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We present the results of investigations of the floating potential compensation of dielectric target in
selfsustained plasma beam discharge in the magnetic field. We use gridless single-stage plasma accelerators with
closed electron drift and narrow acceleration zone without of additional electron emitter as plasma beam source.
When the source of such type works in collimated beam mode, lack of electrons in the ion flow leads to occurrence
of positive charge on the target and reduces the efficiency of ion treatment. Existence of additional glow discharge in
beam drift space can influence on target potential. We discuss experimental results of measurement of dielectric

target potential for different conditions and proposal to solve the problem.
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1. INTRODUCTION

Modern plasma technologies allow obtaining the
modification of surface and volume properties of
materials in a very wide range [1]. In some cases these
technologies operate with plasma-beam discharges and
dielectric targets. The production of ion-plasma beam is
possible by different types of ion or plasma sources.
Usually, the design of such type of the source includes
additional electrons source. Mainly the simple hot
filament or complicated hollow cathode is used as
additional electrons source. However, there exist
situations when this is unusable. And sources of
additional electrons of the other types either are
complex in operation, or have high prices (or are
subjected to both of those issues).

Of those, single-stage plasma accelerators with closed
electron drift and narrow acceleration zone (accelerator
with anode layer, AAL) excel from other plasma sources
by the simplicity of their design. Additionally, use of
accelerator with anode layer as a plasma flow source
solves the problem of low conductivity of the target
material. Efficient treatment by the plasma flow is
possible even for dielectric materials in vacuum mode of
AAL without electrons source [2].

In case of treatment of dielectric target by AAL
without electron emitter in vacuum mode the target will
have certain potential. The problem occurs due to lack
of electrons in the ion flow, and it leads to occurrence of
positive charge on the target and reduces the efficiency
of ion treatment. Use of additional glow discharges in
space between a source and a target allows essential
reducing of the potential of processed dielectric target
[3]. For obtaining the best conditions of target
processing, the careful optimization of conditions of
existence of such plasma-beam discharge is necessary.

2. EXPERIMENTAL SETUP

The experiments are carried out with single-stage
plasma accelerators with closed electron drift and
narrow acceleration zone of coaxial geometry without
additional electron emitter. Accelerator has the ring
discharge channel with width 10 mm, as it was
described in [3]. The principle scheme of the
experiments is shown in the Fig.l. The multilayer
current coil (3) is coaxial with the accelerator main axis
and allows variation of magnetic field distribution in the

source-target space. The power supply of the coil allows
change of the direction of magnetic induction vector to
opposite one. The plasma source power supply allows
use of the anode voltage of up to 2,5 kV. The usual
discharge current is less then 500 mA. Distance from
the source front to dielectric target is about 160 mm.
The floating potential was measured in the different
points of the vacuum volume with the use of a mobile
plane Langmuir probe (4) and thin metal collector (5)
by capacitive voltmeter.

3. RESULTS

The gridless plasma source of AAL type can work
either in collimated or diffuse beam mode [4]. In diffuse
beam mode glow discharge with current equivalent to
current of main discharge exists around the source [5].
The ion flow propagates from this discharge region to
the source cathode and sputters the cathode material.
The particles from the cathode can contaminate the
substrate surface and break the technological process
[4]. So we investigate the dielectric target potential for
collimated beam mode of source work.
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Fig. 1. Functional scheme of the experiments.
1 — source, 2 — plasma flow, 3 — current coil, 4 — mobile
probe, 5 —metal collector, 6 — target

The magnetic field is the inseparable component of
devices with the closed electrons drift. Usually,
magnetic systems of technological ALA are built on
permanent magnets, and the necessary configuration of
a field in a discharge gap is set by a choice of the form
of pole tips. Thus the part of magnetic field falls outside
of pole tips volume and the diffuse magnetic field exists
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around of the source with a complex enough
configuration. On a basis of such magnetic system it is
possible to obtain two configurations of magnetic lines
above an obverse surface of the source. The first one
corresponds to a case of field of balanced magnetron and
the second one — to unbalanced magnetron. In the first
case, passing of electrons from a zone of existence of the
discharge to a target is essentially limited by the field
configuration, and in the second case there are magnetic
lines connecting the cathode of the accelerator with a
target. In the second case it is possible to expect more
complete compensation of the potential of dielectric
target, and consequently the magnetic system of source is
constructed so that a configuration close to the case of

unbalanced magnetron is reached in the space of drift.
130 130

120

110.

100

90-

80

70

60-

Distance from source (mm)

03020.10 10203Q40§0607050900
Distance from main axis of source (mm)

Fig.2. The magnetic field map of plasma source
obtained experimentally. a) - from measurement with
Hall unit (UWD), b) — field is mapped using an iron
powder technique

Fig.2 shows the magnetic field maps obtained with
iron powder technique (b) and from measurement of
magnetic field above the accelerator with Hall unit and
the subsequent construction of corresponding magnetic
field map (a). One can see from the figure that the field
above a source can be divided in two areas. In the first
one, lines of a magnetic field go from a source to a
target, so that they will not block a compensation of
potential by free electrons. In the second case, the lines
look like arcs closed on cathodes, so that electrons will
have to overcome a confined magnetic field in addition
to a weak electric one which is set by the anode

potential. Earlier we already wrote about existence of
additional discharges in these diffuse fields [5]. It is
obviously important to check up the contribution of
each of the components of formed plasma-beam system
to the process of target potential compensation.
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Fig.3. The changes of magnetic field map of plasma
sources with changes of coil current (UWb).
a — additional magnetic field in coil is additive to
source field, current — 2,5 A; b -- additional field is also
additive, current — 1 A; ¢ -- additional field is opposite
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to source field, current — 1 A, d -- additional field is
also opposite to source field, current — 2 A
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Fig.4. The dependencies of floating potential of
dielectric target on different magnetic field distribution
for different pressure. a) diagram of float potential
value at coil current and pressure plane; b) Target
potential vs coil current, 1 — 0.1 mTorr; 2 — 0.5 mTorr;
3—0.9mTorr; 4— 1.2 mTorr; 5 — 1.4 mTorr

Current coil located coaxially with a source in space of
beam drift allows conducting of respective experiments.
Field of the coil allows change of the geometry of
mixed magnetic field in wide enough range. As one can
see from Fig.3, it allows stretching the second zone to
area of placement of the target and it to move it
significantly from the target to a plane of the source. For
convenience, we'll designate the situation of addition of
fields of the coil and the source as "direct" insertion,
and a situation of subtraction of the fields as "opposite"
one. In case of direct insertion, we shall consider a
current in coil Iy as a positive, and the opposite one as a
negative. It is shown that value of diffuse field is small
enough, and in case of formation of discharge plasma in
this area it should provide small influence on the results.
Results of measurement of the floating potential of
target Uy in case of direct and opposite insertion of the
coil are shown in Fig.4.

In Fig.4 the three-dimensional diagram (a) showing
dependence of a potential of the target on a pressure in

the chamber and a current in the coil and some its cross
sections by plane Un(la) (b) is presented. It is shown
that in case of low enough pressure (curves with
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Fig.5.The dependencies of floating potential of dielectric
target for different pressure in vacuum chamber on radial
spacing from the main axis of system. a) diagram of

floating potential value on radius and pressure plane;
b) Target potential vs radius, 1 —0.3 mTorr,
2—0.5 mlorr; 3—0.9 mTorr; 4— 1.2 mTorr; 5— 1.4 mTorr

numbers 1 to 3) change of geometry of magnetic field
results in a small change of the target potential. But in
case of absence of the glow discharge in space of the
drift, the situation improves with distribution of a zone
of arc type to the target region. And with the advent of
the additional discharge in space of the drift, the
situation becomes an opposite (curves with numbers 3-
5). It can be easily explained considering fact that at low
pressure the electrons are generated mainly in the area
of anode layer, and with the advent of additional
discharge their significant quantity appears in the first
area of magnetic field. Simplification of their coming
onto the target considerably lowers its potential.

At the same time, one can see that with the further
growth of pressure the potential of a target becomes
rather significant again. Simultaneously, the additional
discharge fills the whole vacuum chamber, and a plasma
source switches to the diffuse beam mode. In this
situation the target potential becomes almost equal to
the anode one, and efficiency of cleaning of the target
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decreases dramatically.

In Fig.5 the three-dimensional diagram showing
distribution of the floating potential in volume of the
chamber in dependence on pressure in the chamber and
distances from an axis of the system (a) and some its
sections by plane Ug(r) is presented (b). One can see
that with the pressure increase a stage comes when the
potential is leveled on the chamber volume. The
dielectric target appears immersed in plasma of a
positive column of the glow discharge and gets the
corresponding floating potential, which can be below
the anode one only by a value of about kT.. Due to fact
that for this discharge the anode is that of the source, the
target potential appears comparable with the anode one.

CONCLUSIONS

One can see from the presented results that presence
of magnetic field in a volume of the discharge
influences value of the floating potential of a dielectric
target contacting with such plasma-beam discharge.
Both size and geometry of a magnetic field provide the
influences. In conditions of low pressure (below
1 mTorr) the target placement in the second area linked
to the anode layer and magnet field lines of arc type
closed on cathodes is preferable. In the pressure range
of about 1 mTorr and above, the target placement in a
zone, which is isolated from the anode layer by
magnetic field and does not limit pass of free electrons
onto the target, is preferable. For obtaining as low as
possible potential on a dielectric target in the range of
low vacuum it is important to provide its isolation from
plasma of the additional glow discharge arising in space
of a beam drift. Otherwise, the target appears immersed
in plasma of the high-voltage glow discharge and gets

the corresponding floating potential.

Thus, providing compensation of a dielectric target
potential in the pressure range of 1...10 mTorr with the
use of plasma-beam discharge is possible only if one
will not allow contact between the glow discharge
plasma and the target.
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TMJIABAIOIIMI MOTEHIUAJ JIUJIEKTPUUECKON MUAIIIEHU B TYYKOBO-IIJIASMEHHOM
PA3PAJJE C MATHUTHBIM IIOJIEM

A.H. Jlooposonsckuii, A.H. Eecrokos, A.A. I'onuapos, H.M. IIpoyenko

Msl mpesacTaBisgeM pe3yabTaThl HCCIEAOBAHMM KOMIIGHCAIMK IIABAIOIIETO TOTEHIHANa TUAJICKTPUIECKOi
MUILICHN B CAaMOCOTJIACOBAHHOM ITyYKOBO-IUIA3MEHHOM Pa3psi/ie B MArHUTHOM 11oJie. MBI HCTIONb3yeM OecceTOuHBIH
OTHOCTYTICHYATHIH TUIa3MEHHBI YCKOPHTENb C 3aMKHYTBIM Ipei(OoM 3JIEKTPOHOB M y3KOW 30HOW yCKOpeHHs 0e3
JIOTIOJTHUTEIBHOTO SMUTTEPA IEKTPOHOB B KAaueCTBE MCTOYHMKA ITyuka Iia3Mbl. Korga MCTOUHHK Takoro Tuma
paboTaer B peXxuMe KOIIIMMHUPOBAHHOTO ITyYKa, HEJIOCTATOK JIEKTPOHOB B MOHHOM MOTOKE BEIET K BOSHUKHOBEHHIO
TIOJIOKHUTENIHOTO 3apsifia Ha MHIIEHH M yMeHblIaeT S(PQeKTHBHOCTh HOHHOW o00paborku. CyliecTBOBaHHE
JIOTIOJTHUTENBHOTO TICIOIIETo pa3psijia B MPOCTPAHCTBE Jipei(a MydyKka MOXKET BIHMATh HAa MOTEHIUAN MUIICHU. MBI
00CyXIjaeM KCIIEPUMEHTAIBHBIE PE3yIbTaThl U3MEPEHHS TOTEHIIMANIA TUIEKTPUIECKON MUIIEHU U Pa3IMIHBIX
YCIIOBUI U NpeJyIaraeM pelieHue npooIeMsl.

TMIJIABATOYHH MOTEHIIAJ JIEJEKTPUYHOI MIIIEHI Y ITYYKOBO-IIJIA3SMOBOMY PO3PS/II
3 MATHITHUM ITOJIEM

A.M. /looposonvcovkuii, A.H. Esectoxos, O.A. I'onuapos, .M. Ilpouenko

Mu npeacTaBaseMO pe3yJbTaTd JOCIIIPKEHh KOMIICHCAIT MJIABAIOYOr0 MOTCHIANy MiCICKTPUYHOT MIIICHI Y
CaMOY3ro/KEHOMY ITYyYKOBO-IUIa3MOBOMY PO3pSJl Yy MarHiTHOMY MoJli. MU BHKOPHUCTOBYEMO O€3CITKOBHH OJHO
CTYIICHEBHH IJIa3MOBHUII MPUCKOPIOBAaY 3 3aMKHYTHM ApeH(OM eIEeKTPOHIB Ta BY3bKOIO 30HOIO NPHCKOPEHHS 0e3
JIOZIATKOBOT'O eMiTepa €JEeKTPOHIB K JDKEpeslo Iydka IuiazMu. Komu Jpkepeno Takoro THIY Mpalioe B PEXKHUMI
KOJIMMOBAHOTO ITy4Ka, HEJOJIK EICKTPOHIB y IOHHOMY MOTOLI Bele A0 BUHHKHEHHs O3UTUBHOTO 3apsiay Ha MilleHi
Ta 3MEHIIy€e e(peKTUBHICTh 10HHOI OOpPOOKH. ICHYBaHHS JOMATKOBOTO JKEBPIIOYOTO PO3PALY Yy MpPOCTOpi Ipehdy
IyyKka MOXKE BIUIMBAaTH Ha IOTEHLian MimeHi. Mu oOroBOpIOEMO EKCIIEpUMEHTaIbHI Pe3ylbTaTH BUMIpIOBaHb
MOTEHIIATY AieIeKTPUIHOI MIllIeH] TSI Pi3HUX YMOB Ta IPOIIOHY€EMO PO3B’S30K MPOOIEMH.
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