WO 2006/102780 PCT/C112006/000177 Multi-layered Hard Material
Coating for Tools Technical Field 5 This invention refers to multi-layered
hard material coatings for tools (hard metal and rapid machining steel) for
machining applications - in particular drilling applications. 1 a) Hard
material coated work pieces with a sequence of several different layers of
10 altihiifGAehtomium nitride and aluminium carBiTiRRee fesIEctively
and titanium  silicon nitride and titanium carbon nitride respectively. 1 b)
Tools, in particular cuttingitangenarHsuttingtaotsarf sormiklirg cutters,
screw taps, thread formers, hob cutters, dies, dies-plates, drawing
punches etc.) with a sequence of several different layers of aluminium
chromium nitride and aluminium carbon nitride respectively 15 and
titanifsP &SI Hitride and titanium carbon nitride respectively as well as
the application of those tools. 1 c) A process for the production of a

SequeNGe, ¢ nft§9y§era't9ﬁ]fm%!9 rsfi of, e'rymgyg hromiym fét%féa‘%'%ngﬂé’pgd

alumlnl mnc%%(@] pﬁgcgmrrg eg:tl\t/ |tan| S|I|con hi r|
titanium ca itride res e /€ 3'/0\7\7’|tﬁnﬁgftﬁ%?f FAJEF SRriEIPeY. 20 State

of the Art EP 1174528 A2 descrlbes a coating on tools, consisting of a
seqqence of several individual Iayers for which the first layer is

composed SEARifide EarbIde: e A RN 6 rihas S aLaTa e ‘Brhe’
lements FIRI4REYOFET i AdaLoint mysreonsitingor i madaianium
carbide, Céﬁlﬁé’h”?ﬁjﬁRﬂ‘éi@a'b@ﬁd@b@)(rﬁ@%tési@fﬁ@?ﬁnd at least one

elem%m fr%‘&amﬁ pgsrr@% cﬂﬁmi rQQQHG&tﬂIth%!sR&{ 9 %’zagbclgﬂgrts. tlgcerew taps, thread

elements 1:|c;rnne gqﬂv%q rs dles Fegg ggrﬁ’] rlw\ée&)rdn%r?ets ‘S?a&gg sequence ofseveral
|mprovemer;ft of rasion reS|stance an idation resis ancé’ dz:

the Siin the UpperTayar i parelir CoUERRh e c Gy bR 8 Hsgf‘srfeﬁmtwfv
'er-si shoveaata*fﬁm%%w&d afﬁéftfwmﬁerbea%@eawew Y eraspakd
TIN were CRESEIRES [BvFRRYers. 30 EP 1422311 A2 describes hard

matafk’ai' |3$A(€£§e%@ @ﬂlﬂ%lﬁgﬁ' L@&T 9 p@&n@’?&?@eQ@?gl Q%erent layers of aluminium

chromium nifride and aluminium carbon nitride respectively and titanium silicon nitride
and {itanium carbon nitride respectively with defined fayer structures.
20
State of the Art
EP 1174528 AZ describes a coating on {ools, consisting of a sequence of several individual
layers, for which the first layer is composed of a nitride, carbide, carbon nitride, boride, oxide ete.
of the elements Ti, Al and / or Cr, and a second layer consisting of a nitride, carbide, carbon
25 nitride, baride, oxide etc. of $i and at least one slement fom the groups 4a, 5a and 8z of the
periodic tabie of the elements. The advantage of that coating is given as the major Improvement
of abrasion resistance and the oxidation resistance due to the Siin the upper layer, In parlicuiar
covering coatings on the basis of Cr-8i showed improvements in the igof life, Layers of TIAIN,

CrAIN and TiN were chosen as lower lavers.
30

EP 1422311 A2 cescribes hard material tayers on an Al-Cr-{SD-O basis, which can be
developed as nilride, carbide, oxide, boride e, It applies to al tayers that the respective laysrs

contain a low proportion of oxygen (1-25at%), In addition, it s mentioned that a further hard
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developed as nitride, carbide, oxide, boride etc. It applies to all layers that
the respective layers contain a low proportion of oxygen (1-25at%). In
addition, it is mentioned that a further hard WO 2006/102780
PCT/CH2006/000177 2 material layer can be applied on top of the
coating mentioned in the invention, Among others Ti- Si-N, Ti-B-N, BN,
Cr-Si-N etc. are stated as examples for this. In particular the inclusion of
low quantities of oxygen or silicon and oxygen are given here as an
adVan#yd%Bithe invention, because this resultsPATREASEEEEIAArdness as
well as improved wear and tear resistafice and 5 high temperature
oxidatianaesistancen il d2d9A23: A2 int odut@sdanceating@n, Among others Ti-
Ti-ANCr=-XANehasissmhare:X saay SanstdasSh BianthhrRucr kN iusion of low
adyaniaaeofdhat Saating.is: gived as lavingn the imnravementof o,
abrasion (ESISIANGSINLOMPALRQD Wil canventional coalings, The . .4

'n\ﬁ%ﬂ%?n Ltﬂheerém re dr%ag érpc%s a 10 target, which has to consist at least
of T, fand Cr. Xf)lsaavantages of the State of the Art Hard material
coated tools in accordance with the state of the art (Ti-Al-N based

comtingsyr shemntkh lewertenllves thamthennewdyoptimisad stand for $i, B and /
(Alir el kbl ¥) derbard material layess L XmodhrRtb&N abrasion

respRelivelv Jhe disadvaniagesof thesiatetihe.artshew fwthermerg
th%lt in thgic%%se of A"g%':{!}elagtoo?tm%?a ath igher temperatures in an inert

arget, as o consist a .
gas atmosphere (e.g.:‘argon atmospﬂere) the decomposition 20 of the
coating starts as early as around 900C. If that heat treatment process is
cayried out in an oxygen gftmgﬁgherg that decomp05|t|on process is
moved to a |gF1er temperature range. If a continuous cut is now
examined in the machining process, locally very high temperatures (in part
oviedrd 66R@) wildaecteund-ondthe-contastsare arhetweenthertes) surfare show
anglihiecwerk Rigcee Kelhal6ARtAGkAIERMS SO, Mfge that Ao btlic-AMpaRn is
ablete\hayve astiabilising effect at the 25 surface of the coating, the cubic
CrN disintegrates into the hexagonal Cr2N and subsequently at even
higher temperatures into metallic Cr. That decomposition process of the
codtintpigamistes pronradterd veat snd teteoidhehgOatirgdurkiiy-Ose cwdiigh.
dexelgps impatticeiar aserejes WRRHNWE20064d DA F8Ebhere) the decomposition
PGMQ&MQ@Q;&Q@Q&ZJW 3s around 900°C. ! that heat treatment process is carried outin an

oxygen atmosphere, that decompuosition process is moved to a higher temperature range. If a
continuous cut is now examinad in the machining process, locaily very high temperatures (in part
over 100C°C) will be found on the contact area between the tool sur;face and the waork piece. If
that contact area is so large that no / littla oxygen is able to have a stabilising effect at the
surface of the coating, the cubic CrN disintegrates into the hexagona! CrN and subsequently at
even higher temperatures' into metaliic Cr. That decomposition process of the coating leads to

premature wear and tear of the coating during use, which develops in particular as crater wear.
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Tasks of the Invention This invention is meant to avoid the disadvantages
of the state of the art and serves in particular the improvement of the tool
life of coated work pieces, as for example machining tools, cutting 5 and
non-cutting tools and components respectively for the construction of
machines and moulds. It is furthermore the task of this invention to make
available a process for the depositing of such layers, in particular for the
depositing of such layers on the aforementioned work pieces. Description
of we@slutisatand the Path to the Solutlon RespédtiyBr Qo HE invention
solves the task through a hard material’ coating in accordance with Claim
1 anckaotesd wilkhgsich a coating in accordance with Claim 12 respectively.
Further designs in accordance with the invention are described in the
subsidiary claims. 15 The invention describes a particular multi-layer
striféiresioa EGing° ARIEAIS SRR HrEVERE TS R émattiperves In particular
determpuositicmiwWiarehtetezrpef trrekovtageiarieg Tkie MR LR RayEing
streretuse-cpiteyents o atteasintdetaysdive\dechmpositidieragichdagines and mouids.
subsegurAksHfusias of tHienGiNop o fieRrs withindheBdEENb coatingratiighsuch
tenperatiress #dusiriakeqating.etalationafthe e KR GSifeces.
company Balzers was used for the 20 depositing of the
Al-Cr-(X)-N/Ti-Si-N hard layers, an installation as it is also, for example,
deBesisiatidn € rha $866812i thig PFhéghel@ Skt ReEBRiNAY 7, line 18, to

1 column 9, line 25. For that purpose, the cleaned work pieces - depending
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on thelr Sl%e va\feeI;etthgs miquu n Q‘lgrlébrln%terrp atl t% S“b%{f?égngé‘ﬁ ?haamqq an% a
tripl&:rOaling SUbStrate carners respectively for wor pieces. wit

dlalﬁ‘ib‘fé'? %?O%%Qfﬁ% R R SR Cnal'mé‘?f St Prod ﬂtr(’:%éi BPTOSiGR ™ ane
mé’tﬁlIﬁﬁgyvéﬂd’rfé‘[ﬁdzﬁc'fa?&é‘t?%fuﬂf TR HIfoys produced by powder

metallurgy were installed in six cathode arc sources that were mounted

on-the nwé%llﬁnociet&ﬁbﬁgmgcmnﬂum% W his. the cgge;@wmm@anmmem
arr$ emqﬂ]rte@emalg%y itice {\:?ggnj Ia% (EIGBIX tp Ee c%t% I UIDQJ mﬁl g%ﬁstructure
IC

instafafion I ICh o ieating gmedr%t% ?théaen e grpof%'la%ecsrqj ion
seﬁﬁ?’g'i’é“sﬁ% SRS B R rse BB RS e aive S8gments. w one motnted

ard"t‘;’%\?ﬁ%@%’ﬁéﬁatfﬂéF‘tﬁ‘é%?‘f@gf?%‘f’% SIM target each 30 was installed in
thereériter el epnintisipieishe e RaTird P ortAre Ba TG WEs &FeHifiditarget
arréngsimenté éox-the>pradiviitiorndisgch dayetsizdne possiphe, fr prindiple,
suabstayes snean s eleip egited i anyrinstatiationthat asableass e ZiEor
cathades iangeametisaliegubslening on their size - were mounted on double-

rotating substrate carriers and on triple-rotating substrate carriers respectively for work pieces

with a diameter of less than 50 mm and two Ti-Si targets produced by fusion metallurgy and four

targets of Al-Cr-(X) alioys produced by powder metallurgy were Installed in six cathoede ars
sources that were mounted on the walls of the coating instaliation. in this, the geometry of the
target arrangement is mainly determined by the octagonal layout of the RCS instaliation, in
which two heating segments arranged on opposite sides separate two gfoups of three
consecutive segments with one mounted arc cathode each. For these tests ane SiTi target each
was instalied in the centre element opposite of each group of three. However, other target
arrangements for the production of such layers are possibie. In principle, such layers can be
deposited in any instaliation that has at least two arc cathodes in an geomelrically equivalent

position, e.g. at the same coating haight of a single or multiple rotating substrate holder. An



position, e.g. at the same coating height of a single or multiple rotating
substrate holder. An WO 2006/102780 PCT/CH2006/000177 4 expert
knows how - depending on the type of installation -he can further influence
the layer thickness of the individual layers through the arrangement of the
target and the adjustment respectively of the respective substrate
movement or rotation or the angular frequency of a work piece rotation. 5
Afterwandsitheswork pieces were initially heated to-tangRessdidse of approx.
500C through radiation heaters that were also mounted in the installation

an%@g@wmm t%%ﬁ@%ﬁ t\’;‘éaépéb‘mgfé Egon h&caufs H%e?!efﬁugﬂgg tht;/ er
IO”%QM}Q&Q}%@;@(\%@&R %éré/ %lt L%% &a arran ent of }QF 'g?gf-g agarﬁ%g%sfg@éé}

an relénegc ! g'gxr Sésffuge gtwe substraie ferw r S an

Prox. m thickness was depSEitet irGligh iy Bperatimsrishs work
AI @f??du%@g with an output of 3 kW and the application of a substrate
sbias of -50 V for a period of time of approx. 5 minutes. Subsequently, a
muktile £oaHd s DuIdpR. IpFIBLadmARDEr, r whieh 2,015
soukgReIHlL AWrach e Al DRIch Q,BQO'PE%Q%'%%EL t?hatgqg‘éﬁr%;%‘éé

SOUI’%GS acpg aagg th operate tO ether Tor approx

en
the 4 ﬁf %r Sources <i’iieraeniéﬁvbtyche oft SREBF %1 prE SRR LADEE Vin an
Ti- S R ESAIYS JaF0 &iBST S KRBT HRER the 4 AI-Cr sources are again
10switched on for approx. 1 minute. Subsequently the Ti-Si sources are
switehed-efft:agaim-AnG-a-NIE ALG M%'qu fﬁ&%@g’ teg oran E%‘E&?me
ml%HL@a?aoM@F%@ L\h%r ﬁ%%'?@&‘%%‘%r? EJJJ:E%t Ig%\%?p IS S? l’Elgrp gfea substbat@. bias of
'ay%wagr CLds G al imes during the ueﬂe pos b
Afterwards a covfer % roWhICH 1S produced exe G’STVEN T%?ﬂaﬁgg‘fas uitd up in
sour 6S” R HEpdRitd w‘?tpi'g ﬁ?‘ﬂﬁ??e‘%@&f‘%wre 'BPHH aefriativetytion ©
L thidget %1?5%“&5\?@1’@%%%@%% [seeifispisinerran it prottmaaradtayekscr
wete-tepasitedciirhopane litrorien atritosp Rereabithi-' jreas re:ah BEPRaX: that
3 Pl 4Md X rregative solistterdsias olagexof approsubRasely bdTinsiieces
thexprocessipressiirescanbe sel-ioeaachiOhibaseSie RS IRAsAN0E M A me
0.5k 3praxns va@n@Ht #2 %@k@b&y tP@%@%&é:%ﬂ sse\%?a’l ; QLW ulr%h ﬁh
20 PURSRITRYSRAMARONEFE 9L Mixfur e lnirogen. and an iner tn‘%’%s |Sources,
aSéQi ;?3&%@9\’% tglquggsr oqgg;gr!% lggeyrrﬁ Atre%gméltyugeth?ckgrl ,!(l%él\i cover !ayer can
also be deposited in that process., All layers wers deposited in a pure nitrogen atmosphere with
a pressure of approx. 3 Pa and a negative substrate bias voltage of approx. 50 volt. In principle,
the process pressure can be set for each of these steps in a range from 0.5 fo approx. 8 Pa, but
© 25 preferably between 0.8 and & Pa, for which a pure nitrogen atmospﬁere'ora mixture of nitrogen
and an inert gas, such as for example Argon for nitridic layers, or a mixture of nitrogen and a
carbon containing gas, which can be mixed with an tnert gas if required, is used for carbon
nitridic tayers. Correspondingly, oxygen or a boron containing gas can.b_e admixed as known for
the depositing of oxygen or baron containing layers,
30
Target composition crystal structure of the layer and adhesiveness are shown in Table 1.
Process para meters such as farget output, negative substrate bias voitage, process pressure
and temperature are compiled in Table 2.
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carbon containing gas, which can be mixed with an inert gas if required, is
used for carbon nitridic layers. Correspondingly, oxygen or a boron
containing gas can be admixed as known for the depositing of oxygen or
boron containing layers. 30 Target composition, crystal structure of the
layer and adhesiveness are shown in Table 1. Process parameters such
as target output, negative substrate bias voltage, process pressure and
temperature are compiled in Table 2. WO 2006/102780

PQJ&QM@%QZ&QOON? 5 Work pieces in accorda >§%&E‘QO%%U \;entlon are

characterised by the fact that a cubic (AlyCrl.y) X coating with X = N and
CN respectively, but preferably N, and 0.2 <y < 0.7, preferably 0.3 <y <
0.5 is deposited alternating with a cubic (Til1Si,_,) X coating with X = N
antfaCNITeRSHRBIRAETF IS HrETEREISIy A, A RO &by the(ev! tieferip I, Criy)
0, X zeatnan@rgs(Nee iy resagsiichvivicheirdeadt enkl Fayer pdcketeamtt @b <v
least Hinecadditioniat(AhGrithy) doa it €12 BidotXglaeK res pectivebydsctively, but
applgeisym botholayersdhe layersiyocture isoscraenygtaline: withhabieast one
avglage Jainngize-0E1pP % shal 8@ Dt preferably.of-anpioxy 1Q gplied.

1 t : { S
T e e

which a coatlnrq( sourges are runnin and thus a (AlyCrl.yTi, SIl%

lay &Y 18 HER B e (§ee g £B9 T Pe G IR e T RIS R 18 er< A
efféﬁ%ﬂ“i’ﬁﬂﬁr@f@d‘% ﬁé%rﬁ/é?‘ié@é”bﬁ‘t\ﬁ?éﬁﬁ e e R?f‘dﬂﬁl 'I‘ﬁ)?é‘f'éhus a
defpehdifigSon theveriseepiiecsrapissition’ respeetivedy araaseploperties

of ¢fretindividered| ayessysterhgwBudrtontidg eldametricertamet artarmgdsmeat
withirptagocoatiagivastaltatio piotheiawork piegadetatiensy tuiin Qe the geometric
deprsitingnisahihisinieredipiadayen  1& GAHSIRGARABIUARRY the depositing
Muftislayersitustugwith.yenyfinadaysrs mb@y@em%?edﬂ meug@ufﬁ@ layers to
individual, %rg§c¥§u9£‘ &E@A%Qﬁh? QFSA;L ﬁ?é %!% dd A$bﬁ£§q5ﬁ djorthe, Jhe

coatl roces Ind IVI ual layers wit |s |nterme |ate
r\]lv%g at?] %’h dtyyo? pe mdsvlgu w?' hi X\?S! tarmed lae i,«f ¥es ity the range
Iayer In the rang a few nano etres. Another possibifity-to

buffdiffy 07 BRE Wesired multi-layer system can be carried out through 20 -

pesiaths sylishing-aniang offefieaatingsQHCaF::@Nala 8o UsHe:Kig uloGyn

TherR dbeSeRHiNh SAUERES 068 CRAING.MBIRIAL AT, WUNRIDg HrQUeaR M res

th%ﬁé‘égﬁlﬁ%ﬁé‘#ﬂﬂa@eﬂﬂ%ﬁ&%w E%% EH% é: qg'@&osntmg process, while the coating
sources with the second coating material are periodically switched on in addition. In that case
the aforementioned additional multi-fayer structure can be geﬁerated during the joint oparation of
the arc sources,

The processas in accordance with the invention are ¢haracterised by the fact that a process
management is selected for depesiting the layer packet described above. The muiti-Hayer
structure is achievecd by the targeted switching on and off of coating sources. The rnruiti-layer
substructure is additionally achieved through the rotation and movement respectively of the work
pieces to be coated within the coating installation.

Example 1 compares coatings with & defined number of layers and layer packeis respactively,
where each layer packet consists of a layer sequence, an AICITISIN layer followad by a TiSIN
tayer, an AICITISIN layer as well as an AICrN layer. 1t is easily recognisable that in comparison

with the layer tested in Experiment No. 1, which was deposited in accordance with the state of



sources with the second coating material are periodically switched on in
addition. In that case the aforementioned additional multi-layer structure
can be generated during the joint operation of the arc sources. 25 The
processes in accordance with the invention are characterised by the fact
that a process management is selected for depositing the layer packet
described above. The multi-layer structure is achieved by the targeted
switching on and off of coating sources. The multi-layer substructure is
addifidpieihaéhieved through the rotatic6)n and m&¢EmBrYPE8HECtively of
the work pieces to be coated within the coating installation. 30 Example |
compates caatirgsowitk eatefingtrdmizenottayers andiayerpackatsenton. it
respagiivelyniwhemeackh iryenRackekepsists phadayersequenseNand
Al SWS lﬁbﬁ%ﬁm lowed DyiadhiaiNsdayes an MGHIQIN. layek %ewtﬁ.ukaéss
oG, sl sepaille B EIRAEY M
N e

imPYOVET O UPIRE ARTHE HErR PR IAL 3G tﬂ"i“é‘c%B‘Pci’éﬁ‘i’é Wl e
inVBRISES o ARPRISG MBS i aptearfat s bphmmerayer thragTessnstiates
individgsidayetesofoatyCrD. YNvahehoTdZ SIE. 2K s fengorteaitchaithecreqeived in
incieaseoivthertochiifgsHor HdyEriciNe thistayetsthickeeds: hes beitivee b

10 NMraReR00 Fipepreferabiy 420 nm to 170 rim, and for Ti1Sil_,N
between 50 5 and 150 nm, preferably between 70 to 120 rim. Within the
framework of this example these layer thicknesses were changed in the
colirBENEIR NP OGHITRTY A RERAPRPESTPRAPBRIY EaF It tHIEKHESS b
appedix-Npitrlenilebdsiscachievedsfor Bl expetinsdens. sForaghedies tools, gear
expemmeints thel, ldyer structtikerdssohbedsindrig: dilb, wasvehtesemriideols,

15 layessweformnickkall-caatia g souiceswanm ib-epetalion, naetametelanged
for the respesliveexpeiments and reatdtedWhandadividyialdayer mkq
thickngss; @é&@@&%’ém%@ feid B %&Q&Rp LWAQ%?AHL%X&@A %L‘ﬁ!ﬁé‘&?é’ﬁrkesms or

plq%r op?‘ast lasqpc/:s? Qtagg tc:)ulﬂS%;?c %te dlng%oo S as TY N /pr;rc!bctl i‘& of plastic
ti-layer coa mg Xxam es ort IS are cutting tools SUC as mi

tooﬁ%ﬁ"é’&%?“%%%ur?&’eﬁs rﬁsﬁé TOMR VA SN (5t fﬂé ‘?%%nf‘%“ Y HBIELS e as
dnﬂg}t@g&%wﬂféﬁgh E{fé’ﬁﬁﬁ&\fﬁ% gough better resu i"s are not aiways achieved for all

applications on various tools by coatings in accordance with the invention, it is at least possible
to achieve a significantly higher abrasion resistance than with the prewous known coatings for

certain applications as shown in the examples as well,

25 Furthermore, an improvement of the wear and tear behaviour is to be expected due to the
principally simitar behaviour of Al,Cry., X/ Ti;84..X muiti-layer coatings, if the target compasitions
and coating parameters for the following layer systems are chosen in such manner that X = N,
G, B,CN, BN, CBN, NO, CO, BO, CNO, BNO, CBNO, but preferably N and CN respectively, and
022y=<07, preferably 0.40 <y <068 and G.01 £z < 0.3, but preferably 005 < z <0.15.

30

Away to improve the layer properties of the ALCry N / Ti;$1; ;N muiti-layer coatings is the
adding by alloying of further chemical elements from one or several groups of the groups Vb, Vb

and /or Vib of the peri'odic tabie of the elements and of Silicon respectively. Particularly

35
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15 reamers and indexable inserts for turning and milling processes and
non-cutting tools respectively, such as for example dies, die-plates,
drawing dies, ejection cores or thread formers. Injection moulding tools,
too, for example for metallic injection moulding alloys, resins or
thermoplastic plastics, in particular injection moulding tools as used for the
production of plastic performs and data carriers respectively such as
CD's, DVD's etc. can advantageously be 20 protected with such coatings.
EVER ’t??éﬁ%sﬂetter results are not always achievéd fd*ah* @plications on
various tools by coatings in accordance with the invention, it is at least
pcssiblegdoachievé asitimificamiynhigher tabrasierriegtstahite than-withN
theprevious knowrs ceatingstfor cortairrapphtationsas sfovwh=in thieMo, Nb
examgles aswelli2k Rudhemoere-aninprovementof the wear and tear
behaviour is to be expected due to the principally similar behaviour of
AlyCrl_yX/Ti.Sil_ X multi-layer coatings, if the target compositions and
coﬁﬁﬁtjfﬁ‘@ﬁafiﬁ@fé?§%F“ﬂ1éyF6H6iRﬁﬁﬁslﬁ§/‘€? SYSTEMS AR Ch RSt fAn<tich
madhitenahEitde 94r oChBIaBNEBIR, CBNNINGY: GO B BN BN G ECBRE,
butrpsede ralsliye\Tandi@N cedpestiehsaand @ ayeialcdspreferddly 6 Afhiie
Y %0 e8sand 0 77 ¢ fd3: bitbprefecablypDubbi <z ©dalb 2 A veayte Group
impsoveihe Javer REReHIRS-OF sha MyerdsyNikifisSids N BAUd Ay 8 /C cover
Coaings.s i06.Adding by QAIQMMLM%}%@%@H@@J slemants zrxgmeqn@nqn
several groups.of, e QIoURS Y BP A0 01 YIR.0F i Deriodic iah

goeaemen S an fs§| licon respectively. Particularly 35 WO 2006 1 2780
Pé*f"}'ﬁf’ﬁ’@@%?ﬁbOl?? 7 advantageous can be the adding by alloying
within the packet of layers of the AlyCri_y mMmN layer, with 0 <m <
0.78h grefeivediiscened 0. 15 ey meqamense elentertdior Nt WMo,
Nisuréanes Stravedpravendebetadveindge olw {see alscexethngle ™o I5isBiay
Anether \way eftimvpraving-thedayes propeite s efrikeglayersysteneis the
applicationof. anp agditionalgliding layesenihedayerpackesciom thaue
coyphlayehplassine Siar mﬁ%@r@@{ma@tmmcagﬁ%@@mmﬁ@mg
CO%“P&%X?R?F‘S% bf‘?c%ﬁ ﬂ&i%i&%&%@ Qé?aw%F%k%e?e‘?éél}’égﬁof%%tmn
leaSt ??nehrener;[_% an IST@ cqgle njer é i (} ro ed a same llme
m&t& o I oup B E\% nd for band or |con or example,
especially swtable for this is a WC/C cover -

Other ways for the formation of a finai sliding layer are metal-free diamond-like carbonlayers

and MoS,, WS, layers respectively or fitanium containing Mo§8, and MoW, layers raspectively,

As mentioned, the sliding layer can be applied directly onto the mutti-layer system or following
the application of another adhesive laver, in order fo achieve the best possible adhesion of the
layer composite. For this purpose, the adhesive layer can be executed as a metallic, nitridic,

carbidic, carbonitridic layer or as a gradient layer.

For example, after the application of 2 sputtered or arced Cr and Ti adhesive [ayer respectively,
WC/C and CrC/C layers respectively can be produced advantageously by sputtering a WC
target while_ adding & carbon-containing gas. For this purpose, the percentage of the carbon-
containing gas is increased over time, in order to achieve a larger percentage of free carbon in
the layer. '



10 layer with a hardness that can be set between 1000 and 1500 HV and
that has excellent run-in properties. CrC/C layers as well show similar
behaviour, however with a somewhat higher friction coefficient. With
deep-hole drills coated in this way, an additional run-in smoothing of the
machining 15 surfaces could be determined after the production of one
drill hole, something which to this day has only been achieved through
expersiveaneckanical machining. This results in apcimpr¥esent in chip
transport along the chip groove and the rinimization of friction torque
duringthe dElingfracestRUshHRAPStiSs are of interest in particular also
for component applications with sliding, friction or rolling stresses,
especially when there is a lack of lubrication 20 or when they run dry or if
an uledaiedre diypiteebatiyisaer beaprivricted fdbd e semeutimehe@thesis of is use
way#s feridirecionmatioatiofsa final sliding layer are metal-free diamond-like
garbon layers and MoS", WS, layers respectively or titanium containing
MoS.andidMeW. layers respectively. 25 As mentioned, the sliding layer
can be applied directly onto the multi-layer system or following the
appfehtion f AHttherdahE Ve R sFuAY Bt dEF'to achieve the best possible
adhesign of the layer compositgy ko His RFRRsethe.adhesive layer can
be executed as a metallic, nitridg,, garbidic, %‘%rbonltridic layer or as a
graq,{%%tg%\égr. 30 For exampIeSt%fg%rraiih% any Ication of a sputtered or
arce{gl,”_ r %nd Ti adhesive layer respectively, N\NB/%_%ﬁ%rC/C layers
respectiely Taihe produced S4VAREAGEOES DI Euttering a WC target
while adding a carbon-containiRy§&8<Eor ARigpirpéee, the percentage of
the carbon- containing gas is iRdil¢asetddver titenimarder to achieve a
largérqiizrcentage of free carb@mimsidhe tayer. 35 WO 2006/102780
PCPed2006/000177 8 Furtherddhmntageous Effects of the Invention
Theqelawingdlusiaies advantageoys.applications of the invention, using

the example of its use in various cutting operations. 5 Example 1:

Experiment Na. Layer Thickness Tool Life Travel
[1m] ‘ [m]
1 AICiN + TiSIN 3.9 . 54.3
2 AICN + 2 x Layer packet 1 + TISIN 4.2 43.9
3 AICrN + 4 x Layer packet 1 + TISIN 3.9 65‘2.
4 AICrN + 8 x layer packat 1 + TISIN 4.0 ) . 182
5 AICtN + 12 x Layer packet 1 + TiSiN 4.0 543
8 AICiN + 15 x Layer packet 1 + TISIN 3.8 43.9

10 *inthis one (1x) layer packet corresponds 1o 2 ene-time sequence of 'AICrTi-
SiN+TISIN+AICITISIN+AICN',

" Forwhich a wear and tear mark width VB = .2 mm was achieved.

Examgle 1 shows a comparison of the tool lives of coated HM drills, to which a different number
of laver packets had been applied, each with the same adhesive layer, namely AICTN, and top
15 layer, namely TiSIN. The coating times of the TiSIN and the AICTN layer were each adjusted in

such way that at the end a comparable totai layer thickness was achieved. An optimum for the
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Drilling with internally cooled HM drills in structural steel Tool: Drill hard
metal with cooling ducts Diameter D = 6.8 mm Work Piece: Structural
steel DIN 1.1191 (Ck45) Drilling Parameters: Cutting speed v,= 120
m/min Tooth feed f. = 0.2 mm/rotation Drill hole depth z = 34 mm (5xD)
Cooling: Emulsion 5 % Process: Pocket hole Wear and Tear Criterion
Corner wear and tear VB = 0.2 mm Experiment No. Layer Thickness Tool

Lifayyasels fmal [m] 1 AICrN + TiSIN 19 54.3 2 AN i dvdich@yer packet
1+ TiSiN 4.2 43.9 3 AICIN + 4 x Layer packet 1 + TiSiN 3.9 65.2 4

AICrN + 8 x Layer packet 1 + TiSiN 4.0 .. 76.2 5 AICIN.+ 12 x Layer
oL S A & AN 4B Fla P b i Py
10 ¥ BRRSEFE° (L %IRRT Atk &S EH S0 B BHREIMHE skquence

of' AICITi SIN+TISIN+AICrTi SIN+AICrN'. ** For which a wear and tear
mark width VB = 0.2 mm was achieved. Example | shows a comparison of
the6EMMGES of coated HM drills; to which a different number of layer
packeis had iheenpppied; eachreith:the same adhesive layer, namely
AICrN, and top 15 layer, namel}{ TiSiN. The coating times of the TiSIN
and e AICIN layer were each AGFURSIEE IR QS WAt at the end a
comparable total layer thickne¥&F551chiB%d. An optimum for the WO
200vef4 A 780 PCT/CH2006300017 At gV urall ttddrhfé)was found in
Expetirpemntaeists:with a total oumbercef 3.4 leepersnwhich shows a clear
improvement in comparison witha:He-statexof the-astidn Experiment No. 1.

Drill hole depth z = 34 mm (5xD)

Cooling: Emulsion 5 %

Process: Pocket hole

Wear and Tear Criterion Corner wear and tear VB = 0.2 mm

Experiment Na. Tool Life Travel VB = 0.2 mm in meter
6 (TiAiN/TiN multiple layer) 32.3

8 (TIAIN individuat layer) 32.3

9 {AICrN individual layer) 859

10 AICrN + 8 x Layer packet 76.2

1+ TiSiN

Example 2 shows a comparison ¢f the tool lives of coated HM drills. Here, too, the tool fite could
- be improved through the AICTN / TiSIN multi-layer coating in comparison with the industrially
used hard material layers of TIAIN / TIN multi-layer and TIAIN mono-layer coatings.

Example 3:
Driliing with externally cooled HM dril in structurai steel

Tool: Dril hard metal with cooling ducts
Diameter D =6.8 mm
Work Plece: "~ Structurat steel DIN 1.1181 (Ck45)

Drilling Paramaters: Cutting spead v.= 120 m/min



Example 2: 5 Drilling with internally cooled HM drill in structural steel Tool:
Drill hard metal with cooling ducts Diameter D = 6.8 mm Work Piece:
Structural steel DIN 1.1191 (Ck45) Drilling Parameters: Cutting speed v,=
120 m/min Tooth feed f, = 0.2 mm/rotation Drill hole depth z = 34 mm
(5xD) Cooling: Emulsion 5 % Process: Pocket hole Wear and Tear
Criterion Corner wear and tear VB = 0.2 mm Experiment No. Tool Life
Travel VB = 0.2 mm in meter 6 (TIAIN/TiN multiple layer) 32.3 8 (TiAIN
individual layer) 32.3 9 (AICrN individual layer) 66:8CEM®I@oN#+ 8 X
Layer packet 76.2 | + TiSiN Example 2°shows a comparison of the tool
lives of coated HM drills. Herg,de@etheied hifecauld be improved
through the AICrN / TiSIN mlgg;@yeege%ga;iggsi@ ol ison with the

industrially 10 used hard ma ql Iay5e of TIAIN / TiN multl -layer and
""Rono-layer coatings. xamE Drllllng with externally cooled HM
drl‘ﬂf‘i’ﬁeé’fructural steel Tool: Difff'R 8emetal with cooling ducts Diameter D

= 8Veprand Trarkritiéte: StructoRarsteal BNeE 1P %EKAB) Drilling
Parameters: Cutting speed v,= 120 m/min WO 2006/102780

kHerd2EIV8I001 77 10 Tooth feed toi+ 8: 2 awe/vetation mm in meter
11 (TIAIN/TIN muiti layers) 451
12 (TIAIN mono-layers) 423
13 (AICTN) 225
14 AICrN + 8 x Layer packet 61.5
1+ TiSIN

Example 3 shows a comparison of the tool lives of coat_ed MM drills. Here, too, the tool life could
be improved through the AIC:N / TiSIN multi-layer coating in comparison with the industrialty

used hard material layers of Ti-Al-N basis.

Example 4:
Drilling with internaily cooled HM drill in cast iron (GGG-50)

Toal:

Drill hard metal with cooling ducts
Diameter D = 6.8 mm
Work Piece: Cast iron with spherical graphite GGG-50

Drilling Parameters: 200 m/min

" Tooth feed f, = 0.3 mm/rotation
Drill hole depth z = 34 mm (3.5xD)
Ermulsicn 5§ %

Pocket hole

Cutting speed v=

Cocling:
Process:

Wear and Tear Criterion Corner wear and tear VB = 0.1 mm -

Experiment No.

Tool Life Travel VB = 0.1 mm in meter

15 (TIAIN/TIN muliti-layer)

57.1

16 {TIAIN monc-layer)

142.8
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Drill hole depth z = 23.8 mm (3.5xD) Cooling: Emulsion 5 % Process:
Pocket hole Wear and Tear Criterion Corner wear and tear VB = 0.15 mm
Experiment No. Tool Life Travel VB = 0.15 mm in meter 11 (TIAIN/TIN
multi layers) 46.1 12 (TiAIN mono-layers) 42.3 13 (AICrN) 22.6 14 AICIN
+ 8 x Layer packet 61.5 1 + TiSiN Example 3 shows a comparison of the
tool lives of coated HM drills. Here, too, the tool life could be improved
throughvdbres5HGrN / TiSIN multi-layer coating in compasisegsiththe
industrially 5 used hard material layers &f Ti-Al-N basis. Example 4:
D iil,‘,r‘glgm;‘.'internaﬂy cooted-Him driii icastiror{&G6-56)-Foet-Biill hard
etal.with cooling ducfst Diameter: D =6.8-mm \.l\./%!ék Riece:-Cast-iron with
spﬁ%ﬁ‘i:céi\]d”rgﬁl%ﬁ%er@écéf-So Drilling Parameters: éut’ﬁng speed v0 200
m/in 'FOoth feed fi = 0.3 mm/rotaﬂon Drill hole depth z = 34 mm (3.5xD)
Cooling: Emulsion 5 % Process: Pocket hole Wear and Tear Criterion
CoerenpveashansdeanddBon & batmw Expefmvmeat NodTodlekaféod raw@loVid: zould
0. hempisvéaetiengh ¢ FiadNrinimultislayerydatng id 6oiANrmene ayes)any
14@3@{!\%1@ 2@%@&41@2&%@@@4’0@1%@@@&@9&%& Aek TiaN mong-layer coatings.

Example 5;
Drilling with internally cooled MM drill in structural steel

Tool Drill hard metal with cooling ducts
Diameter D = 6.8 mm
Work Plece: Structural steel DIN 1.1191 (Ck45)
Drilling Parameters: Cutting speed v,= 120 m/min
' Tooth feed f, = 0.2 mm/rotation
Dl hole depth z = 34 mm (3.5xD)

Cooling: Emuision 5 %

Process: : Pocket hole

Wear and Tear Criterion Corner wear and tear VB = 0.2 mm

Experiment No. Al Cr M Layer Tool Life Travel

at% at% aty, | Thickness atVB =

[um} 0.2 mm in meter

19 AICIWN + 8 x Layer packet 2 70 28 2 3.8 65.8

+ TiSIN

20 ACIWN + 8 x Layer packet 2 70 25 5 3.4 58.3

+ TiSIN

21 AICINDN + 8 x Layer packet 2 70 25 5 3.8 57.8

+ TISIN

22 AICrMoN + B x Layer packet 70 25 5 4.8 81.2

2 + TiSiN

23 AICIVN + 8 x Layer packet 2 70 25 5 4.2 £8.0

+ TISIN

24 AICrSiN + 8 x Layer packet 2 70 25 5 4.0 b4.4

+ TiSIN




17 (AICrN) 185.6 18 AICrN + 8 x Layer packet 199.9 1 + TiSiN Example
4 shows a comparison of the tool lives of coated HM drills. Here, too, the
tool life could be improved through the AICrN / TiSiN multi-layer coating
in comparison with the industrially used hard material layers of TiAIN /
TiN multi-layer coatings and TAN mono-layer coatings. 5 Example 5:
Drilling with internally cooled HM drill in structural steel Tool: Drill hard
metal with cooling ducts Diameter D = 6.8 mm Work Piece: Structural

steel DI 18Y (Ck45) Drilling Parameters: Cutﬁﬁ&‘éﬁ‘é‘é"a’w&’fzo

m/min Tooth feed f. = 0.2 mm/rotation Drill hole depth z = 34 mm (3.5xD)

Cooling: Emulsion 5 % Process: Pocket h_ole Wear and Tear Criterion

f?rngﬁewﬁgragg%%g@ %@%ﬁ@ﬁgagﬁwsﬁ %@&%Wﬁ! Tl%;)'
ifeTravel gt at% atyp Thic S, = dpm mm in mete e S

Amﬁ’i’ﬁiﬁ Layeéﬁ packet 3 70 282 5.8 65 8 & ﬁfsiﬁleéed”i\'lt&?\\rfvﬁh gx s

Layerpacket2 70 25 5 3.4 59.3 + TiSiN 21 AICINbN + 8 x Layer packet 2
370 23:5138 51h8s # chiBidd22 AIESIMONet @ KL ayercpacketaltharbedudh @il 2
2+ i;l_\jgtj’dl}ﬂm on which multi-layer systems with different chemical compositian, but the same cover
fayer (TISIN) were deposited. The target composition as a chemical composition was varied,
while Al was kept constant, and Cr was partially replaced by a third element. T?}e process
parameters during depositing of the layer were kept the same analogous to the other
10 experiments.

Another way of producing a corresponding layer packet is created, if analogous to Fig. 1 ¢ either
the AICr or the AICIM sources or the TiSi source or sources are operated continuously and if the
respécﬁve other source or sources are switched on if and as necessary, In particular in the case
of the continuous operation of the aforementioned 4 AiCr and AICriv sources respectively the

) deposiing rate can be increased and, for example, the fof%owing iayer system can be deposited:
- one (AlCrTiSH) X mixed layer
- foliowad by another (Al,Cry.) X layer
- foilowed by another (AICrTiSi) X mixed iayer

- followed by another (Al,Cry.) X layer.
20

Description of Figures

Figure 1 shows different layer variations. FIG. 1 a-c discuss thrae variations as to how a multi-
25 layer coating can be buiid up.

FiG. 1a i_ilustrates a sequence of layers with sharp transitions. A layer systemn (2) is deposited
directly onto a second layer system {1). This process is repeated until the desired total layer
thickness has been achieved, A cover layer (3) with a greater thickness can be deposited as the
last layer,

30 in Fig. 1b mixed layers {4), in which both layer systems are applied simuttaneously, are
deposited batween the individual iayers. Here, too, an additional cover laver can be applied as
the last individual layer. The mixed layer can be executed either thin as a siiding transitional

layer or thicker with an area of constant layer composition, Such a layer can, for example,



23 AICrVN + 8 x Layer packet 2 70 255 4.2 68.0 + TiSIN 24 AICISIN + 8
x Layer packet 2 70 255 4.0 54.4 + TiSiN 10 WO 2006/102780
PCT/C112006/000177 12 * One (1 x) layer packet 2 corresponds to a
one-time layer sequence of AICrMTi- SiN+TiSIN+AICrMTIiSIN+AICrMN', in
which M stands for one of the elements W, Nb, Mo, V or Si in each case.
. 5 Example 5 shows a comparison of the tool lives of HM drills coated in
accordance with the invention, on which multi-layer systems with different

chemigabg@mp@sition, but the same cover layer (BSiMNeaREa@eposited.
The target composition as a chemical cothposition was varied, while Al

was keptg %?év?ng,ca@go&rowa?%@@w teligesd iy 4 g st'o? DRy 08w
roclehslssc aramo% ?rs ”{é]grgae? SS\JI\}lIL g)f%‘he l earf\,g\ve ?atgp f C?r« g{) at% and
analogous rlments nother [
corr gﬁ:ﬁ‘ﬁﬁfﬁ& Eﬁéf’rﬁ%&%@gg raatedif asr'faI%ééﬁéet%"ﬁriﬁeaf’(?’érfﬁﬁ@?“iﬁe'”
AlCHBTPHetRICSICSEREEa BiAEYTILTR G RIS N SYIReEY aleeaFaFfRYys!y setin
contirfoipstpanesif- the respective other source or sources are switched
on if and as necessary. In paticuldrifi.8ie>tase of the continuous
operatipnoofthe aforementiored 4 ACt and. ZICrMasorLes:-tespaestively
the 1a.denesitingdate sande inereasedoanthrionaxamplse thedalowing «
Iayegmté%ge;&o?%@ppﬁd gg(ef@@%dz%n,fﬁmec&gﬁégﬁ%%sﬁ d%'%%ﬂaTlQ%% g(erf&u%c\jé@%
y another rl y), 0 ICITISH X mixe
1%yepla-x %I‘I’B\?\?SBE tﬂgnootfw?eér/}?Al Cr..Y QX%E! é%l/agrd §t0 egjs%crlgptf}ongmJ legutres
Figure 1 shows different layer variations, FIG. 1 a-c discuss three

variafibits 46 WERY E Aiehe ?gq%cifé?déﬁaﬁ*?ﬁa Lhh BEBRTEf) curing the entire

coating fime and by periodically mixing the second layer system info it by turning on the
corresponding coating source.
15 )

Figure 2 shows the design of the layer packets of Figure 1 in a change fllustration.



FIG. to illustrates a sequence of layers with sharp transitions. A layer
system (2) is deposited directly onto a second layer system (1). This
process is repeated until the desired total layer thickness has been
achieved. A cover layer (3) with a greater thickness can be deposited as
the last layer. 30 In Fig. 1 b mixed layers (4), in which both layer systems
are applied simultaneously, are deposited between the individual layers.
Here, too, an additional cover layer can be applied as the last individual
lay&rO e/ S layer can be'executedﬁither thit @& aFefitfifief transitional
layer or thicker with an area of constant layer composition. Such a layer
can, for example, WO 2006/102780 PCTJCH2006/000177 13 have the
following composition: Al = 40.7 at%, Cr = 21.2 at%, Ti = 32.8 at% and Si
= 5.3at%. This composition results if AICr targets with a composition of
Al=70 at% and Cr-=30 at% and TiSi targets with a composition of
Ti=85at% and Si=15at% are operated simultaneously. In general, the
composition of a mixed layer with a constant composition is
sadvantageously set in 5 the following range: (Ah.a.b.cCraTibSio) X where
0.18<a<0.48;028 <_b<_0.4;0.004 S c S 0.12, The aluminium content
is advantageously kept at abovel0 at%. If, as aforementioned, other
elements are added to achieve a corresponding effect, a minimum
concentration of 0.5 to | atomic percent and a 10 maximum concentration

of 15% to 25% should be added depending on the element. In EIG. 1c,a
m:jA!tiTPﬁye' coraeifs is depositedBPHFATA '4%8yer system (512fing oS
entire coating time and by perisditally mixing tAerggdond layer system
into it by turning on fheacorrespondingeewatingrsourcesilb Fig{ﬁ"rm 2 shows
the design of the layergpackets:af Rigure 1iin g:ghanggsylustration. WO
2 ”‘6/%02 80 EpT/Cl%OQ 3/09Q177 HA-Stest Clybtﬂ; Target;; =
compgsition-Target Adbesie ——r— 55 15 38 HFT
c BT 70 25 W=5 85 5 3.4 HF1
D B7 70 25 | Nb=5 | 85 75 38 HFT
—E BT 70 25 V=5 85 15 4.8 HF1
F B1 70 25 | Mo=8 85 15 4.2 HF1
G B1 70 25 Si=5 85 15 4.0 HF1
10
Table 1
15

20



10

15

20

Thickness ness Structure Target | Target 2 Al Cr Mat% Ti Si (pm] at%
at% a tt% at% A Bl 70 30 - 85 15 4.0 HFI B 81 70 28 +W=2 85 15 as HFI
CB17025W=585153.4HFI DB17025Nb=58515asHF1 EBI
7025V=5851548HF1 F817025M0=585154.2HF1 G 817025

Si=585154.0 HFi 10 Table 1 15 20 WO 2006/102780
PCT/CH2006/000177 15 5 10 Test PTarget Al-Cr-M PTaryer Ti-Si

USubstrate Pee Temp. {kWJ {kW] {V] [Pa] {CJ A 33-503500 83 3-50

3 50® (o820 3 500 3 3 -50 3 500 D

-50 3 500 15 Table 2

3 3 -50 3 BO0CBBuEDE37300 G 3 3
15

PTarger T’" Si

Test Prarger ARCr-I Usubstrate Pyz Temp.

[k} [kW] i [Pa] °cy
A 3 3 -50 3 500
B 3 3 -50 3 500
c 3 3 -50 3 500
£ 3 3 -50 3 500
D 3 3 -850 3 500
F 3 3 -50 3 500
& 3 3 50 3 500

Table 2
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20 MCSLLP 16 Patent Claims 1. A hard multilayer coating for improving
the wear resistance of workpieces, said multilayer coating comprising: 5
at least one layer selected from the group consisting of: an (AlyCrl-y)X .
layer, wherein 0.2 =y = 0.7 and X is selected from the group consisting %LSLLP
N, C, B, CN, BN, CBN, NO, CO, BO, CNO, BNO, and CBNO, and a
(Ti1Sii_,)X layer, wherein 0.99'- z? 0.7, and at least one layer stack
Rommpfidimgithe following layers: 10 one (AICrTiSi)X mixed layer followed

by another (Ti,Sii_z)X layer followed by another (AICITiSi)X mixed layer
followed by another (AlyCrl-y)X layer, wherein X,y and z are as .
breviodshaabinddlayes coating Hardrevating thersper 1esiHansetetivedpipees, said
ﬁﬂﬁtf%%&ﬂ%%lﬂﬁﬁ%ﬁé@‘? (AlyCri_y)X layer, the other (AlyCrl-y)X layer

and the (AICITiSi)X mixed layers contain at least one other element from

B Heb Pb VB SRGAIF VT BY e RbERESTHBIE oF the Elements, or

Siliconag%ﬁqg&&ar Q]G Yaim L=eharaierized Ry HieHas!
at least one " (AlyCrl-y)X fayer and the other (AlyCrl-y)X layer contain 0.5
cor2Btangraioy.df tile OhhabMeleimdiniNey dilidoB (sdilvig, thRl Qoatd AIFNOR awid
the elements. and of the silican in the. othar(AICITiSi) X mixed layers. 25
4, The%@%%éjg%%ﬁrél\gm%r l,ncgigréaf:teﬁzgéé %r}c}alt’he fact that the layers in
dhdayenc Staek havedhe falowitig thidknésgslayers:

one (AICTTiSIHX mixed layer

foliowed by another (T1,51;,)X layer

followed by another (AICrTiSi)X mixed layer

followed by another (Al,Cr;.,)X layer,

wherein X, y and z are as previously defined.

2. The hard coating in claim 1, characterized by the fact that the at least one
(AlyCry.y)X layer, the other (Al,Cri.)}X layer and the (AICrTiSi)X mixed layers contain
at least one other element from Group [Vbh, Vb and/or VIb of the Periodic Table of the

Elements, or silicon.

3. The hard coating in claim 2, characterized by the fact that the at least one
(AlyCri.y )X layer and the other (AlyCri.)X layer contain 0.5 to 25 atom % of the other
element or silicon, setting the concentration of the elements and of the silicon in the

other {AICrTiS)X mixed layers.

4, The hard coating in claim 1, characterized by the fact that the layers in the layer
stack have the following thickness:

Al,CriyN layer between 75 nm and 200 nm

Ti,S1;,N layer between 50 and 150 nm.

(AICrTiS)X mixed layer 20 £ 10 nm.
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AlyCri_yN layer between 75 nm and 200 nm Ti,Sit_zN layer between 50
and 150 am. 30 (AICrTiSi)X mixed layer 20 f 10 nm. MCSLLP 17 5. The
hard coating in claim 1, characterized by the fact that the coating includ% SLLP
several layer stacks in a row. 6. The hard coating in claim 5, characterizeac

by the fact that the coating contains 4,13 8 or 12 layer stacks. 7. The hard
coating in claim 1, characterized by the fact that at least one (AlyCri_y)X

Jayer id tepudirndneatlylamhecheigisice bbviheafatmesiie kapsing peudes
sl%%aﬁ%?e‘?%@atﬁ@ in sy 1, characterized by the fact that a (AlyCrl-y)X

cover layer or a (Ti,Si _z)X layer forms the outer last layer of the hard
coating. 9. The hard coating in claim 1, characterized by the fact that an

q@dditiongl slgingalavele daResitadandhsnad weatinandtiOc i ontains 4,

multilayer coating for improving the wear resistance of workpieces, said
§Ru F’%%téﬁ’ﬁ@ comprising: at least one layer selected from the group
consisting of: an (AlyCrl-y)X layer, wherein 0.2 -y '- 0.7 and X is selected
from the group 20 consisting of N, C, B, CN, BN, CBN, NO, CO, BO,
TENO, BROHE BN, SATs (Fhasictgserd By hinBiding 9152y 9eng
@tilleasthohlayes stpekivdrapssiRmihtéoloipigdayeisi MNRIMAGETISIK
mixed layer followed by another (AlyCrl-y)X layer 25 followed by another
(AICrTiSI)X mixed layer followed by another (AlyCrl-y)X layer, wherein X,

& and Ziad previgusl\crefingdhidbclihedibrg teatiogtmckaimil lCer, I8, cover

igl;g‘rglg ?{Jﬁf 11?5)?1%)]:?19 %otrqgg H}g 5{1%? Faé?Yz?yrgr of the hard coating.

9. The hard coating in claim 1, characterized by the fact that an additional sliding

layer is deposited on the hard coating.

10. A hard multilayer coating for improving the wear resistance of workpieces, said
multilayer coating comprising:

at least one layer selected from the group consisting of:

an (ALCr )X layer, wherein 0.2 =y =0.7 and X is selected from the group
consisting of N, C, B, CN, BN, CBN, NO, CO, BO, CNO, BNO, and CBNO, and a
(Ti,Sip..)X layer, wherein 0.99=7z=0.7, and

at least one layer stack comprising the following lavers:

one (AICrTiSi)X mixed layer

followed by another (AlyCr1.y)X layer

followed by another (AICrTiS1)X mixed layer

followed by another (Al,Cry.y)X layer,

wherein X, y and z are as previously defined.

1. The hard coating in claim 1 or 10, characterized by the fact that the mixed layers

contain a multilayer structure.
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I5

20

25

30 contain a multilayer structure. MCSLLp 18 12. A workpiece,

characterized by the fact that the workpiece includes the coating in clainmlgsuﬁ
or 10. 13. The workpiece in claim 12, characterized by the fact that the
workpiece is a 5 component for machining and forming, a tool, a

machining tool, a cutting or forming tod® 14. The workpiece in claim 13,

said workpiece being a drill. 10 15. The hard coating in claim 1, wherein X

id selett 8B he rasresri ity e de NoteiTrerlrd eohgrgating in
JRigkaim By said coating containing 8 layer stacks. 15 17. The hard coating

in claim 1, wherein: X in said at least one layer is N or CN, X in said

(Ti,Sil.z)X layer is N or CN, and 0.95=z=0.85. 20 18. The hard coating in
1daim Thehegipioss it QaieN ) @vesyeeeiadiayrr fadQhlhahachgasting a

in claim 1, wherejn: X in s&igaatjeast org layer is N, X in said g—.i,SIi_Z X
RYRPIEN G55 s L DB el RrCE G P LIATIRAEIEIne
toB =y <0.5. 21. The hard coating in claim 10 wherein 0.3 y= 0.5.

14, The workpiece in claim 13, said workpiece being a drill.

15, The hard coating in claim 1, wherein X is selected from the group consisting of
N and CN,

16.  The hard coating in claim 6, said coating containing 8 layer stacks.

17. The hard coating in claim 1, wherein:

X in said at least one layer is N or CN,
X in said (Ti;81;.2)X layer is N or CN, and
0.95=z=0.85.

18.  The hard coating in claim 1, wherein X is N or CN in every recited layer.
19. The hard coating in claim 1, wherein:
X in said at least one layer is N,

X in said (T1,81,,)X layer is N, and
0.95%2=0.85.

20.  The hard coating in claim 1, wherein 0.3 Sy =0.5,

21, The hard coating in claim 10 wherein 0.3 2y=0.5.



