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Mul ti-layered Hard Material Coating f
Technical Field 5 This inventi on refers to i’,lw"wmm”"”m”l”,m
mul ti-layered hard material coatings for tool
metal and rapid machining steel) for machining *sosox
applications - in particular drilling applications. 1
a) Hard material coated work pieces with a sequence of
sev&@A00dioBerent | ayers of 10 al um npeegIdbdeh M
nitride and al um ni um car bon nitride respe(k:)t i vel %/ egd
titanium silico titani um carbon nitride
respectively. 1 B“i“mr a&Tre Rﬂlﬁtﬁf'flicé’t’.ﬂ"grf°'&9?'ﬂ ng and
non-cutting tools (drills, mliling cutters, screw
taps thread forners, hob cutters, dies, dies-plates,

10! yni:hes etc.) Wth a sequence of several
d| f1er ec{? 5yers of al um ni um chrom umnitride and
&l um ni um carbon nitride respectively 15 and titanium

it bon nitride
si | +h%qr]ﬂ/emfof Felfeqsqo %ulfj IIayere I’;Iﬁ’u rgéegr%rcp%raqs fﬂ'rt‘oo&f har¢ypei@ and rapid

r esﬁ%cg'tmlig% ,&’rﬁr"%"e@§pﬁ“6‘1*'°ftshé‘ Pattiedhn tiling Aprtidatianss equence
of several different layers of alumnium chrom um
nitride and al um ni um carbon nitride respectively and
titeai uhtestiniatega oatddtwotkgb@cesainl a bdqt.dHak brr;b»fé?ar BRRenbia e"réo‘i’e

10 espect |aM@‘an\6hr5rhrurqgﬁr|dQ§r% alltﬂ"r\{n(?lf C%Fborvg;rlge = IES ectrvq and titapiuym
of the b Rahidacths, degerThes ' BouTIHESY it

consi sting of a sequen aéb°8f'""§’8\fé?e<§l“’eiynd| VI dual

| ayens, Tooms;, inetidular &Jﬂiﬂg £ddrn§rt-cdttﬂy %515 dﬁllscrgﬁpé)&?tgrs %gre\%/ taps, thread

or ox! d
2:‘ t {‘ kgegﬁﬁiztGuersc @rAerQs ;gétr%s drawrapun%mﬁaet&) ‘%’@ééﬁ?j’efcﬁfé?evefa'

consi st n Pllpiniya chramiprg pigyige and RIS DA nitriferespectively
Bpori de, a’lﬁ’gfad'emé't'@" nigsige amjd titgpigm garbdneirsle raspeetively @seealtas ieom
t he ‘gr oeppkeatim of Base&ad. 6a of the periodic table of the

el e The advant age of that coating is given as
t henﬁa EPm?ere‘r?JP olerraiEton gia sapenssiofyeveral different irgers afatiminiven
oxi dat | ¥FPmiugsiitidecand aluticiem tabaniniridSrespddtiiely @ndtRIm i8S hiride

I'n partanemﬂaarrmcamerrrda&s&e@ayW%eﬁrﬁbdw&sp&ﬁ}e% of G-Si
showed i nprovenents in the tQol life. Layers of Ti AN,

CrAIN and TI N were chosen as | ower Iayers
State of the Art

20

EP 1174528 A2 describes a coating on tools, consisting of a sequence of several individual
layers, for which the first layer is composed of a nitride, carbide, carbon nitride, boride, oxide etc.

of the elements Ti, Al and / or Cr, and a second layer consisting of a nitride, carbide, carbon

25 nitride, boride, oxide etc. of Si and at least one element from the groups 4a, 5a and 6a of the
periodic table 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 particular
covering coatings on the basis of Cr-Si showed improvements in the tqol life. Layers of TiAIN,
CrAIN and TiN were chosen as lower layers.

30

EP 1422311 A2 describes hard material layers on an AI-Cr-(Si)-O basis, which can be
developed as nitride, carbide, oxide, boride etc. It applies to all layers that the respeetive layers
contain a low proportion of oxygen (1-25at%). In addition, it is mentioned that a further hard
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30 EP 1422311 A2 describes hard material |ayers on an
Al-Cr-(Si)-0O basis, which can be devel oped as
nitride, carbide, oxide, boride etc. It applies to all
| ayers that the respective layers contain a |ow
proportion of oxygen (1-25at% . In addition, it is
mentioned that a further hard 11~ 1E1 11111 IN
*@300002* WO 2006/ 102780 PCT/ CH2006/ 000177 2 materi al
| ayer can be applied on top of the coating nmentioned

i V@861t i on. Anong ot hers Ti- BrT/H20000\IN, BN,
Cr-Si-Netc. are stated as eXanples for this. In

p%téng Wy &Hcad &eapbuegw@a Qﬁhngatlbdéﬁgénn&H@mttHe laveﬁ.opkmgagv&%% Ti-
ofSI-ﬁhéb%ggré%{; t)a(té,{%Ba sta ed as les oretf:ns lr} partlcmar%wﬁ c@agrgo low

ecau PS® Pedt
h&kafYiEes 8f oxxgene SI“C°(§!§“‘F wqe@@@@wmfmre a%130 24vanipoecbls? Byaaiinde
amecabsethiglesuteinperated hadrexd datkl arimprest stanoetearkdistance and
1240 ehBerreloRbidtitidgsmea coating on a Ti-A -Cr-X-N

basis, where X may stand for Si, Band / or C The

advant age of that coating is given as laying in the
| MEPrMQYe PEAY intdtiuckhecoaig @b b TIN-Cr-R8libadiaREee X MaL QiaddT IS5 BANnd /

el Wi 8 ﬁ«@gacgmde%ﬁét c&a@e@gt.g a@% a D& ih RY ﬁ,{atowmnwwe faers;mr e

Fes«ﬁanceArr coiﬁ%"lsgarth%Eﬂvgntlar\\?é??etgas i‘he |Fve{1t|,?8 %Jgﬁeélpge ?scnﬁ%ﬁ%a
Atargetiauhigh PRsteRonest atdesalos B A8 @ i n accordance with the
state of the art (Ti-Al-N based coatings) show 15
| ower tool lives than the newy optim sed
( ABlishdvanfages ofthe(Stitd ofitheSArt) X - hard material |ayers for
X = N and CN respectively. The di sadvantages of the
state of the art show furthernore that in the case of
AlHa@rmarigl oedtedrigpss in @corfiengh@th thestapa the ent @BAIINDagad cpatiegs) show
O aswePbsHEP MeK Be HyDplimiddd gnncai)rm'ﬁ,plt)&r @)rd tlaRrial layers for X =N
derPEPAsikt@p 20 of the coating starts as early as _
around 900C. "If that heat treatnent process is carried
out in an oxygen atnosphere, that deconposition
prTQ@@&%vdn@gmyﬁgstﬁtgoﬁhJHnngurth@fm%rﬂ@Jt R chRER-crifcotings

Cophl%hengH[fSera(t:ur?s if &h .Pe%""a e&%%g‘prﬁ‘e‘?e ol ar%pn atm(étnerer)] 1he g?com%osmon

1Gb‘biﬁ°amglsla”fb§ eF"&YLFﬁ dr%'ﬁ’ 9%?&8 ‘&‘Bﬁ{“% ¥ eaé[?eé%”’t?éﬁ%@ﬁ iegl ppd in an
t ovigesambspbee. dhatketdr@osiion Rrogrsels @ovedfo a Highat termrerrtae enger ba
i Somifududsugie ndiebming ih the imbéHingg PXYEEE Mockis véPhigh tbBpdR@nes (@ part

Sto@é? 1J)d0§i Q/gdbgfo r?ocb% tr@tco&&?argasoe%“ fﬁaf:;gﬁrfatsgﬁd%%l'k}%ce If

o B atRerT (3pe A UL P P e AP BT e
et pfeheCpating; g Uiy ﬁp'o'sgretpsonto e fereganal SN @ subergtenyat
| esdhhigher temperatures into metallic 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.



premature wear and tear of the coating during use,
whi ch develops in particular as crater wear. WO
2006/ 102780 PCT/ CH2006/ 000177 3 Tasks of the
I nvention This invention is neant to avoid the
di sadvant ages of the state of the art and serves in
particular the inprovenent of the tool life of coated
wor k pi eces, as for exanple nmachining tools, cutting 5
and non-cutting tools and conmponents respectively for
t hveo moerseT80Ct | on of machi nes and o BCEHSH200$/900173
furthernore the task of this?3 nvention to nake
'%ag&qphgh@egkgcess for the depositing of such

s, In particular for the depositing of such
Iayers on the aforenentioned work pieces. Description
OfThts lﬂ\@enﬁm ibl b £:bto %Wijd tF\J]@saE@aEQngQf ﬁ'\@ﬁates@ﬂ thil drfQAd serves in particular

Rerrs?p?e-.&t %‘éﬁ%%f t;%ﬁ to%I gfg to# cg:\a/tgg] &vérl@pﬂec%g 5¥ %?extaaﬁ? hﬂg%lﬁﬂ ng Iiu’o%l’l::ggrag
5 a ang eotcutfing tpPisATE FOrEPORLs: f?ﬁﬁ@fﬂvﬁw f%fé’tecmfé{hfe%" %"FFP eF &ffdyoulds-
12tis festpendrd tielayk of Figinvireipn dewkenvsilabim a awess Bathe eeposiing pf such

t h;?yerls ny Sfﬂi‘chlgnoraﬁeeiegc%ﬁﬁd dr bR 1dydls brltBe Sotbséntlbrat Work biated s .
15 The invention describes a particular nulti-Iayer

structure of a coating, which is nmeant to prevent the
PIiREEHptbR oARCEINARE ahd hE Pitedthe 8sldtidndRaspectfelt he coat i ng
during use. The nulti-layer structure prevents or at-
10 | east del ays the deconposition and the subsequent
diThé ungéntion sofvest threetasBitixbygb p hard materjal ¢dating irt dreorddnGy With¢isire i Ay a
attochbvmutzmgﬁniﬁn@c&)‘ﬁdanﬂwlth BRAlS12rrespbctiCaDAFdriRgr designs in accordance

I Bal
G PR g DRSS plromarly Balsers was

hard | ayers, an installation as it is also, for

15 exﬁgp\b&'hon o@?élgé‘s atbgﬁtcdlé? mﬁ?la@&%ﬁ.@%le df B c&hily, wicH i©mBant to prevent
F a ecgr%rﬁatl.tr decom 051m (‘{v%ar andrlear ]bgae antl & OJUH'gT;'JSLQ ’Thé Jalmt?la)?éstructure
brPrevREs #F aslﬁazséde'avwa? %“ﬁ'ﬁfeﬂ%f'wnmea%ﬂiﬁf gt dfsioqe] ‘Hgg"“ porich
S Ulitsin tretACCrs avatingsat Bighatamipesaiures: | pl e-rot at i ng substrate
C ki ihdRbtal ERBRAGEtIMBH o tHeQfpe WOE b PMPSG Balzal Wt udeddéraneet er

20 Ofde})gsﬁﬁ%{g%w éro Xme?é?Ql hta}Wayg-rjs a§|ms{a@a[in9"ﬁats‘]§l id4i s‘ade:Ce‘?(?(S :
R e T r i A AR
si thateerpdrodes ¢raved wogipiecess dmafma/@rt@"ﬁﬁﬁm%mﬁwteﬁ ﬁ'éd°“b'e'
WarotlatngQlibstrite ce@ad dnti on trip1&-toddtihgasdubstrate carriers fes@ptivelinr work pieces

g %ﬂ%tdf%eféﬁ ofte8€thad R EHLndAS ﬁ-@g@r@@Q Brod@ed@'fﬁlb}d metallurgy and four

:jﬁttgi%ét'rsnl)#}? r-&(}/albﬁepro\?\ﬁ]cte o%]oav‘vlderI aéYa?urﬁy weree lns:}raglﬁﬁﬁa F.artha?ﬁa aer

0 nsogr,ggsdgqtfvere @ogé%d °§érf5é0fagﬁ % thte mtugq.%%aﬂgtlowln tlhﬁ,rt%eeqeometry of the

C Ot eGthigeémert B grilytdstetiirtel bypheoatagams leybutaf the REE ngdiation, in

ea@rhch &@ﬁeaﬁ@%@fneﬁ@%ﬁra%gm opbokite difRE SphraRaAGd gralPs YatGee

I ncoF%.‘chtlve se'g_;@ents v%thco%g] rtni%uente% la%@tﬂ%de%?&ol-sdr{hgsqust (ﬂg nggErQé{ Rach
was installed in the centre element opposite ofgeach group of three. However, other target
arrangements for the production of such layers are possible. in principle, such layers can be
deposited in any installation that has at least two arc cathodes in an geometrically equivalent

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



arrangenents for the production of such |ayers are
possible. In principle, such |ayers can be deposited
in any installation that has at |east two arc cat hodes
in an geonetrically equivalent position, e.g. at the
same coating height of a single or nmultiple rotating
substrate hol der. An WD 2006/ 102780 PCT/ CH2006/ 000177
4 expert knows how - dependi ng on the type of
installation -he can further influence the |ayer

t hiCRHBEE2WP t he individual |ayers tRrcoaghosiverrr
arrangerment of the target and%the adjustnent

r e%‘?ﬁeﬁﬁ(h%@lhb(w -oacepén'aﬁg Erﬁtﬁgl??etedf \égtﬁ%wg éerc%rt'n %rﬂmr) in uﬁr\cgérée layer

rotati on r

O NoRe b 8D B on o Ol B tong hr isrg
heé‘isé?f“‘teé( of Bfrfseneatva Fesite BgYpTek of r8@DTot ther Aot frequency of a work
r aghiesdt ootionheat ers that were al so nounted in the
installation and follow ng that the surface was

subj ected to a caustic cleaning by Ar ions by applying

a B®yerdssthe \wirk gigres wére inli@ heated-tPOMpevatirs ofappro¥AB00°C through

at raspdekgera et wbroo n%urﬂéoaﬁﬁnbl l'n@tal%flongﬂgfofdanng pron the surface was

Af I
ts&r%e\ﬁgggsa cgurgtlé/'\c!le;gél %\Je%%t ghn%a%&g b%s Vé)?dgg 0?1006? -2? YJIP an
Al AE BRSO 7 ﬁp'ﬁ??uiﬁﬁf‘b%ﬂf‘a of 3 kwand the

1oappI|cation of a substrate bias of -50 V for a period

g‘;gﬁénﬂﬁd san A‘fflgm ?c%\esnve layer olfl%ng:éx eOt%UbS(ﬁ]gﬁg%t l @Sg%{h%g@he

Ti °‘§fa"grb?j foued- %ﬂ“ﬁe%w'}bw é%{%“érké" 3ndljthejapiibafiometia sktstiaté bias of
i N-SAdderirenird PHIMESS dinex.4 miluteSr SubsRANEaes a anitpl@taatidgh@Bbuild up in
opergaice thatinag &t ieth X 1061 sBEEYs Wih 3 dw @bdﬂ%‘e@mtlaﬁf fafhdk H%d&ltﬁ&ﬁ to

15 4 tNa l QCr solttts %ﬁcﬁar@(hgn %@ateg Esghe(?;or a%)roa 1 ml?ute RRWTr%srthe 4 Al-Cr

soturce? ?{e svﬁtcr}fﬁ oé’;md %r GP%%;) ggpétg%@%ﬂr?]ﬂm f‘@ﬂ@ds Qﬂqosrtgq, After that
ap}HF & R-Croises gle@gainitiehed awiat 3pprox. H eninfite. Sibsengentc the Ti-Sis@irces
sware ewitiokdoff hgargmil B pae Al-Gr-NHdtRg Alde §3sitddl iz @tiie P minStes. Wlthln the

gfeﬁéi\&bvbrﬁ dr tﬂ&ﬁveﬁtﬁoﬁttn@é‘eq@n@ fgrqﬁeqarer Wc&ela nmtsggra! ttnﬁe@qgnn? Khe

20 i Sde:‘pgsﬁnog grécge?% IAQ&?Wargs a caver ?age qu‘ﬁ:ﬁ ISfOOdaC@é S’écf“ts')’/W%}Té é@ggfces
Af £ BFRRETPG Withp tHiEpess of appier- O- 5\Hﬁ1 QlterradvelyragbickeeiCrN cover layer can
ex#d$opsiderskited frrthatpriges SAll YR vEsdeposited itle pO& hitragen inbdphéte with
t ha prksses o7 @f)roﬁla [P6 @Xd a Kag&ivebstrAtelbfis U&ktad;evcf? labbrox a.‘SOthIl 91'1)%50|ple
Al Q No&egél ;ﬁéssur@&fﬁrbe S&lhr e?clh gﬂhgg ?ps ran%tla('*rom% Sto a;ip Pr? but

T 25 pro preferathy betwe\ﬁn {) ﬁgr?drSSP V\ggvgrmhg pgqselngﬁ%naﬁnos%herpar %_rﬁﬂtug of nitrogen
neij‘&tai‘ pert gasiss ey aatias etﬂ"\ﬁ@ Agagh foarjedio fayeasp praowixturd Of nitogdn.and &
pr darbof Ein@ining HELwih@aLESMIRIORS b iRerCAB if hs@uu%@tls Jsed fotetﬁﬁabn

of nlﬁlm%rsséﬁg&oh@ng@ 5@5&9 &4 EoQJI‘chgarlmﬁg%gQE’aP. ac\;mxed as gnown for

b
30 pu&ee(?ze sgm%omnyge Xrborﬁh%ﬂ“?'“&? %% xt ure of nitrogen -

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.
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and an inert gas, such as for exanple Argon for

nitridic layers, or a mxture of nitrogen and a

carbon contai ni ng gas, which can be m xed with an

inert gas if required, is used for carbon nitridic

| ayers. Correspondi ngly, oxygen or.a boron containing

gas can be adm xed as known for the depositing of

oxygen or boron containing |ayers. 30 Target

conposition crystal structure of the |ayer and
ﬁ§6¥9ﬁ%ﬁs are shown in Table 1. &Q%ﬁﬁgmﬁﬁ@aneters

suc as target output, negatisve subst

vol tage, process pressure and tenperature are

conpiled in Table 2. WD 2006/ 102780 PCT/ CH2006/ 000177

5 Wik fedeb RGESBrdatite AAICHE HTeh6ER avé dhbradtdiiGed b tRMct tBA a LR (ALCry.)

C Nalafnk Gt R est Y i tb%pefcsm M@éfe@uw Qh&o 4 A; ysls Jpra(e)fab.ys 3<y

Klo<aof,:ﬁl,lag?yo§ted al?< rngtlr@ w%h a cu Ic #fe‘s éﬁ?(c oﬁmg\;m déhgeﬁpgctlvely but
deprsesativel aad ¢ 57t O hg y2oh 087 éa§|°@5 (5% 'i@ﬂ&)_fzowfueh atleastone
C 0&)et gacketni lat 1dastonblagitidndCI,Ce.pXaod (Tu&|.y X apattesfectively is applied.
prl@é@r{ I@)belrs\&he INer 846t 15919cr50ry§taﬁnethK an ReBEESAUN oQpSéx. § - 450

whi ch at | t |
nrrkg.?p %Cja%lgo#ﬁ%gro}ﬁ)ﬁ.o na[‘idl t: gnala (Aleas one ayer

and
( idyaiageoss foxihe £a2iS oS} "\‘i%l“?d'?‘%'a%?b“;ﬂeiwéﬂ“_‘l‘e e (BT X
| daversend the(T-Siy2X lagdrs, fre tvhichealliceating soproesrayesrtimning iamthusiat h an
av(ﬁlgc&g,enzsg@)i Xlayek & Ge;ﬁgltea(%ﬁé BY%.-1bPIf reqdi@® theBdThtetHdtiate !ayers can

pre‘?f c@ Er@lp\&)%vé&fad@egip g%% be rithél'racgvuﬁg]lalc{oig E&{ngg%&q§eb r&F and

coating are a Lnterne IS et ween
t H:me‘ﬁl’%” r(’%eﬁ}'@'y_[a'%the)?mpi'ﬁesl°£\S'7°e$“$"'%lﬁ'o|ayfrr1sé5tf D' 1q thg peogetric
| d§restgranterentmininifiezEpating ateliating. taowAricriere ftation 1AFrigy daprditing
t hofithis anterroddiapeCaykr sl cansglanzaliditéndl ayieayérStrd&pE0ath Ve fing 5 to
Fitd depbsil bebdusd ifflliubi@bgetd JRAQRDabit U AL ERH AlePack SMELS & 8
ef t)aq(f\i%prg% ew%tﬁgf 6f%d§]cﬁv§dual?ang§\§llthl gltumgrnmeglgtg a:yer; ésvlrlx claj raa‘ilnge
%@EPPVEFV”and the properties of the. |nd|V|dua

| %%er%)fsﬁbﬁ%r bugﬁﬁg LEtheI Jl)@lreg %H‘?atygr syst nf(‘:%r\ ggzamed out througrr(-

ro@% cg an @ i Coart Iesng at | ?n e oatin r
"Sé PEERT? B EIFP% g° 1HE ’BB’%‘?”F ‘11‘@9 1% ThT ‘P?ﬁ gling sources
| ﬁ?’ércﬁ‘ﬁ'dﬁl meterig g wpning thraugheiy bie ARjirexteresiiod RIpcgFFavhile the coating
Mbtrtes|witly @i s&biidbobting @atatidl dre y@ioyicaly sddicHeayrein sddition. Inf1Rat case
demrsmnon@@sﬂ@mw mmb%@ Shidire b4 YL ordld G Gk Spefdiion of
AT and.Ji-Si are sti used for the coating
process. Fhe wi dth of the individual | ayers within

t hiihg pro&Ys & MediordaRicel vt @ irlvérisn drélchaRiBterisadIgihe 4t that of pR3dess
n m%%ﬁ% se(A‘a?J fgﬂepﬁfaﬁ‘fthpllayelr B%EJt Qé’scnﬁ)% éb J/J] ghe tl-lggr

ire ti- arrie
2G5 BT S IR YO ARG LT B EUER FHES B
arfibsERbISTs Bésitonay achisved Tiieuol the Fréatienorer imagpmeniueseentvelyfobthe work
C Qrizboésngbambied witbin tBs @ating Mstaldgort hr oughout the entire
depositing process, while the coating

Example 1 compares coatings with a defined number of layers and layer packets respectively,
where each layer packet consists of a layer sequence, an AICITiSiN Ia;yer followed by a TiSiN
layer, an AICrTiSiN layer as well as an AICrN layer. It is easily recognisable that in comparison
with the layer tested in Experiment No. 1, which was deposited in accordance with the state of
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sources with the second coating material are
periodically switched on in addition. In that case

the aforenmentioned additional nulti-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 |ayer packet
descri bed above. The nulti-layer structure is

at¥l W02y the targeted sw tching BRVGHHOGOPITHT
coati ng sources. The. nultl-lgyer substructure is

a%'ak'a‘a n@drcl:v)éd @Gl[lfe%yrﬁg at:l'ﬂév@ﬁglhx thd WRatlng tndkdoriancaNth the |nvent|c(>jn it
LV
|st o rec?gl,r]usgaé) tﬁct an opqlme gfr thu‘t(?(nélgg Bﬁ?dpdgid‘ag § yér? if%acp an

e e ok R B9 T R L S
passietveer BIwemt RAaimy prefeighie pted 2@erc te W@y ranpRCkSt:N between 50
C Qﬁlﬂsﬁt\ﬁn fdferably RRYREN FRE UBIHE WitkiMthérddiehio®ioNhib aysble these layer

kr?e\l\@eq §>€ Fangéo%: He cAu?s\é%f the &Qt"fo\ltqu g-d tﬁét I§|0J>r1€i‘1§é§‘:a'ble@o‘f’al }Wér

B ﬁeﬂf@af'wﬁ%&%&ﬂfe bR By
wheivertstrygtuse deegpibed it Bg 1P wandbewsn dda Beerhifar Whiehhad caaing wuigss were in
3 Bpdiftior 08R/nb(:Ra{3Ed BIGHd redd2 806408 0ikté andreduhe imart indivigal layer

r1el ﬁgglfagggj 24 4 fenfddh.be achieved with the coating in
accordance wth the invention. It is also

recogni sabl e that an optimum | ayer thickness of the
' ﬂd&rMé:;ﬁ&% bifkd¢ &k ﬁork)f)lea% Ydalbd ahtadedusly Ebatsd wlith &dniagcer, N /
I qu}&f\' n&tl Iayg{ﬁo% H? E)Fa%ldleg %FltRE gr% Star%QO %fsu&nb nﬁlﬁ?'ng Itoo,s71£e§r

I ckness | es
EREEDGLhSoET PSSP o1 Tl 5 TSR SR PP oo
TireeBiers afndrasabigciesentssior tgnipthahd T8I pepesprseane raalsh§inddedtsneen
7Gesbé2:tn2bglOsuBms dekdmple dich Qiid fadseabrilg dids, djdatics cenadrtrend
t b@rﬁ&s Ir@é(:f?crn mcma?n&{ﬁag $o%e§r é’)\@rﬁ;ﬁe f'e‘hﬁeﬂ:glﬁ(%éc{bntn‘?sﬁldiﬁ@MIBﬁeregﬁs or

t % r? ggtlc p%?tlcs in ICi:a%cular I jeBthﬂ moaﬁ\;qugs as uaedq C? p]{o%}fé% ori ?f plastic

ew@rmwﬁfi@ta captsps BRI RS AP 'Y i oan a&wfagewsw be
S tpratectediwith sders@atinge @ven MOEgrg:zettel rdsults@s: rotrsnachiEyed for all

| Q}éﬁﬁaﬁlonsfoﬂ KanN 164k Blchatingiat A0Gd MO QS iNVBHtRN, iitls at least possible
o acﬁ%\lleoansigm |can§/ hng%r aﬁgé}%ﬂgsqstgngg thgrgﬁth thgzngzlgg‘?sl kh&wn COTBQS for

'n an ayer
tﬁFWﬁ’@%@atBFs %ﬁEﬂ’”&)&“ thexamyles aiebach. 1 n principl e,
very different work pieces can be advantageously

C Faitiendd, biinptaGdineM of Bk Weat Bhd tear behaBbuk isdd\bdaxpdcted dagte the
C %ﬁﬁc‘ip@@%:mﬂ@%@@’o&%f LIan ,f( h‘hz%n 9( rﬁultglgstre‘} Ecﬁgngg Westarﬁéi @J?n §|t|ons

251 epibogeereir g%( Bb euovie Tugipeit® s hereg  SepRe AR -
cl%ﬁrQ'h&NtQﬁﬁ‘l N0, GG BPeGNR BNOaGRNG. @by N ﬁ‘?géP‘f?p?cb‘fe'y and
t W2 QO anaferably 0i40g y BI06GE esias <aryh. 3ot peletably @5 k@alogs.

A way to improve the layer properties of the Al,Cry,N / Ti;Si;,N multi-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 periocdic table of the elements and of Silicon respectively. Particularly
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respectively, such as for exanple dies, die-plates,
drawi ng dies, ejection cores or thread forners.

I njection nmoul ding tools, too, for exanple for
metallic injection nDuIdlng al l oys, resins or

t hernopl astic plastics, in particular injection

nmoul di ng tools as used for the production of plastic
perfornms and data carriers respectively such as CD s,
DVD s etc. can advantageously be .20 protected with
5‘989009/%%”93 Even though better resahRt®sens7not

al ways achi eved for all applications on various tools
by coatings in accordance w nvent i IS nat
| asigEntageros EEniHP dhe agdino by ﬁ'l%(}gew'g'“ghe &F‘ AR °f91g %’E N
abJeAsitton: hei26treaioed £ Kars WS FPPFWéY e é'%m?;iLstm% o\’/\’/nv Mo, Nb
oA HIGSprévah to b6 BlvaRbgRo@(ieiaBatiamnis Nass).shown in the
exanples as well. 25 Furthernore, an inprovenent of
the wear and tear behaviour is to be expected due to

t KB thediWaly BGinpratidgythedayet drepertibsedt the lagerisysesm injheyepriicatjor of an

T' d%§$nll_g@$grw& Jn‘ttlleaé&@{f paBiRBdrioM @8 covbiflayeitosih@thg bdrd material layer

mposit) of EQ&ast A6 mbal o @ vdrhIge
| %fg;gfhe gg}g?e he s?cpnec; cgﬁuﬁi:'sggtgm thﬁgﬁhgﬂp;ner : éf w'e o
Oyf aBeas@e "BH' ane:gﬁperwrb@d\/le(‘é% (\iﬂ%? hg,{ﬁal s(%’kﬁ er p
pivef\varaabl oy Vil asdvcbr Siidon.Eepraamhle gqpymall&ﬁt&abi@foghlgl%g V\éC/%cofer
pra%r @R@Madest%t &an Ye Set BetsBn 3000 afd BRO0 KV andthad hd exdsiignt run-in

erldiofk, Ma¥vel Qit Igamevat figter -

| 539%91”'% ?:léé//%f ?ggsvtv) SJﬁ)vvgn#ﬂgryt)Cr 1. yN/ TizSi1_ZN
nriyetop C?eg'(j“éfft coatings is the adding by alloying of
further chem cal elenments fromone or several groups

- Ofwith B p 61O tIS cdadb in thiwayaamchdditiopal rigitits resfothing ef RIPICHIENE

15

,Partl cu
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25

30

35

t %LQ-}ages Q%ulot l{l%e@#nﬁ'@@ Be? th@fl@d&flon& éde@?ﬁo@%&g?é@o t7h|s day
a"a/saoﬁvg IYeve?throth ex;?I g-él ﬁaanEgg rgrﬁ% r n

n [ e
p Mgm@f in pfag,@ngpoaploi]qqtge ge VX rﬁwl |Fatn§n Mr%&n rt%&ula
Mdsting th Gilling ipedtass.rSech Moperties aze Qj |nj_35est 'Egﬁ@t'lﬁ%ﬁ qoyorf:cH'%oonent .

el Wgé wit@81idiM, Fichbh oMollidgsiredsls, espadhllBivhendhees ipa lgskeohlubrigation

or v?he}{ %@%‘%g &9 Yrir én%ﬁceoa@h SRnEXREPL B bN@rote&}d atThe Anrod e

roving the |ayer propert| es of the layer
syst emis the application of an "additional sliding

| %‘ﬁe‘? wie tdr INE rrRMEH of B @Qﬂﬁﬁiln@lﬁye@ Bre H@aclt ffé@\damdovr;iajyezarbo;;yers
I niu ini bt fekfERtiv
Ti‘?@d QP? dd/grgaygraaetsPeaneg orl -Ve=le nng S, btk NidVE 19 ely.

em can nmade up of at |east
one netal or a carbide of at | east one netal and
di epenseed tie biaing lakdz Ginde abryed difsty Ante e myiayer systemPr fRIgvN9
f rtﬁ)é'r:lphl'&@tlo%%&her bRsiveViyea mirder 10 Behdvdthabedt gosglrle Bhesicoohthe

q?)/er cngp te. For%P&x?;Lgé krbé a%g‘.l\tleqpyjeﬁcafw 9 exehlits ok § madtaMnidic,

% Eaess t hat can be set betvveen
10‘19(5"d§n“6rbf§ ?JC?K?'%'r?GatgﬁgtF” g excellent run-in

properties. O C/C layers as well show sinilar
befawiampie, aftbraneipgicatioh biha sputtsredevenat Chang Aeadhesive layer respectively,

WC/C and CrC/C layers respectively can be produced advantageously by ;puttermg aWC
target while adding a carbon-cohtaining 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. '
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friction coefficient.
this way,

an addi ti onal

Wth deep-hole drills coated in
run-in snoot hing of the

machi ni ng 15 surfaces could be determ ned after the

production of one dril
day

hol

machi ni ng. This

e,

results in an

sonmet hing which to this
has only been achi eved through expensive
mechani cal

i npr ovenent

in chip transport along the chip groove and the

m nimzation of friction torque

during t

he drilling

pMEc2eeE1o278uch properties are_ of i nt BFESH20p400H3T t i cul ar

al so for conponent

; E{eretgmlaﬂ{a

applicatFons w th sliding,

gd ik DS FtHeSsREon €SPeECi al Iy when there is
['Ubrication 20 or when they run dry or if an

uncoated counter body is to be protected at the sane
t rrollowfd h@sﬁrat\éaé/osarftégéou% Bsblifa@dna Bt thefvefon ushi) tha kxabie df iBYse

er ar
Ngéanou

fnfEhli

foree dianond-1ike carbon layers
ers respectlvely or titani um containing

and

MoSx and Mowh | ayers respectively. 25 As nentioned,
tﬁeanadlé tding |l ayer can be applied directly onto the

ARBisp

Pessi bl e adhesi on of b&nehardlnameﬁ.th@wrpp@bﬁe
(15N L@@mme executed as a

SoepilBlali e

pur pose,
nmetal lic,
a¥Vosk Rigesidi ent | ayer .
appliigratameersof a sput €dtingdregd vaneedm@ and Ti
WolnGeea ma o fuh/fotdtidyer s

[ti-]

ﬁghng S)yc%ctblee

t he adheS|ve|L
nitridic,

ayer respectively,

I\?(rinilg 8 s!rucy\llrarllsgeelt he appl i cation of

rder to achi eve the best

0 ptri

&1 e

respectively can be pB&@&Qﬁgmﬁﬂyﬁﬂ%#QﬁﬁPs

sputtering a WC

target

c&PHB%- cont ai ni ng gast _
p@rocesat age of the carb@hﬂh@@ntaining gas is increased
OWEr dnbl M&r CitBricar der t Coraet e e taarvar=germmer cent age of

f

PCT/ CH2006/ 000177

ree carbon in the |ayer.

8 Furt

he | nvenPPEA™aH&®f ol | ow

ding a
hi's pur pose,

35 WO 2006/ 102

ng i ﬁalyﬁfsithlrcgﬁtﬁ a

For this
dic layer or

r the
adhesi ve

l'y by

t he

780

cts of
dv a&?%b'}e’eoﬁgve'

applications of the inventiion, udimlg t he exanpl embf
[ [13\lddlseT|SIN'1 varl ous cutting operaseons. o .Exan‘pl%sl'
[Be I cooted—HaritH-s—n
+T§m Y / 439
g LZJ‘AIIIG(UPH?glb)}e pdccé‘tfr Drilll hard netal with coolling
dAANEN * pixdpst eacked! ETﬁ.Ns mm 39 65.2
4 AICrN + 8 x Layer packet 1 + TiSIN 4.0 76.2
5 AICrN + 12 x Layer packet 1 + TiSiN 4.0 54.3
6 AICrN + 15 x Layer packet 1 + TiSiN 3.9 439 .

* In this one (1x) layer packet corresponds to a one-time sequence of 'AICrTi-

SiN+TiSiN+AICITiSiN+AICIN'".

** For which a wear and tear mark width VB =

0.2 mm was achieved.

Example 1 shows a comparison of the tool lives of coated HM drills, to which a different number

of layer packets had been applied, each with the same adhesive layer, namely AICrN, and top

layer, namely TiSiN. The coating times of the TiSiN and the AICrN layer were each adjusted in

such way that at the end a comparable total layer thickness was achieved. An optimum for the




Wrk Piece: Structural steel DIN 1.1191 (Ck45)
Drilling Paraneters: Cutting speed v,= 120 mmn
Tooth feed f= = 0.2 mirotation Drill hole depth z =
34 mm (5xD) Cooling: Emulsion 5 % Process: Pocket
hol e Wear and Tear Criterion Corner wear and tear VB =
0.2 mm Experinent No. Layer Thickness Tool Life Travel
[pmM [M 1 AICCN + TiSIN3.9 54.3 2 AICrN + 2 x Layer
packet 1 + TiSIN 4.2 43.9. - 3 AICN + 4 x Layer packet
Wohodd oAb 3.9 65.2 4 AION + 8 x PEyEH20pGORET 1 +
TISSN4.0, 76.2 5 AICN +°12 x Layer packet 1 +

+
avegalips o B e AL aéwﬁ?éﬁ‘ebs?@zﬁgg%ﬁw%@“@”“
Cesrampemer camEREAIcih MEE UL P I T
SIN+TI SINFAICr Ti SINFAICrN . - ** For which a wear and
tear mark width VB = 0.2 mm was achi eved. Exanple 1
Hhowsie & conparison of the tool lives of coated HV
drills, to which a different nunber of |ayer packets
aitindet inteanspy Goelad HMAEH UEW2'SIfe' same adhesi ve | ayer,
namely AICrN, and t OB nhri dhe @i cobl@gRlc Ti Si N The
c83ting tines of the TiSi I\#gg? the ALCrN | ayer were
each adjusted in such™ ?7 hat "at the end a conpar abl e
tvadriaPiedeayer t hi cknes Strugiuea! geshPBVIed9! &K*%dpt i num for t he
VLR PEGL A 80 PCT/ CH20¥GhE00EAZ0 m@nioveral | tool life
was found in Experi nqggthd;[gdfTAg_zwmtr&a@ntot al nunber of
37 |l ayers, which sho a  clear .jnopr ment in
conparison with the f"é'%°ée"8?tﬁ%ﬁél’§gt‘8ﬁ‘sﬁ Experi nent No.
ICookmganpl e 2: 5 Dril EMAgomt ¥h internal ly cool ed HV
Ocbdels: 1 N structural sbeetnoiéool: Drill hard netal with
C\ﬁgalr L Or GG hePon D aMBlcgiedear fhd ®af¥B = 0.2 mm

Experiment No.. Tool Life Travel VB = 0.2 mm in meter
6 (TIAIN/TIN multiple layer) 323

8 (TiAIN individual layer) 323

9 (AICrN individual layer) 65.9

10 AICrN + 8 x Layer packet 76.2

1+ TiSiN

Example 2 shows a comparison of the tool lives of coated HM drills. Here, too, the toot 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 and TiAIN mono-layer coatings.

Example 3:
Drilling with externally cooled HM drill in structural steel

Tool: Drilt 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



Wrk Piece: Structural steel DIN 1.1191 (Ck45)
Drilling Paraneters: Cutting speed vc= 120 mmn
Tooth feed f= = 0.2 mirotation Drill hole depth z =
34 mm (5xD) Cooling: Emulsion 5 % Process: Pocket

hol e Wear and Tear Criterion Corner wear and tear VB =
0.2 mm Experinent No. Tool Life Travel VB = 0.2 mmin
nmeter 6 (TIAINNTIiN nultiple layer) 32.3 8 (Ti AIN

ndi vi dual layer) 32.3 9 (AICrN individual | ayer)

EsvaRoodi02780 Cr N + 8 x Layer packet 7BCTCH2P06(00T7S| N
Exanpl e 2 shows a conparison®f the tool |ives of

coated HMdrills. Herﬁ,othtf&g,f _torkqmg,ggluorj ife could be

i mproved through the Al CrN / ti-layer coating
in comparison with thg""RAERHNA aBIg)}“"ig gﬁi Wed  har d

mebeting:al | ayers of Ti@M$nSAN nulti-layer and Ti AIN
MpRRsskayer coatings. pdckeaangd e 3: Drilling with

ewegranﬁlrea\!cﬁ@r%ked HM @'&hérueargmaur VeLynagnst eel Tool :

ard metal with cooling ducts Dianmeter D = 6.8

mm Wrk Piece: Structural steel DIN 1.1191 (Ck45)

DEXparimagt Near anet er s:  Cuf t]i mep! sircEravey ¥B-= 839 may ipngtery()

0661102780 PU/L,HzUUb/ 0Q0I77 10 Tooth feed TZ =10.2

PR o W S N 1

AT TR, 5 04 br s, Pocket Aol o vear and
[ fTIAMN F‘P@r‘?YGﬁ)Cor ner wedr and tear V3= 0.15 nm
peicrfent No. Tool Life |Travel VB = 22615 mmin netier
14 AICrN + 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 through the AICrN / TiSiN multi-layer coating in comparison with the industrially

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

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

'fool: Drill hard metal with cooling ducts
Diameter D = 6.8 mm
Work Piece: Cast iron with spherical graphite GGG-50
Drilling Parameters: Cutting speed v.= 200 m/min
" Tooth feed f, = 0.3 mm/rotation
Drill hole depth z = 34 mm (3.5xD)

Cooling: Emulsion 5 %

Process: Pocket hole

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

Experiment No. Tool Life Trave! VB = 0.1 mm in meter
15 (TIAIN/TIN multi-layer) 57.1

16 (TiAIN mono-layer) : 142.8 J
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11 (TIAINNTIN multi layers) 46.1 12 (Ti AIN
nmono- |l ayers) 42.3 13 (AICN) 22.6 14 AICN + 8 x
Layer packet 61.5 1 + Ti SiN Exanple 3 shows a

conpari son of the tool lives of coated HMdrills.

Here, too, the tool life could be inproved through
the AICCN/ TiSIiN nulti-layer coating in conparison
with the industrially 5 used hard material |ayers of
Ti-Al -N basis. Exanple 4: Drilling with internally
6RehRE1dMdodri I 1 in cast iron (GGG FCI/CRMCOLYT | | hard
metal with cooling ducts Dithneter D = 6.8 mm Wrk

Pi ece: Cast ironwth—spherteat—graghte G50
O7iNE™NYg Parameters: CQutting speed vc= 200 mnin Tooth
B Z 8% LByeBpasitrot ati oh Drill hol®8®depth z = 34 mm
S+B%R) Cooling: Emulsion 5 % Process: Pocket hote
\Wear —and—Fear—Crtterion rmer_wear and tear VB = 0.1

mm Experiment No. Too] Life Tray 1= Hre Lo Meitdd fife cou
nRREpIe 4 WS TP et % %_\/“8?‘_% By e o b e cous

JT AN
nmmprb\&yquugllme‘\@f%‘%%'?i"fw%“W“@P@ﬁ@g'}rﬁ@di‘jﬁ"a"i1
1708 AN rialiBfrstof TIAB / ANGruN-layeBoortingagnd MARRBREtaY§rPoatinas. |
+ Ti SiN Exanpl e 4 shows a conparison of the tool |ives
of coated HMdrills. Here, too, the tool life could
bexanpprsoved t hrough the AICTN/ TiSIN nulti-I|ayer

coating in conparj W tht [ndustrially wused hard
nRtEe P’Vg'l‘ ‘"He%‘ﬁfgg'et?f"ﬁ\%%“nﬁgycméﬂ%eéﬂmI ti-layer coatings
apd,. Ti ALN nono- | ayer g@abr A1 with cooling ducts

Diameter D = 6.8 mm
Work Piece: Structural steel DIN 1.1191 (Ck45)

" Drilling Parameters: Cutting speed vc= 12_0 m/min

Tooth feed f, = 0.2 mm/rotation
Drill hole depth z = 3¢ mm (3.5xD)

Cooling: Emulsion 5 %
Process: : Pocket hole
Wear and Tear Criterion Corner wear and tear VB = 0.2 mm
EXpér|ment No. Al Cr M Layer Tool Life Travel
Thickness atVvB =
at% at% at%
[um] 0.2 mm in meter,
19 AICrWN + 8 x Layer packet 2 70 28 2 38 65.8
+ TiSiN
20 AICTWN + 8 x Layer packet 2 70 25 5 34 59.3
+ TiSiN
21 AICTNbN + 8 x Layer packet 2 70 25 5 3.8 57.8
+ TiSiN _ ,
22 AICrMoN + 8 x Layer packet 70 25 5 4.8 61.2
2+ TiSIN _ _
23 AICTVN + 8 x Layer packet 2 70 25 5 42 68.0
+ TiSiN
24 AICrSIN + 8 x Layer packet 2 70 25 5 40 54 .4
+ TiSIiN
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5 Exanple 5: Drilling with internally cooled HMdrill
in structural steel Tool: Drill hard nmetal wth
cooling ducts Dianeter D= 6.8 mm Wrk Piece:
Structural steel DIN 1.1191 (Ck45) Drilling
Paranmeters: Cutting speed v,,= 120 mMmn Tooth feed
fZ =0.2 mirotation Drill hole depth z = 34 mm
(3.5xD) Cooling: Emulsion 5 % Process: Pocket hole
Wear and Tear Criterion Corner wear and tear VB = 0.2

ExbggbdsENt No. Al O M Layer ToddcTidab@sdsozwrel  at %
at % at % Thi ckness at VB = (pn] 0.2 mmin neter 19
AlCrWN + 8 x Layer packet 2 70 28 2 3.8 65.8 + TiSiN
20 AICrWN + 8 x Layer packet 2 70 25 5 3.4 59.3 +

TJ O?iegxﬁ%&eﬁ’a% JNQ N)rr'és&na% t&-@?{r%[tirrﬁ%&%Equgncégfr;%zlﬁrl\gi-z. %18 57. |258
f I ol M F. 8 X % g e'e 0 or<Si
ZSiN"'T'ﬁ irg—lpﬁ:rlﬁg&ﬁr,%%.m véuc)r%lm%}/aygsrfgrao Cgvttr% ;% 705525 I,DS 6 9'2
o8eg@¥hcaseTi SIN 24 AICrSi'N + 8 Xx Layer packet 2 70 25 5

'i%gmglé 5 g'h ow-g a Igr%ahgoﬂf gf tNéQoz; R/ggéf%@socoagﬁ CHRRAGE QRORd 7

invention, on which multi-layer systems with different chemical composition, but the same cover
layer (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. The process
parameters during depositing of the layer were kept the same analogous to the other

experiments.

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

depositing rate can be increased and, for example, the following layer system can be deposited:
- one (AICrTiSi) X mixed layer
- followea by another (Ai,Cry.,) X layer
- followed by another (AICrTiSi) X mixed layer

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

Description of Figures

Figure 1 shows different layer vafiations. FIG. 1 a-c discuss three variations as to how a multi-
layer coating can be build up.

FIG. 1a illustrates a sequence of layers with sharp transitions. A layer system (2) is deposﬁted
directly 6nt'o 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.

In Fig. 1b mixed layers (4), in which both layer systems are applied simultaneously, are
deposited be_ztween the individual layers. Here, too, an additional cover layer can be applied as
the last individual layer. The mixed layer can be executed either thin as a sliding transitional

layer or thicker with an area of constant layer composition. Such a layer can, for example,
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One (1x) layer packet 2 corresponds to a one-tine

| ayer sequence of " Al Cr Mi -

Si N+Ti Si NHAI Cr MTi Si NHFALCrMN, in which M stands for
one of the elenents W No, Mo, Vor Si in each case.

. 5 Exanple 5 shows a conparison of the tool |ives of
HM drills coated in accordance with the invention, on

~which nmulti-layer systenms with different chem cal

conposition, but the sane cover layer (TiSIN) were

de@powéteeths The target conposition BSTEHREMOITA

conmposition was varied, while Al was kept constant,

and O _was L) A = LG PLACECL AYs oy Tl 506 &Y QREAIE.5 3R

ﬁ‘?‘beé%esfglyg@'ﬁﬁgoyﬁé%@bﬁd 3??&%' ge 0si t 1 NGk, L8y 8, and

Vs gorprepiiontsitsdiH e BIPE “6‘5%&%“, O PREN o e e 20 ’

a9 @rgetswith & comingiion ef TiRERI 7 3Rd ST GalarhiRpe2ted Sr @Y%y

| RYEH, tRAGIBdsitibSof @@t gkr witd a @nsdnogropssitoo sk @ntageogsly set in

etLeth%&ih Fag%: Al Cr or the AICrM sources or the TiSi

S or urces are ogpﬁgyﬁg conti nuously and if the

respective other sourtd 8r $§ources are swi tched on if

arrereds! 8 acdsi8at3B < § P H 4084 TUT &t THF AUTLIELQREMEE t he

CRMntagetasIBkeppee Bislve tatfIf, bdrdorerienfiaa® athpreivagnts araadted fnd

Q&Q&M&Mﬁﬁém& &@ae%weworltcma&? oohfpfs iatojmm@er:iaﬂ endcan
e | ncreased. .and, . .f Ar QMMnB Gienaryer

SPREER BRI b%;%,fatzg%m bg2adh T pe o Y X mi xed

| ayer - followed by another (AlyCrl_y) X |ayer - _

f 10 Flcowe d moly-lageTabdtied is (oRPLeIPYSIPRIViDG ipyeatysteRy Auring the entire

f QbdngWRE a2y parabibady méiAb y&sebond)ayi dysigneinto DY udéwen et | on

of Flgures Eiaque.1l shows different |ayer variations.
F?°&esp?%§§c° d%‘gg%usi: three variations as to how a nulti-

25 | ayer coating can be build up. FIG 1 a illustrates

aFigecsneethefesion gidhedavgf RapketsiPRTigrTe 1B ASTANPYIHSIERN | ayer

"system (2) is deposited directly onto a second | ayer

system (1). This process is repeated until the desired
total |ayer thickness has been achi eved. A cover '
layer (3) with a greater thickness can be deposited as
the last layer. 30 In Fig. 1 b mxed layers (4), in
whi ch both | ayer systens are applied sinultaneously,
are deposited between the individual |ayers. Here,
too, an additional cover |ayer can be applied as the
| ast individual |ayer. The m xed | ayer can be executed
either thin as a sliding transitional |ayer or
thicker with an area of constant |ayer conposition.

Such a layer can, for exanple,
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WO 2006/ 102780 PCT/ CH2006/ 000177 13 have the
foll ow ng conposition:
Ti = 32.8 at%and Si =

results if AICr targets with a conposition of Al

Al = 40.7 at%

5.3 at

Cr

=21.2

at %

% This conposition

=70

at% and Cr-30 at% and TO targets with a conposition
=15at % are operated sinultaneously.
the conposition of a mxed |layer with a
constant conposition is advantageously set in
fw Jo6¥/dotvgo I ange:

of Ti =85at %
In general,

and Si

al um ni um cont ent

at% |f, as aforenentioned,

) X

5 the

(Al o b, Cr BAV/EH006/04HET e 0. 18 <
a < 0.48; 0.28:5 b 5 0.4, O 004 s c:5 0.12. The

is advantageously kept at above 10

to achieve a correspondi ng effect,
concentration of 0.5 to 1 atomc percent and a 10
maxi mum concentration of 15%to 25% shoul d be added

dependi'ng on the el enent.

In FIG l1c,

a nmni num

ot her el enents are added

a multi-layer

coating is deposited by applying a | ayer system (5)
coating tinme and by periodically
m xi ng the second | ayer systeminto it by turning on
the correspondi ng coating source.
the design of the |layer packets of Figure 1 in a

during the e

ntire

15 Figure 2 shows

change illustration. WO 2006/ 102780 14

PCT/ CH2006/ 000177 _5 Test Crystal Target conposition

Te.’regtaf give—StT Ura‘rré'ts‘on?'ﬁ&'b@fkmess NESS ThaegE] Adhesive-

Tar get [3’}9 Al ("r at- 9% 85 Si—at %-at Thigkmass\| B1neFD
ge l:) "Tariq‘%i‘{

30 - 15 4.0 HEl B 8% ‘7 28 W= 2 _8 |HFjumjC B1 70
25 W3 85 15 |[3. & HF1 ¢rD [BY 20| 25"Nb| =56 85 15 3.8 HF1
at% at% at% at%

A B1 70 30 85 15 4.0 HF1
B B1 70 28 w=2 85 15 3.8 HF1
c BT 70 25 W=5 85 15 3.4 HF1
D B1 70 25 | Nb=5] 85 15 3.8 HF1
—E B1 70 25 | V=5 | 85 15 48 AF1

F B1 70 25 | Mo=5] 85 15 4.2 HF1
G- B1 70 25 Si= 85 15 4.0 HF1
Table 1
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E 81 70 25 v=5 85 15 4.8 HFI F B1 70 25 Mo = 5 85 15
4.2 HF1 G Bl 70 25 Si=5 85 15 4.0 HFI 10 Table 1 15
20 WD 2006/ 102780 15 PCT/ CH2006/ 000177 5 10 Test
Pra,yet Al-Cr-M Prager Ti-Si USe6hate PN2 Tenp. fkW
fkw (M (Pa) foci A3 3 -50 3 500 B3 3 -50 3 500
C33-503500 E33-503500 D33-503500 F3
3-503500 G33-503 500 15 Table 2 20 WO

2006/ 102780 PCT/ CH2006/ 000177 16 Patent C ains 1.
‘475‘50‘36/{931/'89” al layer with nulti-I ayer/cseowetowmre for

I hprovi ng the abrasion resiistance of work pieces,
conprising: 5 - at least one (AlyCrl y) X |layer,
wherein 0.2:5y < 0.7 and X is one of the foll ow ng
elements N, C, B, CN, BN, CBN, NO CO BO CNO BNQ
CBNO, but preferably Nor CN, and / or one (TiZSi1_Z)
X layer, wherein 0.01 < z:5 0.3 is, characterized by
the fact that the hard material |ayer also

Test Prarget Al-Cr-M Prarget Ti-Si Usubstrate Py2 _ Temp.

[kwW] [kW] v [Pa] [°c}
A 3 3 -50 3 500
B 3 3 -50 3 500
c 3 3 -50 3 500
E 3 3 -50 3 500
D 3 3 -50 3 500
F 3 3 -50 3 500
G 3 3 -50 "3 500

Table 2
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- includes at |east one | ayer packet with the

follow ng conposition: 10 one (AICTiSi) X m xed

| ayer followed by another (TiZSil1 Z) X layer followed
by another (AICTiSi) X mxed |ayer followed by
another (AlyCrl y) X layer. 2. Hard material |ayer in
accordance with Caim1l, characterized by the fact

that the at | east 15- one (AlyCrl y) X layer, the
addi tional (AlyCrl_y) X layer as well as the
(WoDnFi@re X m xed |ayers contai n BT/GHA¥00He ot her
el ement from Goup |IVb, Vb ahd / or VIb of the
periodic .table of elenents or silicon. -3. Hard

mat eri al Iayer in accordance with Claim1 and / or 2,
Ch’@fe&&tlﬂfniszed by the fact' that the at..l east.one
(AlyCrl y) X layer he :

(N quvinawﬁav@rmug dﬁf ﬁtrHcttﬁe (gr l{‘n8r0§ dth ﬁra@%g Il:re]SI(S:ta 8¥work
t he ek, t:ontmavllg eI enent or silicon, whereby the

concentratj on iﬁ%mr&%ag 09 nw@oﬁé tfmmhow.eg

t ailﬁaét 05'886‘ Crﬁ ?yer
|S—|§r dl meesenitgl. 9. gyt‘é\[]%[\l %ng%%ﬁ CW tBII]\I ﬁéﬁ%gu&pﬁeferablyNor

pr ecediongangl e an® (Ti.8ihaX &eererherind- 00y 2K is. phacactefizeg by thp fact

| ayer s yf ind R hayRINaeaadet have the fol | owi ng

t hi cknesses: - AIYCrl yN between 75 nmand 200 nm 25
- Ti ZSirklu®N abesshwneipyS@agavith 89 flaning CAPEHYT S ) X i xed
| ayer s oR(aICkDSiNXMix&d laylar d material |ayer in accordance

W th O%O&B‘d bt/Q;%mQF(@Pﬁ lj wgyes! ai ms, characterized by the
f act tgeht Lh h&gdqay%ever al consecutive
§anog>é ha&lg

| ayer materi al | ayer in accordance
Wit h df%PWﬁdS’Ya’t‘t‘f‘ét%‘F@W‘%ﬁ by the fact that the |ayer

39 p%g %Lte&?lg%aln Q§co‘lﬂanc§ Wil Cidife 1. EHafactBfi8h 6 tBdiadt 13t thet@ast

IF’)Tgi(Z: ei?r]tezftlyclnavéayer the aaC dtgna ;PZ Cﬁq;[ I?Cylelr2 aosovga/ll QOQ;%\YCI'?ISI) JZ'ﬁngd

c| anmyercispipia etiese] crR B e iR ff°'1n QE"PP Ntra‘(b agg/ ‘?'é(ét’sc’tf thg ﬁ%‘“'g
(Al y@hd of ejejneds brasif@n. i s deposi ted directl y onto the '
wor k piece or onto an adhesi ve ?%ﬁ hadet ch the fac thatthe
nét et"?‘ﬁf“a‘le%@‘e’ PReQEREeIAhEE™ R Bife® Sr'ac PRe” Prece

cl ai atdeastohafAaet- Xilayerds kyg!l asiiee adgtihal ¢, Gribet lager f%lfay‘érﬁm

X COo¥Bic by BE a@fitiosal §idredt d sifidon Xvhe@U\Ethe toayediratioh ofdfe erfents

the Qr@rodth%ﬁc@ﬁkéet in th@éﬁ@tftonaIQAlChw )d( rﬁ%d@éyb@' |l ayer in
accordance with one of the preceding cl ai s,

cHar det eaferat @yebyt ac¢pedance with one of the preceding claims, characterized by the
fact that the layers of the layer packet have the following thicknesses:

- Al,Cry,N between 75 nm and 200 nm
- TizSi;..N between 50 and 150 nm
- (AICrTiSi) X mixed layers 20 £ 10 nm.

5. Herd material layer in accordance with one of the preceding claims, characterized by the
fact that the layer comprises several consecutive layer packets.

6. Hard material layer in accordance with Claim 5, characterized by the fact that the layer

packet contains 4, 8 or 12, but preferably 8 layer packets.
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fact that an additional sliding |ayer is deposited
onto the hard naterial layer. 10. Hard material |ayer
i n accordance with one of the preceding clains,
characterized by the 10 fact that the at | east one

| ayer packet conprises the following structure: - one
(AICrTiSi) X mxed |ayer - foll owed by anot her
(AlyCrl_y) X layer - followed by anot her (AI CTiSi) X
m xed | ayer - followed by another (Al ) X | ayer.
1Wo 200k102ar d material |ayer jn accdfd: ‘295 UH one of
the preceding clainms, charadteri zed by the fact that

¢ he %rg( %%err(aﬂ%/%r iR a&;%%_%é Wlthabngrbﬂtﬂ §Téc@dlr%rclaﬁ1ts IH&rhdidri@ed by the
Wor kfarrﬁ Fhét"’é‘ee%ﬂ‘ﬁr(‘*'scé‘g ayéer g?epom dlpe\ét gc E% }%%Fk p¥e@@$r o]:\tggn

ance wth
of tduveespregedi ng cl ai ns. 13. W)rk piece in accordance

Wfli te(r:]léanil ggtén'lalllgﬁr |(r% Sc:ac[:r%gntcg {Mtq?og? othYe &'Q@dlrfgac%mst aﬁﬁactgrkl@d UWHJ(

consfastthetd BCr-aX F‘b(é‘l layer0r ApleR- ’:{?ﬁ‘é"ef BT g“ﬁnpgf E TR
formayeg tool, but preferably a drill.
9. Hard material layer in accordance with one of the preceding claims, characterized by the

fact that an additional sliding layer is deposited onto the hard material layer.

10. Hard material layer in accordance with one of the preceding claims, characterized by the
fact that the at least one layer packet comprises the following structure:
- one (AICTiSi) X mixed layer
- followed by another (Al,Cry.,) X layer
- followed by another (AICITiSi) X mixed layer
- followed by another (AL, Cry.,)X layer.

11. Hard material layer in accordance with one of the preceding claims, characterized by the

fact that the mixed layers contain a multi-layer structure.

-42.. . Work piece, charactenzed by the fact that the work piece comprises a coating in

accordance with one of the preceding claims.

13. Work piece in accordance with Claim 10, characterized by the fact that the work piece is a
component for machine and mould construction, a tool, a machining tool, a cutting or

forming tool, but preferably a drill.



