Process for Depositing Conposite Coating on a Surface TECHN CAL FI ELD Thi s
invention relates to physical and chem cal vapour deposition (PVD and CVD)
5 of a coating for a surface. Mire particularly, this invention relates to
a nmethod of depositing a conposite coating on a substrate surface. The
coating may have anti-sticking properties and thus be suitable for use on
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10 BACKGROUND OF THE INVENTION

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 is 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



good adhesion to the nold surface, have a low friction coefficient with EMC
such that it would have an excellent wear resistance and | ow sti cki ng
strength. These characteristics wll extend nold |life and reduce surface
energy between the EMC and the coating, enabling ease of release of
encapsul ated |1 C packages fromthe IC encapsulation nold. 5 There are a
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plating and sputtering are such nethods used. To produce 1ons for very
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I'n the publidca@it bearm Stk hoOBwChhOaS MBR RN M%ﬁﬁs RERSise® HIWeven BRARRES
magnetron sputtering”, Thin Solid Filns 332 (1998) 295-299, the magnetron

sputtering.d o6, B &l ; i % 854- was .a %i ?..20 Atﬁirect current
(DC) was used to ap%?%vz%aéﬁg%:ttaﬁ ng ?‘20'1 mgarllmfnheA @g 8? QPRI PRET He
substrﬁte.is bjaigd.mﬁth,a,voltage fromthe electric field. It was found
that ORIy 'ZPIEOR DY HIcEsHs e 8% FHensiteris apydedtp pehigee dapee pHfsienhderesiinneict ed
chromumin the film Fromthe
coatings. The use of a magnetic field across the electric field in the sputtering method was
introduced to increase jonisation. In the patent GB2258343, a magnetron sputtering ion
plating system for depositing metal ions on a substrate is disclosed. This system provides
an clectric field which is directed towards a substrate and a means of producing 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 not 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,0;) 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



results of this experinment, it is showm that there is a need for further

i nprovenent of coating 2 apparatus and nethods to produce dense coati ng
which facilitate ease of release of IC packages fromthe |IC encapsul ation
nold. 5 SUMVARY OF THE | NVENTI ON The present invention provides an inproved
sputtering method to forma coating on a substrate surface. The coating is
of a !ayer%aﬁe{tﬁé@ﬁcﬁﬁﬁtﬁﬁd%% %r&ﬁf&ggﬁgsé i Bnibh #RhithleCse 'JPLENL %s%y&{ cand a
functional I"ayer. The method provides a biaSing system where di fferen

types of power saurc re applied in sputtering a target for depositing the
target matBATES b“%ﬁF%(ﬁH@g WP&P@asurface in the presence of a plasm.
The types of power include a Direct Current (DC) power, a Radi o Frequency
(RF) power and a Pulsed Direct Current (PDC) power. The DCis applied to
bias the target to generate ions and atom c clusters of the target

material to formthe bonding layer; the RF is applied to bias an el ectrode
to inprove ionisation of the plasma to formthe internedi ate and

functignanlﬁﬂggkja@gj; HG 'fﬁ applied to bias the substrate surface
to induce ® ; tonms and ions deposited on the

substrate surfagce. In a preferred enbodi nrent of the present invention, an

unbal anced nagnEGRIRSCOEIHYERLE HEVidens) imyyased Fppideringdoethest it fetm asoptg onof

t he biasing system of the present invention to ensure all ions generated

duri ng t her spuiriiesunfapealdeconigy sed ailaycrdiestplasowith@ boAdingrisyorea gadsitgph i on
density. The nethod preferably al so includes supplying reactive gases. In
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types of power source are applied in sputtering a target for depositing the target material

10 onto the substrate surface in the presence of a plasma. The types of power include a Direct
Current (DC) power, a Radio Frequency (RF) power and a Pulsed Direct Current (PDC)
power. The DC is applied to bias the target to generate ions and atomic clusters of the target
material to form the bonding layer; the RF is applied to bias an electrode to improve
ionisation of the plasma to form the intermediate and functional layer; and the PDC is

15 applied to bias the substrate surface to induce alignment and growth of atoms and ions
deposited on the substrate surface.

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 includes 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 chromium, titanium, tungsten and other transition metals



froma group of netal consisting of chromum titanium tungsten and ot her
transition netals 3 which adhere well to the substrate surface. Wile the
transition interlayer and the functional |ayer are fornmed 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 W

to 1200 W.hasedhadwehe &B%H&@Jate%u?ﬁc@“ﬁhﬂfﬁ%%ﬂaﬂﬁti%t&{ 8%)‘ a[hﬂttl%squ&?o‘Haf n
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(CH4) or bwtizned 6CAHdDmyassse A0 BeFR s flbRattcs MSedigaRls Snfioh Or m ng
carbon doped chrom um oxides in the functional |ayer and the nitrogen (N2)
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surface for cleaning the surface before deposition. The PDC vol tage may be

varied aceoygimio,)l Methage dE8)) batnb(3AS) biPRirb i SHIRHA RpedAYESn BRUesired

functional |ayer which is denonstrated in the exanpl és descrl bed |n t he
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i nvention provi aes an app a

10 serve as reactive agents for forming carbon doped chromium oxides in the functional layer
and the nitrogen (N,) or nitrous oxide (NO) gas is used to form the transition layer.

In yet another embodiment, a glow discharge plasma is generated due to 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



surface where the apparatus includes a chanber, within which a substrate
hol der for securing a substrate, a target, a gas inlet and an el ectrode
are housed. The apparatus is biased by different power such that the
substrate is biased with a pulse direct current (PDC), the target 4 is

bi ased with the direct current (DC) power; and the electrode is biased with

a radio fseguedoyil RR) dReMrch(BCPHSLEL 28d BIBRYIFERN s b KRR Akl
further conprises magnets arranged in an array to forma closed nagnetic

field tor iﬂg@ .atomc clusters in the chanber. 5 Preferably, an
i nert carr?éﬁkggé I §$#%bduced in the chanber for formng a plasm of

ions and atom c_cl us{Lers. More preferably, reactive gases are introduced
t hrough the gas!ldieterred embodingint.(bg gpngratess fughgmroguuives megnathuraladive

whi ch are deconposed and ionised by the RF power. It is preferred that the
RF is in téreyrtarfigen atlot@0nmgh@iciR0DW reBiiefer abll yiontibelustebsinrtas ehdngdegler i s
rotatable and the Pul se Direct Current (PDC) 10 applied on the substrate
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Direct Current (DC) range from?2 oatl ng
i nvention .demonstrate ignjficant .inprovenent in, wear resistance and
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integrated circuit F&I C) _.encapsul ation nold. To ensure even deposition of
each | ayerataflopraters Sdoaf serg inthde shambar athechwie decansposetandednisal by beaBst r at e
hol der is rotated at a rate between 3rpm - 20 rpm Each | ayer has a

t hi ckness meteerlnisnedichyd thadufeaR F tninalhe BapOsT LHOW toTiMothi ckness  of the
functional layer is in the range from1.5 mto 3 mwhile the thickness of

the intermedi gierlAYerthi SubdhaldBolid 9% oRtand: 3M thelp R AL éﬁrr@r?tr@'id@

| ayer has a thickness
10 applied on the substrate range from 50V to 600V at a frequency range of 50 to 300kHz.

While the Direct Cwrent (DC) range from 2 to 3 W/em?

The coating deposited in this invention demonstrates significant improvement in
wear resistance and anti-sticking properties compared with existing coatings used for
integrated 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 pum to 3 pm 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 — 0.3um.

20 [n 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



in the range of 0.1m- 0.3m 20 In form ng the coating, the bonding |ayer
is first deposited using the present nethod and apparatus. The DC applied
to the target, is set at a range of 2 to 3 WcnR in depositing a chrom um
bondi ng | ayer on the substrate surface. Reactive gases introduced through
the gas inlets into the plasma are deconposed and ioni sed by applying the

RF power t & @u@fhde r : i : Libgidf-afghd 1 on
p B@fbde Br 2BeBh@ G ERHLMPhH tﬁedf?@rﬁ?%g_ll_xiﬁi%lg%}r ﬁi a%a‘&ﬁm;@l HiRSidd ﬁﬂﬁ&é

interlayer of chromumtitaniumnitride power to achieve

this transjdj i-fat ayer s in the. range. of. to .1200W The r tive
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and nitrous_oxi de(NO . The coating fromthe present nmethod has a functional
5 layer whlWWayhpelcagiiedatsy wantinelufeignisfogen@,thpoydcodd ampshanaeH,),
deconposition and ionisation of Oxygen (02) to forma chrom um oxi de

(Cr208) | ayeme(@H Hrandhittoak yxideiN@NTHEL4aling HERy thHRrésBht DEHEERs AuhdiRnal
apparatus as a second target in addition to the chromumtarget to forma
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power applied to the'titaniumtargets®to rorm unctiona ygr

in the range from100 to 500W. Preferahly, the PDC power applied on the
substrate ! W?th%oérg’fygccﬂéggéﬁ&‘ﬁ?SWOBTmm&*FFB?ﬁCL‘hQJA ¥¢he bonding |ayer is

in the range fromI OOV to 150V at a frequency range of 50 Hz to 100 kHz.
Preferably, theAloGitpgieitaapph (Bdntay behetraiubet mahe agpardtace & wrotdterget in
deposition of 15 chromumnitride (CrN) as the transition interlayer range
from 50V tadditib@l 1 tigd cldofhi 86 e peMo 68 hidnaiino@khitnt 8xid0QCKHZ0) functional
layer. Preferably, the RF power applied to the titanium targets to form the functional layer
10 isin the range from 100 to S00W.
Preferably, the PDC power applied on the substrate surface for the deposition of
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 (CrNO) or carbon-doped chromiuni-
titanium-nitride(Cr-Ti-N).

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



It is preferred that the PDC power applied to the substrate surface for the
deposition of chromumtitaniumoxide (CrTi O as functional |ayer range
fromb50V to 130V at a frequency ranging from50kHz to 100 kHz. 20 Anot her
coating formed by the present invention has the transition intertayer
including chromumnitride (CrN), chromumnitrate (CrNO or carbon-doped
chrom um ¢tJ i I L = Tl - : tps th ogtin or med t he
present i n%/éerhtéi:ﬂoﬁﬁe? héﬁi?ﬁﬁ%ﬁ%ﬁgﬁlwg{;@@ (ﬁgilﬂﬁ(}g)g ‘%ger%ar eoﬁlgu Otgeﬁ@g mcmﬁes
chrom umtit ani.um oxi de %Cr-T' -C-0O where the sputtering includes chrom um
as one t ar GEPTHNY i P riEgAb ﬁ‘:ff WARWELAY 2 S5TEt ISt thibicgressaprsea! GPeexgién
and nethane or butane as reactive gases. 5 BRI EF DESCRI PTI ON OF THE

DRAW NGS Furethanpet belanasrderdivarzdsasg of the present invention and to show
how it may be perforned, enbodinments hereof will now be described by way
of non-limting exanples only, with reference to the acconpanying draw ngs
wherein: FIG 1 is a schematic view of an apparatus of the present

inventi50n;B&&}FP%S&&%QN%Q%@bgAWQ%E an apparatus of a preferred

enbodi nent porating a magnetron sputtering
system FIG 3 s a cross-section of the |ayers of a coating structure
produced by an EdbdaFfErndsistanding efethrguessn inventreswhto shmre hoivoih maysbe
DETAI LED DESCRI PTION OF THE I NVENTION FI G | schematically shows a set up of
an appar atpsforfedoguraiimgnts demnf el adiwrtendescribed by way of non-limiting examples

only, with reference to the accompanying drawings wherein:
FIG. 1 is a schematic view of an apparatus of the present invention;
10 FIG. 2 1s a schematic view of an apparatus of a preferfed embodiment 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 embodiment of

the method of the present invention.

15 DETAILED DESCRIPTION QF THE INVENTION

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 substrate 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 working 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 puise direct current (PDC) 20 voltage applied to the target 16. While the radio



of the present invention with a working chanber 12 that houses a substrate
14 secured by a substrate holder 13, a target 16 on a target holder 17 and
inlets 18 for introducing reactive gases into the chanber 12 with Argon as
carrier gas. The carrier gas forns a gl ow 20 discharge plasma in the
wor ki ng chanber 12 when the Argon gas becone ionised under the influence

of electrig ueg&?g&yﬁﬂﬁﬁgﬁﬂﬂl he %‘ﬁ%ﬂ&(axﬁ §:2:trc§)c%\'¥%&e %gSIag a6 He%é)lﬁ(ﬁl ergy

bei ng supp rn1o |rec curren tage applied to
the substrate 14 2 q t he forn1of a pul se direct current, (PDC) 20
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24 is applied through an electrode to the Ar plasnma in the working chanber
12 wher e rapabtd vethgamesgarton mabbducedh efffvécriby aé achisyish.erhelBe h&DICaypplower
applied in this configuration enables a high efficiency of ionisation. The

use of DC upR ytabl@namﬁﬁmsifa&{seanfd%mw&&kt&& ngm&@f?&n%@m%t% USHERE
sputtered fromthe target 16. The RF 5 power 24 applied to the plasma

provi des f iion o t|ve use of .t,he PDC
Dol tage o orie 4 SRR I IR his e Boen HoalF 6 T GadiBe 5 uf "ol s So e 1 e
as the PDC volta rovides effective ion bonbardment to assist the
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10 may be nodified to include additional targets depending on the type of
coati ng t asliee RidpositbgdroViithe ffartiva toretasebpimd tb asspetiss al@npeneofobnd dnd
additional targets may be used to replace the electrode for applying RF to

the Ar pl agiis GRREOGIRENSRoL alrenat ' '
targets. FIG 2 sho%s tﬂ% cp)rtlie‘?gerredge (;%I% Etﬁ%g%géfgg r‘g%gg‘f?‘gﬂ&cg%el S
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wall 34 of a cylindrical working chanber
10 targets, anyone of the additional targets may be used to replace the electrode for applying
RF to the Ar plasma depending on the amount of sputtering required from the targets.
FIG.2 shows the preferred embodiment where the apparatus 26 is applied with an
unbalanced magnetron sputtering physical vapour deposition (UMS-PVD) system. Four
targets 30a, 30b, 32a, 32b arc installed at a side wall 34 of a cylindrical working chamber
15 28 1n apparatus 26. Each target is mounted on a magnetron 40, which comprises a number
of magnets 38 arranged with alternating magnetic poles arranged in series forming a
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.



15 28 in apparatus 26. Each target is nmounted on a magnetron 40, which
conpri ses a nunber of nmagnets 38 arranged with alternating magnetic pol es
arranged in series formng a continuous nagnetic field to surround a
substrate holder 13 on a rotatable shaft. Before the substrate 14 is pl aced
on the holder 13 in the working chanber 28, the substrate surface 15 is

cl eaned ult ras%&ﬁlﬂsﬁaﬂﬁr‘l@isiﬁ%tdt&?a&mt% (i,e%'ﬂﬁl’l%{i% g??lﬁceﬁ&gftd“.eﬁfhg%or%?ﬁ i

bl owi ng nitrogen gas. The substrate surface cleaned 1 n si

t he working chanber 28 with, argon pl.asma by applying, a pul.sed direct
current (PDERL b b oo iRt Bl Arbor ERovh 8y SHuBE BuitunT v

| i ke oxi des, noisture absorption and organic contam nants. 8 The substrate
14 is rot dt égerapsibatghadnplastha fxired of thelverkiol deamised 28 THE pworidd augficiehdnber
28 is then flushed with a carrier gas Argon (Ar), which is of high purity.

The Ar i Sohofoesupatbdiat of iB8s,AtorRb asdBuétersMRAn tR hRtWK Mg 0hanbesy, 28
w Il provide sufficient Ar ions for the sputtering of ions, atons and

clustees fepm.tk 3 32a.and, 32b.. 5 The rity of. the Ar
carri of gastop s s ARt SR e 0 w20 nERN e P B ek e
i ntroduced into, the chanber 28 with inpurities carried by the Ar carrier
gas. The rédeigdpged @%fgg chamben 2B yasimpuiiesganicd)the dxsagaer geo2The spetvsus
oxide (N, QO ), nethane (CH4) and butane (C4HL100) which may be introduced at
a control Igesesrd4 mciides nigrogepdSi)t beapgdno(@pveirop oxdde @did,ngnethath ISkt at e
14. The hol der 13 on which the substrate 14 is secured is rotated 10 to

e e e o
I's found ta@%&tiipélonatﬁ%e lthi)sE[]r%teﬁEt. pﬁq\%eﬂolée? 15 Q)% Whic éh%%t@s’tra%ehleél irsesgc({itrtiadvi% I gt%zg S ar €
10 to ensure even deposition of coating on the surface 15 of the substrate 14. The thickness of

the coating is determined by the time of deposition.

It is found that by applying RF power to the Ar plasma, the reactive gases are
effectively ionised to form a functional 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 DCisapplied 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



effectively ionised to forma functional |ayer which is a conposite netal
oxide as part of the <coating on the substrate. By biasing the target with
DC, the sputtering and ionisation of 15 target atons produce a constant and
stable ion density in the working chanber 28. Wth the high density of
target nmetal ions and ions of the reactive gases in the working chanber 28,

a dense coafiiab@ HRbiREnAGN 8¥RFacDd ROVRE lfbﬁrlna %'C?:%%rts%u LaSnt e A Qety 1 N

view of the stability and ease of control. power en applied to"the

substrate can he.controll.ed . through the frequen of the pulse while this
oot - posSelt fF b ing TEyis bRt g arsion ok e s e Bt
target (s) 30a, b and 32a,b and the substrate 14, an electric arc may be
gener at ed WhiceH ngedpabitys tilbpowerds eppliod ta e lasreaisi angblddharyelaculet hercpoiner
system and giving poor coating quality. In viewthat RF power is nore
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bi asi ng power for the substrate 14. It was found that PDC was 9 suitable
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substrate surface and thus inprove the coatin uality. RF power is,
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deconpose into atomc ions and formthe functional |ayer of the coating on
the 5 subdessdpes ag destredmapsiadlyagspictaddotaot derosipusde dodthe RE pewerhEogabat i ve
gases in the Ar plasma through one of the targets or with an additi onal

el ect r ode.willhtetn@dp@iefic fislaProichby heSMEIVD Y RerAafE [ deSertisdalifnnsaliect ed
to act as an electrode for the Re!pomer. Together wth the nagnetic field
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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 a 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 1.5um to 3um while the thickness of the intermediate
layer is in the range of 0.3pum — 0.8um and the bonding layer has a thickness in the range of
0.1pm — 0.3pm.

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

10



Fig. 3 shows the coating design on the substrate surface. The substrate
surface 48 1is first coated with a netal bonding |ayer 50, using the biased
unbal anced nmagnetron sputtering system (UVS-PVD) 26. A graded transition
interlayer 52 is forned on top of this netal bonding |layer 50. The graded
transition interlayer 52 may conprise of a nunber of 15 netal alloy nitride
layers. A gillinkttr b6 R NAkLIHANE! wod us&d 55‘%1@?@&@@%599 Shudd\g cgﬁf?l £ mples
transition interlayer 52. Tlsfunctlona ayer I%amea

conposite. T f unct. | ayer efromJ_Smto 3m
whi Lot he PriahakehBER e @ividioTais Gebng) éw}é?c TN e LRGeS 68 i -
0.8m and the bondin Ia er has a thlckness in the range of 0.1m- 0.3m 20
The fol | owVag e algnter %8 weedumped dpwsttp dtedow Hex 100 Teat poth cafh subesate|vaaser s
with the present nethod Exanple In the foll ow ng exanple, a nunber of

pol i shed hilghsosipaéd ciiaged, fOilokel Bf /0GR plRsmA QlcdhiaBREiB] a BAMe BirBNclRent
t hi ckness were used as substrates for deposition of coati ng sarrpl es to

det er m5ne_ Q@(\ﬂ%%ro?ﬂ,@bl\ﬁﬁl d('g‘?)oq(fﬂ i@Sh&ﬂ%{ e gut%}/ra{qur fdjtrorﬁ) minug hR%Bou'gE

pressure i wor Ki n below

and each sybstrat asonl all¥ cleaned followed by in situ Ar

pl asma cl éﬁ?}?ﬁg@“\f\ﬁf)hﬁaéﬂﬁﬁ’l ngithedepogitipr &6 56 4t Pty obil dscat, it odevarad 300
kHz applied on the substrate for 10 to 30 m nutes. Al though the argon (Ar)
gas flow duitiersybsitate ideqsatsil o e wddersies rat 063 rdDepofantiGhsabetratt tengrmthe
varied. The substrate is rotated on the holder at a rate of 3 - 10 rpm and

the subst ri@fa@seﬂ&ﬁﬁ@ﬁr%‘eufeﬁwednsl shed %ﬁ&i 3@@(%& BAG8a BERINRRIN cho Uep AL SA0fHLY

pl asma bonbar dnent, dependi ng on
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 50 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



deposition tinme and the powers applied to the target and substrate. 10
According to the illustration in Fig. 2, chromumand titaniumnetal 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)

pover . Theg[Xacpauabu ffRhé 8hok@ioh B?a&é&%ﬁ;@%%&&ﬁ%@iﬁl{)h %ht%gﬁlﬂn ti]’ﬁnWJﬁ %id%ge

RF power applied on the titaniumtar t he pul se applied on t

15 substrate.i.s, set out in Tahl bel ow. Table 1 RF _.Power applied on

U tani am ¢ Ko SPede Mo R agEF RecHOgMe Berit T ol ager RE
300W Pul se Direct Current power applied on Substrate for formng: - C bond
| ayer 110Wgonposikipp a@t Nizains cohasnehayterd B0aciiveRBkedA2. Qurtig-dgposition of
functional |ayer 60-11 OV at 50kHz The chromiumtargets 30a, 30b have DC

power appl iheduthiRhel @yéo54, UL petieN G dplicd &H EHALSsENE QF (Y halREowtiORsd and
atom c clusters for coating deposition on the substrate 11 surface 48.

O 1 155 ey 1 001 A ol BEgncLhaDsh: Lo STFEMUD b amhim
gases 42, Dl D aHotE POHewPo IOt ACH GO By BLCS AT PBY BRRRSey
applied to the substrate 14 to i nduce growth and
to control the plasma density and the ion energy. It was found that during deposition of the
functional layer 54 of the present invention, the substrate 14 has a bias current which is
significantly higher than that in the unbalanced magnetron sputtering 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 1s 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



5 alignment of the ions deposited on the substrate surface 48. Having the
targets 30a, 30b, 32a, 32b biased with the respective power configuration
provides flexibility and efficiency to control the plasm density and the
ion energy. It was found that during deposition of the functional |ayer 54
of the present invention, the substrate 14 has a bias current which is

si gni fi cantWyclaigher than that in the unbal anced magnetron sputtering
system described in 10 the UK patent 682258343 Fromthis significant
increase inp the pi current n, t he .experi nment results, it shown t hat
the appli Cgtl on of‘%ﬁit-"dJ Ut eﬁcqﬁggsggoq 6’E gﬁ‘ﬁ ‘arln’é?ﬁtlnae%iat%i‘ ﬁﬁat? FETE¢ow ng
coating surface. |t is to be appreciated by any one skilled in the art that
t he above des®Mptsien of 15 present invention is to be considered as
illustrative and is not restricted to or limted to the enbodinents.

Modi fi cations nmpyovidingadegétp the invention as shown in the specific
enbodi ments wi thout departing fromthe scope and the spirit of the

Al cady” desor | panto1s GERer B P YR SRR P e R EieaSe (i

filntcoat|§% on a apbstrate surface conprising: providing a target, 5
suppl yi ng Bre gas to establish a plasma within which the target and

the substrate are contained; supplying a radio frequency (RF) power to the
pl asma for proviuphgng ensdicofrequency (RF) power to the plasma 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 jons 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 ionised by the radio frequency power supplied {o 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 fonised reactive gases on the substrate surface as dopants in the coating.

13



bombardi ng the target and the substrate surface; applying a direct current
(DC) voltage to the target to sputter target materials of 10 atom c scale
for deposition on the substrate surface; applying a pulse direct current
(PDC) voltage to the substrate to induce alignment and growh of deposited
materials on the substrate surface. 2. The nmethod according to claim1

i ncl udes t sappi Mée &lettioddScdriing 'ﬂ'?cl&hii@”@h Aih tﬂie@e&ﬁvé?a&%?%%do%u&éc@z{ %'ﬂo’\if The

met hod according to claim1 includes su pl ying reactive gases

pl asna, ctive gases are |on|sed by the radi o frequency
power suppli ﬁégaa@gfﬁé ﬁ to formmaterials of atomc scale. 20 4. The

nmet hod according to claim 3 i ncl udes deposition of the materials of atomc
scale formed fromionised reactive gases on the substrate surface as
dopants in the coating. 13 5. The nethod according to claim4, wherein the

reactive géses @FhemetHodadosdtheab claifnl QW hetdh L IRLR a5g16@f BLha6ePlaskha The
nmet hod according to claim1l, wherein t he pl asma is a gl ow di scharge pl asna

5 gener:at ege]ﬁy tm@erﬁ%& &Weﬁ?@laégl tage. 7. The nethod according to claim

6, wherein't ct current vo e applied on the target range from 2
to 3 Wcn2. 10 8. The net hod accordlng to claim1, wherein the pul se direct
current voltage applied to the substrate surface range from50V to 600V at

a frequency range of 50 to 300kHz.
7. The method according to claim 6, wherein the direct current voltage applied on the

target range from 2 to 3 W/em®.

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

to the substrate surface range from 50V to 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 claim 1 includes rotating the substrate 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 method according to claim 1 includes sputtering at least one target for the

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

14



9. The nethod according to claim1l, wherein the RF power is in the range of
100w 1200W 15 10. The nethod according to claim1l includes rotating the
substrate at a rate between 3 - 10 rpm 11. The nethod according to claim
1, wherein the thin filmcoating has a thickness 20 determ ned by duration
of deposition. 12. The nethod according to claim 1 includes sputtering at

| east one taegeinchat abhingdegesiai-As ish HUIEJPLR! | iR ibhdimdaver s on a
m

single substrate, wherein the nultiple thin i ayers 1 nclude a
bonding layer, a transition interlayer and a functional layer. 13. The

met hod according to claim 12, wherein the transition interlayer and the
functi onal hgyer is sputtered in the presence of reactive gases introduced
to the pladfm arddle Bethgdisserrding tonelaimadiZ Whasejnethe yirgnRitionpiastayen atid thn
materials of atom c scale. 14. The nethod according to claim 13, wherein

the reacti fecgasddayar & spetieed adthk pesesee eieRvE 8eh Sloadcdf toMhd ﬂls\lloﬁéjiﬁeﬂaﬂd\m ,

oxygen (02), nethane (CH4), butane (C4H10) and nitrous oxide ( 10 15.

Ui ckness. (e of shoeUR £ @ e P S bPRB SR, oo To claim

12, wherein the deposition of chromumas the 15 bonding |layer results
fromsputtering of a chromumtarget wth the PDC voltage applied to

14, The method according to claim 13, wherein the reactive gases are selected from a
group consisting of nitrogen (N,), oxygen (O,), methane (CH,), butane (C,H,,) and nitrous
oxide (NO).

10
15. The method according to claim 13, wherein the functional Jayer has a thickness that

range from 1.5 um to 3 um.

16. The method according to 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 10100 kHz.

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

15



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 from 50kHz to 100 kHz. 18. The net hod

accor di ng bRidel Ri fihddnaWagesiesyiihe ﬁ@ﬁp%tﬁehﬁgtcﬁzfonﬁﬁﬁl 'd%ﬁaﬁihﬁﬁﬁggé@wﬁr’re
ering c

oxi de as functional |ayer resulting fromspu romumand titani um

targets whi : i P r.to the substrate [f at. a range from
50V Lo 1300 BRI i hanes e S Gt s P B8 Yy P oG ene
nmet hod according to claim 14, wherein the deposition of the transition

i nt er | ayer gy fre 5pkHﬁﬁ%bQQ¥H?-i ng of nmultiple targets consisting of
chromium and titaniumto form chromumtitaniumnitride. 20. The met hod
according to claim 14, wherein the deposition of the transition interlayer
10 results fromsputtering of a chromumtarget to format |east one froma

group nsgstin Lo | bkl - i carbonitride .21. The
et hod acebrdi nars Pt el eI R b it G
nitride as tr@sngi tion int e%]a){lﬁrg}i ncl udes hayvi ngf the RF power in the range
of 800W t oS48 FOGRPLIeNE ehRIUEING FHEes condthg Alhermaium aud tignamein fane
deposition of the functional layer results fromthe sputtering of a

chr om um t dpgedurpditénoummofridat | east one of a group consisting of

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

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 oxide (Cr-C-0O) and chromium titanium oxide (Cr-Ti-C-0).
20

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

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

in the range of 100W to 500W.
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20 23. The method according to claim 20, wherein the deposition of chrom um
titanium oxide (Cr-Ti-C O as functional |ayer includes having titanium as
a target and the RF power in the range of 100Wto 500W 16 24. An
apparatus for sputter deposition of a thin filmcoating on a substrate
surface, the apparatus conprising: 5 a chanber having a substrate hol der
for securing a substrate and a target holder for securing a target within
the chanber; an inlet for supplying gas into the chanber; a pul sed direct
current power supply for applying a pulsed direct current (PDC) voltage to
bi as the substrate; 10 a_direct current power supply for applying a direct
current (Bé) vobiapsrates foppryster Arpostiioger @ thindlmsodtitrgye Sy sutasel theli ng a
radio frequency (RF) power, for applying energy to the gas; wherein: 15

t he di r ectappamiuerbmpidEngpower is supplied to generate naterials of atomc
scale fromthe target; and the pul sed direct current (PDC) power is

supplied to induce %'dhﬁﬂl'ﬁ&nﬁav%@a sls@WemoRier m%ts%drﬂigsa Qfbséteung scal e
deposited on the substrate surface; the energy supply is provided to the

gas to for %ﬁepljl(ﬁ&moy\ﬁe%mi@ggﬁ?get within the chamber;

an inlet for supplying gas into the chamber;
a pulsed direct current power supply for applying a pulsed direct current
(PDC} voltage to bias the substrate;
10 a direct current power supply for applying a direct current (DC) voltage to
bias the target; and
an energy supply, including a radio frequency (RF) power, for applying
energy to the gas;
wherein:
15 the direct current (DC) power is supplied to generate materials of atomic
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

20 chamber.

25. The apparatus of claim 24, wherein the apparatus comprises magnets arranged in an

array to form a closed magnetic field to retain ions and atomic clusters in the chamber.
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20 chanber. 25. The apparatus of claim 24, wherein the apparatus conprises
magnets arranged in an array to forma closed magnetic field to retain
ions and atom c clusters in the chanber. 17 26. The apparatus of claim 24,
wherein the substrate holder is rotatable. 27. The apparatus of claim 24,
wherein the target is selected froma group of netals. 5 28. The apparatus
of claim i : L t aBlensi sting of
titani um Zg%r\(l)fnﬁ%%pgﬁa &foufﬁlcgag?l?n& @Sﬁﬁ’g Sgg%%ﬁéa){ﬁl}gergé g"gfi)tai m 24, wherein the
inlet has a flowrate of 5 to 35sccmfor the gas introduced into the
chanmber. 10 30. The apparatus of claim 24, wherein the gas is an inert gas.
31. The apparatus of claim?24, wherein the gas includes reacti ¥e ses
sel ect ed f37om Bhe appeatscfimdainy 34a yrhereimihertageits segstgd frompeRxp At m&%ﬁg’ane and
nitrous oxide. 15 32. The apparatus of claim 31, wherein the RF power is
used to increase ionisation of the reactive gases. 33. The apparatus of
claim24, wherein the pulse direct current (PDC) voltage range from 20 50V

to 600Y atyea f Ll 1937, Sk Qn FAOK et is3btectbl ErodDP afoab Wsnedtinglodi M
24, V\h\egreizngat hrerﬁgl ec%%uiﬁfr‘]‘?%nt (DO vgltag}e_g‘érlgnggcfromZ tgl(r)g Wcrrng. 18

titanium, chromium and tungsten.

29. The apparatus of claim 24, wherein the inlet has a flow rate of 5 to 35scem for the gas

introduced into the chamber,

10
30. The apparatus of claim 24, wherein the gas is an inert gas.
31.  The apparatus of claim 24, wherein the gas includes reactive gases selected from a
group consisting of nitrogen, oxygen, methane, butane and nitrous oxide.

15

32. The apparatus of claim 31, wherein the RF power is used to increase ionisation of the

reactive gases.

33. The apparatus of claim 24, wherein the pulse direct current (PDC) voltage range from

20 50V to 600V at a frequency range of 50 to 300kHz.

34.  The apparatus of claim 24, wherein the direct current (DC) voltage range from2to3

W/em?,

18



35. The apparatus of claim?24, wherein the RF power is in the range of 100W
to 1200W 36. The apparatus of claim 24 wherein the sputter deposited thin
filmcoating has a 5 functional |ayer selected froma group consisting of
car bon-doped chromumoxide (Cr-C-0O and chromumtitani um
oxide(Cr-Ti-CO. 19

35. The apparatus of claim 24, wherein the RF power is in the range of 100W to 1200W,

36.  The apparatus of claim 24 wherein the sputter deposited thin film coating has a

5  functional layer selected from a group consisting of carbon-doped chromium oxide (Cr-C-0)

and chromium titanium oxide{Cr-Ti-C-O).
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