THE INFLUENCE OF PLASMA TREATMENT OF DIFFERENT
CATHODE MATERIALS ON CURRENT-VOLTAGE
CHARACTERISTICS OF MIRROR DISCHARGE IN AIR

G.P. Glazunov, M.N. Bondarenko, A.L. Konotopskiy

Institute of Plasma Physics of NSC “Kharkov Institute of Physics and Technology”’,
Kharkov, Ukraine

E-mail: glazunovipp.kharkov.ua

The behavior was investigated of current-voltage characteristics of Penning discharges in air atmosphere. Such
materials were used as cathodes: stainless steel 12KH18N10T, iron, nickel, titanium, copper, aluminum, tungsten. It
had been shown the behavior of current-voltage characteristics of Ti, Cu, W is typical for Penning discharges. But, if
to use stainless steel or Al cathodes, no typical behavior of current-voltage characteristics was observed, namely, the
discharge current abrupt increase after threshold value of discharge voltage. The physical-chemical mechanism is

suggested and discussed to explain this effect.
PACS: 52.40.Hf

INTRODUCTION

Desorption of the essential quantity of heavy
impurity gases (water vapor, CO, N,, O, CO, ,
hydrocarbons, etc.) is observed at the RF- or UHF-
discharge cleaning of non heated vacuum chamber wall
surfaces of plasma devices during their preparing for
plasma experiments. This can lead to serious change of
work gas composition and, in turn, adversely effect on
vacuum-plasma characteristics of plasma facing
materials (erosive, emissive etc.). Really, there are about
~10" particles in the Uragan-2M (U-2M) vacuum
chamber (volume ~5 m’) at the pressure of ~10™* Torr. If
to suppose only 0.1 desorbing monolayer from the
plasma facing surfaces (~25 m®) during plasma pulse,
we will obtain ~10" impurity particles. In other words,
no pure hydrogen plasma interacts with plasma facing
materials (mainly stainless steel), but plasma with high
quantity (~50 %) of impurities. So, it was of interest to
study behavior of stainless steel (SS) and others
materials, used in plasma devices, in conditions of the
impact by plasma discharges in air atmosphere. It had
been shown earlier [1], in particular, that treatment of
SS by magnetron type plasma discharges in air
stimulates forming of modified layer (thin films) on the
cathode surface. In this work the behavior was
investigated of current-voltage characteristics (CVC) of
mirror discharges in air atmosphere with cathodes made
of SS and others materials.

1. EXPERIMENTAL AND RESULTS

The experiments were carried out on the diagnostic
stand of materials DSM-1, operating in regime with
mirror discharges [2]. The work gas pressure for all
experiments was  2-107 Torr, discharge duration
10...15 min. Magnetic field in the centre of plasma
column was 500 Oe. Discharge voltage varied in the
range of -300...2000 V. At the same time discharge
current was changed from 5 to 90 mA. The scheme of
the experiment is presented in Fig. 1. Cathodes (1) were
polished disks made of stainless steel 12KHISN10T
22 mm in diameter and 2 mm thickness. Plasma column
diameter was 20 mm, the distance between cathodes
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was 200 mm. Current-voltage characteristics were
measured as dependencies of discharge current on absolute
value of negative voltage on cathodes (Figs. 2-8).
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Fig. 1. Scheme of the experiment: 1 — cathode;
2 —anode, 3 — plasma column
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Fig. 2. Current-voltage characteristics of mirror
discharges with SS-cathodes

It was founded that the discharge current abruptly
increases from few muliampers to 90 mA, when
discharge voltage value runs up to threshold magnitude
(in case of SS it is ®950 V). At the same time in mirror
discharges with SS-cathodes in helium, nitrogen or
argon atmosphere such effect was not observed.
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2. DISCUSSION

To clear up the mechanism of the process of abrupt
current increase in the case of mirror discharges with
SS-cathodes in air atmosphere CVC behavior had been
studied under impact of plasmas of mirror discharges in
various gases (air, nitrogen, helium, argon) on the
metals, which are in SS composition: Fe (steel-3), Ni,
Ti, and, also on Cu, Al, W. It turn out, that plasma CVC
behavior for such metals as Ti, Cu, W is typical for
Penning discharges, i.e., monotone current increasing
with discharge voltage increase (see Figs. 3-5). The
similar CVC behavior for these cathodes is observed in
plasmas of mirror discharges in others gases: helium,
nitrogen, argon. For cathodes made of Ni and Fe the
increase of discharge current had been measured at the
another discharge voltages and has the different
character in compare with SS (Figs. 6, 7).
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Fig. 3. Current-voltage characteristics of mirror
discharges with Ti-cathodes

But for Al (Fig.8) the effect of abrupt increasing
discharge current has the similar character as for SS, but
it is observed at the low value of discharge voltage

(~300 V) and for all work gases, except argon.
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Fig. 4. Current-voltage characteristics of mirror
discharges with Cu-cathodes

Note, the air freeze out drying in liquid nitrogen did
not effect on the behavior of CVC of mirror discharges
with SS-cathodes, i.e. it is not founded the water vapor
influence. The cathode temperature increase during
discharge could be the reason of above mentioned
effect, but its absence for SS in case of helium, nitrogen
and argon plasmas is the evidence of highly unlikely
such explanation.
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Fig. 5. Current-voltage characteristics of mirror
discharges with W-cathodes
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Fig. 6. Current-voltage characteristics of mirror
discharges with Ni-cathodes
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Fig. 7. Current-voltage characteristics of mirror
discharges with Fe-cathodes
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Fig. 8. Current-voltage characteristics of mirror
discharges with Al-cathodes

The analysis of the obtained data has shown that
discharge current abrupt increase could be caused by
plasma-chemical reaction behavior on the cathode
surface [1], which can lead to surface modification (thin
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films forming), cathode emission current increase and,
consequently, to discharge current increase. Really, well
known the method of current emission increase from
metal surfaces by deposition of various films [3]. For
example, the electro-positive thorium deposition on W
surface changes its surface electron structure,
decreasing work function of electrons. In the case of
oxide-coated cathodes it arises due to, e.g., BaO or
others oxides deposition. In our case it could also be
oxides and, perhaps, carbides forming on the surface of
SS- and Al-cathodes because of 0O, CO, and
hydrocarbons presence in discharges.

In conclusion note, that such essential change of
emissive characteristics of stainless steel (main material
of plasma devices) under impact of plasmas of
discharges in chemical active gases can lead to serious,
undesirable consequences in real plasma machines —
arcs, breakdowns, increasing of SS erosion rate etc.

CONCLUSIONS

Current-voltage characteristics behavior had been
investigated of Penning discharges in air atmosphere. It
had been shown that current-voltage characteristics for
such cathode materials as, Ti, Cu, W are typical for
mirror discharges in all work gases. But if to use
stainless steel or Al cathode material, CVC non typical

behavior is observed, when discharge current abruptly
increases after threshold value of discharge voltage.
This effect could be caused by plasma-chemical
reactions on the cathode surface, its modification, which
leads to increase of current emission and, consequently,
discharge current.
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BJIMSIHUE IIJIASMEHHOM OBPABOTKHU PA3JIMUYHBIX MATEPUAJIOB KATO/JIA HA BOJIbT-
AMIIEPHBIE XAPAKTEPUCTHUKU OTPAKATEJIBHOT' O PA3PAIA

LIl I'nazynoe, M.H. bonoapenxo, A.J1. Konomonckuii

HccnenoBano noBejieHUe BOJIbT-aMIIepHbIX XapakTeprcThk (BAX) paspsinos [lennunra B atmocdepe Bo3ayxa. B
Ka4eCcTBE KaTOZOB OBUIM KCIIOJH30BAHBI TaKWe MaTepuaybl: Hepkaperomias cranb 12X18H10T, xene3o, HUKENb,
TUTaH, MeAb, AIOMHUHUM, Boiab(pamM. [lokazaHo, 4YTO NOBEIEHHE BOJBT-AaMIEPHBIX XAPAKTEPUCTHK IUIA3MBI IS
TaKMX MaTEepHAIOB KaToAa KakK THTaH, MeAb, BOJb(ppaM THIIMYHO JUId OTpaxkaTeibHOro paspsaa. Ho npu
WCIIOJIb30BAaHNH B KaueCTBE MaTepHaJOB KaToJa HEpKaBeIOUIeH CTalk M IIOMHHUS HaONI0aaoch HE THITMYHOE
TIOBEZICHNE BOJIbT-aMIIEPHBIX XapaKTEPUCTHUK, a HMMEHHO, PE3KHH POCT TOKAa NPH TPEBHIIICHHH ITOPOrOBOTO
3Ha4YeHus HanpspkeHus. [Ipemiaraercs QU3NKO-XUMHUIECKUH MEXaHU3M ISl OOBSICHEHHS 3TOTo Y dekra.

BILJIMB IIJTA3MOBOI OBPOBKH PI3HUX MATEPIAJIIB KATOJIA HA BOJIbT-AMIIEPHI
XAPAKTEPUCTHUKHU BIIBUBHOI'O PO3PALY

I'.Il. I'nazynose, M.H. Bonoapenko, A.JI. Konomoncuokuii

Jocnijkena noBeiHKa BoJbT-aMIiepHUX xapakTepucTuk (BAX) pospsais Ilenninra B atmocdepi nositps. Sk
Karoau OyJiM BUKOPUCTAHI Taki Marepianu: Hepxkasitoya ctanb 12X 18H10T, 3aii30, Hikelb, THTaH, Mijib, ATFOMIHIH,
Bonbdpam. [TokazaHo, 0 MOBEAIHKA BOJBT-aMIIEPHUX XapaKTEPUCTHK IUIA3MH Ul TAaKMX MaTepiajliB Karona sK
TUTaH, Miib, BOMb(ppaM THIIOBO I BiZOWBHOTO pO3psmy. AJie NpH BUKOPUCTaHHI B SKOCTI MaTepialliB Karona
HEepI)KaBiIOYOl CTalli i aTFOMIiHIIO CIIOCTepiramxacs He THIIOBA MOBEIIHKA BOJIBT-AMIICPHUX XapaKTEPHCTHK, a caMe,
pi3ke 3pocTaHHSI CTPyMy IIPH IIEPEBHIICHHI MOPOTOBOTO 3HAYeHHS HampyTu. lIpomoHyeTbes (i3MKO-XIMIYHUN
MEXaHi3M AJIsI HOSICHEHHS LIbOT0 e(eKTy.
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