3 vacuum gauges to control the pressure in
various parts of the complex vacuum system and the
omegatron meter IPDO-1 of the test gas partial
pressures and the temperature control of the vacuum
chamber wall in the heating mode. Fig.2 is a
photograph of the measuring system.

Fig. 2. Photo of the measuring complex

To achieve the necessary conditions of the diagnostic
system purity, a set of measures were carried out from
mechanical cleaning, heating the chamber walls to the
temperature of about 80 °C, to the continuous RF-
cleaning discharge without a magnetic field [2].
Parameters of the continuous RF discharge were:
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generator frequency f=6...8 MHz, power up to 1 kW
and working gas pressure (hydrogen) about 1-10% Torr.
Two antennas (rod and planar) were tested. The plasma
discharge existed locally near the antenna and its
dimensions changed in proportionally to the changes of
the input RF power (Fig. 3).

Fig. 3. The phto of high-frequency discharge creted
with the rod (left) and planar (right) antenna.

Two circuits were used for the oscillatory circuit
connection (Fig. 4). The strong heating of the antenna
itself was noticed while using the grounded circuit (this
is also noticeable on the photo, see in Fig. 2 on the left),
which led to the high-voltage antenna insulator and the
adjacent section of the vacuum chamber heating. The
circuit was used with the separating capacitor C,, which
disconnects the antenna from the RF generator through
direct current to eliminate this effect and prevent
antenna bombardment by electrons, which causes
heating of the antenna itself.
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Fig. 4. Wiring diagram of the oscillating antenna.
Below is the ungrounded antenna circuit variant

High-frequency cleaning was not carried out at this
stage. Only antenna connection schemes and generator
modes were worked out. Cleaning of the wvacuum
chamber was carried out by heating its walls. Fig. 5
shows the data of residual gases partial pressures
measurements in the vacuum volume of the complex
after heating the chamber for 5 days for 6 hours with
subsequent evacuation. The diagrams shows that the
water vapor pressure, CO, decreased almost 3 times, the
hydrocarbon group — 2 times as a result of the chamber
heating.
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MACC-CHEKTPOMETPUYECKH JTMATHOCTHYECKHII KOMILIEKC C A3OTHOM
JIOBYIIKOM

C.A. lvioenko, E.JI. Kpamckoii, B.b. Koposun, A.B. Eeciokos, A.B. Jlozun, B.E. Mouceenxo,
I’ A. Xonomees, B.IO. I'puoanos, M.M. Ko3zynsa, C. M. Masnuuenxo, A.10. Kpacwk, /1. 1. bapon
u komanoa Ypazan-2M

Ha cremmaparope Yparan-2M ObUT cO30aH TUATHOCTHYECKUH KOMILIEKC C KPHOTEHHON a30THOW JIOBYIIKOH [1]
JUIS KOHTPOJISI cocTaBa rasa B KaMmepe cTeiuiaparopa. KoMruieke mpexycMaTrpuBaeT HECKOIBKO BapHaHTOB O0TOOpa
npo0 rasa Ayl WCCIEIOBAHMS: HEMOCPEACTBEHHO C BaKyyMHOW KaMepbl M KOHAEHCHPOBAHHOI'O Tra3a W3 KaMepsbl
KPHOTCHHOW JIOBYHIKM Tocie e€ HarpeBa. [l peanmsanuu BTOpOro Merona Obula paspaboTaHa HoOBas
M3MEpHTENIbHAs KPHOTEHHAs JIOBYIIKA CO CBOMMM KJanmaHamu. J{ist mosrydenust 60Jiee TOUHBIX Macc-CHEeKTPaIbHBIX
JIAHHBIX HEO0OXOJMMO O0ECIeUUTh TAaKOE IMOJIOKEHHE BHYTPEHHHX BaKyyMHBIX TMOBEPXHOCTEH KOMILIEKCA, YTOOBI
yTedka (JOHOBOTO raza co CTEHOK M3MEPHUTENILHON BaKyyMHOM KaMepbl HE MpUBeJia K OIMOKaM B n3MepeHusx. s
3TOTO IUIAHWPOBAJCA HArpeB CTEH KaMmepsl M HempepslBHOro BU-paspsma Ha dwactorax mopsiaka 6...8 MI'm
MOIIHOCTHIO /10 1 KBT 63 MarHuTHOTO 10J1s1. BhuTH pa3spaboranbl 8¢ BU-aHTEHHBI: IITHIPEBAst U TUIACTHHYATAS.

MAC-CHEKTPOMETPUYHUI JIATHOCTUYHHAN KOMILJIEKC 3 A30THOIO ITACTKOIO

C.A. Hubenxo, €./1. Kpamcokui, B.b. Kopogin, O.B. Eecioxos, O.B. Jlo3in, B.€. Moicecnko,
I 0. Xonomees, B.IO. I'pioanoe, M.M. Ko3zyna, C.M. Ma3uiuenxo, O.1O. Kpacwk, /1.1. bapon
i komanoa Ypacan-2M

Ha cremapatopi Yparan-2M OyB CTBOpEHUH A1arHOCTUYHUI KOMILUIEKC 3 KPHOT€HHOIO a30THOIO MacTKoto [ 1] mist
KOHTPOJIO CKJIaay ra3y B Kamepi cremaparopa. Kommiekc nepenbadae nekinpka BapiaHTiB BimOopy mpo0 rasy s
JIOCJIIJKEHHS: 0e31ocepeiHbo 3 BAKYYMHOT KaMepH Ta KOHAEHCOBAHOTO a3y 3 KaMepH KPHUOT€HHOI MacTKHU Micis 11
HarpiBaHHs. J{ns peanizarii npyroro merony Oyna po3po0ieHa HOBa BUMipIOBajbHA KPUOTEHHA ITaCTKa 3 BIACHUMH
KiaraHamu. st OTpUMaHHs TOYHIIINX MAac-CIIEKTPAIIbHUX JaHUX HEOOXITHO 3a0€e3MeUNTH TaKUi CTaH BHYTPILIHIX
BaKyyMHHUX ITIOBEPXOHb KOMIUIEKCY, 0O BHUTIK ()OHOBOTO rasy 3i CTIHOK BHMIpIOBaJbHOI BaKyyMHOI KaMepH He
NPU3BIB 10 NOMIJIOK y BUMipax. [y 1poro ruiaHyBasiocst HarpiBaHHsI CTiH KamepH Ta 6e3nepepsHoro BU-pospsay
Ha JacTtoTax 6mu3bpKko 6...8 MI't moTtyxHicTio 10 | kBT 6e3 marniTHOTrO mojsi. Bynm po3poGieni asi BU-anrenu:
MITHPHOBA 1 UIACTHHYATA.
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