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*159159* 1 METHOD AND APPARATUS FOR THE APPLI CATI ON OF
TWN W RE ARC SPRAY COATINGS 5 FIELD OF THE | NVENTI ON
The present invention generally relates to the field
of position. 10 More specifically, the
gﬁw\m\\\ tion is directed to nethods and
es for depositing cohtings onto substrates
u5| nd‘S?‘r‘Bdl fied Twin Wre Spray Arc nethodol ogy.

BACKGROUND OF THE I NVENTION 15 In the field of
processi ng chanber deposition, chanber conponents and

surf aces M}E@)‘]f"ﬁbtlf NP UPp £ G%Awsfﬁékl'{ﬁ%t‘ﬁ)tgbos

producti on pi eces coa
processes enta|I sub ect| wor k piece surfaces to
condi ti ons and Ok ¥ RGr $ t?pﬁé@h{(}%ual ity

control. Coating thlcknesses for many work 20 pieces,
such as, for exanple, sem conductors, are extrenely
smal |, often as small as several thousandths of an
inch or less. Various plasnma coating technol ogies
create byproducts in the deposition chanber that are

vented fromthe charELDaOFOSPHENYENJUONNg or after

coating occurs. However, sone plasma byproduct remains
adhered to the inner surfaces, or walls, of the

chanbe

rrh@ﬁlg\réﬁ{é ﬁ%\% u&‘i gﬁf{ﬁrér‘ﬂ(}?ﬂn neépa?é{fs tG\%]QOf?éTg BF & gﬁé PR,
bMdrel spegificdatiyahe presd&nmrammnds dirsotedtto mmﬁwdls byd hmmea:tum for

urs, of operation, the roduct i br ou
og?POlSitWé COZlEs ORLd %Hl?é‘i%} ULRG W&é&@d%ﬂpﬁ%sﬁw 8aned

t Ref®ABMEyt he byproduct build up. If this regular

mal ntenance i s not conducted, byproduct nmay separate

fromthe chanber walls and ot her exposed conponents

and cont am nate ﬁﬁﬁcﬁggﬁﬁﬁ@ i i ted. This
cont anmi nati on of P(#e |I§%\E ilure or
mal function. As a result, in the coating industry,

chanber inner surfaces and chanber
In the field of processing chamber deposition, chamber components and

surfaces are often modified to facilitate optimum production of work pieces being
coated. Deposition processes entail subjecting work piece surfaces to conditions and
coatings requiring stringent quality control. Coating thicknesses for many work
pieces, such as, for example, semiconductors, are extremely small, often as small as
several thousandths of an inch or less. Various plasma coating technologies create
byproducts in the deposition chamber that are vented from the chamber atmosphere
during or after coating occurs. However, some plasma byproduct remains adhered to
the inner surfaces, or walls, of the chamber as well as other chamber components
exposed to the inner chamber environment. When byproduct builds up to a
predetermined amount, usually based on hours of operation, the production must be
brought off line, and the chamber surfaces replaced or cleaned to remove the
byproduct build up. If this regular maintenance is not conducted, byproduct may
separate from the chamber walls and other exposed components and contaminate the
work pieces being coated. This contamination often results in work piece failure or

malfunction. As a result, in the coating industry, chamber inner surfaces and chamber
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*@00002* 2 conponents exposed to the inner chanber
have nodi fied surfaces designed to increase the
adherence of plasma and ot her coating process
byproducts. This enhanced adherence of byproduct to
the chanber walls and chanber conponents increases
the processing tine achi eved between chanber

cl eani ngs, which, in turn, 5 anreases overal | system
productivity as the process remains "on |ine" |onger
r Bl [

e e e e e s g o
oincrehdtahehdierenee v phabine and y‘ehpr cxduung pmithssrtwpq:@htcts tThes

chanber IIs a conponent s re
B TeRs ey e Ha g BA LS e Cghan i compppnents
a@peesyeg tl?%ﬁg&rsgiﬂg gmbyp P&geé BERe DBl AN ueaﬁmg§ Wifich, in turn,

ct t esir uct a her ence are known.
Howveeases overall iszastelbeaemdusthfnﬁy authe pocess iemgirsdiey liat elonger resulting

" h

B ot BiRot R TR b DR ERaEp PP Gl St
NGBt &RAEREEy cEBIR BN FucBhchefdnice o 1B @Barhb& W alstiit REfiponents
al | oys or stainléss steels. The outer surfaces of

th@k@(banﬁbnents must then be treated 15 to effect

t he desired s features and m.cr cont urs.
nown SlpPaat med{igesguibseitqoal SRR R SR B bper
b&afkE BShraériioe 0 &fdct theleSiRdd W phdRhuRt adiéfdnd e knbin.

addi tion, coatings have been applied to netal

sHbweyet & heubden cafficuly cropting addqqpate Jraughness() pn gaaber surfaces to

These kn oughen t he net al
S REr SRy Pl OB oG tﬁé’rﬁf%m met hods have
been SThewbsiratesainem etintel BorhponEatseire dfien miadd frem2Quminum-

?ree of adherence with respect to the anount or
r gipinigsp plsalsc tThappier sustases of thesgrompongnfs gt then be treated

nR)de%fI‘ec {ﬁe‘&gﬁ es'hrf\Q@I feaﬁl%sfaﬂﬁ?nll:{% &%‘ijﬂf Edn%hrst ﬁﬁowg surface

ron o ngs to net aces, introduces
aﬁdughlﬁg’aﬂechrpqmﬂalmcri'ﬁde/\gxﬂtfblxsﬁsg,e:trtchemldaﬂp eta:hingl myetal surfaces. In

per manent adh rence of the coating to the nmetal that
asition, cpatings ate bacr Pl toyB HSIDREE FRGSCR G PeTgler

CharRer Wakt ki ke ds Ade Worked %Jlg)tﬂgﬂen thB SR abdtdate surfaces.

chanmber wall surface are not useful If the coatings
t Howseéry als knawn methods hared beyn dethewhatameccgn@blean terivisief ¢he finite

tan1nat on_of qﬁ%mork

BTy B v WA B e o DABEGhg: e o be

( exghpede dﬁme%o&ﬂm%nbeWall%uff@@S smoot h nust be

deposSited such that irregularities are presented to

t he In addition, the application of coatings to metal surfaces, 1ntroduces additional
problems with respect to the nearly permanent adherence of the coating to the metal
that must be realized. In other words, coatings applied to chamber wall surfaces that
“roughen” the metallic chamber wall surface are not useful if the coatings themselves
will eventually delaminate and contribute to the contamination of the work pieces.
Known coatings designed to make metallic and non-metallic (e.g. ceramic) chamber
walls less smooth must be deposited such that irregularities are presented to the
finished surface. However, known methods have not only risked delamination, but

have been deposited in a fashion that creates potential gaps that leave the substrate

surface coated discontinuously. This results in plasma byproduct being able to react
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finished surface. However, known nethods have not only
ri sked del am nation, but 30 have been deposited in a
fashion that creates potential gaps that |eave the
substrate surface coated discontinuously. This
results in plasma byproduct being able to react 3 with
the substrate surface, or otherwise work to accel erate
the del ami nation of the coatBng fromthe chanber wall
substrate, further exacerbating the chanber

GO BEIsOBStHaRNsur Sl Q% ofidewisk Wk & Adeelehite @@ l@dination of the
recycling issues. 5 SUMMARY OF THE | NVENTION I n one
ewbbng fremtthe chambrr sediubstraje Abrtiay exacedhatiag tlegichagmbgr

net hod for .coatin epasiktion, chanber c nent
s‘iﬁ’BEafTPg?t@n IXUGRpY frf“fq g h&%%‘?‘uclgﬁercrﬁglﬁlégnlg Sq}s%g'bst rate
havi ng a substrate surface is provided along with a
twin wire arc spray coating 10 apparatus for applying
coatings. A conposi t BUMBARNGOFS &E@Nl (TIPhE
conposite coating conprises a first twin wire arc
spray coating that is applied on the substrate

surface foll db second twi.n wWile arc spr .
Coat | g oRB STTPEATRT (e PreFed imiepfiph 19 giregied o 3 Gaghigp for coating
CcfégBéiﬂgn cHAH RSB mbSakH: SitishaeC QalidoitoATAABE dmpoRsH:|sabstrate
flow, and substrate conposition, the coating surface
dhiaypigay subpirad isetfads| ie provisisd labanigewith & twinavisc are sprayicoating

e SRy B ISRl A QDA o8 PGP e compoie

r RN 8SEpRees a4 OWke %&aéﬂriwcdaﬁng 1R {LdppliB@Bn tHeSsubstrate
surface Troughness of the first coating. I'n a further

evvisfadé frdlowedbive ssperuletinin WirpeRe SRIAY Featiggeppliatpn Be dirst twin
net hod for i bidi zl I 0 i ni

(Fisnas oy ol LhbRer ok ibg M b AR AS nd
CAuBBIRRE coBpHdinon, dedcoatihg burfdve displayb prediaaiie piselgeted

Ao Ao SR AT o e s Mo
. oo
EIRbIS Fn® sBCRTR RO hE o0 LSl Ellalel fhgn the surfuce
Arougimies$ ofthedin$taiontimgy conpound is provided to a plasma
coatin ocess.. The prqcess rel eases .t gnt al spegi
R S s e B et g
AR YU g Unth108-dMidi A G HPEEH AR Frd a faritdlith dRbEKHBon Mdcess. A
amount of "tantal um specres contacts and adheres to the

cdenosision eharpheriinprovided, with Hisodiamberenmprifgng ehaphepcomponents
treated to rel eas h ' r .
AT S e —
| furthBeforiideai prBnd coapdshie coagpwith ehe composite coating comprising

first and second layers. A tantalum-containing compound is provided to a plasma

coating process. The process releases tantalum species from the tantalum-containing
compound, and deposits an amount of the tantalum species on a work piece. An
amount of tantalum species contacts and adheres to the composite coating. The
composite coating is then treated to release the tantalum species from the composite
coating. An amount of the tantalum species is then reclaimed from the composite
coating.

In yet another embodiment, the present invention is directed to a composite

coating deposited onto a substrate surface, said coating comprising a first coating
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coating. 30 In yet another enbodi nent, the present
invention is directed to a conposite coating
deposited onto a substrate surface, said coating
conprising a first coating 4 layer having a first
roughness val ue and a second coating | ayer having a
second roughness value greater than the first
roughness value. The first anfl second coating |ayers
conprise a netal selected fromthe group conS|sting of

alumi num al um num alloy, nickel, and denum
l3yenhaying p ﬁfrww@mw@m g SeceIHleqsiing gﬁg’ﬁyfgﬁ@%? F?fﬁnd

' ﬁueﬁifgés%c\;aﬁ% Qatér tﬂﬁx?ﬁl%sfﬁktqg n%lﬁﬁésrmeﬁﬁe CPPfidsBhUseRond coating
g

haV| an 1 nner cha sal d chanber havi ng
aayers wmqmse larrﬁetakasetmtlbdrfr(mn gesgrgp chrmistieg of elupumeni ayminum
sai d ving an outer surface. The chanber
@Hﬁéﬂ“@gi éﬁ@ﬁﬁﬂﬁbonent outer surfaces conprise a

conp O%td%tlﬁqﬁltﬂllé}gmb%al\ﬁlléﬁg tRe f)fe”sé?t ihRY8bn Dedtdetedao fa'phgdessmg

roughness val ue and second 10 layer having a secon
rchamberesnprisings @Iaaé)leehavumm inmner ¢hambrer, ﬁé@gl%ﬁ@bgr having an
val ue. _The 0 i s deposi.t.ed onto

ekt aorag St EompanaR Shl B0t iine an ouer
%uﬁﬁée@i@dﬂaﬁm&omqueﬂa& ¥nd SithfnePESER STt comphiska

Fig. 1 is an enlarged cross-sectional
[moutpositagiatiog, aving a Sigbleyerhavingnitstrpughnass VRiwewad Fopeond

ISR e Sl ol LBy B B0 e

Fo@tfposibtagér is dapited ofito ghaﬂ{mmf nﬂid:ﬁmtrfacs anp eapomat egter
according to one enbodi nent of the processes of the

puegesssubHeminly santimioyslyq s a schematic
representation of the twin wire arc spray assenbly of
one enbodi nent of the present invention. Fig. 51is an

enl arged cros mlsﬁf RAWRL

substrate Coaiﬂgﬁﬁﬂg§§é¥% Sys n1of tﬁ§ pr esent

i nventi on. DETAI LED DESCRI PTI ON OF THE | NVENTI ON

Ther '52 {f? n?aﬁged &oé%ﬂs%@@oﬂﬁbﬁ&o@apﬂ%?&%ﬁ st¥ktrates coated

technl var I ous
with known TWAS technologies (Prior Art).

Figs. 2a —2d are photographs showing TWAS-coated quartz samples. (Prior
Art).

Figs. 3a-3b — are photographs of quartz samples coated according to one
embodiment of the processes of the present invention.

Fig. 4 is a schematic representation of the twin wire arc spray assembly of one
embodiment of the present invention.

Fig. 5 is an enlarged cross-sectional photograph of a metal substrate coated

with a TWAS system of the present invention.
DETAILED DESCRIPTION OF THE INVENTION

Thermal spraying is a known material processing technique used in various

high-tech industries. Twin Wire Arc Spraying (TWAS) processes are particularly
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30 high-tech industries. Twwin Wre Arc Spraying (TWAS)
processes are particularly 5 useful thermal spraying
processes. In the TWAS processes two wires are fed
into respective contact tips that pass electrica
current into the wires. The tips are oriented toward
each other so the wires extend toward an intersection.
A high current is applied acboss the wires causing an
electrical are to formacross the tips of the wires. 5

The el ectric current then nelts the feed wire portiop,
jusefuh theamal sprmyang propesses dndas, T REAS PROCESSEINOIVELAE deft Bto

Ry DB 1 GRRLBSH L ATA0A BB IS s o

spwaniscachethephbd the wirdsalxtend ttowirddenvinteksectson: fAbEhfonrmenng
a coating. TWAS processes have been used to treat .
ceplied aqTess theHimse PANSEIRTBYAPRINIY) 284 ferfaim acToRiRe (s Of the wires.

gH%h .8l [k S, ;
pecell%lrugg?‘?@%ﬁ t%elggg? ?{éﬁgﬁ E%\)/de}mﬁé oV dé ra%’dgrﬁmule device
dﬁ axtrs'ta)lteg proxisiate taced befwesn tist cantass tipsaul is ericted osemit orgas
chanber s. shown in Fig. .1 (prior art a thin
reamdav e Be roriRe 1h6 &HY ﬁﬁbeafﬂaivéarys 12 %é@efa%*s@lﬂt8aheo\¥°fk
asu%[g@fc{rﬁlﬁﬁgg.goa%gd in a deposition chanmber for

sem conductor processing. The coated substrate was

t hen eXPaseprotessesdidve pieerresetBo preafcdepesition elwatier cormpponent

i ncl udi the rel.ease of tantalu d_tf.ant al ik L

Fes. Woker o Bogert 1 on Bl Sph T Bishr it Eany,
oA S BsutinRé KaRiR6@ded FiR@6MTdoatthg 1 susfaeds@PRbEats used in
wafers. A cCoatin tantalum particles 14 is shown

of S
adtipesisidn chamnbess. %mvmm Figgl (Rejnsert), 2 thin, gon-gontinugps TWAS
sho h - i . '
S 3 DTS EPLEILEAT 3P, e RS ERGe f
adentiveriti@cioa ptaebssing. Zlhespatid aabdtmtat hathkn sxpnstd @t work(hiece
Fi gs. 2a-2d, show alu%l an. ov rhea? vi ew of

| um m.
TRRSRSSB&coRdigans ngludingfhe Feleass 0 ity gnd Fepladlam gige vapor
L \WRn i tﬁﬁﬁ%ﬂtﬁﬁﬁgﬁlﬁgéﬁ fof d%b@ﬁ%oﬁl%ﬁ?'thg Qvork Bieces, specifically

respectiv er ordinary light. Fig. 2b shows the
ssensitomtueto? Oadrs. FAgoattag oftdetalunbparticies 14 tmshiomingdbered to the

(09 1ight i on_though .t he sub ,
SUNAR Epay bl 33° FiE o e g crcerSgRb s acure of e
c . k Sotei wird alu
STRASE ARt bl I FUSBcagats, Ebigh| o g

cepegies toattackisubitiate 10.ght  penetration though the

L
substrates. Figs 2a and 2¢ show two aluminum TWAS-coated substrates 20, 22,
respectively, under ordinary light. Fig. 2b shows the substrate 20 of Fig. 2a under
backlit conditions showing light penetration though the substrate, evidencing the
incomplete and non-continuous coating effected by the TWAS process. Similarly,
Fig. 2d shows the substrate of Fig. 2c under backlit conditions showing light
penetration though the substrate, evidencing the incomplete and non-continuous
coating effected by the TWAS process.

By contrast, Figs. 3a and 3b show quartz substrate 30 coated by the TWAS

processes of the present invention, whereby the TWAS-coated quartz substrate 30 is

shown under natural light (Fig. 3a) and under backlit conditions(Fig. 3b). In this
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By contrast, Figs. 3a and 3b show quartz substrate 30

coated by the TWAS 30 processes of the present

i nvention, whereby the TWAS-coated quartz substrate 30

is shown under natural light (Fig. 3a) and under

backlit conditions(Fig. 3b). In this 6 exanple, the

substrate 30 shown in Fig. 3b shows no |ight

penetration, evidencing a coftinuous alunm num TWAS

coating. According to one preferred enbodi nent of the

present invention, the TWAS coating was deposited as a

cxapols the subyratnd) shawn indtig. 3b shewado dight Pt ation, gpidencing a
S

iR AT TR BT AT aing s B el il tyong o the

tede@NinOéntionS thip EWAIS coativg Whas d¢positdastegimpite syatingpin that, a
shows a TWAS gun bOdK‘&} conprising, wire sleeve
B{H

dmd gt @FlﬁstOHQoatéPia JVeEoANPsEEt-e wire 46, 48
res pecﬁlhlg\lﬁ %IO% ) SEQ%A‘[E) ng&e%'e&%fo Dfoné Qﬁx%&‘iﬁfén'tsgf the TWAS

t hr ough ext en to converge at an
a;yetanﬁcﬁ" thaptebent &ventiom eTEeldechtghsystempiMﬁ TWoRS e Baly 40

0 provides control t d
SPERPTRE Tia: e omiset dps A% A BpBh CORARGa ik 26 Hhe
SRES BN vy O¥uA 862310 50 QSmﬁM% HEakS thid@oNivheh wigéserd, 88

anarc zone and creates nolten netal particles 58
t dxagndao eoqurgz:@tem arga I3 mdhoaictzpné ft.t Aegadicompenashneszie 56

itgvidBs Eftiiito Ridas e OARYPeBe BEDRED Bh Fo Bl RS Ahopitggen.

t zﬁr?oﬁ? Qe eThesenbady b eided to the sydhén REAS Gietwirdty efdbie®Bn arc zone and
ai ned by one enbodi nent of the present i nvent i on

A@eatgmmhen mef] gartigleg 58 ma:ﬁ avechirecied ovith vehetyds dke digection of the
ﬂ%né%éﬁow@ﬁnanﬁ ré_cegblbstrate 70. Even though

NG was gep05| I'n a two-step process, first

dep OE | Figng) stm&mpbgﬂagéd tr@sd feetiondd ehmagfaphfoﬁ teuvatddistbstrate of
qui ck successj on_by top coat . appli to the bond
c@sprestemféneegpn Rhtat %&éwg iefgdiresné Oﬁﬁaefpa?%?wnmgwn As

C%\éﬁﬂg P‘i)é] 3l , @h IOMBRuIRIPRAS cJaﬁﬁ% lah'laf‘gz s pﬂHsﬁ&i ¥a
desira cont | huous coati n percepti bl e
gaybstrate aar Ewagthongh e weotitg wgs dépasitaiin|adwalkdtepaprocess, first
Cirmeatie pinderes g tEbrits SRR IRaeE5HPr hy o op coa
NEiHed %o thebBnd EVMSHE RBRAH it BesdRftbd RArd i RASy Bfan tBeventional

present i nvention produce a substantially continuous
cEMAS metheds.resudting inrahighly desizable, comtimjoysreatingvaith ke

dgﬁggp%f%%?aps ﬁﬁé&)ehé‘ I1n fd EBS%tXat%%ﬁﬁii %f?}éwsé&%grgﬁwofqgntalum to

reconpone
Sthestibatat mdtal surtged ltEstﬁIng|ceﬁ1$ﬁst tokrpart TWAS coating methods, the

TWAS composite coating methods of the present invention produce a substantially

continuous coating on the substrate surface.

Aluminum is the most common material currently used for coatings on
deposition chamber components, regardless of substrate. This is due at least in part to
the knowledge that the aluminum metal of the chamber components, in use prior to
the introduction of textured applied coatings, does not adversely affect the thin films
being deposited due to secondary sputtering, ion mobility, etc. Other materials may
be chosen for the coatings to allow selective stripping of the coatings without damage

to the substrates. Examples of this can include many species, such as a common
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t he know edge that the alum num netal of the chanber
conponents, in use prior to the introduction of
textured applied coatings, does not adversely affect
the thin films being deposited due to secondary
sputtering, ion mobility, etc. O her materials may 30
be chosen for the coatings to allow selective
stripping of the coatings without danage to the
substrates. Exanples of this can include many speci es,
such as a common 7 nickel / alum num alloy or

nikldd d elumimen atloy gs mbbybdedunricoatings ditystlvratnas subkieates. The

coat.ings nain|ly adhere to the substrates by chanical . .
bRARERES A 3hgte lpus SHoRGr e &Y TRgRa ) BN Ppnany choices
Cg 01?@56%? ey DABcBhAioHe WouTPH BA e ahitalty but TSt bBRtudied
st udi ed or "possible effects on the processes

i fov pbsséide eBecnen thetppokessastinvaflvadne present invention is
directed to, a .proce by whi.ch .mechani cal bond :
strength® F’%‘b%‘?‘g’ﬁm tﬁﬁB%@%é’a"e\ﬁﬂP?és ‘ﬁ"é‘?c%?iéf’ AiPFegess by which
d@tHa8 R aBbEHdPERngthQy SRR MckdikQailé hRiABRIng @Rbitddsuptace

at least two layers. The first [ayer or "bond coat”

i uglss taough the applivetion ef atdeashiwylayerat The dasidayer pr drond

k% b LS BRUH S 4 sFREE Y SERAF et
Phay ¢Sy vek) webine shd e-roliiRhed Plréics of tHepubstfite ikl tolpeeviously
technical term referring to the shape of the

séxnosited metahanlags. ‘Splaty” ig gmts@tnm@tq%r%%% tthe shang of the
coli i fui : : . | . _ _
SRR Ve B SR8, A APtk
?Imd)st ﬁol \Twy tﬁ@mﬁdthﬁswlg tonths sltll_isﬁa)e, ithp@ksesses mdpirlg;stﬂon}lzmﬂface
oRoeERSB GRS 1670k IPETRF ISR Foltss A e APORe: BoREr cesidues. In

i: %%Ameﬁ%MW&e&ﬁ HvkAG6h, I BRIAAREER %pﬁl}?ﬁ td B'Ellwé)ﬁ surface

out 10 to about 20 mcrons, nore preferably
f ramghmése (Ra pa) of froabahout 1Btondbonb @ micrhaes, ‘mayp preferablyifipm about

;lg@gqﬁo&ﬂ/gd.onto t he bond coat using a nozzle

_ H4t°Bt oduces nuch | ower velocity nolten

parti cirgs«tophese id MR Eprifddositd maqﬁfnwc@hﬁssi@]od nd¥@le assembly
flatten to the sane extent that the high velocity. .
pthat produecsdauchdpawenvelgqie) molierhpagheles. Jbhase fayedr frglocity particles do
coat | i . 2 hi u . .
B iR8a 35 b 25 Bt i IR B AP a igher
if poesity gcna.ting hae wellrak aae withughneslsighér sutfacd opgioeas. Insone

rom about 15 to abhout .30 m craqns, re preferably .
£ PIRPAIBNHE OLthe PESHIARenSan HIE PstSe oUBfBes ARG BB Pitds from

MBYouR§ g Sclt? ta?dair't‘ 9? hnﬂ)fro‘ﬁ@frﬁ&r@ BrdBBLRS £HGabaM 1798 3ot microns.

rate, Is enbodinent tthe nozzle di aneter was
n&hé parhatesdlts Way be dbtampet! by tviarying tegmepellant gas flow rate, but for this

embodiment the nozzle diameter was manipulated. According to the present

invention, the roughness of the bond coat and top coats may vary, but for purposes of
constructing the composite which comprises the two coats, the bond coat will have a
roughness value that is less than the roughness of the top coat.

As stated above, in a physical vapor deposition (PVD) coating process for
semiconductors tantalum species are directed to a work piece substrate for precision
coating. However, tantalum and tantalum nitride species that are not effectively

deposited onto the work piece substrate surface are either vented from the chamber
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25 invention, the roughness of the bond coat and top

coats may vary, but for purposes of constructing the
conmposite which conprises the two coats, the bond coat
wi Il have a roughness value that is |less than the
roughness of the top coat. As stated above, in a

physi cal vapor deposition (PVD) coating process for

sem conductors tantal um speci & are directed to a work

pi ece substrate for precision 30 coating. However,
tantalumand tantalumnitride species that are not
eftinesphicvednadiersds ithedanersuefagher ta@ charphes @ad sxpased ghamber
surface are.either vente r I

R Tof Walilp SPRE nal k6 (G AIRBer fings syrfaces assume a
clrahas coiRal rpates khamhetantaomngoe fermafios ot dbdiad wph that
species that adhere to the chanber inper surfaces,
aresesfitatgs ap ephnnred furkaey atea onfthe aey ptace of thg depgsition chamber.

t j f tc. 'y i . t 3 1 3
BRSS! BETRL 000k L kol I8! g nrasing
squirfaa€ greaffort the pappesoftinasasihatheeniune dhataclimern, sitehor
processes uysed to "roughen" the inner surface, are, d n_ ..

f @eRPPIAEPE AR gy MREcactsr @R Uryntadnartifle pResies g the deposition
| GHARsI ng the volune of attachment sites for

entrappi ng and retaining stray unreacted or unvented

part i cThe kpooi EWAR codting peqrosses, when appliad ter the Tlainlesssieal or

TWAS.coatin . Processes, wh appl i ed tg tFe stainIFs ingl
BB coninae IHicr teest L W reRine Rabet et By sinele
pi}ﬁal‘ﬁ%&%ﬂgg ICRA RSy iEhet B8 Bhicledf 4 BoftingJbr&he application of multiple

applications. It was believed that too thick of a |
comtinggy wawld bhdisadphiagequsand dtselfigad itp rhambes gentagiénation due to

| d. be di sadvant s.and. i t .
“SHbdithat SAYATE! RORPYB TR LA i OB P Gt o
beeiidbscopicalip disthainublie(Set Figd) o TWGFecadiitisgsoatow
be m croscopically discontinuous (See Fig, 1).to a,
deqposiion shemberdyPredychipesife, Sychyapigaie %ﬁn%ﬁag?ﬁgv nitride to

by: i :
USO8 D 55 My o D Bl LWty b

ctanigrunacoegpaabtnddarhinatitte base substrate, causing

e e TP eSSl SIS B oot
dgfRs|tionURamBaNtRRpRErTR &k Provided %%Qw§wﬂﬂ_@ thaintaining

roughness while maintaining 20 coating continuity and

edatingicontinliifyf andl effecties diffosion bamisrs. eFhn temw figroapasete” refers to the
refers ta. the resence of .sap. te.l r [ -
BiSareal A FmPhE R Ryl RN G R ISl havine
chafyapt dhtastdrigtcd 10 obbiimibe debieedi@idlbebadig cldrhctedaics.ng
characteristics,. , )

In one embodiment, the spray distance from gun tip to substrate surface was
about three to about 5 inches (from about 76 to about 127 mm), and preferably four
inches (about 100 mm). The turn table speed is about 150 rpm with an applied
current of about 125 amps. The air pressure supplied was about 60 psi. The spray
gun had a nozzle diameter set for the bond coat (first coat on the substrate surface) of
about 7.85 mm, and a nozzle diameter set for the top coat (second coat applied in the
process, this coat applied to the bond coat) of about 22.5 mm. The metal applied was
supplied to the TWAS process as aluminum wire having a diameter of about 1.59

mm. The TWAS process applied a wire feed rate of about 69mm/second for each of
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In one enbodi nent, the spray distance fromgun tip to

substrate surface was about three to about 5 inches

(fromabout 76 to about 127 mm), and preferably four

25 inches (about 100 mm. The turn table speed is

about 150 rpmw th an applied current of about 125

anps. The air pressure supplied was about 60 psi. The

spray gun had a nozzle dianeter set for the bond coat

(first coat on the substrate surface) of about 7.85

mm and a nozzle dianeter set for the top coat (second
t\m\atremmlpliedj The ¢dating phickreesses appliesl weratfrompphowe @. t0ao taheut

005 B Rt boa ot Bireaoduto L8 Bl i o B3l 8 s o,
cdit. a’ffﬁé @Jmmle@p&%rreh c%%tm%"ﬂﬁ‘ckn&!ﬁs FVASHuP 885 B a%léﬁi 3%1

awre feed rate of abo 69mm second for each of
mionensm r es suppl ied. The coating thicknesses appli ed

were, fro out 0.10 to, about 15 mm f.or t.he bond

Cont IR PGB0 roe RSt Lo 6 RieSaR S8 epliPEdRe Prfwal
thickRessCT3he coﬂéﬁasﬁe mwWAS @om s%érﬁpcdﬁ@ﬁl‘hb &q; 6d&t)%lﬂe§§éii W

from about 254 to about m crons.

cameasatde trythe knewa TéMﬁeScnOﬁ@m thagknegses pﬁeéélea:ttfaul tw@ﬂfﬁru agaquate
S
pr()ggHgﬁ/ S%Eﬁ{lét F(Jlf:faprll %%%cd(?lg?{) bg E?O(ﬁl% %éfeg 81f}1r1\§\f(‘>% ‘;Soeglt'feagggl
the known TWAS coati ng thicknesses used that fail to
of fer adequate protection against del am nation due to
by- product species diffusion. See Table 1. 10 Table 1
Ra(m Rz mmiThi ckness (nun) Bongqﬁ&r engt h (nPa) Current

4r\/|n laVaV mlwFal A

muVW.V.Velalvwial 1200 laValmlaVal
TVASZTUT ToZPYoU00U WIITDI te—TVWASZ250—1240—305727AS

shown in Tabl e gaumhil e t herggaj i ng| t Mhi€ds@eaEn)Of| tBHR Stength (mPa)

TWAS coatings of the present inven{ion are conparable
Guyent AWASonvent i ol TWAS cofli3dgs, the Hh3® 15 30

CsotrgqgtfﬁAgf the TWAS colrrposiotll%4coat ng _t(?3(§§1e chanber 5,

S | II}JI Uvicyu yrtat T y 1T aAuur v 1 UIT, U1
surface roughness was conparabl e to conventi onal
coati ngs

dosi PEaNIUMD EHEAGERLS e arENERaFS Of B BASAGRiPes of the

ST e e
sttelngth afahe TWAS composite coating to the chamber substrate was 1mproved
greatly. In addition, the surface roughness was comparable to conventional coatings.
According to the present invention, the desired bond strengths attainable are
preferably in the range of from about 40 mPa to about 77 mPa.

Ra and Rz values are measured using a profilometer, a device that can
measure deflections a stylus makes as it is drawn across a surface. The arithmetic
average roughness (Ra) is defined as the arithmetic average height of roughness
component irregularities from the mean line measured within the sample length (L).
This measurement conforms to ANSI/ASME B46.1 “Surface Texture — Surface
Roughness, Waviness and Lay”. Ra (formerly known as AA or Arithmetic Average in
the U.S., and CLA Centerline Average in the U.K.) is usually expressed in
microinches (pin), and performed by moving a stylus or profilometer in a straight line

along the surface. A consistent and measurable surface finish can be specified for a
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20 neasure deflections a stylus makes as it is drawn
across a surface. The arithmetic average roughness
(Ra) is defined as the arithnetic average hei ght of
roughness conponent irregularities fromthe nmean |ine
measured within the sanple length (L). This

measur enent conforns to ANSUASME B46. 1 "Surface
Texture - Surface Roughness,10avi ness and Lay". Ra
(fornerly known as AA or Arithnetic Average in 25 the

and CLA Centerlipe_Average j he U. IS :
ui§ala¢q rpughiiseeels o XAl BPE HOREL & aﬁﬁ’yut %91@1%@.1% Jr4rig ghe sum
I f t t
Y ONGRE oF RS B i RS elie) oA a8
flemgtbh can be specified for a 10 desired roughness of,
for exanple, fromabout 12 to about 30 microns. Rz is
the sum of the height of the highest peak plus the
| owest val ley depth withi pxaanpnpsing length. 5
EXAMPLES 10 Additional features, advantages and
details of the present invention are included in the

follo tion of exenp odi nent s o t he

| venthficig bRt e hlaed BHPAGEY GIRCHeRRR R Rliod B8
GACLERCThItR foloWing DR casRnsTaRvnpRrdém¥bdisients XM hfention,
Pull testing (tensile) was perforned under ASTM C

eRtzcl dessriptieramystiredkenya casignetinn vidhtsiagerrapanggtedRymEes.
Strength of Thermal Spray Coatings. The sanples 15

were alum num (Al), stainless steel (SST) or alum na
ceram ¢ coupons, as defi nEXAMPLEhe tabl es bel ow

Fi nal Ra: 500>Ra>700 mi croi nches Gou #1 - Al TWAS on
SST Tensile Tests #SAMPLE | DLBS. PSI FAI LURE MODE

11- 18l igste Gensiladmas ipeﬁognecmm A0 638 Adhéendaed Test

e BB G RIRGR, Yl O GRS S50 CoahtA® T Samples
were aluminum (Al), stainless steel (SST) or alumina ceramic coupons, as defined in

the tables below.

Final Ra: 500>Ra>700 microinches

Group #1 — Al TWAS on SST Tensile Tests

SAMPLE ID LBS. PSI FAILURE MODE

1-1 8514 10846 100% Adhesive

1-2 8204 10451 100% Adhesive

1-3 8628 10991 100% Adhesive

1-4 8469 10789 100% Adhesive

1-6 8187 10429 100% Adhesive

1-6 8239 10496 100% Adhesive

1-7 8214 10464 100% Adhesive

] ] o] o] &1 QI N 2 #

1-8 8225 10478 100% Adhesive

AVERAGE FAILURE===> 8335 10618

Final Ra: 700>Ra>800 microinches




61-6823910496100% Adhesi ve 71-7821410464100% Adhesi ve

81-8822510478100% Adhesi ve AVERAGE FAI LURE
Ra: 700>Ra>800 nicroi nches 10618 25 11 G oup #2
2-8 Tensile Tests #SAMPLE

Fi nal
- TWAS 2-1 -

> 20 8335

| DLBS. PSI FAI LURE MODE 12-1864811017100% Adhesi ve

22-2854310883100% Adhesi ve 32-3824110498100% Adhesi ve
42-4825910521100% Adhesi ve 5215819210436100% Adhesi ve
62- 6834010624100% Adhesi ve 72-7874011134100% Adhesi ve

82- 883191059 e Facrc0410
P = T iy Ve
AR SéangEJ' o Tesis MELE | DFBS po) EAl | LERHRERIODE
18- 186191(39'80100% Adhesi®ée 23- 28‘2@14’10527100% Nfresihepive
B8-384601@72/7100% Adhesds¥e 10883 100% Adhesive
3 2-3 8241 10498 100% Adhesive
4 2-4 8259 10521 100% Adhesive
5 2-5 8192 10436 100% Adhesive
6 2-6 8340 10624 100% Adhesive
7 2-7 8740 11134 100% Adhesive
8 2-8 8319 10597 100% Adhesive
AVERAGE FAILURE===> 8410 10714
EXAMPILE 2
Final Ra: 700<Ra<900 microinches
TW_AS | SST -_Tensile Tests _
# SAMPLE D LBS. PSI FAILURE MODE
1 3-1 8619 10980 100% Adhesive
2 3-2 8264 10527 100% Adhesive
3 3-3 8460 10777 100% Adhesive
4 3-4 _8262 10525 100% Adhesive
5 3-5 7968 10150 100% Adhesive
6 3-6 8004 10196 100% Adhesive
7 3-7 8221 10473 100% Adhesive
8 3-8 8032 10232 100% Adhesive
AVERAGE FAILURE ===> 8229 10483
Final Ra: 1000<Ra<1200 microinches
TW_AS ! SST - Tensile Tests _
# SAMPLE ID LBS. PSI FAILURE MODE
1 SS-1 6555 8350 | 80% Coating Break - Middie / 20% Adhesive
2 §S5-2 6233 7940 70% Coating §reak - Middle / 30% Adhesive
3 SS-3 6263 7978 60% Coating Break - Middle / 40% Adhesive
4 §5-4 6810 8675 70% Coating Break - Middle / 30% Adhesive
5 SS-5 5994 7636 90% Coating Break - Middle / 10% Adhesive
__Ei SS-6 596§ 7596 75% Coating greak - M_iddle ! 25% Adhesive
7 SS8-7 6227 7932 60% Coating Break - Middle / 40% Adhesive
8 88-8 _ 5892 7506 75% Coating Break - Middle / 25% Adhesive
AVERAGE FAILURE ===> 6242 7952

Pull testing (tensile) was performed under ASTM C 633-01 Standard Test
Method for Adhesion or Cohesion Strength of Thermal Spray Coatings. The samples

were aluminum (Al), stainless steel (SST) or alumina ceramic coupons, as defined in

the tables below.
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43-4826210525100% Adhesi ve 53-5796810150100% Adhesi ve
63-68004-1 10196100% Adhesi ve 73-7822110473100%
Adhesi ve 83-8803210232100% Adhesi ve AVERAGE FAI LURE

> 8229 Fi nal

TWAS / SST -
MODE 1SS-16555835080% Coati ng Break -

Adhesi ve
Adhesi ve
Adhesi ve
Adhesi ve
Adhesi ve
Adhesi ve
Adhesi ve
Adhesi v

Ra: 1000<Ra<1200 m croi nches 10483
Tensil e Tests #SAMPLE | DLBS. PSI FAI LURE

Mddle / 20%

2SS-26233794070% Cgat i ng Break Mddle / 30%
3SS-36263797860% Coating Break - Mddle / 40%
4SS- 46810867570% Coating Break - Mddle / 30%
5SS- 55994763690% Coati ng Break - M ddl e 5 10%
6SS- 659637596759 [ Break - Mddle / 25%
7SS- 7622779326%’@@@% Break - Mddle / 40%
8SS- 85892750675% Coat i ng Break Mddle / 25%
e AVERAGE FAI LURE > 6242 7952 5 Pul | testing

(t engtill @);U%@mﬁéﬁ)‘ wanedfarmgd und@ S TME3 83801 Steudldad dest

M%%%Ii Tl]’,arj\ﬁgz@%%n o, Co

wérAla)umﬁihﬂll (mll)? 3&1@1&@%&%( &3M) 0@ AludhiHAtEBmESE
the tables below 1

LQan (tensile) was performed under ASTM C

Coupons
thetabjlest

dnes 9y

as defined in

esl|

qr@g(? g’g\ngyrece ﬁzﬁ% g’t]ilﬁ samples

fis, as defined in
EXAMPLE 3

633-01 Standard Test 5 Method for Adhesion or Cohesion
Strength of Thermal Sprgy,daptde spe sanples were
PLE] ISR RS e TDRE™O
: 5gI5 U] T 446! 700 00atng B die 7 30% Adhesive
2 = TCNSAIE TESLS 5531 7046 | 70% Coating Break - Middie / 30% Adhesive
3 Al-3 6037 7690 | 60% Coating Break - Middle / 40% Adhesive
4 Al-4 6793 8654__| 70% Coating Break - Middle / 30% Adhesive
5 Al-5 6356 8097 70% CoatingJBreak - Middle / 30% Adhesive
6 AI-6_r 6866 8746 80% Coating Break - Middle / 20% Adhesive
7 Al-7 6729 8572 | 60% Coating Break - Middie / 40% Adhesive
8 Al-8 6327 8060 | 70% Coating Break - Middle / 30% Adhesive
AVERAGE FAILURE ===> 6311 3039

All aluminum coupons used in the testing, the results of which are set forth in

Examples 1-3 were made from 6061 aluminum alloy. The stainless steel coupons

used were made from 304L stainless steel.

EXAMPLE 4

Tests were conducted to determine the adhesion of aluminum TWAS to

alumina ceramic. This was achieved using a bond coat applied by a plasma spray

process with the substrate pre-heated to between a temperature ranging from about

700°F to about 900°F.

It is believed that the pre-heating is needed because the

key sites on the blasted ceramic surface are much smaller than those created when you

grit blast metal substrates.

The increased substrate temperature allows the molten

aluminum to cool more slowly on contact, and so allows it to flow into the smaller

key sites before it solidifies.
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#SAMPLE | DLBS. PSI FAI LURE MODE

Br eak
Br eak
Br eak
Br eak
Br eak
Br eak
Br eak

M ddl e
M ddl e
M ddl e
M ddl e
M ddl e
M ddl e
M ddl e

30% Adhesi ve
30% Adhesi ve
40% Adhesi ve
30% Adhesi ve
30% Adhesi ve
20% Adhesjizve
40% Adhesi ve

1Al - 15845744670% Coat i
2Al - 25531704670% Coat |
3Al -36037769060% Coat i
4Al - 46793865470% Coat |
5Al - 56356809770% Coat i
6Al - 66866874680% Coat |
TAl - 76729857260% Coat i
8Al - 86327806070% Coat i

Br eak -

oW

e e

M ddl e

DO dO

30%
o

Ao e AVGERARETEM LURE ===>

ng
ng
ng
ng
ng
ng
ng
ng
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key sites before it solidifies.

and SO allTows IT to tlowinto the

13 Plasma /

TVASHN {RAAR dntid e Bk Sitdfe3AMrinEed 1b&en ot shédids\dakerbldhhe

1Specinmen | D #150296406100% I nterface 2

pecimen | D

imppEed puopygtesoating\gf ke present invention. Since the coatings of the present

invention have enhanced “roughness”, or have a greater volume of binding sites on
|

the surface, an increased volume of species being coated, such as, for example,

tantalum may adhere and grow in crystalline formations. This facilitates an increase

in tantalum recovery and recycling during chamber cleaning. This recovery and

recycling enhances the overall efficiency of the system compared to known processes.

More specifically, with respect to tantalum, aluminum occurring on the chamber walls

between the substrate and the deposited tantalum is dissolved using a solution of

potassium hydroxide. The tantalum and stainless steel are insoluble in this solution

such that the substrate is not destroyed during the recovery and recycling phases of

the process. The tantalum is then recovered from the chamber and reclaimed once

this stripping cycle is complete. The recovered tantalum is desirably in a nearly pure

form.

Although the various aspects of the present invention have been described

with respect to specific examples and embodiments thereof, it will be understood that

the invention is entitled to protection within the full scope of the appended claims.

\




3Speci nen | D #364808255100% I nterface 4Specinen I D
#458047394100% I nterface 5Speci nen | D #561827875100%
Interface 6Speci men | D #649366288>% NS' ~Mj fe

7Speci men | D #758567460100% I nterface 8Specinen ID
#857717352100% I nt erface 9Speci nen | D #958367434100%

I nterface 10Speci nen I D #1048676200100% | nterface

AVERAGE FAI LURE===>54736972 Thé4present invention
facilitates enhanced recovery of species adhered to

the inproved substrate coating of the present

i nWERCLAAM:Si nce the coatings of the present

i nventi on have enhanced "roughness", or have a greater

vol ume of binding sites on 5 the surface, an increased
vollurme @of msee ifercobEhdgpoadsith chatidbr ddnponerit salsstrgt syrface
tantal um may adhere and grow in crystalline

f opprpYiEng theskips of:aci | i tates an increase in tantal um
recover :

Fecover rRint EEE itk AHELRRC AR abhEAPhMing ABlstat

ef surfacency of the system conpared to known processes.

More specifij.cally, with respect.to tantalum qLuninum . and
oocur | REPVEHRE RAViokiss &5 SREAY] SCARE BORILEOF hRPYIRE coatings; an
substr ataﬁpl?ﬁ‘l%_ A Qe dSRORIh Srd R0 Ethy Bddtgdb FRdubeFate surface, said
usi ng a Sofution of potassium hydroxide. The tantal um
andompasitel cogingscamaprisirgea firss bonddaating on Hiessubsirale swiface, said first

such that the supstrate is not destroyed during the

e covinaxing & S el FoieludS Vo g rorition Magiifon the first

t aBbAd B8Ating, dalEichRERY0End hmd D cohditpba@iEroughness value

reclaimed once this Stripping cycle is conplete. The

r e dlent &y gdateratham therfirsidbapd sopting spuglness vdeg| y pure 15

form Although the various aspects of the present

i nventi on have been described wth respect to

speci f i Thexnstdest Glain ¢ohdtimhé Srst beddafating hagwh Fdughress value
understoaod that the invention is entitled to

pr &f &om v § k Fporhel) migrpnssagihe sacopd PA9AHRRRRS a roughness
Cl 3LfIR of frbth %u MNMpoht 3(4\115@‘5%8 guéhotﬁatctﬁélgéfceﬂcé tbp coating has a

processing ¢ er component substrate surtac
roughness value greater than the first bond coat roughness value.

3. The method of Claim 1, wherein the substrate surface is made from a material

comprising a metallic substrate.

4, The method of Claim 1, wherein the substrate surface is made from a material

comprising a non-metallic substrate.

5. The method of Claim 3, wherein the metallic substrate comprises a metal
selected from the group consisting of stainless steel-containing alloys, aluminum and

aluminum-containing alloys.

6. The method of Claim1, wherein the composite coating comprises a metal
selected from the group consisting of aluminum, nickel, aluminum alloys and

molybdenum.



conprising the steps of: providing a processing

chanber conponent substrate having a substrate

surface; providing a twin wire arc spray coating
apparatus for applying coatings; and applying a
conposite twin wre arc spray coating to the substrate
surface, said conposite coating conprising a first
bond coating on the substrate Burface, said first
coating having a first coating roughness value, and a
second top coating on the first bond coating, said
setond Thegnetbad pﬁélaﬁa\ﬁ, Wergins e son-mespllie sakstatp comprises a

rq < : is greater than the first bond
co%%ﬁg%?g%gﬁ*ﬁ%% Q‘git“&e. 2. The method of daim i,

wherein the first bond coating has a roughness val ue
of from abouth io &}%é)‘gbout 20 m crons and the second
top coatherigetiad ofClamgnasiein the compssite Goghngpryidess o
bl taR R ShRous St top coating has
a roug%ng]scs va Jlé gr egt e?&et%wdggtr%tﬁgw%rest bond coat
roughness value. 3. The nethod of Caim1l, wherein the

2 4ot a1 PecepEEFcliim Ty ot Reamosie autpPas & bond Shengtt of
WhER bt 19 mPPRE dRLEe7sMPhace is made froma nateri al

conprising a non-netallic substrate. 5. The nethod of
Claim3, wherein the netallic substrate conprises a

TR AR R LA R e M ous M St
al depbdition pRBESRI dhipgisilgltiystepstof: The met hod of C aim 1,

wher ein tﬁ_e_ conposi te coating conprises a netal
sel ect aUOYidg a precessiag shaaba said plapralier spwptipingchamber

' | ' I e el
bfgnets 1 e s Boe B BT p o iR hgmber
C dnjwrisaeficeicongiisiiy Leadpuisite Boahgs SHid oethposit8 codtivey comprising first

nmet hod of Claim 1, wherein the .conpgsite coatin?
préddisgreanddayesy saiddmyerahaving Gifering sudace sarghngss wiusse

substr %'Sviﬁﬂ{g ?t‘éﬁtah&-cﬁﬂ%ngﬂagé%n o2hd QF%E%P c%lﬁfg?ﬁr@cess, said

the cormposite coating has streng
alpyocesel teledsmgttantalvouspetiés frdan the tantalum-containing compound;

providing a work piece to be processed in the processing chamber;
depositing an amount of the tantalum species on the work piece and adhering

an amount of tantalum species on the composite coating.

11. The method of Claim 10, further comprising the steps of:
treating the composite coating to release the tantalum species from the
composite coating; and

reclaiming an amount of the tantalum species from the composite coating.

12. A composite coating deposited onto a substrate surface, said coating
comprising:

a first coating layer having a first roughness value;

a second coating layer having a second roughness value greater than the first

roughness value; and



10. A nmethod for imobilizing tantal um containing
conpounds froma tantal um deposition process
conprising the steps of. providing a processing
chanber, said chanber conprising chanber conponents
and a chanber inner surface, said chanber conponents
and chanber inner surface conprising a conposite
coating, said conposite coating6conprising first and
second | ayers, said layers having differing surface
roughness val ues; providing a tantal um contai ni ng
conpoundhergingasi @éﬁ@dﬁé@ﬁﬁ@aﬁﬂé daygEs cogirige aprieless

rel easi ng tantal um species fromthe

t ant al um cont ai ni ng conpound; providing a work piece
tolhe priecassag of Qldimed 2pvberssthadirsthmderond 1skeposirhpring a metal
an anount of the tantal um species on the work piece
anlegiddFom dhegroupsenststige of ahiminwm dpeeuas allgy, pirkel, and
coBRshbfungoati ng. 11. The nethod of Caim 10, further
conprising the steps of: treating the conposite
coating to rel ease the tantal um species fromthe

copposi te coating;,, and recl aim.n moupt of the

ol al uhlie feCnE ST P i e b R BRBtRE R Bimidtifom o
CORRRFLT L&A A tHEROT) ESHiFREQ AuBHRTh 2AY StaflEdsAER1.

sald coating conprising: a first coating |ayer having

a first roughness value; a second coating |ayer having

a sgcong, roughness, val ue greater than the first

ol Bnobas AR ST Sl Whereh frecamk i Agposiis oaig s gubstat
COgfrfa08 af AMEIkRe ST On® Sbcut T84 3 abok®35d hfcréat i ng of
Caim12, wherein the first and second | ayers conprise

a nmetal selected fromthe group consisting of

al ym nu 1] | oy LG o I
Thg@coa?}ll%ggao %Ilfl gl a?hinl% W\}el%}eeglg?lr? ctoﬁtzlg%%%ts}ts\rﬁa g@g{ﬂ} a%sg of from
i sabomele2 to sboua30 mrtrens.al sel ected from the group

consi sting of alum numand stainless steel. 15. The

coating of Claim12, wherein the coating is deposited

on{o th ﬁggggiggtﬁ%r%%éérchlﬁ%ﬁs& .a thickness of from

about 2 to a rons. 16. The coating of
Cl ai m 12 chavhlesr diaving lae im@asunfgcehas a surface roughness
of from o . . . , .
wherein said chamber inner surface comprises a composite coating having a
first layer having a first roughness value and a second layer having a second
roughness value greater than the first roughness value, said composite coating

deposited onto the chamber inner surface substantially continuously.

18. The processing chamber of Claim 17, further comprising:

at least one processing chamber component in a fixed orientation within the
chamber and located proximate to the inner surface, said component having an outer
surface with said composite layer deposited onto the chamber inner surface and the

component outer surface substantially continuously.

19.  An apparatus for tantalum deposition comprising:
a processing chamber, said chamber comprising chamber components and a

chamber inner surface, said chamber components and chamber inner surface



about 12 to about 30 mcrons. 17. A processing chanber
conprising: a chanber having an inner surface;

wherei n said chanber inner surface conprises a
conposite coating having a first |layer having a first
roughness val ue and a second | ayer having a second
roughness val ue greater than the first roughness

val ue, said conposite coating ldeposited onto the
chanmber inner surface substantially continuously. 18.
The processing chanber of . Claim17, further . .
AT CORPSEREPAHgeS Foah §OUREREPTIsBHEb fiighbond coat
| N Berfand @GO Bdt MUYl shidl ddcdifrop CHATRR halidg aRaFhRd
proximate to the inner surface, sald conponent having
arroughress value faeter thah thesirfice cmebsess aalugpé thedéslyindegat;

onto the chanber. i nner sur.f.ace, .and t conponent
outer sHPIPSIER CABG GNP QPflbo _ Miarﬂf‘f‘)%g iRt Cai‘r?n at least
appafialywithidlor LPESRIMYACHERO®ith R CHARIFRY, IsBidM@vice comprising a

processi ng chanber, said chanmber conprising chanber
c otaptahem saremfdr produhiagagantaime comainingspeciesiatd chamber

conmponent s ,and chanber inner .surface 17 ising a
conposi § ¥OERETTS %espé?%?s%e{)&ﬁ% 6%1 ?ré)gecsglg ic}ﬁg&g%rhpr ising a
first bond coat |ayer and a second top coat |ayer,
sai d second top coat | ayer havin%%a surface roquness

vadQie gFeasnmrrateief ClaEn 49y whereinthe spepmed oD\ ropt laygthag g gurface
fi {o%élal?egg a608F frfn% AT PSRt f'ﬁm%"gﬁscﬁdgﬁé Fibdt Bﬁ&pcdaplayer
a prédetermned I'ocatiron at least partially wthin or

| NhQgidfab€ fuighiieswiviline bl &ofheboet § tosabiodt tRemiaens.
conprising a tantalum source for producing a

tant al um cont ai ni ng species; and a work piece to be
processed in the processing chanber. 20. The apparatus

of Caim19, wherein the second top coat |ayer has a
surface roughness value of from about 17 to about 23

m crons and the first bond coat |ayer has a surface
roughness val ue of from about 10 to about 18 m crons.



