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The design and performance of high productive cathodic vacuum arc plasma source with rectilinear “magnetic
island” filter, which is suitable for industrial applications, are briefly described. The device is characterized by
achievable output ion current up to 4 A at an arc current of 100 A, Ti coating deposition rate at a distance of
150 mm from the outlet is 20 micron/hour within the circle of 180 mm diameter. In terms of productivity and quality
of plasma purification from particulates the developed plasma source is superior to world analogues by 1.5...2 times.

PACS: 52.50.Dg; 81.15.-z

INTRODUCTION

The vacuum-arc method of coating deposition has
received wide industrial application in almost all
branches of engineering for the hardening of cutting
tools and machine parts. The main drawback of the
method is the generating droplet phase of the cathode
spot of a vacuum arc. This leads to deterioration of the
deposited coatings. A radical solution to this problem is
the use of filtering systems to clean the plasma flows of
droplets and particulates. However, existing filtering
systems inefficient, which hampers their use in
industrial applications.

Currently, in the NSC KIPT the high-performance
source of cathodic vacuum arc plasma with rectilinear
filter, which includes so called “magnetic island”,
developed and manufactured, the design suitable for
industrial applications.

The magnetic island (MI) filters originate from 80-th
of 20 century, when the first design was patented by
KIPT inventors [1]. Plasma generated on the cathode
surface propagates along the straight tube with
longitudinal magnetic field like in a straight filter, but
there is a shield with the magnetic structure on the axis
and there is no line-of-sight between the cathode and
substrate. The MI magnetic field directed opposite to
that created by external coils. The resulting lines
configuration allows plasma stream round the MI and
pass the plasma-guide with minimal losses whereas the
macroparticles trapped by the shield and walls.

In the first design there was electromagnetic coil
placed inside the MI. Later the constant magnet was
applied in the MI in addition to the magnetic coil for
creating the same configuration of the magnetic force
lines [2]. Another arrangement realized in [3] where a
shield plate of non-magnetic stainless steel placed
between the cathode and the substrate, and the magnetic
field focused using a permanent magnet, positioned
behind the substrate, that produced a field of around
300mT on the substrate. In this apparatus the deposition
of TiN was studied.

Comparison of the toroidal filter and MI one in
ALO; coating deposition was done in [4]. The
deposition rates achieved applying the toroidal filter
were a factor of 5 higher (approx. 2 nm-s ') than the
deposition rates with the MI, but the surface area
available for homogeneous deposition was much
smaller with the toroidal filter (approx. 30 mm in
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diameter). Initial tests for the deposition of Al,O;
without particle filter showed that the droplet coverage
of the coated surface is close to 100%. Applying the
toroidal filter and the shield/magnetic island filter,
strong reductions of the droplet coverage of the coated
surfaces were obtained.

The MI filters are the objects of interest to present
day. The authors of [5] compared the efficiency of MI
filters working with DC and pulse vacuum-arc sources.
Applying the magnetic island filter it can be seen (with
500x magnification of Ti coatings) that practically no
macroparticles were visible for both arcs (pulse and
DC). For DC arc 125 A the measured deposition rate at
distance 5,5 cm behind MI was of r=4.5 nm/s at
Bex = 6 mT and By = 36 mT (r =19 nm/s without MI).
Here B, and By are the values of the magnetic field
created by the external coils and MI structure
respectively. The ‘system efficiency’ of the plasma
source with the magnetic island filter was not evaluated.

None design described before in the literature was
industrially suitable because of low deposition rate
or/and small deposition area. The goal of the present
publication is brief description of the design and
performance of cathodic vacuum arc plasma source with
rectilinear filter, which is suitable for industrial
applications.

EXPERIMENTAL DEVICE DESCRIPTION

Vacuum-arc plasma is created and transported to the
substrate in a plasma-optical system with the rectilinear
filter shown in Fig. 1 [6].

This system includes a cathode 1, an anode 2, and a
plasma guide with electromagnetic coils encircling the
aforementioned elements. The plasma guide includes
two parts: the inlet part. 4 and the outlet part 5; these
parts are electrically insulated from each other and from
the anode. The system further includes an arc power
supply source 15 and macroparticle reflectors 3. The
system also includes an electromagnetic deflection coil
12 placed inside an electroconductive tube case 11
(magnetic island) coaxially placed inside the anode,
electrically connected thereto, and screened on the
cathode side.

In a plasma-optical system a transporting magnetic
field has a constant time component which is created by
two electromagnetic coils 9 and 10. Besides the
transported plasma flow is exposed to additional
magnetic fields, whose intensities are varied
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proportional to electric currents running through the
follows structural elements (anode 2, magnetic island 11
and output section 5 of plasma guide) of the plasma-
optical system. This is a subject of IP [6]. The additional
magnetic fields inside the anode are created with an
electromagnetic coil 16 encircling the anode and an
electromagnetic deflection coil 12 coaxially placed
inside the anode. A positive terminal of the arc power
supply source is electrically connected to the anode
through an electromagnetic coil 16 encircling it and
connected to the case of the MI through a coil 12. Arc
electric current flows through the coils. When the
plasma flow approaches the surface of some structural
element, the intensity of corresponding additional
magnetic field is increased proportional to an intensity
of the electric current running through this element.

ARC POWER SUPPLY

T

POWER SUPPLY FOR EXIT
PART OF PLASMA GUIDE

Fig. 1. Scheme of the vacuum-arc system. The arrows
on the magnetic field lines indicate the direction of the
magnetic field

The main parameters of the design are follows. The
diameter of the cylindrical cathode is 60 mm. The inner
diameter of the output flange is 180 mm. The overall
length of the device is 800 mm. Arc current up to
150 A. Arc voltage drop is in the range of 30...40 V
(Ti-cathode) or 40...70 V (graphite cathode). Power
consume of the electromagnetic coils is less than
1.5 kW. Achievable output ion current is 4 A when an
arc current is of 100 A. It is necessary to use argon for
stable arc operation with graphite cathode. The physical
configuration of the vacuum arc source with the MI
filter is shown in Fig. 2.

TRANSPORTING AND FILTERING
PROPERTIES OF THE FILTER

The magnetic field distribution in the plasma guide
channel strongly influences the transport properties of
the plasma-optical system. Instantaneous distribution of
the magnetic field lines is shown in Fig. 1. The direction
of the magnetic field created by outer coils is opposite
to that of the MI coil and magnetic field lines distort.
Therefore the charged components of the plasma started
on the cathode surface flows along the curved magnetic
field lines and pass around the case of the magnetic
island, whereas the macroparticles go along straight
lines and stop on the surfaces of the MI case and
reflectors placed on the inner sides of the anode and
plasma guide. The additional magnetic fields, created by
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the fraction of the arc current flow through the
electromagnetic coil 16 encircling the anode and an
electromagnetic deflection coil 12 coaxially placed
inside the anode, adjust the radial position of the plasma
stream and promote the increase in output ion current.

Fig. 2. Plasma coating setup with the vacuum arc
source and MI filter

The “system efficiency” ¢ of the plasma source with
the MI filter was evaluated using the ratio of the ion
current /; collected by a circular plate collector of 8 cm
in radius, placed at the output of the filter, to the arc
discharge current /., i.e. &€ = I;/I . Its value amounts to
4%, that is 1.5...2 times greater than superior world
analogues. Output ion current [; is determined by the arc
current I, and magnetic system properties. The plot [;
versus L. is shown in Fig. 3. The output ion current
nearly linearly grows with the arc one.
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Fig. 3. Output ion current I; versus the arc current I,
(Ti-cathode)

Proper directions of currents in the magnetic coils
are crucial for the system operation. Wrong
commutation can cause the damage of the design. To
obtain the maximum output ion current I; value, the
magnetic system should be optimized. A constant time
component of the transporting magnetic field is created
by two electromagnetic coils: 9 and 10. Coil 9 (“cathode
coil”) sets also the regime of operation of vacuum arc
evaporator. The dependence of the I; on Iy (the current
in coil 9) is shown in Fig. 4.

Quality of plasma filtration was verified by
examining the surface of Ti-coating deposited on
polished monocrystal Si during 30 min. The Si
specimens were placed at a distance of 150 mm from
the output flange of the filter. In Figs. 5a, 5b the
appearance of the region (marked with the scratch) of
the surface of uncoated and Ti coated specimen
disposed at 50 mm from the axis is shown. The small
number of the introduced defects confirms the good
filtering properties of the developed device.
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Fig. 4. Dependence of the output ion current on the
current in the “cathode coil”. 1,,. = 100 A

| —
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Fig. 5a. The appearance of the initial surface
of Si sample with the scratched mark on it

Fig. 5b. The appearance of the same region of the
surface coated with Ti (30 min deposition duration)

EXAMPLES OF SOURCE USE FOR
DEPOSITION THE FUNCTIONAL
COATINGS

The hard nitride and DLC coatings were deposited
on the setup described in [7]. Arc supply source with the
open circuit voltage of 150 V was used for stable arc
operation with the graphite cathode. Focusing of the
plasma flow in the vacuum chamber with the additional
magnetic coil placed behind the substrate ensured a high
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deposition rate of Ti-coatings of 20 um/h at the arc
current of 100 A, uniform over the area of ~ 18 ¢cm in
diameter. For DLC coatings the rate is of 4 um/h at the
arc current of 70 A over the same diameter (Fig. 6).
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Fig. 6. Distribution of DLC film’s thickness h(x).
X coordinate of axis is 110 mm

The mechanical properties of the nitride TiN, TiAIN,
TiAIYN coatings, manufactured by PIII&D method
using new high-performance source of cathodic vacuum
arc plasma with MI filter, are listed in the Table.

Mechanical properties of the nitride PIII&D coatings

Coating ) ) Tig sxAlgsYN
composition | TN | (TiosAlgs)N 10(5);*50.‘651)*
Thickness, um | 7...10 5...6 5.7
Hardness, GPa | 32...36| 30...35 30...35
Residual stress,
GPa 4..5 3..4 3..4

The erosion rate under the action of cavitation in
distilled water at room temperature was studied on the
facility with an ultrasonic vibrator. Cavitation durability
of the produced coatings illustrates Fig. 7.

Incorporation of small amount of yttrium in PIII&D
(Ti, A)N coatings led to increase in their wear
resistance. Nanostructured hard (Ti, AI)N+1 at.%Y
coatings with high oxidation resistance showed the best
characteristics during cavitation tests [8]. The average
rate of the cavitation and abrasion wear of
(Ti, AN + 1 at.%Y coatings is 3 to 5 times less than
that of the (Ti, A)N coating and is 10 times less than
that of the TiN coating deposited under the same
conditions.
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Fig. 7. Kinetic curves of cavitation wear of the stainless
steel specimens with the nitride coatings of various
compositions [8]
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CONCLUSIONS

New high-performance source of cathodic vacuum
arc plasma with “magnetic island” rectilinear filter has
been developed and manufactured in the NSC KIPT, the
design suitable for industrial applications. Features of
the manufactured source:

— achievable output ion current up to 4 A when an
arc current of 100 A;

— the diameter of the applied coating with the
thickness deviation + 5% — 180 mm;

— Ti coating deposition rate at a distance of 150 mm
from the outlet — 20 micron/hour.

In terms of productivity and degree of plasma
purification from particulates the developed plasma
source is superior to world analogues by 1.5...2 times.
The source can be used successfully for the deposition
of high-quality functional coatings on various
substrates.
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BbICOKOIIPOU3BOJUTEJBHBIA BAKYYMHO-IYTOBOM NICTOYHUK ITJIA3MbI
C NIPSIMOJIMHEMHBIM ®UJIBTPOM

B.B. Bacunves, A.A. J/Iynanunos, B.E. Cmpensnuyxuii

[IpuBeseHO KpaTKoe OMHMCaHHWE KOHCTPYKIUH M XapaKTEPHCTHK BBICOKOMPOU3BOAMTEIHHOTO, MPUTOIHOTO IS
MIPOMBILIUICHHOTO TMPUMEHEHHs, BaKyyMHO-IYrOBOIO HCTOYHHKA IUIa3Mbl C MPSIMOJHMHEHHBIM (QHUIBTPOM THIIA
«MarHUTHBIH OCTPOB». JlOCTHXMMBIH BBIXOJHOW MOHHBIA TOK MCTOYHMKA — 4 A mpu Toke ayru 100 A. CkopocTtb
ocaxaenust Ti-mokpeiTiss Ha paccrosHud 150 MM...20 MkM/u B mpenenax kpyra auamerpom 180 mm. Ilo
NPOU3BOJIUTEIBHOCTH M Ka4eCTBY OYMCTKM OT MAaKpOYacTHI[ pa3paboTaHHOE YCTPOMCTBO HPEBOCXOJIUT MHUPOBBIE
anasoru B 1,5...2 pa3za.

BUCOKOINNPOAYKTUBHE BAKYYMHO-AYT'OBE /UKEPEJIO IIVIA3MHU
3 NIPSAMOJITHIHHAM ®LIbTPOM

B.B. Bacunses, O.A. JIyuaninos, B.€. CmpenvnuybKkuil

HaBeneno ckopodeHuMi oOmMC KOHCTPYKLII Ta XapaKTEPUCTUKH BHCOKONPOAYKTHBHOTO, IPUAATHOTO IS
MIPOMUCIIOBOTO 3aCTOCYBaHHS, BAKYYMHO-IYTOBOTO JDKepelia TUIa3MH 3 MPSIMOTIHIHHIM (PUTBTPOM THITY «MAarHITHUIH
octpiBy. JlocsHkHNN BUXITHUNA iOHHUH cTpyMm pkepena — 4 A mpu ctpymi ayru 100 A. IIBuakicte ocamKeHHS
Ti-moxputTs Ha BixcTadi 150 Mum...20 MKM/TO y Mexax Koua 3 miamerpoM 180 M. 3a MPOAYKTHUBHICTIO Ta SKICTIO
OYHINEHHS BiJl MAKPOYACTOK pO3pOoOIeHN IPUCTPiil mepeBepInye CBiTOBI aHaoru B 1,5...2 pasn.
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