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Process Chanber Conponent with Layered Coati ng and

Met hod BACKGROUND The present invention relates to
weoeompomsss s for a substrate processi ng chamber PCT/S2008041862

processi ng of substrates, such as sem conductor wafers

and di splays, a substrate is placed in a process

chanber and exposed to an energi zed gas to deposit, or

etch material on the substrate. During such

processi ng, process residues are generated and can

deposit on internal surfaces_in the chanber. For

exanBrecessiChambeeeompenent wih Layvered GeatingwngrMethod

sputtered froma target for deposition on a substrate

al so deposits on other conponent surfaces in the

chamber, such as on dePRAGREBRUNDgs, shadow rings

wal | Iiners and focus rings. In subsequent process

cycl es, the deposited process residues can "fl ake of f"

of the theptesentinvéntivagelatesttalcompooentsrior @ sutsinzitanpitogessing
chah E substrate. To reduce the contam nation of the

strates by process residues, the surfaces of
conponents in the chanber can be textured. Process

h d t d
and ar oM R BagRb e Rt 0T RS SormleB o W
displdys, s sbisstraté ésplaced inea m’oaﬁlﬁrhanﬂﬁw ahebexposst wm@m;i‘@ted gas
I T -

are Baie@atedNnd <fan7<7§pd§ﬁ5nﬁr¢teﬁéyﬁl:rﬂb@§ in-the éﬁanﬂier :F&Eéﬁ@nﬂ@ in
assi gned i ed

7, 2004, d
sPUHROSIIEN PoReobe Mot SodNarBa RT3 FIBEor BBsionan-e
sub@ﬂratél lalsof ddpRdit®Bn Ol bor%ﬁone?rﬁ‘ Qﬁﬁac@é@qn‘iﬁ’@ﬁ% Herd88EHHASEN

Applied Materials, both of which are herein
depPﬂEQﬂ Heg s sbadey rings.evalidivers, and fraus risgsi resikssquent process

cyclgé’ ahé REPodIRY &Scéksr}bgaﬁési S F18RS ofOLIRE %ﬁémﬁélnsuk}%ces to fall

better capabl accunul ating and retaining pro

upop @sfl ggeadiaterige sutsitateaat e processing, to reduce the
contam nation of the substrates processed in the
chanber. However, the extent of the surface roughness
provi deto mduchdhe centamiggtion of the substrates by process residues, the

surfaces of components in the chamber can be textured. Process residues adhere
better to the exposed textured surface and are inhibited from falling off and
contaminating the substrates in the chamber. The textured component surface can be
formed by coating a roughened surface of a component, as described for example in
U.S. Patent No. 6,777,045 to Shyh-Nung Lin et al, issued on August 17, 2004, and
commonly assigned to Applied Materials, and U.S. Application No. 10/833,975 to Lin et
al, filed on April 27, 2004, and commonly assigned to Applied Materials, both of which
are herein incorporated by reference in their entireties. Coatings having a higher
surface roughness can be better capable of accumulating and retaining process
residues during substrate processing, to reduce the contamination of the substrates
processed in the chamber.

However, the extent of the surface roughness provided on the coatings
can be limited by the bonding properties of the coating to the underlying component
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can be limted by the bonding properties of the

coating to the underlying conponentstructure. For
wez@aplisss a di | emma posed by current processesPCEHUBIIAS/041862

coati ngs having an increased surface roughness, and

t hus i nproved adhesi on of process residues, also are
structups. clor exangds, s titepnyh pobe b durtrenttpheceassde fd thahgpatings having

Th 1y .t f ti
on RS ook R o P S SR 35
are typicatiy Esplstroagiyronde ¢othici umngrlyfling e’gﬂ(ftme: THis ﬁ’{eﬁl bﬁh@%mally
e RO R s RRbL A, S0t B el

alurdmhmmdaﬁhgﬁﬁn céfaﬁitﬁlikloﬂ gtairiéld stéalcbmgehéntef Fir&fés@m@tdf Bbstrates
under] ying structure. The plasma in

wirthe s oY e B 8 P B a8 s gk pgeand faking-

off ¢Faied bcﬁwmbqroﬁ?rﬁ fHteuideplyRgRasietirs UThasesmafin thtechamber can
under%y %Qstructure eventually leading to failure of

pengfaled Atnaged @Eeas ¢fdhe 6eatEg te erasisBRIEXPESeS swfacys of the
und@f%ul@&trwt@ﬁé' e¢e0ally 1@3&%@6 1%n!%ﬂﬁ'tﬁ@c Hokaid T'h@é'tﬁé‘%oated
esi on characteri'stics. Thus, It esirable

conmpapeants hydieally docwriporda b@th@dﬁﬁwi@@()ﬂﬁlag qasldcgnoaéesmue adhesion
chalddR¥&d adhesion of process residues to the surface

of the conponent, substantially w thout de-lam nation

of the coating fromthe conponent It is further

desira

provi d2+ IJfflust\}vel %18%&%&% coa? in %d\j?%p(%%% Efgqu%&f%at provide
impgwef adeesioughpressss mSIdlIlpB m/metdme‘aael bé’memmrrqfonpnt) Gcabstantially

Y. Ln one si on bst r at .
witGEERRIn RN e PP BRI EmdeBtof 4 Either dsavabiedo have
a cdatecaaft)nqmtme@t aed ngdisod magpr?wmeeﬂselghmdw c(:jdza&ﬁg dAving an

structure an i rst. and second coat

inorp i e eoerAEES EaHre Paphenen PEPEasS et e
underlying structure, and has a first surface with an
aver age surface roughness of |ess than about 25
m cronmeters. The second coating |layer is formed over
the first coating layer, and has a second surface with
an average surface roughness of at |east about 50
m croneters. Process residues can adhere to the
surface of the second coating |layer to reduce the
contanmi nati on of processed substrates. |In another
version, the substrate processing chanber conponent
has an underlying structure of at |east one of
stainless steel, alumnumand titanium The
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conponent has a first sprayed coating |ayer of

al um num over the underlying structure, the first
wa@pooaypexdstoati ng | ayer having (i) a porosity oPCT/@S®05/041862

than about 10% and (ii) a first surface with an

average surface roughness of |ess than about 25

m croneters. The conponeSUMMARYhas a second sprayed

coating layer of alum numover the first sprayed

coating layer, the second sprayed coating |ayer having

(i) a pb’rcm‘e versiof, abubstaté pﬁi@esémg.aﬁéml&ﬁlfbdﬁpdne@t capable of

th h f at
oo REASg e Eoe 45 s 6 Promeg cHRE DR ELF AR AT S lure

andtfhet amosmdn@ uoéta@aayérsr qHe Giest icbatigPayeTs we@rb\iéfr the
substrates, In one version, a met hod

oncBiii6 SEoelHiEng gnel has & flssh susiege Wit cosu ey ecTHAIRSe Foughness offess

thais QPSRSThictdheetaFe STHY Satofl RBatHY IHPEIas Foriida cvief H{etﬁJrE@coatmg
and sg %I ng a first coating |layer onto the underl

layegt angt seEnosturigse Ay w%aﬁewf@ea@@hmﬁﬁpéahbasttabout 50
mlcfd?ﬁéfbl% fPrbééss%H&@ﬁ@@ch’i‘a&ll‘i@refté frﬁet Urfded 'oﬂgwel s@é%hd Eg%ﬁng layer

has average surface roughness of ess than abo
to redusedhie centgmingtion @b Repcessd sipstratesr is sprayed over
the first coating |ayer while maintaining second
sprayi ng paraneters to forma second surface on the
second Ecnothey viersgien, théaubstirate processinggensherfa@oeponent has an

undbUAGSE R ordh 1€RF She BRI fBef TR EiFand fiafl,"Te

rc sprayer dap
compoaentipsanfirat spraue;d mmlngsiaynrm’r allednuri beestheayeeryiag structure,

f. b bj ased t

e 18 S S e RO e oS LB i o
ﬁrstcaUrfabzewem antavgchm dusface g@,lghnessmfabésatheh%@bw@? mn%f’bﬁ-‘letetrs

I ressuriz as to direc
e n O 1SS 2o W Bty Sl BB A e S8 BRgh e o
spré;‘éﬂmgmmwm thdgedona sprdyed @dati@lal/sr VL) a B—Bl%sny of at least

a conduit to receive the pressurized gas,

aboahﬁzz‘)/a’ wﬁabaﬁee%{ sWiAasaVinRD arerage syrfacedpughnesstalchlsast
aboli050 Rfr6MBs t PAREsS Fesiilds@ldhtRAb the Urf38e to reduce the

ressurized gas. The conical section has sl oping
Con&gﬁn@tggn ofipFRGRSF®S SUbEifatRSpand out wards from t he inl et
to the outlet. The inlet has a first dianmeter and the
outl et has a second di aneter, the second di aneter
bei ng aln aneasrsiamcumethos afinparnsifadtering the substrate progessing

chaﬁbgw&ﬁﬁ?%‘mﬂcﬁ@éﬁér&fi&ﬁ léﬁ%n%rtl}; A PRI G5 R YL sp?aﬂng a first

nozz e can
coating Iayer onto the underlying structure. First spraying parameters are maintained to

form a first surface on the first coating layer that has average surface roughness of less
than about 25 micrometers. A second coating layer is sprayed over the first coating
layer while maintaining second spraying parameters to form a second surface on the
second coating layer that has an average surface roughness of at least about 50

micrometers.

In another version, a twin wire arc sprayer capable of forming a coating on
a structure is provided. The sprayer has first and second electrodes capable of being
biased to generate an electrical arc therebetween, at least one of the electrodes having
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selected to provide a predeterm ned surface roughness
average of the coating. The consunmabl e el ectrode is at
woeast7pastially nelted by the el ectrical arc POT/SINNG/041862
nolten material, and the nolten material is propelled
by the pressurized gas through the nozzle and onto the
a cytsuEble electvodenrthet $praymryatisanigas d beppip e pressaurizedsyaa to direct

o B BBA58s Lot B RRRLL 6 403 Bbin OB b oo o

flovstekie Theatdzalg. HFANNCEEIt Th esmeiviectht pressurizspgad, aindrdconical section

raigar B3 athelis B concl oo en awlkghablarge A,

pre@e}mpeedi gés.CThé EBnicaRecBaTRaPa0Yhg @oﬁhbal\lﬂldtﬂ/@ells\/ﬁmtcékpand
{ra i hvent i

Uty o e, SR LIS Rfte A IBB! ot (s claalernatid e awdethas a

secbifid tjiametéwmetsemnd QicBeNer Bding BObasRIRLY 1 5Rinkdrethe QMedtlthe first
of the Eartlcular drawi ngs, and the invention includes

diargeer, Wiianeag PERSSHIe @fihe arassHiizadegas figydne threygh the rozzlg can be
seldefdd oBroRes bi Padtemhided EU@&e%u%&mgiﬁer t¥ cBating. The

process chanber conponent having first secon

Conéwa@blﬁglec&r@éegs atppest partjally neligetbiydhe sleistrieat are to iferm whiten
e Iy

o R A Rt PoR B S EqISE LIRS nfR00R S RN o nozzie
andta thel steistiire dmEarmghel soatingw Tehedhamaleodlfossta prtepsuuee)ﬁ/the
pres ERRRE LY ) Be s8bo@ P BRIl eclerAikp b JRIEHELs average
of theasaatigga range of different average surface roughness;

and Figure 4 is a partial sectional side view of an

enbodi nent of a substrate processing

chanber . DESCRI PTI ON A conponent 20 suitable for use in

a substrate processing chanber is shown in Figure 1.

The conponent 20 conprises a coating 22 having a

textured surface 25 to which process residues can

adhere, and which also inhibits erosion of the

underl yi ng conponent. The conponent 20 having the

coating 22 can be a conponent in the chanber 106 t hat

is susceptible to erosion and/or a build up of process

deposi ts,
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such as for exanple, a portion of one or nore of a gas
delivery system 112 that provides process gas in the

W@ b@aioeyss106, a substrate support 114 that sSuppOT/US2005@41862
substrate 104 in the chanber 106, a gas energizer 116
that energi zes the process gas, chanber encl osure
walls 118 and shields 120, and a gas exhaust 122 that
exhausts gas fromthe c ngégp, exenpl ary
enbodi nents of all of whic Ar shown in Figure 4. For
exanpl e, in a physical vapor deposition chanber 106,

the coated ¢ onents can conpri.se any, of a chanber .
encl osuPEE P RRicas, 2sgoqin AR ATV Gas Pz Praefbiygiton wil
becdrdé bettecandarsiobd gvitha6gard td #Eoslidwiog deseriptibdBap@ended claims,

ancSHEBEam A8 e, LR Bt SRl of ey i e
to bg usderstase thaueash afiiee faabiwes earebe upgbintthe Iaventiorin general, not
merERAHTRR! RGN R paﬁﬁcawéwﬁg, 8 MBURINbACRIded Y ©

4 havi ng an overlying coati that covers at
compinggpp iof)%eéﬁ feafures; wheteur e 24, as shown in Figure 1.

The underlying structure 24 conprises a nmaterial that

Is resistapt to_erpsion froman energized gas, ,such as

i enor Pabip 4 eTEFsanIRRE G Er fh RaTR TR g Agrocess
chamber canparent hbang drsd spt eecdrivecasting tdyerss 24 can

conprise a netal, such as at |east one of al um num

titanium tantalum stainless steel, copper and

chr omi uig. 2 is @partiabschienmgtic yievt ofiart emeodivhenbajm theirmgl sprayer

j ; | bshahR. conprises at | east one
cap%?@?fﬁﬁﬁh n16§%¥§2WL%?gﬁ stainl ess steel. The

structure 24 can al so conprise a ceramc nateri al

such asrifQresePaidl $b ale 4 Sa8h BRI sRIcWR W and Tl disdt top view,
Z|E%§n|? silicon nitride and alumnumnitride. A
respEGHYEN:

& 88 egpbadiaest ¢f @dlihginal sarayshieraiasthehis @pableryf forming

coai®)y lagerd haemigraakingelvasiferat bl @rage cOHgEMRGhAES; and

I mproves adhesion of the overlying coating 22 to the

structure 24. For exanple, the surface 26 can have a

sur f aceFigoneghises pantifl setctioresd sideatey bf 2n OmivbdinteTe béa Substrate
mo&%gng%ﬁémbgghes.) I't has been discovered substrate

processing can be inproved by providing a coating 22

conprising at least two coating |layers 30a,b of

coating material.The nulti-layer coating 22 conprises

coating layers 30a,b having characteristics that are

sel ected to provide good bonding of the coating 22 to

the underlying structure 24,
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whi |l e al so i nproving the adhesi on of process residues.
Desirably the coating 22 conprises a first |ayer 30a

WO b@b/073583 or med over at |east a portion of thePCUUSRO®041862
26 of the underlying structure 24, and a second | ayer
30b that is forned over at |east a portion of the
first layer. Suitable nRESCRIFHONor at | east one of
the first and second | ayers 30a, b may conprise, for
exanple, a netal material, such as at |east one of
al um nufcompppent, 2G$ufablecfosusd iped sulistratgspredessding eHrbifer is

sof i FlgbiSh 1h%pRRRbet il males aciobling &2 pRBRissextured
surface P5 &swhieh pexcusplresidtied @asédr@?@ amﬁi vﬂiimﬁdgﬁmmtﬁ&osmn of the
ron garplde an

si,l.icon oxid |I|conc\,£)r
undgfIving RPN JBe cPRSAED Qavaﬂe Reiseaiiner fgn be a component
in tHEOEHRIMBe 906 Iﬂﬁat@é sUEVeptibIa e EfosRcark/difa @Jl!é!rﬂrﬁéﬁ"ﬁrf)@éd%posns
over. an un?erl ing structure 24 conprising at | east

sucly As fRrexatmpia, Pgtian ekpnepiamalie ftiaraas dgivery Sﬁlﬁ’@% b2 they
pro@é’eé?ﬁﬁcé“é%rﬁ‘dsﬁh tied cl%}hb(eﬂm h%ﬁ@étﬁa’c@gé}pﬁor‘t ‘ih&ﬂ%@@ﬁ%;ﬂ%s the

can also conmp rise mul tl ayers of materi al

Subﬁtraiwaé i W&r%’\?@tb% 86ea gaﬁgn@ﬁasaéif’emaéen@rglmﬁae process gas,
chafBaf idostde UBHs 148 LNd %ﬂl’éﬁfs‘ RS afid % eqra§te|>1<h3é(§ q Z%Qﬁa exhausts
t hat prOVI enhance

havi ng characteristics
gastfiom he chambee 408.exemplary embwdimsritagf alt ofuwiian erezahovmn Figure

4, IfH?Féxé{ﬁPf%' Ha gh@%é?‘(/ggorr c?eﬁ)lélsﬁ ?n @ﬁ BEP éjg!‘?e:;tgéétgg %orgponents

fir ayer ure sur ¢
canfcomptisaary atje CBambalcmoimmugmweH; 418, I'Hid:harlsbems“nfeldt naota ’garget 124,

o AL P BOGEARRIE D, A9, 0ot 1y D35S oo

135¢ mul@uppes 18V estadter disk & 33clémpeashletd Mre amElstmfadehB4 of the
baPs9 ut e es of the displacenents fromthe nean
sd ?raﬁ%sa?p%@ ‘geaks and val | eys of the roughened
features along the surface. The first |ayer 30s having
urface rou hness exhi bits good bondi ng

the |
ch:r agt § é’tqn&ger come ggt %?Q@Wr's@érﬂ”%\deﬁy@a SHQPW&% having

an deﬁ){lh@)t@étlr@OZZﬁﬁﬂt thrs BeRaHd M'tlwa RE&trébturd b@ é@%wn in
surface rougﬂness first layer 30a al so tyE| cal éﬁléas a

Figyre dudde Yngeowng piruciHiec?? exinpiispsreovatasishiiahis resistanito erosion
fronUMSﬁér)‘zﬁlzBH g%gisfﬁ 52%} %erpﬁgal ??Q%r?ﬂ@ﬁ WH@&B% Sk ongée%§ing

and pores at nt erf ace su
envireyegnt3oar ﬂ@éﬁ}ml@lénﬁhﬁ sfieiciire @4 Car eoBRrisme majalasscm &mgideast one

of alrumﬁgmeﬁém%egagxg%u@}c sta rﬁ’ésses)f&grpé@gctg ?c J&ﬁ%rﬂ%ﬁ% %gersmn,

croneters ol nche rom ab
a stnmpu@%pgmpnglegmﬂproved corrosion resistance comprises at least one of

aluminum, titanium and stainless steel. The structure 24 can also comprise a ceramic
material, such as for example at least one of alumina, silica, zirconia, silicon nitride and
aluminum nitride. A surface 26 of the structure 24 contacts the coating 22, and
desirably has a surface roughness that improves adhesion of the overlying coating 22
to the structure 24. For example, the surface 26 can have a surface roughness of at

least about 2.0 micrometers (80 microinches.)

It has been discovered substrate processing can be improved by
providing a coating 22 comprising at least two coating layers 30a,b of coating material.
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m croi nches) to about 23 mcroneters ( 900

m croi nches), and even about 20 mcroneters (800
wo@eorisshes. ) A suitable porosity of the firspCt/agmos/o041862

30a may be | ess than about 10% by vol une, such as from

about 5% to about 9% by volunme. A thickness of the
Thefrmul§itlayesyroati®PN22 cemplisessaating &yet03Qa, bhadeag gharcteristics that

are 39858 38 pLR A odt A B Shas? Bl ubdslisy sPodim 24,
whllalm&d |erer\ﬂngrthet a:dmbmmof(brcﬂi?ﬁHMsmﬁSE Dessirbblgithé eoatinou2
e cQa

22 f h
compifas Pk Tey et b et Sotel e ey Aieass B hobansel the Siriage 26 of the
undesRd stugtard 2mndfa ddtend lla"zygtr ?E@W 133@&3&@ aT/er’f'élSea':b‘ﬂ a portion of
ce a es i

the B3R BYB0rSUblA Belil e FaRs MBgr Tiibrad SeRad aiesn 30a.b

maesthpite, FREREmpRY) aldtar PETRTaE ueh 8XBORASt driXSfHIGHInUM, copper,
surface 25 having a surface roug?hness aver age t hat i S

staiglpgsplep!: {UNgsiam Jeniim ape nickels tAt] %aﬁépneeﬁthewfﬁét AHidggpsend layers
30awmfa9@ﬁsorc@m@e%sce?arﬁrcaa§teﬂél 5ih SRPeREmPRANLS: BXE b

surface 30b enhances the adhésion of process residues
alurpiguinHexids, siisal oxides silieon cagbidediasen eardideraficRinmENUst nitride. In

onef\)e?shérp hé Eoe?’c?glcié &gm?rfse n€'dr Mork rlﬁgérg 1382 &G lnum  formed

textured sur inhibit t contam nat |
ovegaih sndenyiig sltomtttreuzé}gcqmm@m deast ohe ohstamqscamnana @lumina.

Whfe Bt DO BERSY B8R io el So£ DA Satifd Y 8 also

corm)dhesmLd)ilplofayprsomfarsa;tenalsthatmevidajmpmved prockasieg characteristics.
roughness average of at |east about 50 mcroneters
(2000 microinches), and even at |east about 56

i cr oneTies sodtRid2 désirablyrohesises élﬁcdg lB@r gg@ madihg thakfeteristics
m croneters (.220Q. m.croi nche abo mi cr o met er
that 5oy ﬁﬁ"&?'}ﬁeﬁi’%gﬂ“g Rl %@&ﬁ&q ﬁ%'ymtw 5@ Tn one
versidi; iraprewed seuuite &fe prvaeassith ARt @lyépsdjwmn@@altéb@n@a%@ﬁace
32\@&%flty | evel that is greater than that of the first

54 ave[pes sy0ace oyghness thatds seidicieptivlonsio nrayde good
bonéllﬁglbﬁ‘ the2fs Dy 03048 thé YGiRacRS2d 6aRR ﬁﬁ@éﬁyllfscgsﬁdc@ur@%uﬁhe

vol une, and even at | east about vol unme
rougmeﬁﬁ @k@f@gg oh stiHace isd b Mmeanyes theapsoluia vaiugs @ﬁfh‘a ci ent

R A5 A AN Do 3SR S Touthintcatros
alongehe seifag¢en gThpofingt lagen Idsamying the dovesyi sonfabg reugingss exhibits good
bongiﬂa %ﬁara‘&?éﬂsﬁgs,fsﬁeﬁbgggﬂér c%n%a%t g}gat l?etx?/Qé’Mhe%?& 30 and the
underlying surface 26. The lower surface roughness first layer 30a also typically has a
reduced porosity, which can improve bonding to the underlying surface 26 by reducing
the number of voids and pores at the bonding interface. A suitable first layer 30a may
comprise a surface 32 having a surface roughness average of, for example, less than
about 25 micrometers (1000 microinches), such as from about 15 micrometers (600
microinches) to about 23 micrometers ( 900 microinches), and even about 20
micrometers (800 microinches.) A suitable porosity of the first layer 30a may be less
than about 10% by volume, such as from about 5% to about 9% by volume. A
thickness of the first layer 30a can be selected to provide good adhesion to the

underlying surface 26 while providing good resistance to erosion, and may be for
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mm such as from about 0.20 nmto about 0.25 mm The

coating 22 conprising the first and second | ayers 30a,
wh260visees substantial inprovenents in the bopdi/mg200$/041862

the coating 22 to the underlying structure 24, as well

as in the adhesion of residues to the coating 22. The
exafmplesfrorh apeut B0A nuorp absutdy2d men, fsucls bs froweto about 846 mm to

ro, ness average i s capable of formng a strong bond
abow¢28m{g surface 26 of the underlying structure 24,

and thus anchors the coating 22 to the underlying

2 T d | 30b
Second Tiefeating 2 BEESLMAES ASSaRNOLRATG 1askscibdoped over

at Ie@@ﬁ&l puttiehion gheamdt iagém(nsghat hay geexpoekd l‘[@(t@fedl%fuﬂ’éﬁé 95 that
i.dues th surf ces havin Iomer aver age surface

prow IAREEd PIORSPD ae MOF 6X@TRIE: Higagicend poating
laye® merﬁﬁe@&ﬂ&eﬂ skt @easuisce?2s hé\ﬁﬁ@ buraty rddness

coating 22 having the first and second coating |ayers
avemeﬁfaam a@wrﬁb%v@é opbeffibstiaes S0pn Thadighes @eggw@ughness
aven%@@%‘f £ &osBl %Bcérﬁﬁlﬁ?&dstﬁfﬁeé BbH@nRinddiané aahédich 812process

fromthe structure 24, and reduced contam nati on of

resighescle Jae axReAestSusees, to paduceihe msideaes pbfiakinger spaling of
mat&idl f@ﬁ?@\@%@@?&%d f&tdr@d’ @Fﬁac@% %n&i%ﬁh&g@]‘b contdmih ﬁ’& of

conposi tion materi al's that enhanc ondi ng etvveen
substrages {4 beipgmsoaBacd With kg campensing 20t Resuriacstroegithess average

of tl"%et%@gg <?: %@(% ar\@/@ r?gﬁé@%% i) {rgly'ﬁ%ysstflﬂrgnbl‘é fcﬁgc?errgrfproved adhesion

of pexcpahEsaivesordy be asntface mwghn@&s dvieeagendf adtgxemh about 50

B 00 P B SR o

mmrlohmha@)l sectpasFownabuus & mtdrometera (:moaf raicrehaches) §9 asout 66

. the fi d 30a, b rise the sane
mio e S 2SR STEI: ABS SPeT Al BTG i aTHE) surface
rougmb%‘lhﬁg Mo hde dn Tn&ﬁea@@&i pél%%ﬂ’%ﬂ lévbﬁh@f |§ g%)éielbthaﬁ(’élﬁat of the first

the first and second

coams—a"@%re%ﬁuq? BHAPOHSIBOE augéstfabpgt f %l(qd)YS\@Mﬂ%l: ugh @sdrom

abodO0B9p t&QMUt'Z%"’/S‘B¥ wblgm%aaﬁd BV A néést%tsat m%w\fou% A
that are well - ched to one anot her, respond

thiclgiess phiheysacendiayes Bathad is adficientite, ptqwsiepg estgn of the
seccﬁﬂ:"lb{/mb t é‘ sSPEQED HANE FirsM V\%} I%rméi?ﬁfdrl {18§ good

surface roug ness can € provi e sti
resistanee iQi aipign Hy enetgirrssgases.onay he frgacalmt I0ahGemm © atioait 0.30

mmféJcﬁtasfﬂ%ﬁ bbolt 82 ?H{rﬁ?&ggcgg%giyn}gﬁﬁ average of the

rst and second ayers

The coating 22 comprising the first and second layers 30a,b provides
substantial improvements in the bonding of the coating 22 to the underlying structure
24, as well as in the adhesion of residues to the coating 22. The first layer 30a
comprising the first lower surface roughness average is capable of forming a strong
bond with the surface 26 of the underlying structure 24, and thus anchors the coating
22 to the underlying structure 24. The second layer 30b comprising the second higher
average surface roughness is capable of accumulating and holding a larger volume of
process residues than surfaces having lower average surface roughness, and thus

improves the process capability of components 20 having the coating 22. Accordingly,
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be determ ned by a profilonmeter that passes a needle
over the surfaces 32,25 respectively, and generates a
wo e@e®7385 t he fluctuations of the hei ght of theCT/US2005/041862
asperities on the surfaces, or by a scanning el ectron
m croscope that uses an el ectron beamreflected from
the toming 2f vy the figeirepdesteeormhcoating dayels 2 @rmuniésaimovdm

i, 0 t.ies S C r hness
poriRaER S bARER B Sinelrafess Wil Y Shplo b RN 0 22
fronstf&mﬂralctdjré\ﬂal ansSdduBedl Goritamink88 o precessddglibstrates 104.

appropriate cut-off |lengths and eval uation | engths,
can be used. The followi ng Table | shows the

corres ploruﬂ@n@s,.bnetm@arst\aah lsééor@fcdaﬂhg e ss 30, BIdedRably
rlat cut-o and t #I cal

comFiSF GBPBI o Eh g Heleseare! FUBRP PATUnG Pelieen e et lavers

30a“Eh e:cﬁ@abmp@ 2% meiand sédtpdtdatingd e§érsB0d, BREIME domfised of
rovi des i nproved results over coatings having

matﬁ@% hav'gg syPantgjlysimitas theymat exRansipnessiiisians, sra Re é@ermal
ex Qﬂﬁ'@"ﬁbé&?ﬁ&éﬂ@ﬂ%%ﬂb@%é&ﬁ§n QB&Jt%‘%‘ tﬁ?é&c%t%ﬁén%yof the layers

bon to the underlying structure. For exanpl
30adygsiiting romdbafhalsiagnsion mismatbhay bya BEderTed vergioa, the first and

secont If'a §O%@%&g&gseaﬂﬁgrs%% m o’gﬁlg)%tlagﬂoﬁgé’% t”l%g{/neer]dhf&?n and

mcCr ters m Cr ol nche secon
thermal matrhingsefrthe fest mod ghoerklayers 38gd. dforgxeatpds, thenfirst and

sooBiPierd ot 05 5l AP RERBIET Bl g s
30albemmw'amg1he 2a0eRRateval kgvequibysdried that are welt-hnatithed to one

anoffBF B B o R HieBen, ming BRisebashurapment, o
>eccpndjle¢tﬂsmtl'ga Slgmst a%irege lsO#acfe?rbtuQm cahae rfrbmldéd Wle s’ul(ljI
maifg AR SRS i PR eI The coat i g

Iayers 30a,b are appli ed by a nethod that provides a
strong f@%ﬁetv\een the coating 22 and the underly
structu 3CE "BrONNESE AHE0E ﬁﬁfvﬁwdsﬁwefi@@@a% b may

be defdrmine) £ rd?iltﬁn@t@r A2t Saﬁestar}%e%%\}eﬁ‘ghé 3Nfces Ao
be appli ed by a thernal ﬁ@gyl ng process, such one

feSF@P?/Yﬁ!N @ngfgegetajphafiaee ohhe fhig omﬁgofpiﬁe@éwt of ihgrasperities on
o BRI Y S5FDIPLBSHT, AlcoSpaN R B Shfuofdony
reﬂe&tﬂﬂi fraro it syrfaces 40 perenatd arsipraggi of gheswitarss, Inoneasuring
proﬂ@ﬁe% d?fthé QL‘ﬁ'face such as roughness average or other characteristics, the
international standard ANSI/ASME B.46.1 - 1995 specifying appropriate cut-off lengths
and evaluation lengths, can be used. The following Table | shows the correspondence
between values of roughness average, appropriate cut-off length, and minimum and

typical evaluation length as defined by this standard:
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I n one version,

deposition process.

| oose particles fromthe sTalflate 26,
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in Fi gu-lr

zone 450 t her ebet ween,
o0atingr22:5QRRISiNg hedirsene seapndlaypesci Qe gEpvides

.mpﬂ&@d4@&lwepeaairnﬁ§ @.QBWP écée@"arzsgr’?gé%

to be coated on the

as shown for

exanpl e

RyBE %sfth® %étﬂ% %ﬁtﬁt‘s
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enhgp¢echadfiasionrrjinsereass viesidgeseainshcas mere stmr@m bmchm the underlying

stru‘é{ ?&tﬁbrce)%' dang oét

ectri d sc

ener

B 20 B

ween

F3ba B%\élﬂ& ace

rouginess mamaeeealf est ﬁhﬂieabm@ aﬁmeromm«ersaﬁ 0@1) tmxgemclﬁefr) and a

soo 5Pt AP 5| 5

452

%atﬁbﬁ‘awﬂq"é't 3!

micanetersr(20@6 misoicbhes rmyeb@capahieofdcfenag tsediotprogeEss NIbstrates

0<% leab LR

conduit 458

prodeRe0d sipataiesod ndpwetibasiasost DHIRE:

t ween

e subslng

rectin

odes 490, 4

gutsqwﬁﬁrpxhggqn of ttfwe

substmtps | B cuntrast awmeemﬁﬁ:apém@éwbbgtﬁ@ Bap bé%@péble of

to direct

he
Jpggrsﬁlggforgp@aﬁ@g of the

confpRhugEs rédlﬁe@'t@??é\@ﬂ?éorﬂ%méﬂﬁg fHeOdtine@stednd at | east

partially
490, 499,

|que I es

the thermal sprayer

t he net al

Blid¥) §H}16%H& fh

400 and Povvar S t

e sur

on the el ectrodes
and carrier gas energized by the arC|ng

el ect ofR5caMo1RP088 e L BRVBHS airong

ace

bong fhetwenipiba eaatinmn22 ane thepundsilying structure 24 to protect the underlying
structure 24. For example, one or more of the coating layers 30a,b may be applied by

a thermal spraying process, such one or more of a twin-wire arc spraying process,

flame spraying process, plasma arc spraying process, and oxy-fuel gas flame spraying

process. Alternatively or additionally to a thermal spraying process, one or more of the

coating layers can be formed by a chemical or physical deposition process. In one

version, the surface 26 of the underlying structure 24 is bead blasted before deposition

of the layers 30a,b to improve the adhesion of the subsequently applied coating 22 by

removing any loose particles from the surface 26, and to provide an optimum surface

texture to bond to the first layer 30a. The bead blasted surface 26 can be cleaned to
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particles inpinge on the surface of the conponent,
where they cool and condense to form a confor nmal
W@ o@bionigss ayer 30a, b. The consunabl e el ect r odeBCT/US2005/041862
490, 499, such as a consumable wire, nmay be
continuously fed into the thermal sprayer to provide a
remombeawmnmlespmkycmf bd hthafepOMQahpm0|§mnerrGManmg on the

ters. duri her ma pra are eI ected to be
surf ‘Eﬂ %rof”(ge:ﬁﬂoa%d%?%n 8hg\e P'E?s3 Bthe coating
mat eri al application, such as the tenperature and
vel ocity of the coati.n teri as. it trav
pat bt rAeRET A 8 T AP 8ror o OO BB O aregPplied o
he €orapdieit 20 diyrd ®in sms, afré way @kﬁ‘ﬁss Ca%ffbl’ g%arfiple descrlbed in U.S.
pressures, rate, stan

pate@.t Sochee? nab T suehen May Bh 20 TR hiraret Sl erdpes mgtent no.

5,698Eb 5 86U N ee@fgﬂdqm kd sa@ggé Hdﬂeomﬁ.bh R MRbRJorAbd herein
relative to the surface can be selectedto inprove

by refreenggin thedr ¢rsiretiss. tlh@ecwén Wiig arihermall spsauing Repcess, a thermal
spra“yﬁpﬁﬁﬂH&ﬂbru?&hﬁo%%uﬂfablb%&r%%é ago a§9ttr9atta|i‘@sha]ped and

under | yiI ng structure surface . For exarrp
angieg|te atiew BBtaIRASTC Blgdo &ﬁslumtﬂrenelzem (B@ dkerabetwegn, armghown

o Gp AL B8 ARl o B8 may
compise bin viiteatiomhashEomebaeetal thbe conted mabhe suifage 22dbibe
confit % U5 SR sy TR abBctPgbitnce o
fornm eaerlthetlosbéd poirdr al elspiiasrerdischatgeuialdeyetated hetwegnglee
t 80, kil oWt t h Ut
condfrb BB 24 S URH Pused SPLLEme oD & BRI pover
sup;dsi' Ho2]it Ia@pllétﬁﬁ) thb sondiensié emb&ddémmmt;wwm@e camelr gas, such
t acteristic t coa eria

as oRGY B Ab 8l Jar st Ot Towe befieRncns elepdrnodiee.
The @aeHe? gab caRPRIIrbViOEd BB gas sapplyaba Gofrpridid sodrbe456 of

pattern in which the nolten coating material splatters

preS@H@;eq $RsaRnd ﬁﬁoﬂ‘ﬁét 42 rptler dirgcting Mepps tedisea [tkge pressurized

gas pﬁﬁqﬁé%ﬁactrﬁﬂgs 49@@@ | ﬂrcnrﬂ@ﬁét%@ﬁ theTaﬁct%d%édtfgof 499 atom es and
di stance an osition can al so be adj ust e

e
ot lops: Rra Iy HRESETetalen e lgaioges dPBdeBL and owtib gate

ene@ﬁ%ﬁe%gg%?ﬁﬁé @lecﬁ@@& %éno d&%@ﬁ‘gf) Itsgﬁg gﬁ)@é{\&%ﬁlc%% out Bf the
thermlabssmayersdpﬂﬂa@m ton@odsaihe stiffaces26 bhibe compabeot 2015Tkmmolten

n rial
oo P o AP b el BRObE P BelTBhGkBleosp
forrma cbrhfermaiamlatlgg layee80ab. The cbnastmbhll@bkﬁdtrb@essmo 499, \such as a
consunl?a)o%e W|re may be continuously fed into the thermal sprayer to provide a
continuous supply of the metal material.

Operating parameters during thermal spraying are selected to be suitable
to adjust the characteristics of the coating material application, such as the temperature
and velocity of the coating material as it traverses the path from the thermal sprayer to
the component. For example, carrier gas flow rates, carrier gas pressures, power
levels, wire feed rate, standoff distance from the thermal sprayer to the surface 26, and

the angle of deposition of the coating material relative to the surface 26 can be selected
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coating material on the surface 26. In one enbodi nent,
the velocity of the powdered coating material is from
W@bwan73580 t o about 300 neters/second. Al so, tPET/US2005/041862
thermal sprayer 400 may be adapted so that the
tenperature of the coating material is at |east about
to immptavierige applivatian of thewdoating hmte:ruaammmermlbsemaéntiamna@n&e of the

ool 734 RSO GMAHIE BT 5 5o ihen

the léonsumabl@ electrblies 4etpe9 atayrhe sﬂedétﬁtoamaﬂr@mmwﬂi@ NoR$ to about

50 P S =2 ABS SRion A ERAR, B REtert 1t Toupriedieanye

conabmubletdlkﬁ;tleidésugoelwlrﬁéW@é §6le6tad té1b BroRralsdlt 100 AMps to about
mat erial renmnins

ficientl a e_coatin
10%@@%‘%‘9 a aB@P %(20 }é'rnpﬁ fee @BWﬁlg tenpleR! hefhermehgprayer is
usualy inaB€ réfye dfdrone¥BOR 6o ABUBBIPKIRIV AtlS, BUBS fab %Qo@tf 10 kiffBvatts.
may be at | east about a few seconds. The t her mal

sprayi ng process paraneters are desirably selected to

provi deThe eRAUbAYistancdl drd ér@’eeéﬁjeﬁgéltlgn RaN D ﬁé@el?}cted to |

desired structure and surface acteristics, suc

adjyss ihedapasitionshaeasteristice obihp wgating wRriesiskon theasurfage 26. For
exaﬁﬂﬂé Wst%ﬁ&&?eﬁﬁa?rceaa'ﬁq dnidfe &Sf\?ggél idn 8n BQ%dﬁJ%feto‘ tﬁgnodlfy the

contribute to the rnpr per of mance
Pat@ﬁamwldoﬂn@méltﬂrsccmwglmatemm spbttsrsmponampaatmgwty]e&:rfase to

forrh ﬂfr'é'?(gmg rﬁtaﬁé né Iérjn Fét’ ga#l'hé %{aﬁ\ﬁigﬂ% ﬁér?c?qeé:’{@e?ngle of

uring a Tl rs
depselaoranah elsar!ngl aubpstdadatct dmedlfgaﬂhewaag,meg)qﬁy ooradyeplet size of the

R L N e L e O
distamxre‘ latween tighthe aRalaspedyey €00 Bad texsurdce.is bbsutf 15 &h, and the

anl B B B R BIS oS PRI S5 15 o degrcs

surface 32 with a | ower average surface roughness,
while the second thernal spraying process paramneters

may be ‘{Mo¥losity efdhe soating maleralf@ndesadiesiad tagetabiogeposit the
coafh@y natbrial it 20, LR ofte %h%@fméﬁf %@%Io%r{f/ bRfR owdered

roughness. In one version, the first thermal” sprayi
Coawga@@Leyablérfm%@@t Wtoﬁépéts?rqoi megtersieedands tAlsa e tmoaal
sprééfémbd) eber & gléd’ ﬁ What el h?attur@ro??l‘?éj&?atﬁf rhgt%rlal g at least
arrier e second CRermlC spr a |n8
abogbmalrﬁreg éereper@turel e\ft@guthe ngetmgenaenainmpbay elne Sm’xﬁace

o PFGe?eagbggémégweﬁ@gl eogg\@taﬁ g%?CP% gBét?nSgS rh?ghoger%sl?t?/ and bonding
strength. For example, the temperature of the energized carrier gas about the electric
discharge may exceed 5000°C. Howéver, the temperature of the energized carrier gas
about the electric discharge can also be set to be sufficiently low that the coating
material remains molten for a period of time upon impact with the surface 26. For

example, an appropriate period of time may be at least about a few seconds.

The thermal spraying process parameters are desirably selected to
provide a coating 22 with layers 30a,b having the desired structure and surface
characteristics, such as for example a desired coating thickness, coating surface

roughness, and the porosity of the coating, which contribute to the improved

12
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first pressure. For exanple, a first pressure of the
carrier gas that is maintained during the deposition
w@boobloe3sBi r st | ayer 30a of may be at | east aboptT/RSIH05/041862
ki | oPascal s (30 pounds-per-square-inch), such as from
about 275 kPa (40 PSI) to about 415 kPa (60 PSI). It
periogmbrdd efibel coditat canipiogbets 20r ds soe aexsiori; Ia&:oa&hg pers aded by

TR Pl 0 RS Lo Rne5 PPE L8 g g o

laydr@@arand\meaglag St ﬂ\@ﬁﬁalrspu@ylmﬁﬂ)ceés pararmetsrdlid br@cond
e carr that is

f
parge Rl PR RE Tornt RS SO IneGsscand laver 308 bhd &y picher
surfa&b rdt@}fmb& aterb@s SFohea@mnas, Uthe ﬂ&@tﬂéﬁﬁa(éﬁ?aﬁﬁb procdid
ven | ess 5 kPa PSI%r such as from

paf%{Bg S @Y% bEQEOﬁ@I ge)]ToE g)rrgmglﬁ f|rft7lgy p2Dg hayingsp syirface 32 with

a IoWehQVerQQé B4 Bu§Rmess %ll@me%bﬁ@t%ﬁhéﬁé?ﬂa%hg process
05|t|on of the first and second | ayers 30a

paf%ﬂﬂ \Prai@ay ke trsg suigbledpeiorpingeragoad aver 36k éTaV'é‘QSﬂ Yface 32

withPa high8tt a8 BlrfRR BYIbsBr 0OCe€SS to deposit a first
al um num | ayer 30a conprises naintaining a first

pressure of the carrier gas of about 415 kPa (60 PSI),

whi | | 0, 499
of about 15 iy oAl RN Saling pRceR B @hof

depssitingthe first layertIPe apmpsisey netptively iighufiret (réssige of the carrier gas,

and'mé Eé(?dn‘?letﬂﬁtﬂlialgpﬁay eqlé'ggégss(p?arér“ {é?sc' or, dgpg&@ﬁﬁﬁos'ctof&g Fayer

etot rralnalneda
30bs:9m1nmde arelatie¢ly spv agiang resses sf the caajrogiat tixatiemesdhan the

B SEHEARES TSPV 8500
the ddmmmtlohkﬁ thePfirst @56!2%%3 ngrgby ?é adlepkyabtut 200 Q"ﬁ*aétC@lSQBfOf

st ando
poutfecbdSsdliof it ok asFioRRasa or kRa 48 PV trdberhans kP (60
PSI).aly &rbelieved ﬁlaﬂﬁlhfgﬂ"@l’ Prsate ciigstartier §48 Ml e ASH ’clo%ﬁfj packing

a deposj ti le to the surface 32 is maintal ned
of f*}?o%mgyﬁﬁ{ﬁoq 'H9 %ﬁ*% 2Rdee Rirdgiurerrairiaes g6 ihug previdinga (Swer

iR SR N oLRANESIENE FedUNBIgBYerS N S4Bhd 9&'& gn
aveo?gvel opedmtu%a{1 rovides for the fornati on > ﬁ%o’b[ﬁ puier gas

thatfis paintajRed diingh e|d@pesl§<>eeéth§ mavndw@yem%omn@we @tﬂ@s than
abolitoRy kFSé"(3f085‘§l? FNAVRR TS UEh QSﬁ&‘t W5t (Qg Fsﬂgﬁuéffﬁ B about

rayer n one versi on, nmprove

100 KBrdy5P S0 abeHbT T5i6sa (9 PRbr Gl proamblersican aisa be varied
betvERAHE FBPbsifin S thS Brdt SinGRRYShd Igy@s% ?ostosp%wde the desired layer

properties.

In one version, a first thermal spraying process to deposit a first aluminum
layer 30a comprises maintaining a first pressure of the carrier gas of about 415 kPa (60
PSI), while applying a power level to the electrodes 490,499 of about 10 Watts. A
standoff distance from the surface 26 of the underlying structure 24 is maintained at
about 15 cm (6 inches), and a deposition angle to the surface 26 is maintained at about
90°. A second thermal spraying process to deposit a second aluminum layer 30b
comprises maintaining a second pressure of the carrier gas at the lower pressure of
about 175 kPa (25 PSI), while applying a power level to the electrodes 490,499 of
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and 3b. The inproved nozzle conprises a conduit 404

that receives pressurized gas and nolten coating
WE00bi0zd5es, and a coni cal section 406 that rel pPeEES20051@41862

pressurized gas and nolten particles fromthe thernma

spra 400 to spray the nolten coating material onto
abouh 40 é‘lﬁtﬁﬁ;n‘éntangoff distance.frofih thecsunfaoe Bzmme:fmmlummlayer 30a
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maietamﬂdatcmaloua%‘i ng zone. The conical section 406
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gas and coating particles fromthe conduit 404, and
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he noz le 402. The wal |
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sorig 4hB AR Beeh Seeioned st Beniee Sar top damalion o petiithe fist and
secendlzwarld 30206 BavihgtherigpechrRubwer ﬁiriécéb@l&@hrﬂss@ %%ra@las with the
axis 409 of “1 c ni cal section 406 froma first
sani, R, sPraver 20Re g ¥eIBiIo8eiE| IRrQUigH dheras sprayerd00

conﬁﬁn@é@ €n GhprvkamodzIa4ob an érﬂBbGi?Hen? SP\R/hIEH iP8Hdvit in4 5? ures 3a
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andf%bovf ?rwrwﬁdom% le; gpanpyises .a(mndwm 4 that segedvesrpressamized gas

andﬁﬁélfénaéoa‘hhﬁ p'aﬁlcf‘és éQ@atcB%th%e%ﬁ%ﬁhb%tHéf?élgéssﬁ%sthégﬁ@ssunzed

w der at the out exa
gas@pA m%ltenscr $ frgmzltbe thmmabmyersmatofspraycthelwmﬁehe:oamﬁg

. 0 b.
bR oy s, Femhsbih pinligll A0Rshd o
recej\g ihmprﬁs%@lzedl gael aaﬂeoa&nqm@‘tlcﬂes ﬂmbmfhimmdtigtb&hawghmit from the

t 23 t 0 mm,
elenﬁjﬂ'%%r ﬁﬁr%&ﬂ secon %%{ngkz@ Cloﬂg)r'gg% ngrﬁit(#)twﬁﬁt fggeives the
preésunz@d(gamhled cmtlrige;mﬁcleibmm the 50ridUM$)4¥ hed ﬁé% an?fj’get5407 that

s from about 1.
re!e%éérﬁstb ?JI(?%%‘%@E%OI% q@ﬂgg Pﬂé @sz%’%g etar}?éz di amet er .
The sl oping conical sidewalls 408 forman angle a with

t_to o ot her of from about 60 to about 120,
;ﬁiﬁeg %98\‘?{8@13 @%ﬂe FRRICAISSEHRA06 69mPEse18oping conisatsicewalls

408 mﬁatmgémm@uwaﬁ!@@ wbbaeflcaal ans 400/0f #e 609@&d| Qﬁctlon 406 from a
i cl es pass therethrough to provide f

first 6‘@}%%?‘1 dAt toe cedaalisegliariales 48B4dols Sﬂ&?ﬂﬁglaanatgm@gatdlﬁe conical
sect dLAieE46 P UTRE §%§m@%ﬁf&?§1deﬂe§% JGSHﬁEVIG{e %r[fbtrlgal fofbath

the conical section in can be se
thr%%tﬁ\eoﬁewgom ovitha nairewerffavapath mbhieninlet 405 thet grachuati imessases

fo a YRR (it o g B} 4G TE SRS, BERINATBgedal bRy
compeisga flmt@irag@tesqfrffm abouigmmetosgboain 83 mrh; glvlras from about 10
mm to about 23 mm, and even from about 10 mm to about 15 mm. A second diameter
may be from about 20 mm to about 35 mm, such as from about 23 mm to about 25 mm.
A preferred second diameter of the outlet 407 may be for example, at least about 1.5
times the size of first diameter the inlet 405, such as from about 1.5 times to about 2
times the size of the inlet diameter. The sloping conical sidewalls 408 form an angle a

with respect to one another of from about 60° to about 120°, such as about 90°.

The improved nozzle 402 is capable of passing pressurized gas and
molten coating particles pass therethrough to provide for the deposition of coating
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first dianmeter pronoting a range of relatively higher
aver age surface roughness. The second dianeter d can
Wheoosiozmest o provi de the desired spread and  PCT/US2005/041862
di stribution of the sprayed coating naterial to
provi de the desired coating properties. The spraying
layqrs S0ebshagvingparedreyesof audfathmughed sscivetades. heMirsediafeter d, of

e b ko B b B oA ST R Rapd PR 3By e maimu

surfacevdn@ﬂek@?ésirdﬂ &f thasiest aﬁ@\?\;&mmil@aarg 30|§,|b€:1_W'T|tM|%|| QfFél%Wﬁrst

. , , ereas a jelatlve ow )

L Bpung afde cEIRLEy U Srise deusTsos TR ahigher

first caareéteBﬁbJrﬁkﬁWg@raﬁhgé&if@éléﬁ&féﬁ)b’hi?h?}hfhv@)iéijeaﬁﬁfa%érrf) 655. The
e

hness. A higher pressure o gas is believed to

secplt dEMale’ drflandie Seed 0RoRee 414 dasiied Speae ansy@ekbHiion of the

decoatifd raterid) o PRIVRIBEAE QHSIFaH Ui L
Spri'?fnpgﬁéﬁ? saty? UC?(l)JI‘Be to ciggl d a Io@?%ﬁ%@ﬁﬁﬁ%ﬁggg
procgss R natergiae then selgstedit ppyide the depisehpygrage sdrface e

rougﬁnésg.e FePakampleMB&btRly hi@t’l lg%ﬁre%fqﬁé HafieY %]SL qfayr%vﬁ%vided

eed rates, and thus resu In a coating struc
to forav e iRyeh3hr hRYNg gaelesvely lamavenagmeurfanegorgenass: fvhckeas a

; i . . r .
b pRAS  PESHER TRl BRI 1B gl R0p gno o
relagively high averdgecsurfasegbugisesanAthigher prassoenof tA8 gakiid isclieved to

i) ) : ti h
casBh 38 ALAGN M 3haAELE oS GBH P BBl 05 Ao i bloy o
the suitfaceanftthe coOypanéitstriciuesioi yiéldg lswerastlﬁte@eaou@‘:rta{se Strgcf:ture,
h | b, .. e.re-settin .
cueRTR S0 S 818 o B8 puh Sl TR B aglv v
lowerefead eqips,i s, thud eestits freg eodmgastruttiee Badhg BhiGZerRYod and
cl eaned of anél | oose co_@t@l in articles or other

. Cl .
highES AYSIROR SHITESE RRNONBESS o rvad nezzie LRllpWa fenthg efficient
fabridagiem bﬂﬁyéﬂstﬁzodz,,b R&MRg afferdnt beRage 908ad rotBhsEss Gthe

aci di ¢ cl eani ng sol ution, and a basic cl eaning
compoNgRh ?cpn‘{"h'gerﬁllsgﬁi"i"ﬁﬁalf%ﬁ%ife@EP@M@GW@%WF'?S,&E@FB@ﬁiﬂhﬁgspread
andtdirit ISR QR &Y cafting! Jhrfiles, ¥EFSFhRTly mﬁo&%ﬁ@ﬁﬁg %égét%’ga

cl eaned by rinsing with de-ionized water. ecoated
apPaiyForRIARONEN L ion eark [RyBe3Qa. aidiae ensettieg of hinereds spraying
pardth@eRSSi ng one or nore substrates 104, to renove

accumul at ed process residues and

Once the coating 22 has been applied, the surface 25 of the coating 22
may be cleaned of any loose coating particles or other contaminants. The surface 25
can be cleaned with a cleaning fluid, such as at least one of water, an acidic cleaning
solution, and a basic cleaning solution, and optionally by ultrasonically agitating the
component 20. In one version, the surface 25 is cleaned by rinsing with de-ionized

water.

The coated component 20 can also be cleaned and refurbished after
processing one or more substrates 104, to remove accumulated process residues and
eroded portions of the coating 22 from the component 20. In one version, the
component 20 can be refurbished by removing the coating 22 and process residues,
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eroded portions of the coating 22 fromthe conponent
20. In one version, the conponent 20 can be
wo edoandsshed by renoving the coating 22 and prBCEES2005/041862
resi dues, and by perform ng various cleani ng processes
to clean the underlying surface 26 before re-applying
andt hyeperaminggvdriaye ckaBbg, froceSsesito clgar the urtdelyingi sigface 26 before

d h d. b d et wee
re- R e SR e a0t Aol Bk § s nraes
enhane¢d bondiiy bétweenttﬂieummm‘@/tdgystm@twé Py @rﬁ ra&stgb%@qb@grydre formed
eani n e escri pe N
coafingB2 nop B FAFETRSTE Hichss hG5 Berac ARG foneRarmRip by agtieaning
methpd ides@bed 20 Q4S. mmucgmnmal H0/8SHOTRALik @t AP Rledash April 27,
ei n incorporated by reference

|
20007584 ool s ngf 40 2\88‘6%%‘&3@2'3 AWhis8 s Borelst fsametaied by

refetrém:esutté anfredf tRd coddiMgWRdein BE RUofrhéd 6leHtRe 48rfad¥26 of the
e of a suitable process chanber 106 having a

“”dEHWﬁngﬁEH‘ft“W%‘h coating layers 30a,b is shown in Figure
4. The chanber 106 can be a part of a nultichanber

platform (not shown) having a cluster of
i nt er confe¥avaledfmbiliablequacrssicbambgr 406 bbevdng @argamponent with

coaﬂﬁ‘&%@@r‘s%ﬁ tbi%tshbmqﬁ ure ﬁu%grcﬂgﬁtﬁeeq)& p&h %%}&p& a multi-

ers ersion sho
chagthanplatiornd 610ct @h*pwn)sf@/l@g 8 plullstee of hégrosn rtectﬁd cHeantiees connected

by %ﬁ?ﬁ%@ﬁ hﬁt%gg%t %%ﬁéﬁ%s\@? St dzl!dtg{)lglgep I?t}{eDchambers 106. In

I's capa
the wersioni showonthe muMsrmambe% sclmbnsaes D upeutter d@pbﬁtn@t chamber,

sl 8Py o BRSO, o SRAAAp o sputer
depasitimg material bie acubstate 10A6sEGY drieesr raore sFaamtalundlthialum
cl ose rocess zoq and. that i ncl ude

o .th
g, diggliins RGN S is! bRl O 6s, URSRSANiAY Frdvgdiim, The
chameDO(DG cdmﬁlﬁbek%cﬁﬁﬂré)ﬁaw 1 EBate RS £ ProchSs §bﬁ’@‘4‘@é |a$1d that

nd cej | 168 to support the ceiling 168
incl allgahed sa Homﬁ'&@'bt@p g%t BFeiling é%ht‘x@uaeorizogﬁ ﬁatcan be

arrap§é® btwiebA tlﬁ‘é‘§|t18§/blﬂ§1 gebhd Cé‘lﬂ'l% i6op é@%oﬁ%’%k&ﬁhgﬁ‘ 968. Other

envi ronnent. The chanber nprise
chaghphwalls casgnelyde gpp oF mare, éhlglgiﬁsteﬂeth@t shield the emmlesuse walls 118

fro”gﬁ]%%h&é &Wﬁ%’ﬂ nt06. The substrate support 130 may

e electrically f oatlng or may conprise an el ectrode
170 that is biased by a power supply 172, such as an

RF powefhesél'%%ﬁler 1-5%%0%&’%&3 stbstHite g[l})polr? 93& OnSL?plp%?t the

onpri se
substrate in the sputter deposition chamber 106. The substrate support 130 may be

electrically floating or may comprise an electrode 170 that is biased by a power supply
172, such as an RF power supply. The substrate support 130 can also comprise a
shutter disk 133 that can protect the upper surface 134 of the support 130 when the
substrate 104 is not present. In operation, the substrate 104 is introduced into the
chamber 106 through a substrate loading inlet (not shown) in a sidewall 164 of the
chamber 106 and placed on the support 130. The support 130 can be lifted or lowered
by support lift bellows and a lift finger assembly (not shown) can be used to lift and
lower the substrate onto the support 130 during transport of the substrate 104 into and
out of the chamber 108.
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shutter disk 133 that can protect the upper surface

134 of the support 130 when the substrate 104 is not
w@r@s®nsss | n operation, the substrate 104 is i PCT/OS2008041862

into the chanber 106 through a substrate |oading inlet

(not shown) in a sidewall 164 of the chanber 106 and

pl aced on the support 130. The support 130 can be

lifted | owere rt e i ft

1 nger DB Lol ABRSPek® bas Bs BTpTE §Rs el ag a cover
ringl1@eeIndth@esosiniritgel 28N that theer st et & pddidndi ithengpper surface

nsport of the substrate d out of

13459“1 PPEe! 3Pre '@lﬁib%ﬁoﬁ'oﬂﬁﬁl‘?ai)ip&’% or%PF‘@é‘ebﬁ‘%‘ &e

depb&iéh Fihd 938 ablKabt ;f%aﬁft;élly%@Vr@Unds the sLB6tratad 03 16 @pstett pdRtions of
ring 128, that cover at

f h
the SYRRCELCI0IRS COYoeREY I SHRT Al 004 0T he RovirPingy 1261 iR Teles and

covérl@%t %ﬁ%PQrpbrtib%cbf tl*:é‘d@;ﬁ%ltiéﬂrrﬁ\'gWZB BR@ rélRiRES kd hdsitidd of
| east partially surrounds the substrate 104 to

parttﬂaﬁ@&@ bstﬂthp&ﬁgowort Freg 42 e theiusienying cypeeed3By t he
substrate 104. The cover ring 126 encircles and covers
at least a portion of the deposition ring 128, and
r educesAtrecese 968 sucbasar spidlieting bas, ip intiwdyeedhintmthe chamber

1 063@%@@2\%’ ggéagsc{éllg%g#%%gﬁpﬁ 3 {Plgt M@@%é 4 g’?@ce%g %%9 rshgélggzggﬁrlsmg

ntr
oneiontore lyas sharceert 74 tﬂ&ttelacb u‘ﬂﬁd acqumltdlé’la heying agas dow Toatrol

' d
vaivk 7, S 4 e b8 o o ol ot BB Hng B ©"
therfb’lawd)ugym aTrgﬁenl rfduitsvi €6 oam tdedvibé ‘gesés?ﬁ a sy mnﬁoln‘t(ssst shown) in
. t t t th .
whigth BF BP0 e Fofi Pedreiroten Ui e e ddaiine
marfifold fegdsraryak aligiitnet 180hmvNg dife Yhinele JdieoBREL$8AINGhe chamber
m.xed to froma desired %rocess as conposition. The

106 iR RIOGRSSI G581 TBRY DRSS AN-ERASHYS B33 GHCH 86 RIRN NG ehiRe:

whié isE@p8bI8 &% eAbligettdlly 1BBingMgtUuppn@ErarepettediPmatdiril from a target.
process gas may conprise a non-reactive gas, such as

ThergRapSSIaSTBROASO RAMBHSE 3 'R I08S GTUCHI St OTdRPIeof an oxygen-
conia‘iﬁ?ﬁé‘?b@gné‘ BORrGRA. RiNiRG GBS (TR 26 icabalib O éhctiflg Ifth the

ocess ?as may al so conprise a reactive gas, such

sputiered rﬁ@at@ﬂalﬁ@ @b layAr o fpesibsiiete Hidn Srpns Peasgsa gas and
byp@d@ﬁ&?ﬁ& e&ﬂé\@éd‘ﬁg& tﬂ?%haﬁwpéi 108 frdif a{H &h%s{ ??{MEH

e sputtere eriral 'to form ayer
inclgddssineairend@xh8psiporis riéd dsat rgeaiveaspk iy ppraese @las aadeass the

speﬁ}(ﬁhacsﬁg %deghaggn éolﬂlgul? W@@Ee\km%%etrg i %‘o@ v%f%a1%%tto Jc%ﬁtrol the
pressure of the gas in the chamber 106. The exhaust conduit 186 feeds one or more
exhaust pumps 190. Typically, the pressure of the sputtering gas in the chamber 106 is
set to sub-atmospheric levels.

The sputtering chamber 106 further comprises a sputtering target 124
facing a surface 105 of the substrate 104, and comprising material to be sputtered onto
the substrate 104. The target 124 is electrically isolated from the chamber 106 by an
annular insulator ring 132, and is connected to a power supply 192. The sputtering
chamber 106 also has a shield 120 to protect a wall 118 of the chamber 106 from
sputtered material. The shield 120 can comprise a wall-like cylindrical shape having
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i ncl udes one or nore exhaust ports 184 that receive

spent process gas and pass the spent gas to an exhaust
wa@eovdo73583186 in which there is a throttle val veCT/882009041862

control the pressure of the gas in the chanber 106.

The exhaust conduit 186 feeds one or nore exhaust
upppuammmsh'éjcpsmmhg 12040 el 20D disat ishizidbthet Uppes phtl I®vdrimggions of

1 t t b- at ric
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proviéed @t @amp tiesTuper dhdiasher shldlé sbytiocnd 1208 t@F;eih@i3 UhRErBEtive
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fron® Bel thRy2S 1@30¢he C:b%%r 50y 560 §ﬂ)ﬂle% REHiPPGIa ,?’ér}ﬁ tllIé)Yé‘f‘%et 124 with

ions o 106. the versio
resmcgmféezshleﬂdw é2¢hiTee eleﬂm fﬁécbgmratpgm theeghaimher 196 4rom the

appﬁ@&‘iﬁ Fa%et&lewl SSMQ%‘BUHeﬁWSth%mQ ﬁ%gi%ﬁ%kéﬁﬁhg&”y

120 |tte tot cover
impisgee bgor and b@mbef@ thg targetl Hfpiorsguttémmatesinl off $® thmet 124 and

on GRS EL PR BoHBBA P UEE R St 5 S0
electrodt pawer sugply A2 naytatso s;tnraﬂefc& paraof tae @as Ieeefuzwnczlecﬂ)y
1. u
ol R85 35504 i 8P S B R T SRR b s o
subdtisie t104! Fusthemperb| agfaé eﬂé\t@[]zmgtzctd’lgl %%n%lﬁrrﬁgﬁbgage?ﬁpowered
e
oy &bl L Ben s moatons) vaGH e Ofaiaoe aiigap Provde
enhahdddl dresgieed ghd chiracehb®sdsdatlas lﬁﬁﬁo@oe&*érg&eéﬁ bﬁé density. The
enerated jn_the chanmber 106fromthea|glle vol t age ‘

gas ERERARING SOl ed SHUPe BYPRAGiedAY & ePlkiPRPY 191 daafes altaghed to a

shieRE2W61 bRt Wyl iRk RAESSHpEPATE. and bonbards the target
124 to sputter material off the target 124 and onto

the substrate 104. The support 130 having the
el ectrode 170 and support el ectrode power supply 172

nay al spheoBiRdrAbE RS i93bhtrdled by (Qih%'oﬁé}ef 9 et cérﬂﬁ’rls% % program
energi zing and accelerating ionized nmaterial sputt

codg Pavws H@twaﬁ*@bﬁetﬁqomr%wn%@nanfém gli@mher4106 to process
subﬁlﬁtéi‘f@m e cﬁg%%r ST BbrédxBthptdithe doimrdiRP 19 cBh BYhARL 2

ower e
substrate posntlonlng instruction set to operate one or more of the substrate support

130and substrate transport to position a substrate 104 in the chamber 106; a gas flow
control instruction set to operate the flow control valves 178 to set a flow of sputtering
gas to the chamber 106; a gas pressure control instruction set to operate the exhaust
throttle valve 188 to maintain a pressure in the chamber 106; a gas energizer control
instruction set to operate the gas energizer 116 to set a gas energizing power level; a
temperature control instruction set to control temperatures in the chamber 106; and a
process monitoring instruction set to monitor the process in the chamber 106.
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by a power supply 192 and that is positioned within
t he chanber 106 to provide enhanced energi zed gas
W@ b@eAr3Ses i stics, such as inproved energi zed gBRST/US2005/041862
density. The gas energizing coil 135 can be supported
by a coil support 137 that is attached to a shield 120
or ot heAlthaligh exernpleryodralmsiment® ®f thﬁﬁesémﬁbwntibﬁ@iré Shown and

oo A i RREONT ek 10 ISR SRS BART

mccpmeratmﬁlﬁmesém(%n\temtlpm careloshisiu bt ailed @dthihQHe isBopd6f the present

For ., ex the controll 194 ca
v For Sxiiuplse P! EVBEcPBReRg e e wsimeay components
desopledberedneancalsobe eleahed h@tr&ubﬁérﬁﬁﬂ eprayeRa0d cdr@Rflions and
posj.tion a substrate 10471 n the

trate t [, t
om B St E0BEGEb S5k S bR Soe et o

thospessatibed ban bbwed 0 ALE-bnal @\éeﬂﬁwgl&&é @tggﬂhrag g@%éréévj&fcnbed

h hanb
couEales B bpftoftieis g 6€a060 giswe corid htpesitmestin an order ofher

thatﬁ thaotits@ibeal VRirth88ndre, rEMtiNE ak Boﬁh&%ﬁ?érH{sesHoWrF\nﬂw respect to the
?nber 106; a gas energlzer control 1 nstruction P

%bémélog'm‘?fgs @%'W@h@gﬁéblel Thetaforee thesappended clalms should
| ;

ot PE?WS@E‘?‘&G"? O pro eI b Sk o 30218l

arrangemegisciascpbest bergimiorilusetentyeiimentioant i on set to
moni tor the process in the chanber 106. Al t hough
exenpl ary enbodi nents of the present invention are
shown and descri bed, those of ordinary skill in the
art may devi se ot her enbodi nents which incorporate the
present invention, and which are also within the scope
of the present invention. For exanple, other chanber
conponents than the exenplary conponents descri bed
herein can al so be cl eaned. O her thermal sprayer 400
configurations and enbodi nents can al so be used, and
coating and structure conpositions other than those
descri bed can be used. Additional cleaning steps other
t han those described could al so be perforned, and the
cl eaning steps could be perforned in an order other
than that described. Furthernore, relative or
positional ternms shown with respect to the exenplary
enbodi ments are interchangeable. Therefore, the
appended cl aims should not be limted to the
descriptions of the preferred versions, materials, or
spatial arrangenents described herein to illustrate
the invention.What is clained is:
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1. A substrate processing chanber conponent capabl e of
bei ng exposed to an energi zed gas in a process
W@ bawioessss t he conmponent conprising: (a) an undect/ysrigs5/041862
structure; (b) a first coating |ayer over the
underlying structure, the first coating |ayer
Whabispelaisnerhisa first surface with an average surface
roughness of |ess than about 25 microneters; and (c) a
second coating | ayer over the first coating |ayer, the

second ¢pat i AGubstyste peavepsing ch@naersmmrﬂmu té it vf Hding
verage surface rou?hneg | east about 50

s, of

exeped (9t S SIZRH GRSy A proe ShargloSiy hes SRR compHgng:
second surf agg tcarf@cheelgmgtgeu@tgrg am nati on of
processed sud% trat A conponent accor.di ng

claim1 conpfsi r?gﬁéf cqaélgg{aygﬁqu{fthg HQd?r&f”I‘QJWlﬂﬁjure( the first

coaling e corbprisingla Fiest @UHasORtth BY abéﬂéﬁé%uﬁﬁ%’ FARBNESS 601865 than
abogwm num coating layers; and (2) the underlying

UBIGPReESEANSes” at | east one of al umi num
titanium tagyal lﬁ%ec‘é)hé'cﬁétﬁﬁﬁa?ére&)er tl%oﬁ’rgteéoa?ﬂg layer, the

chrom um 3. A conponent according to clal ‘
seceuhBea gAYy eicompastnddneecond sHEadeWitib ah myerage Surfahe roughness

of of |e%§ttamgbrp,gc,loﬂyeqérsconprl ses a porosity of less than
about 10% ( % t he séecond coating | ayer conprises a

porosity of wherebygprocebs asidlesmadberet®)the hecarcaumthce to reduce
j ; orosity of at |east about
the %g%hﬁ%tlbﬁ%?gr&%@éq accoreg . .

onen ing to claim1l wherein the
first coating |ayer

2. A component according to claim 1 comprising at least one of the
following:
(1)  the first and second coating layers comprise sprayed
aluminum coating layers; and
(2)  the underlying structure comprises at least one of aluminum,

titanium, tantalum, stainless steel, copper and chromium.

3. A component according to claim 1 comprising at least one of the

following:

(1)  the first coating layer comprises a porosity of less than
about 10%;

(2)  the second coating layer comprises a porosity of at least
about 12%; or

(3)  the second coating layer comprises a porosity of at least
about 15%;

4, A component according to claim 1 wherein the first coating layer

comprises a thickness of from about 0.1 mm to about 0.25 mm, and the second coating
layer comprises a thickness of from about 0.15 mm to about 0.3 mm.
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conprises a thickness of fromabout 0.1 nmto about
0.25 mm and the second coating |ayer conprises a

wo booslonsgss of from about 0.15 mmto about 0.3 POT/BS2005/041862
conmponent according to claim1, wherein the conponent
conprises at |least a portion of a chanber encl osure
wal | , shi el dA compoasist dacordirgubsiaimt e whepginithe cgaponent

cor ey BL a5 A RSP ER Lo B S b, bt

suppbidj gasldelivéry systeneyas@beyiies| Ayl gasedsusat e support,
gas delivery system gas energizer and gas exhaust. 7.

A nethod of manufacturing a substrate processing
chanber 6 conpagepstraté beocees bieambeargon sisiig; thé @bmponent of claim

rovi di ng an underlying, structure; (b) spraying a _
1,654 A oyl pLses 1RO F9VRY Seraftdaseneraizer and
gasWxhh@stmai ntai ning first spraying paranmeters to forma
first surface on the first coating | ayer having an
average surface roughness of |ess than about 25
m cromeyer s; A ashdf of r‘ﬁaﬁlﬁ%étﬂﬁr\}%a%%é’cpﬁe??@éésgiﬂ glcR¥@ber
, over the first coating |ayer ' e mai nfalning secong
compengnt, Hie pathederosiising: f orm a second surface on the
second coat i | 3y8VidiRashn esSurface
roughness of(@lgt IéﬁefasltI g\éh &dg'g/lﬁqg{rlg&ngrt érs. 8. A
met hod accor@) ng speayiga fiisy ceatimgdayer (@njo taedindeylying structure

whﬂ\%‘?‘{?ﬂﬁfgﬁﬁn{ﬁr‘%f’@ﬁrjagﬂ% é)“apé%%tﬁ% tg%r‘?ﬁ b?llrsttsn,gﬁflgggﬁa ﬂéé"fﬂ%?}:oeatmg

ssuri z
Iayeaf@aVioaIanfavevagmsmrfacbawg‘ransssaoﬂleasrﬁrtaarammt 25 noarpheters; and
out | et that at nes_as
di aneter at (gfnoz?}'agm?iﬁ g%’co 313(880\5%&‘6‘? ﬁ%ﬁaoft@g layer

whllelmlm&lmﬁewmhs(dnér]ylm@m'elrrMS b fmml d séwwndcatiabg o? the second
t hrough the nqzzle a es of at
oo B it S0 gVREHs sUECR UL P sRpRIQAED micrameters.

propelling coating material through the sane nozzle at
hat is |ower than the first

a secon ressure
o oscur®, Tt Hb MadoRshetorUSe I GSIET HpeTea (o kaRdt{chppTRTise
propelimgdaiAg ma‘fbr‘ié@ﬂtrﬁ}o\gdt;ﬁ 8 rdkfo %mh%y&@sgﬂ%elg%so{hefrwz%ng

a coating on a structure, the sprayer conprisin
comprising a conical flow path that has a dlameter at'a nozzle outlet that is at least

about 1.5 times as large as a diameter at a nozzle inlet.

9. A method according to claim 8 wherein (b) comprises propelling
coating material through the nozzle at a first pressure of at least about 200 kPa, and
wherein (c) comprises propelling coating material through the same nozzle at a second
pressure that is lower than the first pressure, the second pressure being less than
about 175 kPa.
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(a) first and second el ectrodes capabl e of being
bi ased to generate an electrical arc therebetween, at
wo e@st738® of the el ectrodes conprising a consPOBDE®05/041862
el ectrode; (b) a supply of pressurized gas to direct
pressuri zed gas past the electrodes; (c) a nozzle
t hr ough1@hi ohtwihevirer ars spraygecanpiie ofsofrhingedsoating oaianstructure,
rises: (i) conduit to receive the
the%@ggsurl z&dsﬁgd? and (ii) a conical section having an
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the pressurized gas flowing through the nozzle can be selected to provide a
predetermined surface roughness average of the coating,

whereby the consumable electrode is at least partially melted by the
electrical arc to form molten material, and the molten material is propelled by the

pressurized gas through the nozzle and onto the structure to form the coating.

11.  A'twin wire arc sprayer according to claim 10 wherein the sloping
conical sidewalls form at an angle of from about 60° to about 120°.

12. A twin wire arc sprayer according to claim 10 wherein the first

diameter is from about 5 mm to about 23 mm, and the second diameter is from about
20 to about 35.
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