;e3er/o**+4, F-r. 6. T/ MX=Process for Depositing Conposite Coating on a
Surface TECHNI CAL FIELD This invention relates to physical and chem cal
vapour deposition (PVD and CVD) 5 of a coating for a surface. Mre
particularly, this invention relates to a nethod of depositing a conposite
coating on a substrate surface. The coating nmay have anti-sticking

properties and thus be muidsallrodsiiliz€onfbodll dositbloAGeRtee Plastic
encapsul ation of integrated circui packages. KGROUND OF THE

| NVENTION Integrated circuits (1C) are typically packaged in epoxy resins
or epoxy nol di ng conpounds (EMC), which protects sensitive portions of the
integrated circuits. The packaging of I1Cin these EMC uses | C encapsul ati on
nol ds. A EANHCALFAEED, t hat arises with the use of EMC is the tendency for
t hese nol di ng conmpounds to adhere to the 15 encapsul ation nold. Therefore
the encapsul at®is inCemivnkelges tepltsichbardicheiidaDvApatr @pesinsn (D afd and
prevents easy rel ease of the | C packages fromthe encapsul atl on nol

Di f f esentyrh KRS e % FMaBE, eMUgegﬂn afart é/ht‘ﬁksmt;e%hbl?p IJttt!:s t¥ ?f%e édsﬁ‘fﬁ' ness_of

the EMC to encaps ati1on nol vari e a resu ness of the

the enc | ati.on of | a | ow yiel d and cause frequent machi ne
down 11 e RS COHBB AR SEHIRON el B GUHNS 1y P s G ERpeFss
packages. To facilitate the rel ease of encapsul ated | C packages, reduce the
machi ne dodthusibgsuitahle fopluse on mahi gfasesdoeplaeventamsiilation ef inidgrited desitr abl e
to have a nold coating wth a conbi nati on of good nechani cal and
tri bol ogi(@papksygesrti es. The nold coating nmust possess 1 good adhesion to
the mold surface, have a low friction coefficient with EMC such that it
woul d have an excell ent wear resistance and | ow sticking strength. These
characteristics will extend nmold |ife and reduce surface energy between the
enabl | ng ease of release of encapsul ated | C packages
' Yo P BIVENTIONe are a nunber of nethods used for
deposi ting coatlngs on a nol d surface. |on

Integrated circuits (IC) are typically packaged in epoxy resins or epoxy molding

compounds (EMC), which protects sensitive portions of the integrated circuits. The
packaging of IC in these EMC uses IC encapsulation molds. A common problem that arises
with the use of EMC js the tendency for these molding compounds to adhere to the
15  encapsulation mold. Therefore the encapsulated IC package tends to stick to the
encapsulation mold and prevents easy release of the IC packages from the encapsulation
mold. Different types of EMC are used for their reliability and the stickiness of the EMC to
encapsulation molds varies. As a result of the stickiness of the EMC, the encapsulation of
IC can give low yield and cause frequent machine down time and can produce compromised

20 quality of encapsulated IC packages.
To facilitate the release of encapsulated IC packages, reduce the machine down time
for mold cleaning and extend tool life, it is desirable to have a mold coating with a

combination of good mechanical and tribological properties. The mold coating must possess




pl ati ng and sputtering are such nethods used. To produce ions for very
dense coatings, the conventional neans of producing ions includes hot
filanment el ectron beam guns, gl ow di scharge beam guns or hol | ow cat hode

el ectron beam guns are used. However, these nmeans are able to only provide
ions at above 50%ionisation. A nethod to inprove the process of 10

i oni sat | %ob)édjlé%ﬁnec@&h@ﬂmicpﬁrfa@é,%?riﬁYovi/ Fridt %%gfﬁtc?bn?m%f?gu&wﬁt it

ef ficient deposition of coatings. e use of a magnetic fie across the

el ectric fi in_the ttering neth was ..ntroduced,_t o increase,

oni sat § oo Rl e R eBisR et 403 ok GHekifG Pt . ahrwg RoRSpEsi ng
system f or_depositi nIg nmetal ions on a substrate is disclosed. This system
provi des VaH c¥icad moldlifeiapd edips smfacsengrgydteeknttomBldsard thebstingteaatding a
means of producing a magnetic 15 flux in the system such that al nost all

el ect r onsagesfatiehed MRyicdpbeianyl $CpatIRLEs fr6MRREIC bitabfifatfisheld thus
significantly increasing ion density in the system However, this has not
been gufficient [ I -produce .dense coatings.
T the publ | carcifanlibel GiERAkL A & RS Rl 8 Wiferd St BE
magnet r on uttering”, Thin Solid Filns 332 (1998) 295-299, the magnetron
sputteri r?c}ﬁﬁlgﬁn Pl?ﬂtgﬁﬁg arehinethodisysed gBa progyce igphifor ety degseeogiingsethecur r ent

(DC) was used to apply an electric field on the substrate such that the
subst r at €ohyentivaa) gdeans taf ppodusingaiges inoburdes et Glaednt ictkecfrom® beam |gunsyagodound
that only a thin chrom um oxide (Cr203) filmwas deposited wi th unreacted

chrom umdigdhirf€béam Hinskok BENIW CathRR eldeRoPbeahtiths BXARED. TeIWevel, thebSmefigWn t hat
there is a need for further inprovenent of coOating apparatus and net hods

to produ e [ \Whi facd.)tate.ease of release of | C packages
fromthe Tt Z%%aop ?‘Ié)ltv ﬂ%ﬁxﬁr}nﬂgg? °‘%@W@%ﬁé‘%ﬁ$}%ﬂf@@ ﬁ@rc’ﬁg%gso nt
inveabi on provides, an inproved sputteri n(g method to forma coating on a
subst'Pat dOEAUOROY . InPFEsIE aen WEFnsKY irnegdedipachigve e mpre afficisnt dppagitiaradi ng

| ayer, a transition interlayer and a functional |ayer. The nethod provides
a bi asi ngostymsscFhentse of a diafheticefidld byrpesthe tleppicdiel Sauhe pudteangppttiod dvasn
sputtering a target for depositing the target material 10 onto the

subst r at entsddub@F B inBrehfieioRlsa&) | : g;% f Lpcl ude a
- Direct Currerlllt (DC)n Toowelro, Sa Rag?(gm F?%arge(%%{/%(? %@edp%ﬁ r gﬁdgpgﬂﬁﬁ{gsﬂg Direct

Current wer.,  The .DC is lied to bias f.he target to generate ions
and at on'i(p cE:;i ggéggﬁgpsforo%pp ﬁl%% W&Z?glﬁé?l@rﬁ Ftr"lt%lsf%?cﬁ?steﬁeﬁ% LGy Pr © the
RF is applied to bias an electrode to inprove ionisation of the plasma to
f or m t he 2 glesiiedisldivhich ppdiragieditowrids 2 belisirate andd mdans Pigodurcing a magnetic
15  flux in the system such that almost all electrons generated by the system are trapped in the
system, thus significantly increasing ion density in the system. However, this has net been
sufficient to affect the coating structure to produce dense coatings. In the publication “Study
on chromium oxide synthesised by unbalanced magnetron sputtering”, Thin Solid Films 332
(1998) 295-299, the magnetron sputtering ion plating system in GB2258343 was applied.
20 A direct current (DC) was used to apply an electric field on the substrate such that the
substrate is biased with a voltage from the electric field. It was found that only a thin

chromium oxide (Cr,Q,) film was deposited with unreacted chromium in the film. From the

results of this experiment, it is shown that there is a need for further improvement of coating




15 applied to bias the substrate surface to induce alignnment and growth of
atons and ions deposited on the substrate surface. In a preferred

enbodi ment of the present invention, an unbal anced magnetron sputtering
(UMB) systemis incorporated as part of the biasing systemof the present
invention to ensure all ions generated during the sputtering are contai ned

in the plasianisondmansw & ﬁo&ﬁ&hdéneé'caﬁfﬁg J«Mahﬁm%téaeg oPTALAE Bl al so
I'n an énbo

i ncl udes supplying reactive gases. Iment of the presen

i nvention target , f t he hondi ng,Jayer is selected froma group of netal
consi sti ?&Clg%ge%ﬂgﬁlr%ﬁﬁﬁ ef‘?aﬂ’&‘ﬂﬁtﬁ?ﬂmglﬁlngsten and other transition netals 3
whi ch adhere well to the substrate surface. Wiile the transition interlayer
and the functional |layer are forned fromthe sputtering of another target
in the presence of reactive gases that are deconposed and ionised with the
RF power preferably in the range of 100 Wto 1200 W based on t he chanber
size and reactive gas flow rates used in this invention. 5 |In another
enbodi5ner§Umm@§MW SfHRN inert carrier gas and reactive gases.
The reactTve gases are rntroauced during deposition of the transition
interl ayer andgthe functional layer at a flowrate between 5 to 35 sccm

t he gases may h‘?ar%?a%t:m\ﬂﬁm%awqum prpyehpesingraetherhte forma poating on

but ane( C4H10) and nitrous oxi de(NO depending on the desired transition

“i nt er mediaswbstratg surfach€hosoagiep iy @) layéred sttt ire méth(aBdhylingriayen} AmensiticaH10)
gases 10 serve as reactive agents for form ng carbon doped chrom um oxi des

in the fupethgpRahd h&ﬂﬁtioﬁﬂch;fé}? ’I’Hetxﬁélﬂ@d‘?ﬁ)%@es %id&ieﬁ#fb%rrp%héie gﬁﬁ%ﬁgas i's

used to formthe transition Tayer. In yet another odi nent g

di scharg j erated.due to the influence of.DC,voltage applied to
the tar ggpp%s??%gﬁ‘é) e‘glscglg%air %&gﬁ‘e"i%r%ﬁp%ﬁiﬂg& ﬁa}:gg%'&; B‘Fﬁltlrfgr%‘feg?rﬁ%qwteﬁﬁe DC
power, _applied on the target range from2 to 3 WcnR. 15 Anot her enbodi nent
has BBC i thgeubsiaigisngadea theuernesoisodusna Theitypageéneyeringlyde aDirgg0 t o
300kHz applied to the substrate surface for cleaning the surface before
deposi t i diurreRhéDCDdwal & RgdiorBryqivacy @RI esbvase aad di Midsell Mitdre Clasht @HC)
transition internmedi ate | ayer and functional |ayer which is denonstrated in

the_exalmons IRRDERPpIS: Wt Aei MRSEE AR o of AL 8 ANt e

aspect t he present “invention pro § an apparatus for coatin
substrate_surface where the apparatusdncludes a, chanber, w thin which a
subst r at én%?ﬁlaéﬁ %?13? eeéfﬂcﬁ%%&e’é %g%ﬁa{see}ppgﬁ % B@t“,anaﬁ@‘é%o\gfa AP MPENG an

el ectrode are housed. The apparatus is biased by different power such that
t he substesaionofiiheplagmaite form fhglinterm¢diate tand dunatinnal(IPBE) anhbe PRCyist i S
bi ased with the direct current (DC) power; and the electrode is biased with
a radbo fapplipdetochiad flic)supals surfdte do PRk nligtneihadi ,oft 16mIRA[GHsUS
further conprises magnets arranged in an array to forma cl osed magnetic

field togpsdied oh ARSsuBBh&LRRcE Clusters in the chamber.

In a preferred embodiment of the present invention, an unbalanced magnetron
sputtering (UMS) system is incorporated as part of the biasing system of the present
invention to ensure all ions generated during the sputtering are contained in the plasma to

20 ensure a high ion density.
The method preferably also incIudés supplying reactive gases.
In an embodiment of the present invention, a target for the bonding layer is selected

from a group of metal consisting of chromiur, titanium, tungsten and other transition metals




5 Preferably, an inert carrier gas is introduced in the chanber for formng
a plasma of ions and atomc clusters. Mre preferably, reactive gases are
i ntroduced through the gas inlet at a flowrate of 5 to 35 sccminto the
chanber which are deconposed and ionised by the RF power. It is preferred
that the RF is in the range of 100 Wto 1200W Preferably, the substrate

hol der i syHioh diRR! WelPiddhd Hstiail %fa@.rﬁfnﬁle " B8 o B@ag%r%ggﬁ%gﬁg%ﬁﬂzt he

substrate range from50V to 600V at a frequency range

VWiile the Direct Current. (DC), ran from2 to WcnR2 The coating deposited
' thi s TRBEAT SRR RobeliEy GFmpiheRirest fybe pissare of gk sveshal ance

and anti-sticking properties conpared with existing coatings used for
i nt egr at ee deqogmpiosed 3nd)iorinechyih e RI6 powet pefclbleinsthe eange ofi 10 Homi 1200n of
each layer of the 15 coating, the substrate which is secured to a substrate

hol der | sWitakat @tthach@nbeisezehal VeehivasRMow ditesiRE infdzhn{eaYi6h. has a
t hi ckness determ ned by a duration of deposition. The thickness of the

functizonal |aygr .18, i rom 1.5 umto 3 umwhile the thickness of
the i At er medi éilﬁgni)tg)e/ﬂeérﬁl%orsaﬁfl%ﬁ{]%gp{agﬁﬁ'el%%l%deﬁ?%]dlr?{t-caﬁj.eﬁﬁ?ﬁ %{ﬁcfeficﬁge BYiTti ng

| ayer has_a thickness in the range of 0.1 um- 0.31um 20 In form ng the
coating, tIHINGiSses Hgdrtroduiced duringidenssitioa pfifhe Hgnsiten prerkwat anfethsod and
apparatus. The DC applied to the target, is set at a range of 2 to 3 Wcn®
i n deposiftudignal leyeraht flowbetedictgedndyer3 Saochhibe ghdes nigtiacladd: hiteenBact | ve
gases introduced through the gas inlets into the plasma are deconposed and

ioni sed RkyaaipOy) AethbAe(CRE) BOWRICLERNOME Ritrous o eﬁ@:&é&)&‘ftﬁn bn the HEGRAT
rom um

) !
target to formthe transition interlayer of c rtanfumnitride
(CTiN). -RE. [y achi.eve thi ransitjon ipoterlayer js.in the range
of 800W t@%&%ﬁg}aﬁ%@aﬁe@% rlht/@e Gres (Qedy i mets. CRS ?rd’g%aﬂﬁ I(E;*,w)&?ﬁen( ®),
nmet hgﬁe( CH4), butane(CAH10) and nitrous oxi de(NO . The coating fromthe
preseft FETVR A8 TReEveRgenis der foraingsatbay depedhsominem oxidestin thesfingiyonablayerer i ng
of the chromumtarget and deconposition and ionisation of Oxygen (QZ) to
forma clindtheniirogénd®, ) GridG3)s ¢xadeeNO) bds ey i@t ity &rih, the trhadiistnaidd ) may be
introduced in the apparatus as a second target in
In yet another embodiment, a glow discharge plasma is gencrated due fo the
influence of DC voltage applied to the target in the biased magnetron sputtering system.
Preferably, the DC power applied on the target range from 2 to 3 W/cm?.
15 Another embodiment has PDC voltage ranging from 300V to 600V at a frequency
range of 100 to 300kHz applied to the substrate surface for cleaning the surface before
deposition. The PDC voltage may be varied according to the desired transition intermediate
layer and functional layer which is demonstrated in the examples described in the detailed
description that follows.
20 Another aspect of the present invention provides an apparatus for coating a substrate
surface where the apparatus includes a chamber, within which a substrate holder for securing

a substrate, a target, a gas inlet and an electrode are housed. The apparatus is biased by

different power such that the substrate is biased with a pulse direct current (PDC), the target




addition to the chromumtarget to forma chromumtitani umoxide (Cr-Ti-O
functional |ayer. Preferably, the RF power applied to the titaniumtargets
to formthe functional layer 10 is in the range from 100 to 500W
Preferably, the PDC power applied on the substrate surface for the
deposition of chromumas the bonding layer is in the range from 100V to

150V at  gs hiRed $hYthe ANG6: Qfrrenf (ﬁ%%%@wlﬂ%gh"tﬁe efeLRb & %br;f sed it B%aigover

applied to the substrate surface the deposition o chromumnitride
(CN) as ghe tr ition interlayer range fromb50V to 110 V at a frequency
range frﬁﬁ%ﬁ%ﬁ%p‘mﬁ'km. It is preferred that the PDC power applied to
the substrate surface for the deposition of chrom umtitaniumoxide (CTiO
as functional Ingpseferedmebadinentsy apparatgofirther confprisepmagnets amaggeinfanom
50kHz to 100 kHz. 20 Another coating fornmed by the present invention has

t he transirtay o0 foriit £elbRy efiagnbied BeltinG rétdih Qs Ridnkit dRistefd iNihe AL UM
nitrate (CrNO or carbon-doped chromumtitaniumnitride(Cr-Ti-N). In yet -

anot her coati . i I i l,. | ayer

el udes 6 acisRblRh MoriehficPLATE Ruod KeAh bbb o RARG e E, o
sputteri ng%si ngl udes chromium as,  one target and titapiumas a second target
in the proSanealomis clysicrsMommcimablyarracttie gases arrdntrducedibrqugh theggainlets BRI EF
DESCRI PTI ON OF THE DRAW NGS For a better understanding of the present

i nvent i orit afldwirate ohdte Fosecintiniodlye dhamber Whiched deamymdedanitisnibeitgahe RFI | now
be described by way of non-limting exanples only, with reference to the
acconpanyoigr. df B \préTaiFedABH BE RF is in the range of 100 W to 1200W.
Prefer_ably, the substrate holder is rotatable and the Pulse Direct Current (PDC})
10 applied on the substrate range from 50V to 600V at a frequency range of 50 to 300kHz. _
While the Direct Current (DC) range from 2 to 3 W/cm?
~ The coating deposited in this invention demonstrates significant improvement in
wear resistance and anti-sticking properties compared with existing coatings used for
mtegrated circuit (IC) encapsulation mold. To ensure even deposition of each layer of the
15  coating, the substrate which is secured to a substrate holder is rotated at a rate between 3rpm
~ 20 rpm. Each layer has a thickness determined by a duration of deposition. The thickness
of the functional layer is in the range from 1.5 um to 3 pum while the thickness of the
intermediate layer is in the range of 0.3um — 0.8um and the bonding layer has a thickness
in the range of 0.1pm — 0.3pm.
20 In forming the coating, the bonding layer is first deposited using the present method
and apparatus. The DC applied to the target, is set at a range of 2 to 3 W/em in depositing

a chromium bonding layer on the substrate surface. Reactive gases introduced through the

gas inlets into the plasma are decomposed and ionised by applying the RF power through




FIG 1 is a schematic view of an apparatus of the present invention; 10
FIG 2 is a schematic view of an apparatus of a preferred enbodi nent of the
present invention incorporating a magnetron sputtering system FIG 3 is a
cross-section of the layers of a coating structure produced by an

enbodi mrent of the method of the present invention. 15 DETAI LED DESCRI PTI ON

OF THE | NYEINEHOR bt dGedondGR10EMS KGR thy trai¥h iRteRSfer Hpc}%rtnﬁﬁéﬁ{%gi;iﬁﬁli&ﬁielo

according to an enbodi ment of the present iInverition w g chanber

“on a tar gor D 5F M5 T AuBE R batedh iR T B B BRbe el B0 T

the. chanber 12 with Argon as carrier gas. The carrier gas forns a gl ow 20
di schar g 28P%sbhg geackee \gases myycinghasler nitpogrheh):t hveyg&n@gzm gethape(€dhp
i oni sed under the influence of electrical energy and radio frequency (RF)

pover. Thetak@H) aal nitoey qyddSONIT WP EkrigeRbr thetpieehtafisthef ha adificiehalcur r ent
(DC) 22 voltage applied to the substrate 14 and in the formof a pul se

direcg c : ﬁxﬁm' t . ile. radio 7
frequtgnc;/lﬁ%eg&‘;ehrl&flg% b%go r#%htgg%?}le %‘?ﬁh‘%ﬁ‘“&ﬁﬁ’é{’%@o é%te%&e#es‘ﬁ}grrhm%fiasm in
t he wor ki.nlﬁ %ham% 12 Qg re.reactive, gase e introduced. The biased

syst em 1d°HSRHNS = gfq fogmjaPhrpiim. ey ?gq:fpgi)ilfﬁ’ﬁr-enabl es a hi-gh

ef ficiency of ionisation. The use of DC supply enabl es stable fornmation of

i ons and at oniAdteshaiyekyy dtasipom (e eay be introdined imthg eppatBus FreseRhhd3aggetiar 24
applied to the plasma provides effective deconposition of the reactive

gases. Theditiea t6thet dheoriogm m%a agRrAN SHISmSIMD fitdnaln® oRide ROATRPY WindtiBR410ved
gquality of coating deposited as the PDC voltage provides efféctive ion

bonbar dmgpt. t9.RASS) i O e LS on the grow n
coating sé}ﬁe 'acg. @Wghéa%%g%%ﬁ%ﬁg& tr?nﬁ}e E“g rmdlpa?@g%t%{}gmf ﬂ%el @ﬁg%ggl\éyﬂ%onal
targets dependin nthe ty of coating to be deposited. Wth an increase
of 1 EJt ar‘@&t ,eraél%ggrﬁgl qu tpﬁg)g%di tional targets may be used to replace the
el ectrode for applying RF to the Ar plasnma dependi ng on the anount of
sputtering reduticrably thenPPGepomar gpplied dd 1Be 2ubdtmtssurface forahe deeditpnaddi ment
where the apparatus 26 is applied with an
chromium as the bonding layer is in the range from100V to 150V at a frequency range of
50 Hz to 100 kHz.
Preferably, the PDC power applied to the substrate surface for the deposition of
15 chromium nitride (CrN) as the transition interlayer range from 50V to 110 V at a frequency
range from 50kHz to100 kHz.
It is preferred that the PDC power applied to the substrate surface for the deposition
of chromium-titanium-oxide (CrTiO) as functional layer range from 50V to 130V at a
frequency ranging from 50kHz to 100 kHz.
20 Another coating formed by the present invention has the transition interlayer
including chromium nitride {(CrN), chromium nitrate (CINO) or carbon-doped chromium-

titanium-nitride(Cr-Ti-N).

In yet another coating formed by the present invention, the functional layer includes




unbal anced magnetron sputtering physical vapour deposition (UMS-PVD)
system Four targets 30a, 30b, 32a, 32b are installed at a side wall 34 of
a cylindrical working chanber 15 28 in apparatus 26. Each target is nounted
on a magnetron 40, which conprises a nunber of nagnets 38 arranged with
alternating nmagnetic poles arranged in series formng a continuous nagnetic

field to cathonodsskd chidhshmalignibolelgde ¥8ran a0l ohadrabhe shatbiin t he
substrate 14 i sa%i aced on the 1hoI dere J1(3ri n thg vvorrki ng ?ﬁanbegr 3%%1?&6?%

substrat ] i I .ultrasonically, in,alkaline solutions,

i noed ardTofbioRf o afuct i Gt b4 8 3R Bonsds o RpE BrES of Ghviguaints | o
then cleaned in situ in the working chanber 28 with argon plasma by

app! yi ng TBtheB PutRne @t feagliver g85¢S- (PDC) power on the substrate 14 to renove
surface contam nants |ike oxides, noisture absorption and organic

contam nants. 8 The substrate 14 is rotated about a central axis of the
hol der 13. The working chanmber 28 is then flushed with a carrier gas Argon

(A), swhigrrrspebchiBRONORIME PRAMINGS to ensure that the A plasma

. fornmed in the working chanber W provi de sufficient Ar ions for the
sputtering of dgn at o nd..cl usters fromthe targets 30a, 30b, 32a and
32b. The puri t#fr(?fsbe[ﬁt%uﬁe@%‘?q“?%ff SPIEFUh URCRTOR %‘Egtocﬁ@ﬁﬁ E‘&‘V 1} gg¥t%on

bet ween reactive gases 42 introduced into the chanber 28 with inpurities
carri ed Wyrfpreedyembadinests hggeof Wimomebe désvrbagidseway! 8f nove limdtésg exampbagen
(N2), oxygen (Q2), nitrous oxide (N202), nethane (CH4) and butane (C4HL0)
whi ch. mayonbg witht refeteiee to i adeo@iingRigl @slvingt ¥hedid: ng deposition to devel op a
coating on the substrate 14. The holder. 13 on which the substrate 14 is

secured i§gh qti@‘h%&le}rgaiﬂ:%@5%@%@%%%{%&&6%@ilthr::ent‘fo%?t ing on the surface

15 of the substrate 1 ness of € coating fs determ ned by the

time qf ogition, It is, foupd that by applying RF power to the Ar plasma,
t he #@ae&ﬁ@eﬁg‘é@e@mﬂ%f”fe&c??%WP%WF §%& pigtergd pmpodimentiod the pressr  whi ch

is a conposite nmetal oxide as part of the coating on the substrate. By
bi asi ng tifenfign eemeratingapagrietos poittteeing sgstemyd | oni sation of 15 target
atons produce a constant and stable ion density in the working chanber 28.

Wt h t he FIGghistedrsést ctidn dfahdRYerTBE AkodtRB Stradtfrel PORuCEd bY RE ehBaGeN G rIases
in the working chanber 28, a dense coating may be achieved. DC power is

chosen t | | jew of the stability and ease of control. PDC
power m%@%lg%ﬁo?ggﬂ{egﬁ%étlgg%n\sﬂtorgate can be controlled through the frequency
of the pulse while this is not possible for DC power or RF power. |If 20 DC
is applied to both targets) 30a,b and 32a,b and the substrate 14, an

el ectric arc may be generated which nmay destabilise the plasma, causing
damadé t @ETAILFINWDESCRIPEION OF DHEIINYENHON 0oati ng quality. In view that RF
power is nore unstable and hence nore difficult to

FIG.1 schematically shows a set up of an apparatus 10 according to an embodiment

of the present invention with a working chamber 12 that houses a éubstrate 14 secured by
a substrate holder 13, a target 16 on a target holder 17 and inlets 18 for introducing reactive
gases into the chamber 12 with Argon as carrier gas. The carrier gas forms a glow
20  discharge plasma in the Wo;'king chamber 12 when the Argon gas become ionised under the
influence of electrical energy and radio frequency (RF) power. The electrical energy being
supplied in the form of a direct current (DC) 22 voltage applied to the substrate 14 and in

the form of a pulse direct current (PDC) 20 voltage applied to the target 16. While the radio




control, it was not used as the biasing power for the substrate 14. It was
found that PDC was suitable for biasing the substrate 14 as this form of
power source can be effectively controlled to grow and realign the ions or
atonms on the substrate surface and thus inprove the coating quality. RF
power is applied to the plasma to enable the nol ecul es of reactive gases to

deconpos e&éq&bﬁbﬁicﬂmx&RFWis%ﬁﬂlié@t{lﬁ%ﬁ%fe%&E&%%e h?ﬁﬁ{smgfin Eﬂéﬁ}{l&'ﬁ}?lgi ng on

the 5 substrate 14. RF nmay be applied to deconpose and 1onise e active

gases in | asnma rough one .of the,t ts or wit n addi ti onal
el ectr-ode%hgj%%fir %%r“g%e]fe%‘t‘c}%e |S%ﬁwarfé§'§°4"5ﬁ§ ii’g &Pég‘i?rs}éﬁerf‘ ORAYHE DOV ect ed
to act as ap electrode for the RF power. Together with the magnetic field
provi ded BPlisd@ thyssoriigyraion enables pdighmfbicigroyerf aendshtiniLt Fhetuse oADE supplyhe
applied powers are contained in the working chanber 28 thus inproving the

ion 10 demsbleystalid firamtion bhine aad toghiclelnsiedsyputhirl frdmINOWEgd 16, THARFNY
design on the substrate surface. The substrate surface 48 is first coated

with ' ' ' . net r-an
Sputt o Ty o SR MK Blasid provic e dh AR, B RUTERUIERRED T ¢ o1 e
on top of thj tal bondi | ayer 50. The graded_transition interlayer 52
may conpri*g 8{- @‘F ﬁlxg &F 0% a'%f!}g%{f@ff‘al?“%ﬁ PBYut Hnprov ebquakifepicoating dappgjted
functional layer 54 is fornmed on top of the graded transition interlayer

52. Thi s a theck PO valtagepyevidgsffestive ivnbambandimdet toasgsishd digniteat dfibedemdss of
this functional layer range froml.5umto 3umwhile the thickness of the

i nt er mediatdres bAaYes giowihd cbdti r@?ﬁ@e.ofrh{a-a%gﬁiaﬂmﬁmnaffﬂ»etlﬁsmﬁe@@d Rgnjdyer has
a thickness in the range of é | um 0. 3um 20 The follow ng exanple 1s used

to illust r ' t e [ ith th r nt et hod.
Eeanl o (LR Eecl dERIA, O HENGRE of BEDE b Bonollied R BB e

di sks1 of 50 mmin 10 dﬁiﬁrret r and 6 mmin_thickness were used as
substiPat &8sy a0yapeef e gddiBengl tarests say hepisediosplaes e slagodmier applying
characteristics of the coating by the current nethod. The pressure in the
wor ki ng diaieshe A2 lazms dppendit atothwe atmouitalfeputiering tqfired drom drdargaich
substrate was ultrasonically cleaned, followed by in situ Ar plasna

cl eani ng wi t h AGRUHSsdhd ?‘gfen%ﬂrehﬁo%irﬁéﬁ%e@tﬁé %ﬂ{aﬁﬂﬁé)% %éh Bﬁe&ggfﬁh?}gﬁ) gas

applied on the substrate 10 to 30 m nutes. oug argon

flow duri I tion was set .at a rate of. 10 it can be vari ed.
The substugg?lé&:%g ql?%%gﬁa% pélrtiteflﬁ%laﬁ‘éﬁ“&f‘i aRur ge?%ftg)ﬂo@ﬁggrplvdﬁ)r HeEh g e
substrate tenperature is raised to a range between |50C and 300C by pl asma
bombar drréfﬁg?*gg%éﬁéi s dtb amsdnsdjsd it eisishe vallviet efieccviindrigrd weorking odrlzat t o t he
target and substrate. 10 According to the illustration in Fig. 2, chrom um
and tibt aZBumnppetaths 26. cEach eatgatds mpngiet on 3Qeagndedh 4B Jhicledbepaiebs a dligbdrar get s

are biased with direct current (DC) power while one of the targets is
bi ased Wok ndgadis03d h2shieA Wit BRmRM P hagddf 405 bir-HeRa it deficd !foq'ﬁﬁlgg with
continuous magnetic field to surround a substrate holder 13 on a rotatable shaft.
Before the substrate 14 is placed on the holder 13 in the working chamber 28, the
substrate surface 15 is cleaned ultrasonically in alkaline solutions, rinsed and dried by
20  blowing nitrogen gas. The substrate surface 15 is then cleaned in situ in the working
chamber 28 with argon plasma by applying a pulsed direct current (PDC) power on the

substrate 14 to remove surface contaminants like oxides, moisture absorption and organic

contaminants.




pul sed direct current (PDC) power. The DC power applied to the chrom um
targets is 2 to 3 WcnR2. The RF power applied on the titaniumtargets and
the pul se DC applied on the 15 substrate is set out in Table 1 below. Table
1 RF Power applied on titaniumtarget to form -CrTi N IlayerRF 1000WCr Ti CO

- functional |ayer12F 300WPul se Direct Current power applied on Substrate for

form ng: -O bredsubsysé 13QY rathie@Gbltizd c&ithll kRNt the @BIAERYS! GRY WRrkmgkHz !
Cr-Ti-C O functional |ayer60-110V at 50kHz The chrom um targets 30a, 30b

have DC ] for _sputtering,too generate chrom t ons,

i ons andnzgl\té%?ﬁmiﬁg Sﬁlge?leédsgﬁ%cg‘}lﬁlé ngnln r?g gﬁ*‘e‘%‘d‘%’f‘g nwﬁ}?ﬂtlﬁghggﬁgw% ﬁf%’
surface 48, During the deposition of an optional graded transition chrom um
titani umRiasoses tatthe Ayplaspadornedig theyerkimgpchamberyfill revidppifidenttis t he
titaniumtarget to provide deconposition and ionization enhancenent of the
reacti ve igesfes thepufierirignef iciep a®indsiand chfstekhBoiUne targitab0d, 39 r3224nd BEX. power
is applied to the substrate 14 to induce growh and 5 alignnment of the ions

deposist edTROpIMRS oFURSAF GlSorSE hRE Sniftfnizt8MeRTeAl REchid] %g%ég%tiev%%ﬁss 2a,

32b biased wth the respecti've power configuration provi ity and

efficiency.to control.the pla .density and e_ion energy. It was found
t hat dur i‘%}édm&%j%%‘* ]Pg’othe g}ﬂﬂﬁﬁgfﬁﬁﬂ t“PB‘Hﬁ?éS F%R}E‘i Q%ﬁ‘eéfr CRIRET %Se d g?\fea?tﬁi?e ntion,
t he substrate 14 has a bias current which is significantly higher than that
i n the urdsasaticghaynidiogen Mpuetyeen §@,)s pistosmonsls (N, B9 dmietha® (€Hg 4ok pat ent
GB2258343 Fromthis significant increase in the bias current in the

exper i mertusine (€gHi| )X which nay besherductdada édr@rofaPtatE MrirpdcPbsifbn ROWREIOLNCT ease
i on bonbardnent density on the growing coating surface. It is to be

appr eci at:elafiye GMhe AMGaLE! 1l q%ehlgledregg? 8 %thcplgié? érd%guﬁQ?X% ds%ﬁgrgé [RbipQ of 15

present invention Is to be consi ative an hot restricted
toor.imted to the er{bodi nents. difications my be nmade tq the

i nvertfi of® SSUEHGRR dFRPSttion of sertingion the B Rcedn pEhastistate 1de Jhe thifkessem t he
scope and the spirit of the invention where such enbodi ments provide

advant agdhe ewtipt isdateramnedthy thh e ofldepasitjordescri bed. 12 We claim

It is found that by applying RF power to the Ar plasma, the reactive gases are
effectively ionised to form a fimctional layer which is a composite metal oxide as part of the
coating on the substrate. By biasing the target with DC, the sputtering and ionisation of

15  target atoms produce a constant and stable ion density in the working chamber 28. With the
high density of target metal ions and ions of the reactive gases in the working chamber 28,
a dense coating may be achieved. DC power is chosen to bias the target in view of the
stability and ease of control. PDC power when applied to the substrate can be controlled
through the frequency of the pulse while this is not possible for DC power or RF power. If
20 DCis applied to both target(s) 30a,b and 32a,b and the substrate 14, an electric arc may be
generated which may destabilise the plasma, causing damage to the power system and giving
poor coating quality. In view that RF power is more unstable and hence more difficult to

control, it was not used as the biasing power for the substrate 14. It was found that PDC was




1. A nethod of sputter deposition of a thin filmcoating on a substrate
surface conprising: providing a target; 5 supplying an inert gas to
establish a plasma within which the target and the substrate are contai ned;
supplying a radio frequency (RF) power to the plasma for providing ions for
bonmbardi ng the target and the substrate surface; applying a direct current

(DC) vol tsagsble Got Bﬁsﬁﬁgrtﬁgtsuﬁé@ra&omta@ﬁhfs%ﬁﬁtoﬁ%v?err's%hﬁ:ecganl& e\ Eryscal e
for deposition on the substrate surface; app ying a pul se direct cuP(rent

DC I d h af d d
(P00, volsggend o, ERAI e H9H58 8 bARTERLGRhE R B hraes

i ncludes trapping of ions in the EI asma wWithin a 15 nagnetic field. 3 The
met hod adbBoFRAG dpelity) BFmover wapnbedtoshpplagmatp enahletthe molssules of rastive
pl asma, wherein the reactive gases are ionised by the radio frequency power

suppl i ed gasestth@lepdrasora iito afcriiioms £1d fohd (B filkbBohal 18@abEthe 28athg dh@emet hod
according to claim3, includes deposition of the materials of atomc scale

forneg frsﬁﬁ?.tfa@en!@ eﬁlﬂ ﬁﬁ%‘ob‘éﬁgﬂeﬁﬁt@%&&gﬁa&% ‘d%fus@ttﬁe I%H%v%céas&slp%?%’}t s in

t he coati ng. accor he reactive

ases are |ntr uc at flow rate, between to 30 sccm 6. The nethod
gccor di nd'#5"% Ctﬁ‘?l ﬁﬁ pne %@‘Fé?rﬁetts RE Whthea tg)ngl eJesRdei $hnarert fiomwhishs

generated by the direct current voltage. 7. The nethod according to claim
6, Wm@reé eilesstipns aip desined dunsuatly selotteditpeachpphi eldctoodet foethedR powerafiggetfierom 2 t o
° with the magnetic field provided by the UMS-PVD system, the jons generated with the aid
of the applied powers are contained in the working chamber 28 thus improving the ion
10 - density and hence the coating density.
Fig. 3 shows the coating design on the substrate surface. The substrate surface 48
-is first coated with a metal bonding layer 50, using the biased unbalanced magnetron
sputtering system (UMS-PVD) 26. A graded transition interlayer 52 is formed on top of this
metal bonding layer 50. The graded transition interlayer 52 may comprise of 2 number of
15 = metal alloy nitride layers. A third functional layer 54 is formed on top of the graded
transition interlayer 52. This functional layer 54 is a metal oxide composite. The thickness
of this functional layer range from 1.5pm to 3um while the thickness of the intermediate
layer is in the range of 0.3pm — 0.8yum and the bonding layer has a thickness in the range of
0.1pm - 0.3um.
20 The following example is used to illustrate the formation of these layers with the
present method.

Example

In the following example, a number of polished high-speed steel disks of 50 mm in

i0




10 8. The nmet hod according to claiml, wherein the pul se direct current

vol tage applied to the substrate surface range from50V to 600V at a
frequency range of 50 to 300kHz. 9. The nmethod according to claim1,
wherein the RF power is in the range of 100W 1200W 15 10. The net hod
according to claim11 includes rotating the substrate at a rate between 3
-10 rpm  didmetdhmdBEhRrE fggcoating
has a thickness 20 dete#ﬁ?ﬁgﬁgg§ﬁyﬁggﬁ%gﬁﬁgégsg%gEﬁFpgﬁQﬁCB&h¥ﬁﬁh#%thod
according_t nc ud tterin | east o et for.t
dep05|t|%ﬁd§?%' e?&%ﬂ&“?ﬁ?ﬁ ?ﬁ? eF%ﬁgggwﬁheﬁmg?ﬁéﬁgh§t§§gP5FﬂFeﬁh ein the
multiple thin film14 | ayers include a bondlng | ayer, a transition

i nt er | aye¥orkie chambar 28 ovasi pumagedrdovasto Hewnkt 195 dait ond ehagsubstralk avam 12,
wherein the transition interlayer and the functional |layer is sputtered in

the presaritssonicallealeinedefdiased by k24l W @thshid ddaging! viSR palke dBedt QirgRd DY
the radio frequency (RF) power to formmterials of atomc scale. 14. The

met hod agppy bﬁgof% 9"3511%%@??%%@6:@0&%ﬁlﬁ%%?l@ﬁh%smﬁ%%ﬁd@tﬁ%ﬁd from

a group cons sting o nitrogen ane

(C4H10) dnitr g | de ﬁ§§ﬂ . The nmet hod accordin to claim13,
wher ei n tafﬁ%atg%é‘& SARflov yEpe eﬁ“t“l‘ﬁ‘b‘i’(?ﬁe?éattq{&%e afdAgecmibsAntbeyaged-t o 3

um 16. The nmethod according to claim 12, wherein the deposition of
chr om um ddeshkstrat ipmiatehon thaynetder gisulaterfBrotf ppusridehe subsivite senapgeratateum
target wth the PDC voltage applied to

is raised to a range between 150°C and 300°C by plasma bombardment, depending on the

deposition time and the powers applied to the target and substrate.

10 According to the illustration in Fig. 2, chromium and titanium metal are used as
targets 30a, 30b, 32a, and 32b. The targets are biased with direct current (DC) power while
one of the targets is biased with radio frequency (RF) power. The substrate 14 is biased with
pulsed direct current (PDC) power. The DC power applied to the chromium targets is 2 to
3 W/em®. The RF power applied on the titanium targets and the pulse DC applied on the

15  substrate is set out in Table 1 below.

Table 1

RF Power applied on titanium target to form: -

CrTiN layer RF 1000W

CrTiCO functional layer RF 300W

Pulse Direct Current power applied on Substrate for forming: -
Cr bond layer 110V at S50 kHz

CrN transition layer 60V at 50kHz

Cr-Ti-C-O functional layer 60-110V at 50kHz

The chromium targets 30a, 30b have DC power applied thereto for sputtering to

generate chromium atoms, ions and atomic clusters for coating deposition on the substrate

11




t he substrate ranging from 100V to 150V at a frequency of 50 Hz to 100kHz.
17. The method according to claim 14, wherein the deposition of chrom um
nitride as the transition interlayer resulting fromsputtering a chrom um
target while applying PDC 20 voltage to the substrate at a range from 50V
to 110 V and at a frequency ranging from50kHz to 100 kHz. 18. The net hod

accor di n%ui‘i@c@i@bi’[h‘ﬁ? theMaB6SHidh AR oPERAS Ll vrAfitioh CAEL A bitn i Hifided

oxi de as functional Tayer resulting fromsputtering chromum and titani um

sov to. 13600 NG bt L5 RERF irdiengF cPbliRb bk b Hsmafe et ubvRe

met hod according to claim 14, wherein the deposition of the transition
i nt er | ayefecp@pofition adganigptinn enhpprgment ofithe feattive: gaseped?s Ruwingi depositgorodf
chromium and titaniumto formchromumtitaniumnitride. 20. The nethod

accor di nghe duztiahahldyer SUhEDE povidids defiiedithithd substrhidel 4t toaRGide] PHwinndRr | ayer
10 results fromsputtering of a chromumtarget to format |east one froma

gr oup 5CoNFeitdeRothe fAE 95%(%@%@% Eﬂe%b?t?%ee &%fa%g]ﬁ?}fa%{r%fqﬂ% ha:r%e(?se 3 0a2 §|Olt) The

met hod according to clai ereirn eposrtion m un¥trtani um

nitride t sition_interlayer includes having the RF power in the range
of 800W ta@ai%fblnkﬂwl@z‘ﬂe 9RCHNE ROYCLACaB LR P vKicaflaxitility ddsiBripnahe
deposition of the functional |ayer results fromthe sputtering of a

chr om umtp&eyjeal theplésmadepsitynand thasin coagyolt weasgbondthatatusing depugitioh of the

car bon-doped chromumoxide (Cr-C-O and chrom umtitani um oxi de

Geposi 11 0 oF Chr or-urm &1 1 o o O ey B MR I
i ncl udes HaYEOGuY HiHRE HiTh 3 T 12" 86HaE04 rﬁa%et'?xl):n §eling system described in
10 the UK patent GB2258343.
From this significant increase in the bias current in the experimental results, it is
. shown that the application of RF power increase ion bombardment density on the growing
-coating surface.
It is to be appreciated by any one skilled in the art that the above description of
15 - present invention is to be considered as illustrative and is not restricted to or limited to the
embodiments. Modifications may be made to the invention as shown in the specific

embodiments without departing from the scope and the spirit of the invention where such

embodiments provide advantages complimentary to those already described.

12




in the range of 100Wto 500W 16 24. A sputter deposited thin film
coating on a substrate surface conprising a bonding layer, a transition
interlayer, and a functional |ayer, wherein the functional |ayer is

sel ected froma group consisting of carbon-doped chrom um oxide (C-C O
and chromumtitanium5 oxide(Cr-Ti-C O . 25. An apparatus for sputter
depositi oWe@faim: thin filmcoating on a substrate surface, the apparatus
conprising: a chanber having a substrate hol der for securing a substrate

and 10 a target hglder .for . securi.ng a.target..wthin the chanber; an inlet
for supplying }%a{%‘%% 8ftsﬂ]éﬁegh(§eﬁﬁgﬁ,gn é)f;ﬂﬁlﬂ%oﬁlﬁi Feating Qf Pegtlfgs’tﬁg‘?/\é?&%cﬁppl y
for applying a pul sed direct current (PDC) voltage to bias the substrate; a
di rect curr€¥EPPHEINEr supply for applying a direct current (DC) voltage to
15 bias the target; and an energy supply, including a radio frequency (RF)
power, for appryvidggartarggy to the gas; wherein: the direct current (DC)
power is supplied to generate materials of atomc 20 scale fromthe target;

and the pul se@;ﬁ@g@gg@%@gb 4Pifin Pk, %ggjﬁ@géﬂﬁg tt%getgug@ggu@shja%“”e“t

and growt h of _ f~atom ¢ sca bstrate surface;
t he ener%egot%geﬁké/d;ls provided to the gas to forma plasma within the 17

supplying a radio frequency (RF) power to the piasma for providing ions for
bombarding the target and the substrate surface;
applying a direct current (DC) voltage to the target to sputter target materials of
10 atomic scale for deposition on the substrate surface;
applying a pulse direct current (PDC) voltage to the substrate to induce alignment

and growth of deposited materials on the substrate surface.

2. The method according to claim 1 includes trapping of ions in the plasma within a

15  magnetic field.

3. The method according to claim 1 includes supplying reactive gases to the plasma,
wherein the reactive gases are jonised by the radio frequency power supplied to the plasma
to form materials of atomic scale.

20
4. The method according to claim 3, includes deposition of the materials of atomic

scale formed from ionised reactive gases on the substrate surface as dopants in the coating.

13




chanber. 26. The apparatus of claim25, wherein the apparatus conprises
magnets arranged in an array to forma closed magnetic field to retain ions
and atom c clusters in the chanber. 5 27. The apparatus of claim 25,
wherein the substrate holder is rotatable. 28. The apparatus of claim 25,
wherein the target is selected froma group of netals. 10 29. The apparatus

f clai mgs, j ' - I35k | f
of clai m®8, WiRRithod A&@om{g%uah% 61?@!_1%&5% eART Zasll %'é@ntfo(aﬁgég,%tt & GO

titanium chrom um and tungsten. : e apparatu claim erein the
inlet has flow rate.of 5 to 35sccmfor the gas introduced into the
chanber . rf%bfh’?eeﬁ%oégﬁﬁ?rﬁt us of claim25, wherein the gas is an inert gas.
32. The apparatus of claim25, wherein the gas includes reactive gases
selected froma group consisting of nitrogen, oxygen, nethane, butane and
nitrous oxide. 20 33. The apparatus of claim 32, wherein the RF power is

used to.idcr edie method atdoadingto dlhien 1 akdrEMehpBHa islBglowdfschiid@ phRRAN at Us
of claim 25, wherein the pulse direct current (PDC) voltage range from 50V

to 60GQV aéen@raf]eg _ Q&i\‘e&@ﬁ!{g&t%)l(t%to 300kHz. 35. The apparatus of claim

25, wherein t irect current voltage range from2 to 5 3 WcnR.

7. The method according to claim 6, wherein the direct current voltage applied on the

target range from 2 to 3 W/em?

16 8. The method according to claim 1, wherein the pulse direct current voltage applied

to the substrate surface range from 50V t0.600V at a frequency range of 50 to 300kHz.

9. The method according to claim 1, wherein the RF power is in the range of 100W-
1200W.

15
10.  The method according to claifn 1 includes rotating the subsirate at a rate between 3

~ 10 rpm.

11. The method according to claim 1, wherein the thin film coating has a thickness

20  determined by duration of deposition.

12. The methed according to claim 1 includes sputtering at least onc target for the

deposition of multiple thin films layers on a single substrate, wherein the multiple thin film

14




36. The apparatus of claim25, wherein the RF power is in the range of 100W
to 1200W 37. The apparatus of claim25 wherein the sputter deposited thin
filmcoating has a 10 functional |ayer selected froma group consisting of
car bon-doped chromumoxide (Cr-C-O and chromumtitani um
oxide(Cr-Ti-CGO. 19 .A LB. AF; L. AF; L% AF; L. AF; LB. AF; OB. AF; OB. A;

0B. A0/ . ARBRAERRIO@HRn %%ﬁ#%ﬁrﬁﬁﬁh@ﬁqrﬂfﬂ%@ étf Qaa]l BE6FR/ *} _m |
zupkfa\ W] ca] ca] ca] ca] caJca] ca] ca] ca] cajJ cd] ca ca] ca]ca]ca]ca]ca
] ca] ca] c”a] ca] ca] ca] ca] ca] ca] c*a] c”a!

HGh#ym 9] Zxi nzupkf a\ W] ca] ca] ca] ca] ca] ca] cal ca] ca] ca] ca] ca] ca] ca] ca] ca] c”a]
caj ca] ca] ca] ca] ca] ca] caV] ca] caV] ca] ca].aca] cajcaljcaln' zm

@110"f""Kyn M%w@or 7 {9 @daymsid, dvikvtio] iba ] teaibitiah cajetaywajslajhea] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]calca]lca]calca]jcajcald)))?2
* D * ¥ +g++fidctional Iber-is sputteretiéh fHeGresence of reactive gases introduced to the plasma and
OFO00P1| wr ngb] XV] ] ca] ca] ca] c™a] ca] ca] ca] ca] caFca] ca]ca]ca]c”alcalcalcalca]c

al cal ga : waa 556668777@88899
]. 20 ] (5 ] qg%lg@@ f@%ﬁ%&]@ a ]t ﬂinﬁﬂ? ']Ji %géﬁ ééfca] ca)] calca]calc
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca! ?l ’>’>OAAABBB"DG( [OI111<JJ3d
JJAKKKPLLLDMVIMPNz NNNN{ vgl ga[ V] caU] ca] c*a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]c
aV] ca] ca] ca] ca] ca] ca] ca] c*a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! N(Q QIO CoOO00G
PMPQRv SSHAT OT Tileweiindracsoyding totality-43, sjhetdindbe ajeact)vealsa) aajada}abfanlca]l cal ¢
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c”a] ca] c"a] cal] c”a] cal] ca! Ww
Xz XYYYZf ZdreapZddnsils Sdiked N ga,]ng scajcalc
a] ca] ca] CZQ;] ca] ca]] {éﬂ%ca] ca%i]n cja]O%a 33??&]’1321]%@?%] ca] ca] ca] cgl}nga ca} ca} c
ajcall” 0%
bbbbRcXcc l(fa(ﬁggeeeOf f DggggFhdhj hh!i } xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]j
cajc ]Jca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]calcalliw
N 31 Zj jj kbkzkkkk' I El' I I M mtrmmmm&n| nnnQor ouoop} xsni d_Z] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]ca
] ca] ca! pUdXpp g Bamglopd accondimgre rhnmia| winsr&a tied faapjormahiager ks afiicdnea) tha] cal cal
ca] ca] ca] ca] ca] ca] ca] cal] ca]l ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] caGhiichrokd¥esudn td 3 1 EP% u& () -1 10% u& () - Lp#10% u& ()- s 10% u& ()-
S10% u&' ()-L10% u& () /*]Pfl—l))(I 10% u&' () -c%#10% u& ()- #!10% u& () -
i1110% u& ()- F'10% u& ()-s10% u& ()-Y pVi0%u& ()-_dYNC) (!10% u& 10-u
10 u 10-u: V10% u& ()-7'10% u& ()- 5!/'10% u& ()- Vi310% u& ()-F)110% u& ()-m
dEYNC) llo% u& 1 109& (% sL109%& (2) 109%& ()- !'109%& () -
| 109, () i 11098 ythp@ fccording fo claim 12, wherein the deposition of chromium as the

15  bonding layer results from sputtering of a chromium target with the PDC voltage applied to

the substrate ranging from 100V to 150V at a frequency of 50 Hz to 100kHz.

17. The method according to claim 14, wherein the deposition of chromium nitride as
the transition interlayer resulting from sputtering a chromium target while applying PDC
20 voltage to the substrate at a range from 50V to 110 V and at a frequency ranging from

50kHz to100 kHz.

18.  The method according to claim 14, wherein the deposition of chromium-titanium-

15




dEYNC) (! 10% u& ! 109%&' () - <! 10%&' () - cp#10%& () - <L! 10%& () -

1 109& ()-!10% . ()- 1 HhdEYNC) (! 10% u& 03! 109& ()-

FO#10%&' ()-' ! 109& ()- c%#10%& ()- #! 10%&' ()-0!!10%&' ()- h

| " #ybC) (! 10% u& L10% ()-10%& ()-Li!10%: ()- 10 10 107! 10%& () -

p5! 1094 ()-m dEbC) (! 10% u& ! 109& () - c#109%& ()- L!109& ()- ! 109& ()-

% () -oxsdeOfeBe hti - O () -
Isi? f%fyé:) O 10%&'%) g%/ﬁ%é%%@%% nﬁﬁx% %&WLpﬁi&%‘m@ arggtgj{%ﬁﬂ%o
.1 g +\Z/}l 92&8’%}%&@{%&%\%&6@ 5610'88 élgf V03 % 99;% (E'r);g&aoi%{ )1_30V and at a frequency

C#10%& () - 'Nc#lO%&kii) 8#100/& ()- m uvz) (! f 10%& ()-s 109%& ()-
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results from sputtering of multiple targets consisting of chromium and titanium to form

chromium-titanium-nitride.

20.  The method according to claim 14, wherein the deposition of the transition interlayer
10 results from sputtering of a chromium target to form at least one from a group consisting of

chromium nitride and chromium carbonitride.

21.  The method according to claim 16, wherein the deposition of chromium-titanium-
nitride as transition interlayer includes having the RF power in the range of 800W to

15 1200W.

22. The method according to claim 14, wherein the deposition of the functional layer

results from the sputtering of a chromium target to form of at least one of a group consisting

of carbon-doped chromium qxide (Cr-C-0) and chromium titanium oxide (Cr-Ti-C-Q).
20

23.  The method according to claim 20, wherein the deposition of chromium titanium

oxide (Cr-Ti-C-0) as functional layer includes having titanium as a target and the RF power

in the range of 100W to 500W.
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25.  Anapparatus for sputter deposition of a thin film coating on a substrate surface, the
apparatus comprising:
| a chamber having a substrate holder for securing a substrate and
10 atarget holder for securing a target within the chamber;
an inlet for supplying gas into the chamb.er; '
a pulsed direct current power supply for applying a pulsed direct current
(PDC) voltage to bias the substrate;
a direct current power supply for applying a direct current (DC) voltage to
15 bias the target; and
an energy supply, including a radio frequency (RF) power, for applying
energy to the gas; |
wherein:
the direct current (DC) power is supplied to generate materials of atomic
20 scale from the target; and
the pulsed direct current (PDC) power is supplied to induce alignment and
growth of materials of atomic scale deposited on the substrate surface;

the energy supply is provided to the gas to form a plasma within the
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10 29.  The apparatus of claim 28, wherein the target is selected from a group consisting of

titanium, chromium and tungsten.

30.  The apparatus of claim 25, wherein the inlet has a flow rate of 5 to 35scem for the

gas introduced into the chamber,

15
31.  The apparatus of claim 25, wherein the gas is an inert gas.
32.  The apparatus of claim 25, wherein the gas includes reactive gases selected from a
group consisting of nitrogen, oxygen, methane, butane and nitrous oxide.

20

33.  The apparatus of claim 32, wherein the RF power is used to increase ionisation of

the reactive gases.
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