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(57) Abstract: The invention is related to a method of depositing wear re-
sistant layers, using PVD method, where the depositing is carried out from
at least two working deposition sources, consequently, where at least one
of said sources is a cylindrical rotating cathode working in an unbalanced
magnetron (1) regime, and, consequently, at least one of said sources is a
cathode (7a, 7b, 7c¢), working in low-voltage arc-discharge regime. Fur-
ther, the invention is related to the apparatus for carrying out said
method,the apparatus consisting of vacuum deposition chamber, in which
there are at least two deposition sources with their relevant gas inputs of
process gases and their shields, and in which at least one substrate on ro-
tating support is placed, and where the most substantive is that at least one
of said sources is a cylindrical rotating cathode working in an unbalanced
magnetron regime, and, consequently, at least one of said sources is a cath-
ode (7a,7b,7¢), working in low-voltage arc-discharge regime.
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PVD METHOD AND APPARATUS

Field of the invention

The invention is related to the method of application, deposition, or coating of
material by abrasion resistant layers, using a method of PVD, where the coating is
performed by a combination of magnetron sputtering and arc sputtering. The
invention is related to an apparatus for carrying out this method, too.

Background of the invention

There are known plurality of variations of methods, and apparatus, too, for
prepdration of ‘PVD.layers. As the closest state-of-the-art in relation to the present
invention it seems to be following publications.

IN'EP"1538496 methods’ using 'rotation” cylindrical targets’ for ‘préparation of
PVD layers by Tow-voltage” arc are described, wheré’not ‘only: more even déposited
layer ‘and more éff‘e"éti‘tié*t:ar'ge’t"‘-' material* yield ‘is i-"’ééhieved’ “but “using™'of “stronger
magn‘etlc field™ |s possrble too what reduces a drmensron and a number of
macropartlcles in the deposrted Iayer o
| 'wo 2007/044344 discloses methods using cylindrical targets for a magnetron
sputtering; where an internal cavity for placing a magnetic field is used. The magnetic
field creates one or more closed ducts of this magnetic field on the surface of the
target whrch ducts are oriented parallel to the axis of the- target and’'so the |ayer can
be mcre even and a material of the target is worked out more effectrvely

WO 2007/044344 discloses methods of usmg cylrndncal rotatronal magnetron
targets for producrng PVD Iayers too where thanks to a rotation’ of the target the hfe
of thrs target is Ionger and the efﬂcrency of matenal yleld ‘of this target is hlgher

Further methods” of creatmg more efficient desrgn of cyllndncal magnetrons

are known where a maskrng ‘of targets ends is provrded in’ accordance with' US
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5725746. The device with :r(_i);tati;r_j__g magnetron _eathpde, eliminating bearihgs
degradation by the electric current,,»is_.vdescribed in US 2006/049043. WO 92/07105
discloses a fixing of interchang_eable‘ one-sided cylin_c_i,r‘;lcal.‘ rotation target, where the
decomposition of a head of a cathode from the deposition.chamber is not needed. A
patent US 5445721 disclosesga structure of interchangeable, at both sides fixed
cylindrical rotating magnetron. G_yeneral structure of rgtating cylindrical magnetron is
described in publications US 2008/00t2460 or WO 91/07521.

Further, a method of using a cylindrical rotating magnetron with rotating
magnetic field in combination with lateral cylindrical rotating magnetrons producing
static magnetic field is known, as in‘a year 1984 a publication EP 0119631 discloses.

- A method is known, where?rotating magnetic field' of permanent magnets is
used, the field creating multiple: electron ducts, and w'h'ere a combination with static
flat target is designed and so a y|e|d ‘of target matenal is amellorated as described in
EP 1953257. ‘ G

‘Designs of unbalanced” ‘magnetron with a fiat target are known, where
unbalanced magnetic field is created- and outside magnetic field is much stronger
than inside, or central magnetic field, as it is apparent from: publication GB 2241710.

Further a design of unbalanced magnetron 'ha\'/i'hg‘ flat target is known, where
unbalanced magnetic field is used as described in EP 1067577 or in WO03/015475.

~ Designs of unbalanced magnétrons, where different shape of targets in each
pair is used, are known, where the targets are arrang:éd in such a way that magnetic
field eliminates an escape of”eléétrdns outside of a deposition area and where
plasma ionisation and quality of deposrted layer are ameliorated. This type of
magnetron is convenient for targets workmg in an opera’ung mode where a power
level is changing. This design is dlsclosed inUS 2002/01 95336. -

Further, the designs of unbalanced magnetrons with unbalanced magnetic
field are known, where the workmg surface of target |s placed inside or outsnde the
target, as described in US 2001/0050255

Also modes of shaping magnetlc fields of maghetron targets, using outside
auxiliary magnetic pole pieces or outsrde magnetic fi elds are known, as described in
US 6749730 and US 2003/0089601." : _

" Also using of rotating cyhndncal shielding of »feyl'indrical magnetron targets is
known, as described for examplé in publications WO 94/16118 and EP 1251547.
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Summary of the invention

The purpose of the mventlon lS to provide a new method and apparatus for
depositing wear resistant Iayers usrng in common a PVD method. The method of
depositing wear resistant layer consnsts here in that deposrtlng is carried out from at
least two working deposition sources, consequently, where at least one of said
sources is a cylindrical rotating cathode working in an unbalanced magnetron regime,
and, consequently, at least one of sald sources is a cathode, working in low-voltage
arc-discharge regime. S N

The apparatus for carrying.f'o‘ut this method consists of vacuum deposition
chamber m Wthh there are at least two deposmon sources with their relevant gas

........

,,,,,,

reg|me EndY consequently, at Ieast one of said sources IS ‘a cathode WOrklrlg HPTow:
voltage ard—dlscharge reglme lt is advantageous i the cylmdncat rotatmg cathéde
workmg in ‘an’ unbalanced magnetron redime, ls-placed in'the deposutlon*chaﬁtbe‘r in
a room inside ‘a fotating ‘support.In this case it is especially advantageous if tHé vthier
working déposition Solirces are ‘placéd outside the fotating support: Altérriatively it
could be' ddvantageous if both a cylindrical rotating cathode workmg in unbalanced
magnetron reglme ‘and’ the ‘other” workmg deposntlon sources ‘are’ ‘placedin’ “the
deposmon “chamber outs1de the ‘rotating support. Concerning an- electrc dircuit

dvantageous ‘wheti the cyhndncal rotatmg -cattiode” workmg in

unbalanced magnetron reglme is shrelded by a cyllndncal shleld whlch is connected,

in relatloh 16 $aid cathode ‘as‘an anode Alternatlvely |t could be advantageol.ls lf a
cathode worklng in low—voltage arc-dtscharge reglme is" shlelded by P cyllndhcal
shield. Iria version: wrth the shield it |s advantageous |f Sald ‘shield IS equped by a
aux:llary gasvlnput respectlvely by jUSt further auxtllary gas mput of process gases

' “In"overall view, the nature’ of the'invention consists in placmg at least one ‘or
more of cyhndncal rotatmg unbalanced magnetrons in’ prox:mlty ofa rotatlng support
of deposltlon covered substrates sald magnetron worklng with cooperatlon or W|th a
possublhty ‘of’ cooperatlon wnth one ‘of more worklng cathodes where at least one of

sald cathodes works ina low—voltage arc-dlscharge reglme
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_Further, the nature of the mvent\on consists in that sa|d magnetron is equipped
by a cylindrical shield, the constructlon of which could be various according to a
purpose just needed, and by a rotatrng or swivelling magnetrc field, which structural
members could be combmed in drfferent positions or orrentatrons of source surface of
the magnetron cathode in relatron to working cathodes and of construction or
confi guratlon of auxiliary gas rnputs of process gases where in cooperation with
shield modifications, a local changes of working gas atmosphere are possible.

Summary of advantages of the method and apparatus of the invention:

- The cylindrical rotating magnetron provides a possibility of applying
significantly higher power for magnetron’ drscharge comparing to low-
voltage arc-discharge, o _

- - Significantly higher speed-lof growing a deposited layer, comparing to arc-

: discharge technology i is. achreved

- Significantly lower relatrve surface roughness comparing to low-voltage arc
is achieved, i

- Significantly higher leveF6f ionisation, comparing to up-to-now magnetrons
is achieved (ionisation level is deduced by counting a relation between a

~current to a substrate and a total number of ionized particles) and
significantly higher speed of growing the layer (a number of “neutrals”),
comparing up-to-now ’ usual cylindrical rotating arc to the magnetron
according to the invention:: g .

- When cooperating with arc-cathodes it is possible to achieve further
supplementary lonlzatlon of plasma and of reactron components, involved
in a layer creating process.

- The working arc electrodes, in cooperation, are stabilizing hysteresis
behaviour of the magnetron, said electrodes are suppressing a sensitivity
of the magnetron in ‘rélation to changes of partial pressure of reactive
components of workmg atmosphere and they are retarding a transrtlon to a
unstable working regime, " T

- in combined confrguretron it'is possible to usé arc cathode for ion-cleéaning,
what provides significantly better adhesion-of a deposited layer, comparing
to using a sole maghetroh for said ion-clear_\ing,
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- When using a magne{t,ioalfleld of the cylindrical rotating magnetron it is
possible to achieve creating.an unbalanced magnetron,

- . Magnetron duct or ducts of the cylindrical rotating magnetron could be
oriented, in case of stationary field, towards the working electrodes or in a
direction from those .electrodes, and this way they could influence the
structure of a deposited ‘layer (in working‘regime with the orientation of
magnetron ducts towards :those electrodes, the materials of respective
cathodes are going miXed"and they dominantly create a monolayer, and in
working regime with the  orientation of -magnetron ducts from those
electrodes the materials.of respective cathodes are not going mixed and so
it is possible to create a. multilayer structure, a thickness of which could be

infiiehésd ‘sr managed by process barametels)“ reteling magnetron it

- WSk “using further: working "Blectrodes i their: cooperation it s,

Hdvirligeoasiy, possrble o' modlfy a composmon and charact’ensfr 68 of‘

depo*srted PVD Iayer Y PR AIEEILE D vThing giechiodes of o

- Itis “possible ‘to use' the’ cyliharicar“shiél&?‘f&r‘ ‘cleaning of "the :éylindrical

AAAAA

rotating magnetron'! before” 'a - starting’ of ¢ d'epositioﬁ:*"~7;’iroé"é§s" whéri

f"d)’:‘l

conSeQUentIy shreldlng of stibstrates and suppressmg this’ way ARGnfiishte
of‘ résrdual’ partlcles released from the ‘surface of target dunng tHé cleanmg

2 lt“rs possrble t “‘use the cyllndncal shleld ;for startlng procés‘é‘ of the
cylrndrrcal rotatmg magnetron for approachrng % a worl{\r{g pomt“before
starting a true deposmon process when consequently shleldmg the

the target dunng this' startmg process s

- lt |s possrble to add advantageously, a Iocal auxrllary mput of gases what

It is possrble« to use “thetinvention  for- modrfymg or' adjustlng some of known
methods and apparatus where only planar and no rotatldn oF srmtlar electrodes are
used. Those_“' pparatus;”
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of a magnetron and of low-voltage ,,_arefdischarge, are known in general, but they are
adjusted for performing a process,;,either with one sq;,r:t;._.pf ._electrode or with the other
sort of electrode, but they are“‘no't adjusted for a preeess where both types of
electrodes are working together,. in cooperatlon And when takmg a basic nature and
scope of the invention, a modlfylng a relevant apparatus for using planar electrodes
is to be consrdered asa technlcal equwalent of the method and apparatus accordlng
to the |nvent|on '

Brief description of the drawings :. . - .

‘The method and apparattis: accordlng to the- mventron is to be described- in
detail and explamed using examples of the embodimeénts accompanied ‘also by the
relevant drawings, where, in srmpllﬁed cross-sections, there is apparent"'on-'Flg.1 a
deposition apparatus with a centrai”“magnetron and” with working ‘lateral. or side
electrodes, placed outside a rotationsubstrate support,“on Fig.2 theré is. in detail: a
cathode of cylindrical rotation thagnétron, which cathiode is created as & rotation
cylindn’ca’l’ hollow target, with permanent magnets creating unbalanced magnetic
field, on Fig.3 there is in detail the same electrode, where relevant magnetic field is
drawn, being in a form of oval closed magnetic duct on the surface, the longer side of
which is parallel to the axis of the target, on Fig.4 another variation of the method
according the invention is illustrated, using an apparatus where a cylindrical rotational
magn'etron is placed inside a*"depds'ition chamber and inside a room of rotation
support of substrates, together Wit ‘another working ¢athode, working on principle of
low-voltage arc-discharge, which ‘another cathode |s placed inside the room of
rotation support, and, further, on Fig.5 another method accordlng to the invention is
illustrated, using an apparatus where a cylindrical rotation magnetron is placed inside
the deposition chamber, but out3|de the rotation substrate support, and with another
working cathode, working on principle low-voltage arc-discharge, on Fig.6, for
ilustrating a cleaning phase of the méthod, there is, in detail, a cathode of cylindrical
rotation magnetron, the cathode is'created as rotation cylindrical hollow target with
permanent magnets, creating an unbalanced magnetic -field, similar to the field on
Fig.2, but in this case the magnetic field of said cylindrical rotation magnetron being
swivelled, what is caused by a""pos'i'tion of ferromagnetic and swivelling core with
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permanent magnets from a workrng posrtron seen on Flg 2, to a cleaning position,
seen on this Fig.6, and further on Frg 7 there is a deposrtlon apparatus according to
Fig.1, where cleaning phase |s in progress and this phase of the method can
penetrate to a phase of ion etchlng usrng glow—dlscharge or arc-discharge from side
cathodes, where at least one of those side cathodes is adjusted for working in low-
voltage arc-discharge and so such a -cathode is called arc cathode, and where in
general, comparing to the apparatus on Fig.1, a magnetrc field of central rotation
cylindrical magnetron is swivelled from a position as on Fig.2 to a position as on
Fig.6, and, further, on Fig.8 there is the apparatus as on Fig.1, but in a modified
configuration, where side cathodes are shielded by their own cylindrical shielding,
swivelled to a position closer to.the;.central rotation magnetron, by which a deposition
phiase “of “TiAIN ‘layer-is illustrated, whereby onily “thé “¢entral” cylindrical \rétation
magnétror ‘i iséd” and  the sidé " ‘cathodes ‘are 'préséred by their own eléVant
cathodeshiglds” ahd ‘Where a r‘ﬁaéj’né‘t"i'cfﬁeld of‘ééidfl'fh’aéﬁ"'e‘t”rbn‘*'ié oriented’ towards
the “siibstratds ‘outsidé’ the rooni bekind the shield:“and firally, Fig 0%iilistiatsd 4
depositinof TIAIN 1ayer, carfed dut sing a’ cooperation of the 'cylindrcar rtation
magnetror with a"side ‘cathode’6r ‘cathodes; where at"least one of thiern, ¢alféd’sido
arc cathode is“adjusted for acting‘in‘low-voltage arc:diséharge working-regihé?When
a maghetic field of this magnetron'is Griented here towards the substrates oiifsie the
room behind' the cylrndncal shield“and' the orlentatron of the magnetron dlscharge is
in dlrectrorrfrom the srde cathodes T R s shieid

. . . ' :
T N LT P I P s VN
HOENM DS S LWL TR g U BNy

TUTHE method according to the lnventlon is. lllustrated on the apparatus
accordrng to{the mventron bemg an example embodrment of it and bemg baéed ort

A T

known type‘Pr300 ‘What'is apparent 6n Fig.1 and is'creatéd as follows""'"” called zite,)

i The" cylrndrlcal totation” magnetron 1‘ is placed in “a central posmon msrde ‘a
deposrtron chamber 2. The’ deposrtlon ‘chamber 2 consrsts of” input’2b of“prdcess
gases output 2a for ‘evacuation 'of gases door 6 of the deposrtron chamber 2 and of
rotatron support 3 of substrates 3b. Rotatlon support 3 of substrates 3b prowdes a
possrbrlrty to load the substrates 3b ready to be coated on the planets 3a and
perform therr multlstage rotatron Coaxrally to the cyllndncal rotatron magnetron 1 lts
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cyllndrlcal shield 4 is placed. in prox:mrty of this cyhndncal shield 4 it is possrble to
place an auxiliary gas input 5 5 or rnputs of process gases ‘Outside the rotating support
3 of the substrates 3b in the area of the door 6 of the deposition chamber 2 working
side cathodes 7a,7b,7c, including their relevant shield 8 of those working side
cathodes and to them leaded further auxiliary gas, rnput 9 or other process gas
mputs are placed. The sole constructron of said workmg side cathodes and of their
shields is known in the art and IS descrlbed in detail, ln for example, a publication EP
1356496. Any combination of usmg and placing respectlve types of workmg srde
cathodes 7a,7b,7¢ in this example embodrment is possmle but at least one of them
is to be adjusted for being able to work in low-voltage arc—dtscharge reg|me

On Flg 2 a confi guratlon is apparent, where a cathode of cylindrical rotation
magnetron Sfidonsists” of its own rotatlon cylrndrlcal targef’ HE Wit 5 parm a‘ﬁer’\t
magnet§ T’ fOrmlng unbalanced’ magnetlc field and" bemg‘ placed o &° ferromagnetlc-
and rotatibh core m-mSIde ‘the ‘Follow room of said’ targ'et""l_a’."Magnetrcﬁeid‘ln this
exampré'?émsddiﬁté}if creates oh'a surface "b\?él"’c‘ldsé&‘ﬁi’a‘gﬁet’i"é duict ‘thé iohgér side
of which‘isin‘a parallel posmon Wlth an axns of sald target 1a, ds further‘ i’ apparentl

Croadinvs fle nattorloe sng of

on: F‘lg 3

““ARothier - ethod * accordlng fo- “the” invention is |llustrated on the” apparatus'
accordlng to'the” mventlon in 'an»example embodlment‘ ‘which 'rsapparent O ‘Fig: 4
and is"created: as follows. Cylmdncal rotation magnetron 1 s’ placed lhslde ‘the
deposmon chamber 2 ‘drdinsidé a‘toom of rotation’ support 3°of thé ‘siibstrates 3b,

.«

. also W|th* ‘a further worklng cathode""?a " Wthh |s worklng on pnnCIple of |oW—voltage

"‘if‘”“”

arc-' 'Ha?ge ‘ S f srde a' ro it of the} rotatlon” sUpport’ 3*:

substrates 'mtended* to be’ coated ‘on’ respectrve planets 3a and enables~ thelr

multlstage rotatlon Coaxually wrth the cyllndncal rotatlon magnetron 1 its cyllndncal
shield 4 i§ sitiiated: Ih-a proxrmuty of said cylmdncal shield 4itis possrble to place the
auxrllary gas inlet 5 ‘or inlets’ of process gases Worklng cathode 7a then uses a
relevant shigld 8 ‘and-a further éuxrlrary gas |nlet 9 of further process gases‘* which'

lylf‘

mlet 9 |eads i sard shleld 8

Just another method accordmg to ‘the mventlon |s lllustrated by an apparatUs'

accordlng to the mventlon |n example embodlment WhICh rs apparent on’ Frg 5 and lS

PR



WO 2011/060748 PCT/CZ2010/000117

created as follows. Cylindrical fotation magnetron 1 is situated inside the depossition
' chamber 2, outside the rotatlo"r"'r- support 3 of the su’bstrates 3b with further working
cathode 7a working on pnnmple of low-voltage arc-dlscharge The deposition
chamber 2 consists here of the inlet 2b of process ‘gases, outlet 2a. for gases
evacuatron door 6 of the deposrtron chamber 2 and the rotation support 3 of the
substrates 3b. Rotation support 3 of the substrates 3b enables to load. these
substrates intended to be coated on respectrve planets 3a and enables their
multlstage rotatron Coaxrally wrth the cylindrical rotation magnetron 1 its cyllndrrcal
shield 4 is situated. In proximity of said cylindrical shleld 4 it is possible to place the
auxiliary gas inlet 5 or inlets of process gases. Worklng cathode 7a then uses a
relevant shield 8 and a further auxrllary gas inlet 9. of further process gases Wthh
mlet 9 leads in sald shreld 8 L -

Cylindrical shield 4 of the. cylrndrrcal rotatlon magnetron 1 can be desrgned in
various fonns which are descrrbed in detail in followrng C

a) Stable shield, shleldl’kﬁgiapprcxlmately ove""‘r, an angle of 180° a surface of
© o the target 1a. The shleldéa is galvanic separated from deposition chamber
2, using a connection“on’ a floating poténtial, and is equipped by side
adjustable parts 4a, ‘which are adjustable’according to making smaller the
diameter of the target 1a. The cylindrical shield 4 can be oriented or
positioned, in relatio’h_ to 'side cathodes @,7_b1c_: on the near or on the
~ distant side. o o "
b) Stable shield, shieldlhgtapproximately over an'angle of 180° a surface of
the target 1a and creatmg an auxiliary cathode. This type of a cylindrical
shield 4 can be completed by water cooling system, accordlng to an output
power of cleaning. The form of this shield, in general, can be also different,
not only having a form of simple round cylinder. This shield is equipped by
side adjustable part-'s"'kta “which are adjuv"'st'able according to making the
diameter of said target 1a smaller, consequently to its erosion. The
cylindrical shield 4 can be in this case, oriented on near or distant side.
c) Stable shield, accordlng a design as in a) or b), completed by a rotating
part, able to close fully 's’aid’target 1ain the-room of cylindrical shield 4. The
cylindrical shield 4 can be, in this case, oriented on near or distant side.
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d)  Stable shield, compteted inside or in a close proximity of said cylindrical
shield 4, created othehﬁise as in a) or b) or ¢), by the auxiliary gas inlet § or
gas inlets of procesé gaees, enabling to change locally a composition of a
process atmosphere. - |

Further the examples of the g'r_hethqld according to‘:th,e invention follow, where this
method is carried out using: _th_év\ apparatus according to the invention in example
embodiment, which is accompanied by further drawings, which are illustrating said
method and apparatus.

Example 1-dépgsition of TiAIN - Iayer usnng a cooperatlon of $aid cyhndhcal otating
magnetrons\‘i‘nth snde’cathodés 2 .',.,.;a EEn kO jn, a._)h Do the auxdliany gas inlst ’_-::;r

A pﬁﬁééééi%tﬁaépdeitioﬁsof. TIAIN layer, on coating apparatus Pi300 consists of
following phases, using also generally known steps: evacuation .of the deposition
chamber, warming up tools to' a working temperature, ion cleaning of the tools by a
glow discharge ‘6r by ‘an arc-discharge from side’ ‘cattiodes, cleaninig of a ‘Gylindrical
rotating' magnétron, ‘deposition’ of thé Tayer usingth cboperatior of ‘the eylindrical
rotation magnetron withside cathode”or cathodes, ¢ooling ‘the’ apparattis™fom ‘the
working, process témperature an'd,‘ finally, aerating of the deposition chamber.

ITESlowing phases mvolve usmg the cylmdncal rotatlon unbalanced magnetron

and'the S|de cathodes accordlng to the |nvent|on and accordlng to the method used

for the apparatus which i is apparent on Flg 1:

e e =-‘J,4.-~ E.

e ey sy e . P T Y S TS
o at iy o . IR T L AN R A B L .

B Cleahing the surface of the cylindrical rotation unbalanced :rtfa'g“neti"ﬁh"’ttb’
'5‘:’7the room behind the cyhndncal shield 4, what is p033|ble to see ‘on’ F|g 6.

= -"-’The surface of the cathode of said cyhndncal fotation magnetron 1; created'

* “here‘in‘aform of rotatmg cyllndncal hollow target 1a, can ‘be contamlnated

: Hor example by the oxygen ‘and nitrogen from a preliminary aeratlng of the
"’deposmon chamber: 2, or from a prehmmary deposition process. The
purpose of this phase is ellmlnatmg reS|duaI partlcles usmg a method

':f<-‘suppre53|ng or elummatmg the deposition of fesidual partlcles reIeased
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before and deposit_fed on the surface of the substrates 3b, intended to be
coated by relevant layer or layers. The cleaning phase begins by swivelling
the magnetic field of said cylindrical rotation magnetron 1, according to a
position of a ferromagnetrc and swivelling core 1b with permanent magnets
1c, from a working posrtlon as on Fig.2, to a cleamng position, as on Fig. 6.
The cylindrical shleld 4 |s connected here as an auxiliary anode. Process
parameters of this phase are as follows: total pressure 0,4 Pa, only in Ar
atmosphere, Ar flow 40 sccm temperature 550 C, magnetron output power
6 kW, cleaning time 10 mm This phase can penetrate to a phase of ion
etching of tools by a glow discharge or by an arc-discharge from the side
cathodes 7a,7b,7c, as on Frg 7. In this process at least one of those side
cathodes' 7a;7b, 7c is a’djusted for an activrty in low-voltage arc-drscharge
Working'regime and: so this cathode is calléd'atc cathode'in this'casd =«

2. Deposntlon ‘of adhesrve Iayers from side cathodes Zg,Lb_,Zg ‘Grd from Said
cylindrical fotation ‘miaghetron 1, where "during this phasé a" swivelling
magnetic field ‘of sardcylmd rical rotating ‘thdgrietron’1is used for 8Fie'ntirig
the discharge from the"room behind the §hidld'4 to a diréction {SwaTd$ the
Substrates 3b. Adhesive'layers are deposited under a conseqéent ctivity,
fesp. ‘under a coopérationi of said cylindrical rotation magrietroi 1-and the
side ' cathodes 7a,7b,7c, in a configuration as on Fig.1: Foria “local
influencing of a coriposition of reaction atmosphere a local ‘atixiliary ‘gas
lnput 5-is used, or a pfurallty of such gas inlets, and- also’ further ‘auxiliary
gas inlet 9 ora plurahty of such inlets are used too. In thrs case d gradlent

total pressiire’ regulated by

. mtrogen “from - 0, 42 to '0/47 Pa, Ar ﬂow‘ 40scem, temperaturek 850°C!

magnetron output power from 6 to 25 kW, arc cathode output power 150 Al

transmon ‘of process parameters is used

voltage on samples from 112010 -75 V deposmon time'5 fiin: 27 07
3. Deposmon of TIAIN ’Iayer ‘when using consequent actlwty or cooperatlon of
§aid- * cylindrical rotatlon magnetron 1 and side cathodesi or cathode
7a,7b,7¢, where at least one of said cathodes is created as '$6 Caﬂed arc
cathode what means' a- cathode adjusted for working in Iow—voltage arc-
drscharge regime, ‘38 on F|g1 Magnetrc field of said magnetr‘on 1 is
onented towards thé substrates 3b, outsrde the room behind thie shreld 4.
Dunng thls TIAIN Iayer deposrtron process on" the substrates 3b
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consequently a depo*sitiori*’process of pa'rtlcles released from _the_ca‘thOde
of said cylindrical rotatlng magnetron 1 is caried out, and evaparating of a
material of side cathode or cathodes 7a, 7b 7c is carried out, too, under the
low-voltage arc-drscharge For a local rnﬂuencmg of a composrtron of
reaction atmOSphere a focal auxiliary gas input 5 is used in this case, too,
or a plurality of such gas inlets is used, and also further auxiliary gas |nlet 9
or a plurality of such rnlets are used, too. ln this case typical parameters of
said deposition pha_se" from said cyllndrical" rotation magnetron 1 are as
follows — pressure from 0,3 to 0,8 Pa‘ Ar flow from 30 to 80 sccm,
temperature from 300 to 600 C, magnetron output power from 5 to 30 kW,
arc cathode output power 150 A, voltage on samples from -25 to -200 V
deposmort trme from'*3_ ’;to 90 s s of nsstinn ssieesad from the cath
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SIS Dl sl ‘S'L/c;\;}\)ratlﬂ‘:,,: [

N T I ¢ oy ‘l-, -
oA Clrnna Ul D0, undor e

Tt e ':".'"? \
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consists in- fact-of follomng phases usmg also generally known' steps evacuatlon of
the deposrtron chamber, warmlng up tools'to- a workrng temperature,” on etchrng of
the tools H?“Zaﬁéjlol/\i'dls‘t:hargeo’r“by‘afri'arCadlSCharge from side ' ‘cathodes cleaning of
a cynndricsf'%fat‘aﬁﬁg’imagﬁetra"ﬁ ‘to'a’toom of shielding;” dépagitiahf'af'?frfé ‘adhesive
layers from’ srde cathodes and from the cylindrical rotatton magnetron deposrtron of
the main layer usrng only the cylmdncal rotation magnetron actrvrty, coolmg ‘the
apparatus from the workrng, process temperature and ﬁnally, aeratmg of the
deposmon chamber o ' '

;

Followrng phases rnvolve usrng the cyllndncal rotatlon unbalanced magnetron
accordmg to the invention and accordmg to the method used for the’ apparatus
which is apparent on Flg 1 ot R S
1. * Cleaning of the cyllndrlcal rotatlon magnetron 1 to the room” behrnd the

cyllndncal shleld 4. The" surface of the cathode of said cylmdncal rotatlon

magnetron Wthh cathode is created here’in a form of rotatrng cyllndrlcal

holiow target 1a, can be contammated for example by the oxygen and nrtrogen
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from a preliminary aerat_:ihg,ot the deposition chamber 2. The purpose of this
phase is eliminating resi_dual particles using a method suppressing or
eliminating the depositioh of residual particles released before and' deposited
on the surface of the substrates 3b, intended to be coated by relevant layer or
layers. The cleaning phase - begins by swivelling the magnetic field of said
cylindrical rotation magnetron 1, according to'a position of a ferromagnetic and
swivelling core 1b with ‘p‘e'rmanent magnets 1¢, from a working position, as on
Fig.2, to a cleaning position, as on Fig.6. The cylindrical shield 4 is connected
here as an auxiliary anode. Process parameters ot this phase are as follows:
total pressure 0,4 Pa, ‘only in Ar atmosphere, Ar flow 40 sccm, temperature
550°C, magnetron output power 6 kW, cleamng time 10 min. This phase can
penetrate 10 phase Of| |on etchlng ‘of tools By ‘a° glow dlscharge or'vy aH arc:
Hiseharge from the side eathodes ' 7a,7b.7¢-a5 on Fig. 7 i this Processstoo]
81845t B of those'side cathodes7a7b7c1sadjustedforan acﬁwty‘mlow
\loltager arc-dlscharge worklng reglme “and ! so thts cathode i ‘*called‘ arc

csthode in‘this'cage; -H % butiw

‘56&%%?%@ said
eylifidrical rotating magnetfdn' 1, where duringthis phase & swivéliing tagietic

2. Déposiiion”of adhesive ‘tayers fromside cathodesZ_aZQZg
fisid is“used for changmg an‘orientation of the’ drscharge fror 4 roéri behind
the ‘cylmdncal-shleld 41o'an origntation towards’ the-substratesgg*,"as ‘on~F|g:7 :

3. Béposition™of ‘the mai- CTIAING layer, ‘using: only " said” é?l’iﬁdritfa"l‘ ‘otative
magnetron 1 “where snde cathodes 7a 7b 7c are protected by thett relevant
shields 8 of’ satd cathodes as on’ Fig:8: Magnetlc ﬁeld of satd magnetron 17 ts
onehte‘d 't'owards the substrates 3b outSIde the rbom behmd the e ld‘:‘tf' as On
?lg ZProuess parameters of sald deposrtton phase are as follbwé’ pr Bssure

M 0,396 6.8 Pa; Ar ﬂow from 30 to 780’ séem’ temperature' fro“ml 360 'to

ﬁra
600”C magnetron output power from 5 to 30 kW voltage on samples -75 V
déposmon tlme from 30 to 120 mm S R

Examplé B deposrtton by dlscharges averted from each other

"_,,;",‘;,?';‘:,:j):t T -.:’-“z B N A ’ e A £

Deposmon of the matn TIAIN fayer is carned out under oooperatton of said
cylmdrrt;al ‘otation magnetron 1“and’said side cathode or cathodes 7a 7b 76! where

ot .._--l



WO 2011/060748 PCT/CZ2010/000117
14

at least one of those cathode‘s;"\oalled arc cathode, is adjusted for acting in fow-
voltage arc-discharge working regrme what is to see be seen on Fig.9. Magnetic field
of said magnetron 1 is onented towards the substrates 3b outside the room behind
the cylindrical shield 4. Onentatron of a magnetic dlscharge is in direction from the
side cathodes 7a Ib,7¢c, as on Flg 9 what enables a deposutlon process resultlng in
production of multilayer structure havmg a controlled-thickness. In this confi guratlon it
is necessary to use a convenient material for the cylindrical rotation magnetron 1,

which material do not cause a delamlnatlng and cohesron failure inside said layer,
built as a multilayer structure For local lnfluencmg of a composition of reaction
atmospheres here also the localﬁauxrlrary ‘gas mputb or a plurality of such inputs, is
incorporated, and also the further auxiliary gas input'g ora plurallty of such inputs, is
mcdrporat%fd isaid apparatr]s‘Typrcal process parametefs of said depoSrtlon phase
tising Saith €Viindncal rétation magnetron 1 'aré’ a8 Tollows: pradsure’fromco 3o’ 0!8
Pai ‘At flow:from 3d. &5 80 dcem, temperature from 306 to’ GOO’C"magr{etron‘dutput
power fiohvd o' ’30 kW voltage ont samples from -25 & to -200 Videp “srtfon time
from 30 t’d 90 mm N

Examplé ALTIAIN Tayer deposrtlon usmg said’ cylmdrrcal fotation magﬁé‘t’rdn” Gnd 54
lowivoltage’ arc—dlscharge ' ' “
R '.'.:5}1 RS LI e Uyl T

AT deposrtron of the maln T|AlN layer is carrred out under c00perat|on of sard
cylrndncal rotatlon magnetron 1 and sald srde cathode where séro” ca"hbde is

’ted in'a drrectron towards ‘the
anode 10“‘ here a combmrng of a mutual shleldlng of both cathodes |s apparent ‘and
sard dlrectlon is outsrde the room behrnd the cylmdncal shreld 4 The orrentatlon of a
| magnetron dlscharge is towards the other workmg cathode 7. as can be seen on

on Flg 4 Magnetlc fleld of said magnetron 1 is' on

Fig. 4, what enables the deposrtlon of layers where a grade of matenal mlxmg among
matenals of respectlve cathodes is’ hrgh For local rnfluencmg of: a composmon of
reactlon atmospheres here also the local auxrlrary gas input 5, or a pluralrty of such
mputs is mcorporated and also the further auxrllary gas input 9 9 ora plurahty of such
rnputs lS mcorporated in sald apparatus Typrcal process parameters of said

deposrtron phase usrng said cylmdncal rotation magnetron 1 are as follows pressure

'-. r,.._. Y e
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from 0,3 to 0,8 Pa, Ar flow from 30 to 80 scem, temperature from 300 to 600°C,
magnetron output power from 5 to 30 kW, current of arc cathode from 60 to 220 A,
voltage on samples from -25 to -200 V, deposmon tlme from 30 to120 min.

Example 5 — TIAIN layer deposltlon'; using said cylihdn_fcal rotation magnetron and
low-voltage arc-discharge, where a placing of both devices is outside the rotating
support of the substrates

A deposition of the maln T|AIN layer is carned out under cooperation of sald
'cylmdncal rotation magnetron 1 and said side cathode 7. where said cathode is
adjusted for acting in low-voltage arc-dlscharge workmg regime, what is to be seen
on Flg 5. Magnetic field of sald magnetron 1is oriented in a direction towards the
substrates 3b, and said dlrectlon |s outside the room behind the cylindrical shield 4.
The orientation of a magnetron dlscharge is towards the substrates 3b belng the.
same. as this orientation by the other working cathode 7, as can be seen on Fig.5,
what enables the deposutlon “of - layers where a grade of material mixing among
materials of respective cathodes is high. For local lnﬂuencing of a composition of
reaction atmospheres here also the local auxiliary gas input 5, or a plurality of such
inputs, is incorporated, and also the further auxiliary gas input 9, or a plurality of such
inputs, is incorporated in Said‘ :"a_pparatus. Typical process parameters of said
deposition phase, using said ‘cyllndrlcal rotation maghetron 1 are as follows: pressure
from 0,3 to 0,8 Pa, Ar flow ”f'r'o\r‘h ‘30 to 80 sccm, temperature from 300 to' 600°C,
magnetron output power from’ 5 to 30 kW, current of arc cathode from' 60 to 220 A,

voltage on samples from -25 to =200 V, deposrtlon tlme from 30 t0120 min.

Industrial applicability

The method and the apparatus according to the invention are convenient for
being used for deposition of layers or coatings, especially for coating a substrate by
wear resistant layers, where E'e's';;p"x)ec":lally even and regular layer with reduced number
of macroparticles and a broad:-v"arlability by a depoéltion process is needed.
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CLAIMS

1. A method of deposrtmg wear resistant Iayers using PVD method
ch a racterized in that the deposrtmg is camed out from at least two working
deposition sources, consequently, where at least one of said sources is a cylindrical
rotating cathode working in an unbalanced magnetron (1) regime, and, consequently,
at least one of said sources is a cathode (7a,7b,7c), working in low-voltage arc-
discharge regime. |

2.~ The apparatus for carrying out the method according to claim 1, consisting of
vacliiny deposition chamber, in which there are at least two deposition sources with
their relevant gas inputs of process gases and their shields, and in which at least one
substrate on rotating support isplaced,characterized in thatatleast one of
said sOursés’ is’a “é'yuria'r'i‘cér r'c‘stétiﬁ@f‘éathodeE“Wts}kiﬁg'L-'in" an ‘linbalanted’madgnetron
regifeé and* consequently, at Ieast ‘one of said” sources is-a’ cathsde! (7a 7b 7c)

worklng in low-voltage arc-dlscharge reglme L e o il e i s e ol
f iy CEUNLIC o T el Lo U i aevd aonsaouns b

3. ' “TH&'apparatis according t6 claim 2 ch ara ctérizé & in “Hat'the
cylindfiéal rotating cathode, working in an unbalanced magnetron regime, is placed in
the deposition\charnber (2) in a room inside a rotating support (3).

R A R I RSN : T SR VE T IR

whS

4. '-"“;"l'héiapp'aratu's7“according toclaim3 characterized in thatthe other

O PR

working déposition sources are placed outside the ro'tati'"ng’ support (3’)": Rk

5J " The apparatus accordlng to’ clalm 2 char a Cterized i fh‘alt”Both s
cylrndncal rotatrng cathode worklng in‘unbalanced: magnetron regrme and the ‘other
workmg deposrtlon sources are’ placed in the deposrtlon chamber (2) outsrde the
rotatmg support (3) '

6. " The apparatus accordingtodclaim2 characterized in thatthe
cylrndncal rotating cathode working'in unbalanced magnetron reglme is shlelded by a
cylrndrrcal shield (4) which is connected in relation to sald cathode, as an anode
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7. The apparatus accordipg.‘t_q_glaim 2 characterized in thatthe
cathode (7a,7b,7c) working in' low-voltage arc-discharge regime is shielded by a
cylindrical shield (8). '

8. The apparatus according to C|aim 6or7 char acter ized in thatthe
shield (4,8) is equipped by a auxmary gas input: (5) respectively by just further
auxﬂuary gas input (9) of process gases
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