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Non-sdlf-maintained gaseous discharge, where the vacuum-arc plasma gun is used as a source of supplementary
charges, is characterized by a great currents and high values of ionization coefficient. This kind of discharge is well
adapted for thermo-chemical treatment of products but still is not applied for a coatings deposition. In this paper we
show the possibility of aC:H films synthesis from a plasma of this discharge. The films obtained have a high
transparence and good adhesion to metal and dielectric substrates. In addition, such parameters as temperature and
density of electrons, ionization coefficient, plasma potential distribution and ion energy have been determined by probe
methods for the plasma of non-self-maintained discharge in both: nitrogen and propane-butane mixture.
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1. INTRODUCTION

Non-self-maintained gaseous discharge where the
vacuum-arc plasma gun is used as a source of
supplementary charges at first was observed by
L.P. Sablev with coworkers, who caled it “two-step
vacuum-arc discharge” [1], featuring a metal-gaseous
stage of plasma and a gaseous stage of plasma. Recently
these authors have proposed the method of formation of
energetic flux of gaseous ions in two-step vacuum-arc
discharge by addition of accessory chamber and accessory
anode to the main chamber and main anode [2]. In their
equipment that flux was destined for the intensification of
nitriding process. Although this discharge has been using
for the heating and chemical treatment (mainly, for
nitriding) of products nearly during 20 years [3],
nevertheless many of its parameters still not have been
investigated and what is more, there is no information
about application of this discharge to coatings deposition
processes.

In this paper we present the results of the
measurements of such plasma parameters as. electron
temperature and density, ionization coefficient, floating
potential and ion energy distribution. All data have been
obtained by a single and two-grid probe in wide range of
pressure. We show also (on example by a-C:H films) that
two-step vacuum-arc discharge may be successfully used
for the coating deposition.

2. EXPERIMENTAL DETAILS

Non-sdlf-maintained gaseous discharge was exited
between hollow cathode (vacuum chamber 4, Fig. 1) and
hollow anode 9. Vacuum-arc plasma gun, included
cahode 1 and anode 2, served as a source of
supplementary charges. To prevent the penetration of the
metal ions into gaseous stage of discharge, the aperture of
anode 2 was overlapped by the screen 5, which is mainly
permeable to electrons. Hollow anode 9 is surrounded by
electromagnetic coil 8. Vacuum arc discharge 3 and non-
self-maintained gaseous discharge are supplied by power
sources PS 1 and PS 2 respectively. The parameters of gas
plasma were measured by probe 6 (single or two-grid),
which was supplied by power unit 14 and could move
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along the axis of the hollow anode 9. Thin arrows 12
show the direction of the drift of electrons and thick arrow
11 shows the direction of the gaseous ions motion.
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Fig.1. Scheme of experimental setup:
1- cathode and 2 — anode of the vacuum-arc gun;
3— vacuumrar ¢ discharge; 4 —vacuum chamber;

5 —screen; 6 —probe; 7 —insulator; 8 — electromagnetic
coil; 9 —hollow anode; 10 —aperture; 11 —ion motion
direction; 12 —electron motion direction; 13 — fixture;

14 — power supply unit.
Power sources PS1 and PS2 supply arc and gaseous

After the system was pumped to 5x10° Torr the
power supply source PS 1 was switched on exciting the
arc discharge between cathode 1 and anode 2. Arc current
was established at 100 A, and discharge voltage became
settled near 27 V. The voltage at the gaseous discharge
gap was maintained by PS 2 power source a 70 V.
Working gas is let in through the admission valve (not
shown) that enable to maintain a pressure inside the
chamber 4 on a specified levdl. Plasma parameters have
been measured for both gases: nitrogen and propane-
butane mixture.

3. RESULTSAND DISCUSSION
3.1ELECTRON TEMPERATURE AND DENSITY

When the magnetic field strength in hollow anode 9
(Fig. 1) is 50 G, the gaseous discharge current in nitrogen
appears under a pressure of 2X0™ Torr and grows with a

179



pressure up to (4-6)X4.0° Torr, where it riches up to 120 A.
In absence of magnetic field the discharge current is 1.5
times lower. The current of ions gected from the hollow
anode has a similar dependence on the pressure and
reaches up to 3 A. The noticeable feature of two-step
vacuum-arc discharge is a relatively high electron
temperature (Fig. 2) that can reach up to (22 — 25) eV a
low pressures. It is several times higher than one observed
in vacuum arc plasma (~3 eV) [4]. So high temperature
can have the primary electrons, which are accelerated in
plasma gun by a voltage drop between cathode 1 and

Te, eV 0 ne cm®

20r

10F

0 108

4 6 P, Tor

10 2 4 6 10° 2
Fig.2. Electron temperature (1) and density (2)
in nitrogen plasma of non-self maintained discharge

as a function of pressure

anode 2 (Fig. 1) and are scattered elastically on the gas
molecules in chamber. Maximum of electron density is
observed at the pressures of (1-4)4.0° Torr. Coefficient
of ionization, which has been calculated as a ratio of
electron density to the gas molecules concentration,
reaches up to 0.1% a a pressure region of 8X0*
20 Torr. This value is considerably lower than one is
in vacuum arc discharge (where it may approach to 100 %
[5]) and it is several orders higher than degree of
ionization in glow-discharge column (10°— 10"%) % [6].

3.2. A-C:H FILMS DEPOSITION

For the aC:H films deposition the non-self-
maintained discharge was exited in propane-butane
mixture under a pressure of 43072 Torr. The films were
deposited on the glass and dainless steel substrates that
were rotating about the axis of the fixture, periodicaly
leaving from a zone of the densest ion flow gected from
the hollow anode (Fig.3). The discharge current was 50 A

Fig.3. Ejection of the gaseous ions from the hollow anode
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Fig.4. Transparency of the a-C:H film, which hasa
thickness of 2.5 microns, deposited onto glass substrate.
Two blank spots arose after removing of aquadag masks

brushed for the measuring of film thickness

and the voltage between anode 9 and chamber 4 (Fig. 1)
was 90 V. Under this conditions the coatings growth rate
was 4.5 micron/hour. These films have a good adhesion to
the substrate and are transparent in optica band even
when their thicknesses reach up to severa microns
(Fig.4). Their Vickers microhardness is essentialy lower
than vacuum arc deposited coatings have. The reason of
this fact lies evidently in insufficient degree of
dissociation of the hydrocarbon gas molecules under
available discharge conditions.

3.3. ENERGY OF IONS

lon energy distribution and mean ion energy have
been calculated from integral ions energetic spectrums
obtained by two-grid probe [7]. As it is seen at Fig.5,
energy of ions notably depends from aperture diameter of
the hollow anode. When apertureis large, the main part of
ions has energy near zero. The decreasing in aperture
diameter leads to the growing of ion energy, evidently due
to enhancing in the electrical potentia gradient in hollow
anode. The floating potential measurements show the
growth in electrical field from 0.5 V/cm in the chamber to
1.5 or 3 V/cm (depending on aperture diameter) just after
entrance into hollow anode. Under middle values of the
pressure and distances from anode the maximums of the
ion energy distributions occupy intermediate positions
between peaks of the curves 1 and 2.
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Fig.5. Typical ion energy distribution in two-step
gaseous discharge with a hollow anode: 1)high
pressures, long distances from anode and 21 cm
aperture; 2) low pressures, short distances from anode
and 7 cm aperture. The discharge voltageis 70 V
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Fig.6. Mean energy of nitrogen ions as a function of the
distance fromanode aperture — (a); and as a function of
the pressure— (b) for the different anode aperture
diameters: 1 —7cm; 2—13 cm; 3—21 cm. Voltage drop
on the gaseous discharge gapis 70 V

4 P, Torr.

Mean ion energy as a function of the gas pressure and
distance from the aperture of the hollow anode is shown
at Figs. 6 a, b, for the three aperture diameters. lon energy
noticeably decreases with a distance from anode aperture
and less distinctly decreases with a pressure. It was found
also that mean ion energy grows proportionally to the
voltage on the gaseous discharge gap.

CONCLUSIONS

Some plasma parameters of non-self-maintained
gaseous discharge exited between hollow anode and

hollow cathode are investigated. The main results are:

1. The discharge current grows essentialy with a
presence of magnetic field in a hollow anode.

2. lon current is near 3% of the discharge current value.

3. The density of electrons reach up to 210" cm® and
coefficient of ionization is near of 0,1%.

4. Maximum electric field in discharge is observed in
hollow anode near aperture, which is the boundary
between hollow anode and vacuum chamber.

5. Mean energy of ions, which are gecting from the
hollow anode, grows with a voltage on the gaseous
discharge gap and with decreasing: of the aperture
diameter, of the distance to aperture and of the gas
pressure.

6. This kind of non-self-maintained gaseous discharge
may be effectively used for the coatings deposition
technologies.
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XAPAKTEPUCTHUKH IVIAZMBI IBYXCTYIHEHYATOI'O BAKYYMHO-AYI'OBOI'O PA3PAJA
N ETr'O NIPUMEHEHME J1JIs1 HAHECEHUS ITOKPBITUU

A.H.Tumowenko, B.C. Tapan, B.H. Tepewiun

HccnenoBan psi XapakTEPUCTHUK IDIa3MBI ABYXCTYIICHYATOTO BaKyyMHO-IYTOBOTO pa3psaa. MeToqoM OJMHOYHOTO
W [JBYXCETOYHOTO 30HNA ONPEACICHBI TEMIIepaTypa H IUIOTHOCTH AIICKTPOHOB, KOI(D(GUIMCHT HMOHWM3AIINH,
pacmpenerneHue MOTEeHIMAaNa B Pa3psIHOM IMPOMEKYTKE M SHEPTHsS MOHOB. J[aHHBIEC TIONYYEHBI B ITUPOKOM JHATIa30HE
MABICHWN JUIsI JBYX Ta30B. a30Ta © MPOmaHoOyTaHOBoW cmecu. [loka3zaHa BO3MOXXHOCTH —CHHTE3a
THIPOTCHU3UPOBAHHBIX YIIICPOMHBIX IMOKPHITHIA W3 TUIa3MBI Ta30BOM CTYIIEHH IBYXCTYIICHYATOTO BaKyyMHO-IyTOBOTO
pa3psizaa, BO30yXIaeMOTO B POMIaHOOYTAHOBOW CMECH.

XAPAKTEPUCTHUKH ILTAZMH IBOCTYHIHYACTOI'O BAKYYMHO-AYTI'OBOT'O PO3PSIAY
TA UOT'O BACTOCYBAHHA U151 HAHECEHHS ITIOKPUTTIB

O.1. Tumowenko, B.C. Tapan, B.1I. Tepewiun

JloCTHiDKEHO DS XapaKTepUCTHK IUIAa3MH JBOCTYMIHYACTOrO BAaKYyMHO-JYrOBOTO pO3psLy. 3a IOIOMOTOO
OIMHOYHOTO Ta IBOCITKOBOTO 30HAY BH3HAYCHI: TeMIIepaTypa i KOHIICHTpAIlis ENeKTPOHIB, KOEQIIieHT ioHi3almii,
PO3IIONLT TTOTEHITiATY Ha PO3PSAHOMY IIPOMIXKKY Ta €Heprisl ioHiB. [[aHi OTprEMaHO B IMIMPOKOMY JIiama3oHi THCKY IS
IBOX Ta3iB: a30Ty i mpomaHoOyTaHoBoi cymimmi. [lokazaHa MOMIIHMBICTH CHHTE3Y TilPOTEHI30BaHHX BYIIIEIEBHX
MMOKPHUTTIB i3 TIa3MH Ta30BOTO CTYIIEHIO IBOCTYMIHYACTOTO BAKYYMHO-IYTOBOTO pO3PANY, IO 30YyMKYETBCS B
MIPOMaHOOyTaHOBIH CyMiIIi.
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