WO 2006/ 073585 PCT/ US2005/ 041862 Process Chanber Conponent with Layered
Coati ng and Met hod BACKGROUND 5 The present invention relates to conponents
for a substrate processing chanber. In the processing of substrates, such
as sem CORglysimi7eed ers and displays, a substrate is pleangdogdnfspy 0CESS
chanber and exposed to an energized gas 10 to deposit, or etch material on
t e substrate. During such processing, process residues are generated and
can deposit on internal surfaces in the chanber. For exanple, in sputter
deposition processes, material sputtered froma target for deposition on a
substrate al so deposits on other conponent surfaces in the chanber, such as

on deposition rings, shadow rings, wall liners, and focus rings. In
subsequent pr ocBexcess Gharlzar, Carhpontm vdih layepechCGeating ani Meshodtan "f| ake of f"
of the chanber surfaces to fall wupon and contam nate the substrate. To

reduce the contam nation of tqe substrates by process residues, the
surfaces of conponents in the lchaBBEKGRAUNR2 textured. Process residues
adhere 20 better to the exposed textured surface and are inhibited from
falling off and contam nating the substrates in the chanber. The textured
conpongnt surface Cheptesentioventidn Bjatentatdonpoaents igtesiddirsierfrasssiof a
corrponentc a descrl bed for exanple in U S. Patent No. 6,777,045 to
Shyh- Nung "L St al, issued on August 17, 2004, and commonly assigned to
Applied Materials, and U S. Application No. 10/833, 975 to Lin et 25 al,

filed on ril ied Materials, both of
whi ch arépherel n I”ﬁ‘ggf’b%cﬁa?'aw g{)%ﬁlé%g ﬁglgaf, ﬁeTW8A$ cégrtqufgt[sla 8 Coatl ngs
havi ng a busgbfy a stibgttate ¢s pl nesmocfeagcb@mlneaftathelrexpamtbtbeancn‘neragrzéaalrg:alsa}1 ing and
r et ai cess r ubstrate process to reduce the
cont aPnal RS of pleRualEa endhe ShsBHBs Tl SO EERatL Plovet HSiGsR . < ne
ext ent of afelyensratdceaed dsaw@meﬁm m&nm@edam mhecfrmtbelﬁgsor @amphg il | m ted by
t he bondin tprg ertJes of the |c ? to the un er!fy Qg g% onent 1

sﬁjt er deposition processes, ma erlals ttered from a target for depositioh on a

substrate also deposits on other component surfaces in the chamber, such as on

deposition rings, shadow rings.{wall liners, and focus rings. In subsequent process
15 cycles, the deposited process residues can “flake off” of the chamber surfaces to fall
upon and contaminate the substrate.

To reduce the contamination of the substrates by process residues, the
surfaces of components in the chamber can be textured. Process residues adhere
20  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
25 al, filed on April 27, 2004, and ¢ommonly assigned to Applied Materials, both of which
are herein incorporated by refeirence 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.
30
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



WD 2006/ 073585 PCT/ US2005/ 041862 structure. For exanple, a dilemm posed by
current processes is that coatings having an increased surface roughness,
and thus inproved adhesi on of process residues, also are typically |less
strongly bonded to the underlying structure. ThIS may b true
for coati nd%O #M8GF85onent s having a dissimlar conp05|t$8ﬁﬁﬁ§ﬁyﬁlgé fo
exanple 5 alunlnunlcoatlngs on ceram c or stainless steel conponents
Processi ng ,of trates, with t 5 stron adher ed coating_can resul t
1 et ar REUR. Ko SXRT R, S e eaeRg oY BiTeTl robREsqEga Fioh o nan T eviad

gnder ! éi nQhrﬁhérld?‘édd[]@rfa&'élQ)L@hﬁééﬁaahcﬂlgﬁube?]mb%d)@dheem of ][pﬁﬂetss aafsejutﬁaramgh
amaged areas of the coatin et syrfaces of the

under | yi ng@"é BPiraty leas siEQnay 8%{7‘1%9%?3}%11 ¥"39 tﬁfclﬁﬁ? Lﬂﬂ\‘s PALDE BIRFSMN: . Thus,
the coat edniFocQERARESH SorhyEicrad havirla mgéumwaimmb@sﬂﬂeh fsmd@qw@{e&abmdl ng and

ood residye adhesi gn characteristics. ,Thus, it esirable t ve a
oot o B oG Al s AT S AEe CABPONRNS. JREEr e S s Bt s

resi dues twitdhe lesuistrasgy aahérbe ce@tmqm mésultsmbaémmamah | &rackirfy, whd hakiig-

de-l am nati of the coat orrp urt her desi rabl eto
have a co%f?&d %WBQ% "hﬁg‘” ? QN‘? al'i,m%"1/\£—5‘f'3‘lcL B‘i?ﬂréﬁa%oatl ng

havi ng an p>éh@fr@tesm6u aémageda@aaa%é cb#tin rf@émd@ théex a%ur:'rgce@fofmfeocess
resi dues. WO 2006/ 073585 PCT/ U82005/ 04 862 SUMMARY. In one versi on a
substrate ‘fﬂdﬁ E@%Fﬁ&“&!ﬁa‘?ﬁ%‘r‘“ﬁ%n‘ﬁ?@ﬁ@ﬁ? e the eampasenhglugpteecgated a

ener gi 2¢d &m$ponBntd tRicR§as nehBINRE bifsaddguatd BBhdidy BEd gbbd! FdsitiR adﬁee‘ﬁldslr‘ajl f' rst
and second coatl ngql ayers. The first coating |ayer is forned over the
under | yi ng®@fqqREelit%e, and has a first surface with an average surface
roughness of |ess than about 25 m'crorret ers. The second coating |layer is

formed over the first coating and has a second surface with an
average surface roubMselis ‘éﬁS'raPleﬁ@a@Ye 26RANRd STMPaRERt aRdeod that pravdde

residues cafpré/dhetRedioh bfiftosslsira&igudy tothes #Re8e BFthe QBH Bﬁer'ltaé’tﬁfstanmlyt o reduce
t he contam nation of processed substrates. In another version, the substrate

pr ocesd$ ngWisiakdelanioatinnms the srating from fhelepmpenest. skt s furtioerdesiratie tq kayst one of
stainl ess gt88bd cthpuHeRY AR R tHAAR gilidedell-bonded coating having an

increased surface roughness to improve the adhesion of process residues.



conponent has a first sprayed coating |ayer of alum num over the underlying
structure, 15 the first sprayed coating |ayer having (i) a porosity of |ess
than about 10% and (ii) a first surface with an average surface roughness

of | ess than about 25 microneters. The conponent al so sprayed
coating | ay¥}208¥973p83mi num.over the first sprayed coati E?’PS@"@%‘R%e second

sprayed coating layer having (i) a porosity of at |east about 12% and (ii)
a second surface with an average su&hw ﬁgughness of at |east 20 about 50
m cronmeters. Process residues adher % second surface to reduce the
contam nation of processed substrates. In one version, a nmethod of

manuf acturing the substrate roc si.n chanp nent i ncl udes. providi ng
an underlying str u?f‘&P% V&R Bﬁaé?st gro]c?srsg{g %m@%ﬁ?ﬁmaon%g?p%ﬂ% %f t he
]lc,lndel‘l yi nlgoemgepruaﬁ]ceto dﬁermﬂrglzwgas inG merrewehml?]erarae ammndbaym@?trm@uref orhm a
irst sur n _the .C er. that has.av ace roughness
of | ess5u ?ﬂg qu&gﬂtse%d:ﬁ B?r%tygf'ss -Ijhﬁ)f 88%@%%"5??5%8%]1%@ erlf sprayed over
]Ehe first wmatlyu‘ig?trmcmyeranmmdsm firat sudrwcewi‘tg aae«zmges?ﬂa&%& mggmsamﬁeess to
orma sec urface o econd .co at.nas .a erage
surface ro ﬁ'ﬁﬂé@g 281{“"59"1 i‘?ﬁt T %8%‘%0“&90%6‘9%&%@{%?%0"?2 'nger sion, a

twin \(/jm El e la‘{.& @rmmsea* seapabligadef withhamavigage supfaté fl@lgﬁﬁessaofsit lea@t bRt bG
provi de T

ay has first and C | e, of being
bl ased 1o BeEPE’ Sfowdraceydiscih peherhdy De e EF sPESELCoBHES VS o
el ect r pglestohtedticadhe Sont¥eninaiikén &7@58&@{3%558@@5/ 041862 a consumabl e
el ectrode. The sprayer also has a supply of pressurized gas to direct

pressurized gas past the el ectrodes, and a nozzle through which the

pressurized gas is Infdneedverkiva, m@@abﬁrdr@proaemwanae@cbmp@mefﬁhta&nan
pressuri ze

cal secti on ninlet that is attached to
t he condui ?”C%ﬂ)ﬁ‘h%ﬁtr%wleé’? lIﬁﬁ?tqnélcgé?&eﬁsﬁge%%&m%'ﬂrq“?éﬁa@% ®e coni cal
section ha@orﬁﬂdnenﬂms@msto@rawmwhd %yéﬂtﬂbluﬁﬁwdveﬂhéwﬁﬂélﬁnﬁgfsmbﬁf@ inl et
to the out|let. The in |rs di aneter. and the outlet ha second

di amet &, RIS SRGHeA B‘i’aé'ﬁﬁi rerB%Y' b@p‘P@%{%’tOf%éG'ﬂar&a@%tﬂﬁésaP% §| ze of the

first di afpet@rtacadieh ahvverageé %Eﬁé&e&o@éhr{ebﬁoﬂé%tfhﬁﬁ aBBGt BASickdretbiag t hrough
the nozzl e_can be selected to provide a predeterm ned surface roughness
aver age of TREPRRAIENIRYSC Agrea second sprayed coating layer of aluminum over the first

sprayed coating layer, the second sprayed coating layer having (i) a porosity of at least
about 12%, and (ii) a second surface with an average surface roughness of at least

20 about 50 micrometers. Process residues adhere to the second surface to reduce the
contamination of processed substrates.

In one version, a method of manufacturing the substrate processing

chamber component includes providing an underlying structure and spraying a first

25 coating layer 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

30  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



10 consumebl e electrode is at least partially nelted by the electrical arc
to formnolten material, and the nolten naterial is propelled by the
pressuri zed gas through the nozzle and onto the structure to formthe
coating. The nozzle allows a pressure of the pressuriz sel ected
to provi de ™ WP¥YEar ni ned surface roughness average OFGP%S%CO%%#I?G%Q. 15 20
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10 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. The nozzle allows a pressure of the
pressurized gas to be selected to provide a predetermined surface roughness average
of the coating.
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5 WO 2006/ 073585 PCTI US2005/ 041862 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 5 surface 25 to which process
resi dues can adhere, and which also inhibits erosion of he gﬁrlylng
conponent . “*h%’%%ﬁﬁ%nent 20 having the coating 22 can bE Uéﬁﬁ%“%ﬂt in the
chanber 106 that is susceptible to erosion and/or a build up of process
deposits, such as for exanple, a portion of one or nore of a gas delivery
system 112 that provides process gas in the chanber 106, a substrate
support 114 that supports the hl 1MORAWHGAte 104 in the chanber 106, a gas
energi zer 116 that energi zes the process gas, chanber enclosure walls 118
and shields 120, and a gas exhaust 122 that exhausts gas fromthe chanber
106, exenpl ary enbdtiese fdatures$, espécts bindvbdvahtages obtheyanesemt FRvgution will.  For

exanpl g, 'b@ccﬁné’@é!t?%r%%eéé?o%@rwﬂ% Hd%%f&lﬁ@{ﬂbg%s'kﬂgn rf,]'%ﬁ%&%%%% erponen;s

can conprise a osu shi d 120
target 124nd ESCC&"R%W@Q dravigos penichillpiigteseemples o e invention. Hawsyen itis ng’ 130,
i nsul at or t¢ bélgnde’iaoo@trfe@b!ach 313he felirts atiPlided s the iBlatitioAlin géridfallict, cl anp

shield 141 sur substrate. suppor.t 1 4. The chanber
conponent % X plcggtgxgﬁ' tﬁ‘?ﬁﬁ%’?f’%‘/?r ‘8%?‘9?:@6‘83%9 @Xe’ﬁg\? 'H‘du P overlying
coat i ng 22ombmbtiaoofdhaseafeatuess twhargporti on of the structure 24, as shown in
Fi gurel. The underlying structure 24 conprises a nmaterial that is resistant
to erosion froman energl zed gas, such as an energized gas forned in a
substrate processi hig- ldRiRasiakeastionalgideatenpl @ embedimepieianrecess can
conpri se ahambé confiénBnBitavit firSiakid seBehd dbtiRd yemUM titanium tantal um
stainless steel, copper and chromum In one version, 25 a structure 24
conpri sing inpr oved corrosion resistance conprises at |east one of

al um num titani umrRQ istagpaniia ssheshatie viewldfansanmbaocirner c24 teamabsayetonpri se a
ceram t |least one of alumna, silica,

Zi I‘COI’]IFSa r@bﬁléc?nfbﬁﬁﬁg%ﬁ%nn@[mgﬁ%%hﬁeﬁm tride. A surface 26 of the
structure 24 contacts the coating 22, and desirably has a surface roughness

that inproves adhea*@ne@@arahese\é%bxmgn efricN6iad dietParldar Bfsch idpfblr e 24

For exanple, the sur g can e a surface roug ness at
respectively, of an embodiment of a thermal sprayer nozzle tha

tis capable of forming
coating layers having a range of different average surface roughness; and
20
Figure 4 is a partial sectional side view of an embodiment of a substrate

processing chamber.
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| east about 2.0 mcroneters (80 mcroinches.) It has been discovered
substrate processing can be inproved by providing a coating 22 conpri sing
at least two coating |layers 30a,b of coating nmaterial. 6 WD 2006/ 073585

PCT/ US2OOa4"§§§OeGE’ 355{Jghe mul ti-layer coating 22 conpri se%(g‘gﬁ%n(g%dsgyers 30a, b

havi ng ch cs that are selected to provide goo ng of the
coating 22 to the underlying structure 24, while also inproving the

adhesi on of process residues. Desiggddpipiitiy coating 22 conprises a first

| ayer 30a that is formed over at | east a portion of the surface 26 of the 5
underlying structure 24, and a second |layer 30b that is fornmed over at |east

a portion of the hdbfohHo suthlbdhlieliPs Sl bBkodind GRRpepRe of the

first and second | aye ri se metal material,
such as atshcbvera@tFlgme 1 ofT halcampauent 2@@pp@rlses %@Qﬁt'ﬁg @Q@agmga textutadgst en,

titani ym ane aiszhelmidht r&t?é%%treﬁ{i\fescgantalaﬁer@ éﬁwﬁ@ﬁaﬁsmﬂ o UG of tﬁQa b may

al so conprise a coram & naterial sach as for exa east one of
al um num grdetyingsompeaentoXi| h§§0m§pn¢fﬁ(3ﬁ h@wn@thﬁecoab@g 84 caappiacdempodent| um num

nitride. iy Qﬂé‘rnk!é‘rH%'GQHat i Q@‘scggff&flé f@er@%oﬁ%’&?&‘éﬁ%ﬂo‘l{lﬁ n?roé@%’é%e?@s)ﬂ]@r s 30a, b

of alum numftornmed over an un ying structure rising east one
of stai nl 84&h axforexanile,d periemof ongririnore hta gemdelivgrysystean1tdihel st of only

t I t f

acer ol ERAes Prockaf o Bl et absieRRESF 1 THbct B RIRES 00 i ng

22 dedior alsbigstratentiHi ip éhe ehambest OBaEyeas Sea0iEriVii1 A ghal leaeegizesithe piacess gasat

pr ovi de e'&ﬁé&ﬂﬁé‘r‘én%&?rb” dlE,q 18 %ﬁd SHelR9%0 Za%gé %ésr@ihﬁ[]&qgﬂﬁh%]&]xﬁéué@t ure 24.
W aftTlrs

one ver sl on, results are provi ayer 30a haV|ng
a t ext ur e@astromamachambamwﬁ exemplary emedla@etssnﬂraﬂ at which e plesysn mrFaguree S

suffici en%l Y:To %rﬁrﬁe ﬁg\f)' ?QCQ% orz&pggﬂtgdél&%.?ﬂ)fertlﬁg th Eééteb@grﬂpom to the

surface 2 ng structure roug ness aver age of
surface i san h@nmmrwmftaw@ambgoem@uvea\mib‘s180fa chamaberdsm@ﬂ ée@,@mwtﬂ%m t he

mean |.:ne Kk I 0 r Ny ng the
surfaclg 8\/‘%'{}?@9 %?hé d?&gs o Hr@yﬁa %ﬁ& g\/@pgl?gf g%léﬁ?hﬂ%ﬁgzesag&gxhl bits
good bondBﬁgcoﬁlsapmn‘tt‘e’iT, shwtmdl$déﬁ clampehieldri4d pandha surdaceal HeafWeen t he | ayer
30 and th%ugér @%phwﬂg surface 26. The | ower surface roughness first |ayer

30a al so typica

The chamber component 20 comprises an underlying structure 24 having

20 an overlying coating 22 that covers at least a portion of the structure 24, as shown in
Figure 1. The underlying structure 24 comprises a material that is resistant to erosion
from an energized gas, such as an energized gas formed in a substrate processing
environment, For example, the structure 24 can comprise a metal, such as at least one
of aluminum, titanium, tantalum, stainless steel, copper and chromium. In one version,

25  a structure 24 comprising improved 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

30 tothe 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.



reduced porosity, which can inprove bonding to the underlying surface 26 by
reduci ng the nunber of voids and pores at the bonding interface. A suitable
first layer 30a may conprise a surface 32 having a surface roughness
average of, for nple, less than about 25 n1croneter oi nches),
such as frgvrﬂ%%%%’?% m croneters (600 30 mcroi nches) %95/(?111%

m croneters ( 900 nlcr0|nches) and even about 20 n1croneters (800

g})gL? | 282}0 )t?)mvdgtf-%gérf 9 %81?\??@'93‘1%@“@@%% 3ba, b4 %ouﬁ{ngiﬂgre{é@ﬁﬁ{?& thgtss t han

om about
t hi ckness aod saléated iorm'DVIﬁ@gecbd B@wlrcsmftmewhgeeé@thﬁwnpedwn@etrwd 2&dhe5| onto

th d d d
my be 1 or i Ao IRRTEG sEEadilah E5BSER e DERERLAPES R 2 7 " o
about 0. 2somprisesafirstlayérr3damthat infoowed Over st lmsita)poram:lfthe sRdacen?6 dfrtbe coat i ng
22 f th I t

22 1 LB S8R fe SECAHD GRBH el PharOR A BETRE, ANEE edPloldt2et 2
provi des |tlrrmﬁirst/leyerac$;méeble matérigls foc aldeastone oﬁ@g firgtand sgeand layers B@a,Qecond
curface r e BRI, ool FERASE S it SHE bPARMFPRMIBIE 2 aop,
The hi gherstaweésaat@eirtuugﬁtamé@mmene\g@kdf At leasteoneoy dhe tirstantisdcape faysisr f ace
30b e“ha“%ghm%/eﬁgée“é%%e %(cé}éﬁ,?cerﬁéteﬁ%r é&ﬁ'a@‘#@ﬁe%a&gﬁé‘&ﬁ |8§§i%ﬁ$% surface, to

reduce the’li or spe omt e exposed
t ext urd salumbiagre oXile, ahmbnlmddebsmcdrhmrlmdeltb@mmblde]aocﬂ alupuitugt nitidss 1004 bei ng

processed LB e HROTIAEYS oo e RAfed WANNSSA, BYSLAGEm Rlmble exposed

textured surfac uita 0 provi esi on
process r e:yeldaresndwlymbestractswZﬁacmnprmmmmt eneeofatpnless steell amdstiuraibaut 50 15

T T oot e AR Bedi ) ORISR AT ANE TRl A G5 2Bl hsfgret e (2200

m cr oi nches suc m cr crolnc es) to about
66 m cr ormemprise (MRBIPE |ayers of matesia) thaflivevide tprovddayreces3big dharectegistidse
increagfd surface roughness may al so have an increased porosity |evel that
Is gredter than that of the first coating |layer 30a, such as a porosity of
at | east about 12%The coalingr®? desihlyamnfpriess 2 Orsalagert 30ERéVing chlacadierdbés by

vol ure, aqgatepY&ﬁdeaénHa%@éé b&?o(?r!ig tojtég/ %mac%%%%?ﬁie lﬁbﬁderlying structure 24. In one

version, improved resulits are provided with a first layer 30a having a textured surface
32 with a first average surface roughness that is sufficiently low to provide good

20  bonding of the first layer 30a to the surface 26 of the underlying structure 24. The
roughness average of a surface is the mean of the absolute values of the
displacements from the mean line of the peaks and valleys of the roughened features
along the surface. The first layer 30s having the lower surface roughness exhibits good
bonding characteristics, such as better contact area between the layer 30 and the

25 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

30 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



t hi ckness of the second |l ayer 30b that is sufficient to provide good
adhesion of the second layer 30b to the surface 32 of the first |ayer 30a,
whi | e mai ntai ning good resistance to erosion by energized gases, nay be
fron1about m@ﬂ%%o about 0.30 mm such as from abou}.p %% about
0.25 mMm e coating 22 conprising the first and secon yers

provi des substantlal I nprovenents in the bonding of the coating 22 to the

under| yi “%xénﬁlﬂgﬁnmé’ooﬁﬁ 10%@‘6{2550&% 35N SRR R T Mout BSsMGTL O the

coating 22. rst conprisihg the |rst ower surface

r oughness agoladfemms capabl e of formng a strong 30 bond with the surface 26
of the underlying structure 24, and thus anchors the coating 22 to the
underlying structure 24. The second | ayer 30b conprising the second higher
average surface rodgResingd 22 uahehtompsisesa setandaopiing er 3l faimey ever ar ger

vol une sof 4 B%&Caeﬁémérﬁéﬂ HEBRst ié}@%@a%éﬁ%%san*& tleQﬁUF‘éd Q¥eaas yalr f ace
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substrat esavéﬂ% eoﬁtheréxg%dvs%rcﬁht?%yeltﬁﬁfagé 560 m&@% heSidh 'of' l:@ééers 30a, b

desirably rise conpositions’of rraterla s that enhance bo |ng bet ween
the twd |a9%¢@s tathe axpored swiasaptogeducadhe incidencenef flakinged spalind ofg | ayer s

30a, b may hege @FFBH%H@ e%oseﬁ%ﬁuﬂe@lsﬁﬁ%\’ifﬁgné HRREAR b@ﬂt%%‘ulr‘%h& b@r thernal

expansi on coefficients, such as thernmal "expansion coefficients that differ
by | ess t Isulbstegtrn 10459ming @roce%ﬁgd@vlt@ﬁm c¢rmg>n@ﬂt 2(heA seifagesroughiasa akerege ul t i ng
fromther ' ] R nef v 1QF and
second | aﬁ{rhgeeé}(ga, E tggt#]gerqlese '? ﬁgsg@bﬁgﬂ b sgg%tﬁléi(t)on;,?ﬂb?lg%‘m 8%0§%E%H%§ 0rrr1u

adhesi on afgrocessienidlesraay iverfgswface mghmeﬁtavamesnéeblnastladwet@ 30a b. For

exanpl g tlerofle ezé geconrgléll%%%gs Qg%é\?eg@?eagt &t 88 %ﬁ%te% ggoﬂm num

Because first an ayers conpri sing t e sane erial have
propert i esnicieinches)esuodl ds-framn ebewd 56 anicmetess 2200 mieroinshes)te apouid6si mil arly to

di fferent lﬁiElroﬁ%%% (é.ébotrn@ro%éﬁﬁﬁ Sﬁh@%e%ﬁﬁi IE)%?%Bthaviﬂg the increased surface
roughness may also have an increased porosity level that is greater than that of the first
coating layer 30a, such as a porosity of at least about 12% by volume; such as from

20 about 12% to about 25% by volume, and even at least about 15% by volume. A
thickness of the second layer 30b that is sufficient to provide good adhesion of the
second layer 30b to the surface 32 of the first layer 30a, while maintaining good
resistance to erosion by energized gases, may be from about 0.15 mm to about 0.30
mm, such as from about 0.20 mm to about 0.25 mm.

25

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

30 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,



second layer wth a higher average surface roughness can be provided while
still maintaining good adhesi on of the second |layer to the first layer. The
surface roughness average of the first and second | ayers 30a,b may 20 be
det erm ned il ometer that passes a needl e over 32,25
respective ,zog%gg&gnerat es a trace of the fluct uatlonsijgﬁugﬂg&ﬁgi&ght of t he
asperities on the surfaces, or by a scanning el ectron mcroscope t hat uses
an el ectr $ g L SiYahiRE BSers 229756 gmege of the
surf aces. (ﬂfb %ﬂﬁas%rﬁndﬁ&r%ggetréth@e%%} al% ??acegbgucﬁ as rouelghness aver age
or other ®Rdermanes Ishe pEocessiag stuhstr@tewthdﬁ@mceﬁtsmﬁma Of INGSIoBINENE B. 46. 1 -
1995 specighyi fig be@ bdnthRRghditor oSl sS3RLURLLRR foangt hs, can be
used. The % FO\?\A%U#% fr&ﬁ'osvstzt e correspon gnce lH%et Weenﬁval ues of
roughness average, appropriate cut-off |length, and m nimum and typical

eval uatsi on | ength {drd lSd é&gg%g ots 96k 2 585
PCT/ US2005/ 041862 a'qf ' i%ﬁ( ﬁéﬁﬁ%gs ver a O?qg%f? Leng t%{r%i . Eval uation
Typ. Eval ¢ampase cq_nmosﬂlnnteﬁ@atenatg tha} eph@nag ndmg@ﬁé@ee(lﬂhe@lv@la@e@ i nches

0.08 0.0 to 4
i cr of nhac® o, Soo g 1e MIEERRd srtod cihngleyefaph rid i olosel ol ee “1o
0.1p nm mterplgwwg&qb@tasbalmswmbarﬁw@@l oansipn coggBaentaciush astheread. 160

h 4, 0 h 2
07300 | neaRee Lo IERER nafhforthy s i b breTTD roilod oy or MbLr I L08
m cr oi wch@@a@rrqswm\f@rmtmmai mﬁesorq misgnaieho do aj nﬁefﬁargdo@@lcm dedirstrepdes (41
10 p and %Q'D&@rlg%al' dg@ga,b%mnpﬁsg B GRRtdoRodifort W BrdvRIc bt Ldredfonitd Second

| ayers 30a, b
thermal matching of the first and second layers 30a,b. For example, the first and

second layers 30a,b can composed of aluminum. Because first and second layers
30a,b comprising the same material have properties that are well-matched to one
15 another, and respond similarly to different stresses in the processing environment, a
second layer with a higher average surface roughness can be provided while still
maintaining good adhesion of the second layer to the first layer. .

The surface roughness average of the first and second layers 30a,b may
20 be determined by a profilometer that passes a needle over the surfaces 32,25

respectively, and generates a trace of the fluctuations of the height of the asperities on
the surfaces, or by a scanning electron microscope that uses an electron beam
reflected from the surfaces to generate an image of the surfaces. In measuring
properties of the surface such as roughness average or other characteristics, the

" 25 international standard ANSI/ASME B.46.1 - 1995 specifying appropriate cut-off lengths
and evaluation lengths, can be used. The following Table 1 shows the correspondence
between values of roughness average, appropriate cut-off length, and minimum and
typical evaluation length as defined by this standard:

30



I nproved results over coatings having just a single |layer, as the coating
exhi bits enhanced adhesi on of process residues and can nore strongly bond
to the underlying structure. For exanple, the coating 22 conprising a first
| ayer 30a havin urface roughness average of |ess t

nicronetergﬁf %H%ﬁécroinches), and a 10 second | ayer 3 gﬂﬁggﬁﬁg a surface
roughness average of greater than about 51 mcroneters (2000 m croi nches)
may be capabl e of being used to proceggsubstrates 104 for at |east about
200 RF-hours, substantially mﬁthout contam nation of the substrates. In

t t, . c o [
et ot LTS o S EOe o P T R e 18

bstrat th
igngoagnt 013 0 ST : '39%‘0 ReeSTh 08t ']Eiﬁgﬁﬁh%héé‘”“ T8 Inces. cont | ng
| ayers 3( 0% re ar')p eg;go n % or'ei%dat p! aﬂgﬁﬁma strcreé;&l n IH&gbet pveen
th t Rttt |u > -tgertyH
St uctur dC &A%’B r°é’§<°§ﬁf5?d‘?at’f b G BRI P PR BTRG 2 & OISy "o
applied t% ther léas SHF-ayiE P OceSs 16":".6 of WA= I e
e ool AR W RSl TR D I s,

thermal d4pPaQ# goghes ( 2041qu 100pFlesd? 5 na bé@Béﬂqhﬁ (1-8{9300dnghes 414 br red
by a cher?osi%/{ﬁ?mﬂ"m cal me&mh the suiface
26 of thg 419%14%3'{/' Q%@l%h?ﬁ/ﬁreo%%msh 48 bl 808 Ngbes 6+ d%mhe&r{“% of
the | ayerlé_%é,ﬂ\_ HBMdhesion—of IR subsequed toat i ng
22 by renoving any | oose particles fromthe surface 26, and to provide an

optimum surface texture to bond to the first |layer 30a. The bead bl asted
surface® 26 can be clhen3¢ng 82 campignehedry 28 88canciavese 65PPAES enpve
bead part iimbfved ?é‘s@lt§6{?er%aﬁlﬁd%ser%v¥r@ jEMBRMM Féyé\“&sﬂ‘fé'&iaﬂﬁ&eﬂﬁﬁ%‘ ning on the
surface 26 to provide esion of the coating |ayers 30a,b. In one
versi on, tﬁmélaqusadh&ﬁlan9é@@ﬁassCr@a@uﬁgamdawrgor@@éroaglwo@n@bpiheemderdyln% t he
conponent gicpye. aFér"émegler fheacfo%tlﬁ@ﬁé‘%orﬁﬁ%éﬂrs?l%yé%%%%'§ eReribed in
U S. patent no. 6, 1, 1ssued on 2001 to Lazarz et al, and
U.S. pat erPugfiiess veage elesss @gn@BO@r?%@ron@ﬁtws (h@@mctplrs@eabgad abot h of .
whi Ch_ g4 € doB6i RPEBRhdIRG Sl réiRihRERRRAGR JrRldierafbh B63dt8%- 1N the twin

wre arc thernal “sprayi ng process,
micrometers (2000 microinches) may be capable of being used to process substrates

104 for at least about 200 RF-hours, substantially without contamination of the

substrates. In contrast, a conventional single layer coating may be capable of

processing substrates 104 for fewer than about 100 RF-hours, before cleaning of the
15 component is required to prevent contaminating the substrates.

The coating layers 30a,b are applied by a method that provides a strong
bond between the coating 22 and the underlying structure 24 to protect the underlying
structure 24. For example, one or more of the coating layers 30a,b may be applied by

20 athermal 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

25 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

10



sprayer 400 conprises two consumabl e el ectrodes 490,499 that are shaped and
10 angled to allow an electric arc to formin an arcing zone 450

t her ebet ween, as shown for exanple in Figure 2. For exanple, the consunmabl e
el ectrodes_49 y conprise twin wires forned fro o0 be
coated on ?’éggﬁgg%gg 22 of the conponent 20, which a?%égﬁ%%@%&*%%ards each
other to allow an electric discharge to formnear the closest point. An
electric [ .S : . t rodes
390, 409 w0 R PaRIcL? o SPR FL Fiedibclhatl o iSRRI G166) (2152 1
appl i ed t eurfdve 26da provids goodl asitiesion ebtha Goatingdayens Béa,b. carri er gas, such as
one or nore of air, nitrogen or argon, is flowed between the el ectrodes
490,499. The carrier gas can be provided by a gas supply 454 conprising a
source 456 of predsand verdiogathe firstland eenoddi coatla@layerscidadr ardiapplied tag neans to

direct cth ' ; t : I hge bet ween
the el dot ERETRURITAELY T LR SRS ofridfpRBs, BTSN el U, o Tt a
on the el gatentne$,2290135®B), issued onMayd”, 2604 todaeargiez abl aby U Piepatent nng

el ectrode ih L&l t,.0f sprayer
400 and tgﬁegrgggét?%g%sgﬁ ae%éé Zg]go ltc% ﬁ%u@%éh%gﬁecﬁ?v h%.argﬁné:tolr@r?%ﬁ%%glrt i cles

i npi nge ohy réferesce indbeir entiretigs. do theomémvire alcdhermahegraviogpreoeds, cchemraie t o 25
forma co | i 490, 499,
such as a%@g%@tﬁ)r%q%ﬁed nlvg\ng? é@%ﬁﬁ@%bl@gh%?ﬁﬁ%aﬁﬂ&%hgﬁ gn\r% %ﬁ%ée%d%ﬁjer mal sprayer
to pro¥i dengled trmaltownaroeisctsiagrd tp farm inleae aneingizonead i thalebe@eenaas stpwoar anet er s
during th I YAl r Lt Lyst the

char act eri%;r;él§ %@B%f'ﬁrngg%gaf Pﬁg)laﬁ@:‘egg?éa&ngg%?ﬁ%aeﬁt& gﬁdeés)’%%%&)%é;ﬂ% e tenperature
and vel ocicoppride tivirewresformgd fratnehé adetad o be caated/en hessurfaee p2abhther om t he
thermal s r , ryl ! at es,
carrior gaanpisct 8o ke SR bwalc8 ol ARG 1B e sclfih 67L0C. ¢ om
t he t her midrmsmaaiierclosest pant AT eledri@c disstargeliregeneghted detveiepdise ti on of the

20061 053558 HEFPIL SRS B 400 R e\ BREC Rr REBIE B S R er g
mat eri al  a&dpbly A82,3318pplied dothecadheurcalle elettrades 490#@0iwhile 22cariertdae, sueter | yi ng

o1 cot r ouods 136 058 b o EERRE yob € 1hd ARSI cohPT 45CASIT L °

The carrier gas can be provided by a gas supply 454 comprising a source 456 of

pressurized gas and a conduit 458 or other directing means to direct the pressurized

20 gas past the electrodes 490,499. Arcing between the electrodes 490,499 atomizes and
at least partially liquefies the metal on the electrodes 490,499, and carrier gas
energized by the arcing electrodes 490,499 propéls the molten particles out of the
thermal sprayer 400 and towards the surface 26 of the component 20. The molten
particles impinge on the surface of the component, where they cool and condense to

25 form a conformal coating layer 30a,b. The consumable electrodes 490,499, such as a
consumable wire, 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
30 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

11



50 Volts, such as about 30 Volts. Additionally, the current that flows
between the 5 consunabl e el ectrodes 490,499 may be selected to be from about
100 Anps to about 1000 Anps, such as about 200 Anps. The power |evel of the

t her nmal sp%%mﬁssg‘gsually in the range of from about Pcf/i%%z%’s%ﬁséo

kil ovatts, out 10 kilowatts. |1 The standoff distance and angl e
of deposition can also be selected to 10 adjust the deposition

h teri;sti : ' ' . le, th
tandof 1 2 SpESvEhe RFICABh of the TBAfld latcil sl 0 iSRG e SanbRhce SHATP O "¢
pat tern i reoalingc2? tolike maderlyingebaciungsurtace 26 a Fosglampi@rthe vpitageibepeasni ng t he

f , t n n n n
standori diepiabfeettatls 3004896065 scRbibg 10 BTROCandRf 16 SoliSte sbalt (|
t he phase,500ligcsuch as@bout HpVelts. Addisiopélivt the cugeaidhal flayshatweérnthewhen it

| npact s t qg%p,?é f ' et ween

t he thesrma ngﬁéa@%rgleﬁtg%dégnmc?% Pﬁg sur aé(;%&%t%d %%%ngggérit11og$dﬁ éﬁg%%gﬁgl e of
deposi t i oril 08P Amps, sushitasaponh2eQ Aspsombepewer levst phibe tirgmiabspibyrrtis 90 degr ees.
-, The vel qg ; t | i : ] e deposi t
the 20 cg%'tu ?'ﬁ/ﬂi‘,ﬁ’gﬁ?ﬁﬁpﬁﬂﬂ%ﬁﬁﬁ°fa§§g ."W’r?ﬁ g’n@é%%oagiei@m l,;‘%t ag’[s'\/el ocity
of the powdered coating material is fromabout 100 to about 300

met er s/ second. Al Sopoldign ddAEfidBhce ré?%%rofﬁggoéi%ﬁr%%m:% géieétB? jhat the
tenperature of the coating material is™at |l'east about nelting tenperature
when t he casiiust ihg depositioracharagiaistics ohibe soatingaraterid omjbe aunfaces26adfove t he
melting pol a ' : i ' i ; | ) rengt h.
For exanplée){ahp%é[}iegértr%{eoﬁgﬁj l'iér}gﬁégfé}?jhée#gleeﬂdefr%gi)gsgtg) céaahbi%’g%h Jgsgggg)bo%%é,tt ée electric
di schar ge patiprmer evbisti t5@ 0®Cen Eoatingemateridi splatierp epan impaadihg thesustace,gdb zed
carrier g & bl | jciently
| ow t hat tafﬁ%m @Jgg%ﬂélnr}%i@ ﬁgb géﬁeakﬁ? gﬁ@?@E’%’ﬁ%ﬁ%ﬁf‘ﬁé@%@%ﬁf@ﬁ {)fpon
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:The velocity of the coating material can be adjusted to suitably deposit the
20 coating material on the surface 26. In one embodiment, the velocity of the powdered
coating material is from about 100 to about 300 meters/second. Also, the thermal
sprayer 400 may be adapted so that the temperature of the coating material is at least
about melting temperature when the coating material impacts the surface.
Temperatures above the melting point can yield a coating of high density and bonding
25 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 aiso 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.
30
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 o the improved
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12 WD 2006/ 073585 PCT/ US2005/ 041862 performance of the coated conponents
20. In one version, a coating 22 is formed by mintaining first thernal
sprayi ng process paraneters during a first step to formthe first |ayer 30a

and changipg ,Lik-i4er mel spraying process parameters top@y§HeNd1deRr anet er
set during a second step to formthe second | ayer 30b having the higher 5

surface roughness average. For exanple, the first thernal sprayl ng process

par anetergeﬁa%ahé‘e bA8 Roatet cBRbEndrs 20. Ofnrﬂn@g/e%lcfd r‘anoa 221 &ayj ng a
surface 3 a |l ower average surface roug hness, whi he second t her nmal

sprayi ng plaiiaigiag f'ﬁéﬁmﬁbﬁ%amgm@éeqw%ﬁ%na ffst %‘t‘%ﬂ tﬂ fagn thedsdtond

| ayer 30bifiavimgar &éhbﬁ?@h@%erﬁi‘éltsﬁra"}/nﬁ';ﬁ&@ss%Ht%h@@rs%‘éfs%éhd oughness. 10
In one version, the firs her nal rayl n rocess garameters f or

deposi ti n@a&aﬁ@tqnﬁe&@un@me@oast?arfgfqr@eth%lsmnaﬂﬁ*%ﬁ b hayRo theghesr essure of

the canri efrf&RTougtteds E\V@aé@CPéKbbu@[é”fHe fﬁartﬁe/rmagsm?xﬁg@ﬁodéaé aneters for
depositing the second | ayer nPFEllﬁse a rel atlve\é | ow second ressure

of the caPF"ag}etﬁég‘acer&tth?%e ?‘é‘ég'etfﬂ%lf @ afisst{qyps p0ghadng R suriaes 3%y a

first pregsswé NbrdgB8Qupacd i ﬂo@lbhlﬁb%% Whigt thé §eé&d'¥ﬁé¥hﬁ€§br§}ﬁ %’bﬁ)ce%@e depOSI tion
of the first layer 30a of may be at | east about 20 ascal s

pounds- pelpa%?m%?rémﬂcq?)tho%%taﬁ§fPrrfBFW'%QGFCCZ"ﬂQaWé? At@VlﬂSI%SLF@C%%ut 415

kPa (60  Rfhla higher aSerfgé k¥R bligineds.hi gher pressure of the carrier gas may
result in closer packing of the sprayed coating naterial on the structure

surfacdd® 26, thus providing a | ower 20 average surface roughness of the

resulting layer. A|r$sﬁ@v&s.ahetﬁ§lﬁrs¢tr@rmhmr%m{grmsées@%raﬁ@@%sfos mai nt ai ned
during the deposition of the second be at | ess than about 200

kPa (30 PéPyOS'tawdh%O@ﬁ'aN@s%O%WP%B@J?%H\W Riph fitsp preseyre of tracaskerigagm about
100 kPa ( had ! sechbRd HeRHAl sbdyingisrotesa dﬁﬁméte@f&%ep@@ﬁlﬁ@mﬂe%oﬁ@% gt so be

varied between the deposition of the first and second | ayers 30a bto
provi de t FEb gaBPLLER reéag)fg(ply low SB?Q%’éF??Sé'Ee ofithe eareengassthatis lessthansthet her nal

spraying Ws@%ﬁe‘%@uﬁao FdeERAhple 2 ﬁﬂsf &%ss’?ﬂré’m tﬂé‘@hrrl@ﬁyﬁ th§9r§ rﬁﬁﬁ‘ﬂéfn'e@%%n 6%
maintaining a first pressure of carrier about PSI),

whi | e appltig @rpositipo wethefiest dayer 30@ ﬁ'&améy %@fﬂ@@sg@bq@@@g@owsca&dap 10 Watts. A
pounds-per-square-inch), such as from about 275 kPa (40 PSI) to about 415 kPa (60

PSI). ltis believed that a higher pressure of the carrier gas may result in closer packing
of the sprayed coating material on the structure surface 26, thus providing a lower

20 average surface roughness of the resulting layer. A second pressure of the carrier gas
that is maintained during the deposition of the second layer 30b may be at less than
about 200 kPa (30 PSI), and even less than about 175 kPa (25 PSI) such as from about
100 kPa (15 PSI) to about 175 kPa (25 PSI.) Other parameters can also be varied
between the deposition of the first and second layers 30a,b to provide the desired layer

25  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
30 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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30 standoff distance fromthe surface 26 of the underlying structure 24 is
mai ntai ned 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 al um n yer 30b conprises maintaining a seﬁgggizp(ysﬁﬁ%fe of the
carrier ga%’ggfmkbﬁgs?omer pressure of about 175 kPa (25 ), while applying

a power |level to the electrodes 490,499 of 13 WO 2006/073585
PCT/ uS20036 0418671108 Wland b Ylchee romthe AGRIch 281t et Aoy ‘?J%é%r ace 32

of the first alumnuml|aye I S mal ntal ne I nches), and
a deposi t ionaigtgies Elt@bphteﬁs(ﬁ?\(?a%@eg)z anda dﬁﬁ?ﬁ\*ﬂ%ﬁf&?@t"“@%ﬁﬁ@ceﬁ? iS5 | n

accor dancg,athiRed BEagyut 864 pl es of the invention, an inproved thernal

sprayer 400 has been devel oped that provides for the formation of both the
first and second |layers 30a,b having the higher and | ower surface roughness

averages W th the |samridiRe i tﬁ@bﬁrYd?mes"&Qhe inﬂeﬁmﬁ Y rihr8led fhBend)TPr oved
t her mal sprayer 400 conprises an | nproved nozzle 402, an enbodi nent of

which is SRGXAr Q@hasdqﬁe@@esalom@ﬂ fé\ﬁHPfsb'desﬂ%therfBﬁW@a o 59t the fEshpRd ses a
condui t 4Qéc6r#aa}éyerr§96é B%v.%%sr%h&%dmr s@ﬁé’cé%h%ﬁﬁbs@%%l‘ag% RRRtHeS! €S, and

a coni cal section at rel eaSes the pressurize as an [ten
particles Sﬁmﬁrﬁ'qfﬁ@l ?FPT@Y?fEﬂOOSM apeyeraion. the) inagspysed ﬂ“ﬁ@“ﬁiﬁptaé/ﬁf t¥hting materi al

onto the GERBARRHN |ﬁ1tpﬁ'6&fé"dq'fo@zzle-ﬁbﬁ SPAAAGmER‘r GAMRNIS SKSWrRfh Fl@.lxr@é 3403 to

recei ve the pressurized gas and coating particles that is flowed into the
condui 10 f rBpeh3Phdhe impnoyed NPz CRRIisRg afenduit 4M4dhalgareiugs @rééwnéﬁd a8%

conpri ses a?@ mditef o4ty dﬁéﬂﬁ’éleé %ﬁ@b\é%ﬁlcél%cn&{ AﬁfBStHét' ré%gs&aﬁe%sﬁ%d' ng
particles fromthe conduit 404 has an outlet 407 that = rel eases the gas

and nol t ergag 8ad Mmefep pattictes &ont ﬁhérﬁhﬁ“ﬂ?él srsver 40Q tpspran theiagiten eoptiithe coni cal
section 406,&BAioSRe %brﬂBbr’i@\t SRIdiGra! Tﬁé@@l‘f@.‘ltl4%4 c%%gﬁ@@s éﬁﬁ‘ﬂetﬂéﬁ%‘d outwardly

about a central axis of the conical section froma first diameter
d, at t he reesivecthe PE@@U”W gas|and ceatig pastidesstbalgn fowedingq the c@pduyit freméheconi cal

sect | ofy 0dcfos(Bing TS AP bied 0L A408 ML rfifies BOOIHReB B ecal {1 ow

path through t ctlon a narrower e 405 t hat
gradual |y nrmu@ms ang @aﬁmmearth%lﬁ@fxprpaanCmdUtt |464 cand| has amcmtlemm tagtanpl e,

o abod S HELLE APRTRY o2 PRl biLadiagt or of from sbout
The walls of the conical section 406 comprise sloping conical sidewalls

20 408 that expand outwardly about a central axis 409 of the conical section 406 from a
first diameter dy at the conical section inlet 405, to a second diameter d» at the conical
section outlet 407. The sloping conical sidewalls 408 provide a conical flow path
through the section, with a narrower flow path at the inlet 405 that gradually increases
to a wider flow path at the outlet 407. For example, the conical sidewalls 408 may

25  comprise a first diameter of from about 5 mm to about 23 mm, such as 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

30 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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mmto about 23 mm and even from about 10 nmto about 15 mm A second
dianeter may be fromabout 20 mmto about 35 mm such as from about 23 mm
to about 25 mm A preferred second di aneter of the outlet 407 nay be for

exanpl e, ag,rﬂlzﬁ@ﬁz{h?s%gout 1.5 tines the size of first d!?@ﬁhgoﬁ(ﬂ?s&hm et 405,

such as fr .5 tinmes to about 2 30 tines the size o e 1 nlet
di aneter. The sloping conical sidewalls 408 forman angle a wth respect to

th . ' d
noz21 o a03nyels 4B FRARTH s i Ricoudaibes 3R06E ARPHS dmelthl, ST OV
particl es thasenicaheediohimelgtDs eanfhemalagtedfaseonding taEsoinimom and neadmimg 14 WO

2006/ 0735%@% .S;g@?&%% éo%?tﬂr@c?@f tgé s b é%grﬁn@é;fa?é‘r‘éi 303,61 mﬁtﬂa'ﬁgﬁnafer filf face

roughness av . rst arameter the conical section inlet 405
can be seldigneter faverngd range of taitivaiyiowal@venade sasaceurighness syl a bidhggmess

desireds Offirét%rﬁétérsﬁroﬁeﬁnfégwl df?éﬂ@tfv%ly?r@&repavé%%‘s@rféd@thﬁ{nefsg.r $he di ameter

favoring a range of relat y |l ower average surface roughness, and a higher
5 first disegencdiapeiendt tamybesizatipepro¥ide theslesived spraad hed digtributigreofdbe f ace
r oughness. ki ; ; I%ﬁ)dp Vi esired
spread anof' pgélység rc ?@E@ﬂﬂﬁt@g?ﬁtﬁh@éw%gtp g;a/gﬂ'%ggg?l g _rﬁg?lg%?airg%?)é%ﬁggi de the
desi red corio¢asg ppiepRiernsiase themiselesiadd prayideghe)desired pyetagetseirfecar e t hen
selected t | deqd =T P : r : le, a
"ol at i vel y SpERES or cABiPRe oA hRApreS i b e cohhet 1R TRey AEProBERIT *,
| ayer BDa thdarmmaylagerdazhaving arealajivelyay avpsagasurtace roughgrss yderegdsar eas a
relatively, ' Vi | ayer
300 havi ng ey EPRATHERre bt el GaghapB? oo To Rl FG I AT S e
of the gasrelagveiehigeweerage sudaassioughiesaphthighet prgssug ofrtheegdsds belipvpdick
together moyee IHeGhbiloh B MERIBNR YK iﬁﬁ@f?)er idfe @Hﬂ&%ﬁ@ h%oﬁ@ﬁe&@@%”e”t .
structure to yield a | ower” surface roughness structare, ue at "least in
part to tHbekuddeefobthe ecamponent strusture i Vield atewesrsudace mugbness shiueikkisur e yi el ds
| ower e ; t ; ' oy ruc ' | gher
por osi {3 g ot feest MO £67 eiTalebs BeRBhi Walfil A WhiEr bR fuck, 57
al | ows f orlowbriseed fates, @nt thusapsiltsdn menating straglereshadzg & highei peyosiiyfandr ent
aver age Sut; ' .ng for
desi rod opai BubRUgRnRaR Alolies. TREPARGRY K785 2w Rrite BIEER.TOF (e
coat i ng pafebiicaties of Igydrs BAaibi having diiferérnd average siinfacegosgpesara the

component 20 while also allowing for desired spraying properties, such as the spread

20 and distribution of the coating particles, substantially without requiring separate
apparatus components for each layer 30a,b, or the re-setting of numerous spraying

parameters.

Once the coating 22 has been applied, the surface 25 of the coating 22
25 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,
30
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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apparatus conponents for each |layer 30a,b, or the re-setting of numerous
spraying paraneters. Once the coating 22 has been applied, the surface 25
of the coating 22 25 may be cl eaned of any | oose coating particles or other

cont am nanhg). J) rface 25 can be cleaned with a cl eggi./g 05%/(%1:% such as
ol

at least o r, an acidic cleaning solution, and a basic cFeaning
solution, and optionally by ultrasonically agitating the conponent 20. In

one versi i ; ' gﬁg&g rddas T e [T WaTal ter. 30
The coate g(? %ﬁgﬁlﬁggﬁéﬁg CIIa Qg]lg e cl Z‘%té’cf]' %ﬁéﬁgé u%r@fr%%edcq@ géf‘ ? gﬁefo\’@

pr ocessi nde@nplYog thieaatisg lnversilash. 10lganing thedigeBying sumadeadterroget ess

resi dues ; j ; ' I 20. In
one versi ?&ﬁﬂ%%@%ﬁ%%&%%ﬁ%@%gﬂé} ér@%ﬁlgtp% %aergdﬁghééebﬁg\g/i ﬁg '? ﬁ@egoati ng 22
and pr oceg®afing22uerce thg ungehis3torsEs BarosEn gkzaney/ 4 ex@DPledy® dganier f or mi ng
vari ouss cl | i aaaders| ty i I qBef ore

re- applssyi ngé;tg 29%%§?€‘ﬁﬁ‘qf§y§?%'&%§§?§§'h@/eam r?g;atl'ﬁgetu%wﬁcﬂé}f@ %gﬂl?ﬁ'rface 26

provi des aanekey i agpianadie dppliereMaiatelpl whielyisderein ingoeozated il a
SUbseque”trleﬁérén%éfirpi:isg@fggetg%é lcBSrg22 CNGse r%h@rg%%tbﬁg%iijﬁf%% Y6 bfhg has been

cl eaned, for exanp cleaning 5 nethod descri U.S. Application
No. 10/ 833inggryingstiycture@4al . filed on April 27, 2004, and comonly assi gned
to Applied Materials, which is herein incorporated by reference inits
entirety, the coating 22 can be re-forned over the surface 26 of the

under | ¥ ng st r uct urdn expmpig ofxm skledigirecess charmber IS kaviiiaor eysP@eabwé? 106
havi ng a %gﬁﬁtﬂ \ i | i r | ' | .. The
chanber 106 ca l%géers\go%tagrl? gﬁ)@&%m?r:ﬁ@tﬂ??' ?qu %@b%'ﬁg;%me‘(élngfﬂ gﬁ%@# ' havi ng a
cl ust er ofchember plaferacinetishemanbaying ashustes peidter¢ppngcted isbamaenmoepesaied sm t hat

transfers S@%ﬁ?%ﬁ%%@%n&% WEERakdibrs SUBLHEsSI oh Wetwdh thkRRaBES! 1‘%@ gf‘g‘g’” ’

t he proce | conprises a sputter deposition chanber,
cal | ed a phyyersion shayorthe ersess chamkar 10§/Compdsesd sputtaadeposition shdmeerof

fggt ;lelijsm d{f%&;%g%g ?nQJhVQEQrVE%r RIPo8itiSi BV tRamb4t, thét‘i%*baﬁébl%?sﬂﬁte?m e of
depositing material on a substrate 104, such as one or more of tantalum, tantalum
nitride, titanium, titanium nitride, copper, tungsten, tungsten nitride and aluminum. The
chamber 106 comprises enclosure walls 118 that enclose a process zone 109, and that
include sidewalls 164, a bottom wall 166, and a ceiling 168. A support ring 130 can be
20 arranged between the sidewalls 164 and ceiling 168 to support the ceiling 168. Other
chamber walls can include one or more shields 120 that shield the enclosure walls 118

from the sputtering environment.

The chamber 106 comprises a substrate support 130 to support the

25  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

30 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 106.
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nitride, titanium titaniumnitride, copper, tungsten, tungsten nitride and
al um num The chanber 106 conprises enclosure walls 118 that enclose a
process zone 109, and that include sidewalls 164, a bottomwall 166, and a

ceiling 16%%@53%&%” ring 130 can be 20 arranged bet g?m\%&%?@lgéwal | s 164

and ceilin Support the ceiling 168. O her cha can incl ude
one or nore shields 120 that shield the enclosure walls 118 fromthe
sputtering environnment. The chamber 106 conprises a substrate support 130 to
support the 25 substrate in the sputter deposition chanber 106. The
substrate support %86 swayorbd30 whg atspicemplise PneRiimerg rngsnsugh@s|ravee an

el ect  ode 113056 B ol BoBLAN 1o BPURIer SHEBLY ochich o HS 108 el POVer

supply. The“su t'e suppor - can al so conprise a shu I'sk 133 that
can pr ot ed84 ohiesppeort $30 fodplibit gusion of the stigpdi 30.1BENGHMErsiethdhe substrat e 104
I's not spr o ratd : Sk kS 104" g I the 30
chanber5 1§§Et téogug O%%S%E)ésétgpg?rggﬁo% i nijﬁﬁ?g%&?ﬁo%%ﬂ{gvﬁ félﬁﬁﬁbéé '6s]1|ts émal | 164
of the cHawmpportd80anticqyetsthy tbe subriragfifor thei@uer el gpieles 880 can be
lifted or dhanebedastly FHRPEH th bbdsitRflring Was 24Hl Rdliddsliné bBERiticA%Fed! y (not
shown) car? %@useastop I Tt anfiail.tj ;F_c?\l/ver rt ﬁe su stra%esonto (‘3‘ sf?gport 130
duri ng t r #a8istesoniss bath éhesdapesition Ena 28 and Heanderiying swpottH80chanber 106. 16
WO 20061073585 PCT/ US2005/ 041862 The support 130 nay al so conpri se one or
nmore rings, such as a cover ring 126 and a deposition ring 128, that cover
at | eadt a portion Aoprocess gaspeuchas g spidleringdasos intieduseg ie theld@mber i nhi bi t

er osi on of : i L1y | g 128 at
east par 0BT BE adRn, o e b1 BB Qlded O Brone bR b bohioPind ), 2
support 130e@bmoseyas seliregs tHaehalasch feedea gapuivit THE haing e gas figwrRstranci r cl es
d ' Ltd i : d red th
an Covervﬁlv?t'l 7%,%%& a|§ AR5 @B@%’ﬁ@@éﬁ%ﬁ b'sePfbov 19 of'Lting éqa@” reduces the

deposition o articles ont osition ring 1 and the
under | yi ngheretpprsioh. TBe conduits 176 sen feedjhe gasasdh adsixiag Sparifolsk (helgshgws) ini s

|l ude. it B bRt B TR oM & BEOh bt ot Bl o Bl 72
each f eed manifolddeeds a gas disWibuigr 48¢havind ow womregas outidteo 82 Tetheshambers a nass
flow contr@b! §he pidteB@§Ss May ebmblisd héi-foadlive {3, 83 as argon or xenon,
which is capable of energetically impinging upon and sputtering material from a target.
The process gas may also comprise a reactive gas, such as one or more of an oxygen-
20 containing gas and a nitrogen-containing gas, that are capable of reacting with the
sputtered material to form a layer on the substrate 104. Spent process gas and
byproducts are exhausted from the chamber 106 through an exhaust 122 which
includes one or more exhaust ports 184 that receive spent process gas and pass the
spent gas to an exhaust conduit 186 in which there is a throttle valve 188 to control the
25 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
30 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 182. 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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t her et hrough. The conduits 176 can feed the gases to a m xing manifold (not
shown) in 15 which the gases are mxed to froma desired process gas
conposition. The mxing nanifold feeds a gas distributor 180 having one or
nore gas outlets 182 in the chamber 106. The process g ise a
non- reactlvé)ﬁgg ¥ch as argon or xenon, which is capggf gg@%getlcally
i mpi ngi ng upon and sputtering material fron1a target. The process gas may

al so Comrdﬁﬁgr :ﬂwdﬁS‘xﬁ&Fé hiéld Qé&lonEHEG'a 208 Hat gﬁiglgggﬁjgéeg%%rdgﬁ%ﬁﬁgg% ntai ni ng

gas and a gen- co al ni ng at ar h the
sputtered thacfmﬁnhﬂr 106. frommvarsuayﬁ}ownnn Flgurestitiae shield 120/has @patppepr ocess gas

and byPr%{éH@ns S1 RGN /IR s {1}6 S0 Hg%@%g@j@éﬂ%&@ﬁ P5sHnaMs GlSt 122

whi ch I NC one Oor nore ex ort recelve sp ent process gas
and pass tth@cm@peng1@@sAtcdarmsmaldaa$pombrmmgaclawmgﬂnmammlmleee |s a

throttle Spﬁ!)\)(gcger@g%Iatnfpsgw%;‘l%pggSaﬁd“l%w@ﬁskﬁ’él@%&ﬁﬁﬁ %Oé 9‘?0 ﬁ'fer ré\gé#ﬁ%uféhanber 106.

The exhau uit one or nore ypi cal ly, the
pressure dhieldeon§puratiens, ﬁgcfgasmhar anseoutdi shisdds, Q@Balss bespemwdad dubreit nospheri c

| evel s. T%rs’?&w&h%i ITI%E-? Bwép%gwg‘?ge%g%? da%ﬁ%hiaeléli’éﬁ BEifdad 4 get 124

30 facing a surface e su conprisrng naterial to be
sputtered gameoergtmé%@tj@tt lseﬂ@atlle&f errefglzmgrt@eespm@zing ga@tOemUttez:raaiegAah sol at ed

= power oL JetapBPiZ Ak pdike.By 1REUYER Y sl hidac o Ml terpt FANREE! 0 1 ©
pr ot ectl a ragpect toge elnletdh‘e'z_oc HaetsdectricO®ld gemratsquttheucbalnhartwﬁfeﬂm thiehe shi el d
peTi USo00eP Db yRoBheratiet in Bt 6 1 S0AEF paa Tt el 0 i ol o

the upper iapthgedupen ancybembards thettheget tRdno sputiganaterial ffdhe targdtd@4 ndwn i n

Fi 4, h ; th t
lgure aénr@c?th%*%hﬁétijaté%& the Wgthaﬁngﬁﬁﬁeoéleé?o% 1@@%%%%@1 ne suppor

ring 130 |'ower section ring 126. A
cl anp shi edlertroda pewapsuPpiNty 2amay dn‘pbn@raﬁ asgpactof the gas erergizenrdbityed to cl anp

the upper %&iﬁ’%‘@r&%ééﬂe@r% rSHE fe%glasgﬁ’ft%r‘l%g?rtohwe{he téf‘gte?{%latb{/v fds. tﬁ ' el d

configuratio as | n _ can al’so rovi I n
one ver S|3Nb$trajﬂé0®r Futhermere, tar@smmzmxmﬂl1>35paa Jbetpap\ieed matus Pawdredhl el d

120, oper g aé‘&?'é sug@w%ﬁ%g'tﬁa‘? ;?o]sﬁiohg@w‘}vitij\iﬁ tRPEAGer Qbs EBrodg! N9 the

sputtering’g
enhanced energized gas characteristics, such as improved energized gas density. The

gas energizing coil 135 can be supported by a coil support 137 that is attached to a
20 shield 120 or other wall in the chamber 106.

The chamber 106 is controlled by a controller 194 that comprises program
code having instruction sets to operate components of the chamber 106 to process
substrates 104 in the chamber 106. For example, the controller 194 can comprise a

25  substrate positioning 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

30 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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fromthe target 124. The power supply 192 applies a bias voltage to the
target 124 with 10 respect to the shield 120. The electric field generated
in the chanber 106 fromthe applied voltage energizes the sputtering gas to
forma plasna t hat _energetically inpinges upon and bo iS00k 0isAr get 124
to sputter WORNHPT13SYS of f t he target 124 and onto the sgﬁﬁgra?% 104. The
support 130 having the electrode 170 and support el ectrode power supply 172
may al so operate a L@l 2 nd
accel erating ioni zél %e%gfpm%gﬁ?g?@g ?r%ﬁet%ré%ﬁ%géﬁtl%%@%%ﬁgs@t he
subst r at e desibedsdhaseenf prtieary gkij dsthe aEmeaydayigecdher eng®dimentdwhishovi ded t hat
i's powere AEich B RS itk drfe chanber
106 to prg’V|@$r£th%§ﬁ%sé%Hgﬁ§¥tlﬁén a"s: cﬁet?lg@t'verlﬁst% géﬁgsdgﬁém%argsl npr oved
ener gi zedinyertioge fror e&ammﬁeothqa@agwér eprpRangnisdhan tb@@X@mlambC@nW@ntSed by a
coi | Sgppﬁéécnﬂ)ﬁg hér@ dnsaléé E@EIQQﬁ’ed Q)tﬁerztﬂerﬁml gﬁrgyé%d)éonﬂ (efiod&ny 1 n the
chanber e Is control a controller 194 that

conpri ses ewb@@mms @G@és%ww R eqatjng ?%S@éﬁlﬁetcémﬁélﬂalﬂ%mb@ntﬁ%ent s of the
chanber 1Q{sk QefB6& S5 bs 4884 AldforkPdedring SiEps BRBPEEN 1Rke deebriseyanpl e, the
controller 194 can conprise a 25 substrate positioning instruction set to
oper at e offeuldplspbePerpmed a9 fleaningsipRsorauld hepelfRImMed’ ap atder pinghsport to
position aqamﬁh%fd@eérﬁoeaohﬁneme Q'QI%fmf‘tSr f%@ﬁonél s éhlow{ w.ﬁﬂegﬁé& tdtAgt ruction

set to operate the flow control valves to set a flow of sputtering gas
to thdlc hsmlawwbo&lrg@rys grecisterghangeaile. oTherefere; thet anpended claimnsoherigh e t he
exhaust t r er 106; a gas
ener gi zerh?z’{)ﬁI%rédggwn%%%ﬁ%%@grrgﬂs%tﬁ%%ng%gér'gQw 'ﬁat’eng%h@'n%rggéllger 116 to set
a gas eneprgBrgamentooescribed bereindo iltustigie the inyentieont rol i nstruction set to
control tenperatures in the chanmber 106; and a process nonitoring
instruction set to nonitor the process In the chanber 106. 18 WD 2006/ 073585
PCTI US20051041862 Al t hough exenpl ary enbodi nents of the present invention
are shown and described, those of ordinary skill in the art may devise other
enbodi ments which incorporate the present invention, and which are al so
within the scope of the present invention. For exanple, other chanber
conponents than the exenplary conponents 5 described herein can al so be

cl eaned. Ot her thermal sprayer 400 configurations and
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enbodi ments can al so be used, and coating and structure conpositions other
than those described can be used. Additional cleaning steps other than

t hose described could also be perfornmed, and the cl eaning steps could be
performed in an order other than that described. Furthernore, relative or
posithyﬁ terms shown with respect to the 10 exenpl ary enbodi nents are

i nt er chYABEASIAMed|Ser ef ore, the appended clains should not be limited to
the descriptions of the preferred versions, materials, or spatial

arrangenents described herein to illustrate the invention. 19 Wiat is
cl ai ned!-AsSubstralg RIBERTSING D3FIRSE EQTPARCTH ICARBRIP OF BFIPS FEPRSESIBAI e of bei ng

exposede i2éY é‘é“iﬁ%%r%@@s&&?anﬁﬂbratherc@ﬁ'@%ﬁerﬁ%mb%m the conponent conpri sing:
(a) an underl structure; (b) first coating Iayer over the underlying

struct ure t(ﬁiaﬁ‘ U'ﬁ@Qr|tht§la5ttN¢§Jr¢ayer conprising (i) a porosity of |less than
bout 10% j ; f f
abou 9 a(gﬁta(ﬂggt) cGathn ng§%e§b\FJrgtﬁ§ l)é‘fggenyg strﬁ @Fé‘gcﬁesfh'ét ayeﬁ%%”ess 0

| ess than ab mcr ers: econd coatin r the
first cemprisgngl Gy arporosity o€ desmsdthaoaaliout) 1056, eand G ngfirsti smgfa(ce)wmh porosity of

at | eas u i Q aver age surface
roughneésvs??go(% u[rf]ar%ee/orsfdm%%ﬁlggs %ﬁ %ﬁef%%&?c?gmgei% a?\gr ocess residues adhere
to the second) ssedandecoating m\jecevetrhleae fishteating ddyieothe sepsraemtiag laygubst r at es.
2. A conponent accordi ere the first and second coati ng
Fayer s s ey Beetalisashaffd A% aga fiyrecond eSS ARt accor dFng
to cl ai fefagdQuriics ré@n@@@lefémem adbiLBY mlcPoriSteRy, wkefelBtprot&rst one of

al um num titani um um stainless steel, c and chrom um 4. A
conponéﬁ?'délﬁ%éﬁjréﬁrﬁéo Eht? Qﬂcapﬁirﬁﬂrf%ﬁ?etf’é??l“qeﬁae§8’&téﬂwﬁ)£'85tq fREPRESRY conpri ses a
por osi tyafrafek. | east about 15% 5. A conponent according to claim1l wherein

the first coating | ayer conprises a thickness of fromabout 0.1 mmto about
0.25 mm and the second coating |layer conprises a thickness of from about

0.15 ”“?t@c&ﬂg&ﬁen@)ag’c i 82% ,[ct%grﬁqrm%?&ﬂtthé"ﬁr%%ﬁﬂ §tdn8 Bhitidlajerherein the

conponent conprises at |
comprise sprayed aluminum coating layers.

3. A component according to claim 2 wherein the underlying structure comprises at

least one of aluminum, titanium, tantalum, stainiess steel, copper and chromium.

4. A component according to claim 1 wherein the second coating layer comprises a

porosity of at least about 15%.

5. 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.

6. A component according to claim 1 wherein the component comprises at least a
portion of at least one of a chamber enclosure wall, shield, process kit, substrate
support, gas delivery system, gas energizer, and gas exhaust.

7. A substrate process chamber comprising the component of claim 1, the chamber
comprising a substrate support, gas delivery system, gas energizer and gas exhaust.

8. A component according to claim 1 wherein the underlying structure comprises a

ceramic material.
20



portion of at |east one of a chanber enclosure wall, shield, process kit,
substrate support, gas delivery system gas energi zer, and gas exhaust. 7.
A substrate process chanber conprising the conponent of claim1, the chanber
conprising a substrate support, gas delivery system gas energizer and gas
exhaust. 8. A conponent according to claim 1l wherein the underlying
structure conprises a ceramc material. 20 9. A conponent according to

cl ai m & whedrepdhehbacdondlag te/tiamn St\AFHé@élhlltrfé GrRIEALing R%rudfure t&Aplisedng of al um na,
silica, zirconia, silicon nitride and alumnumnjtride., 10. A conponent

accor di'g@stonedf alumina.wfiea eFifeopize siicer @H@eﬁ”dtWWHﬂb’F'Trwﬁng structure
conprises a surface roughness of at |east about 80 mcroinches. 11. A
conmponent accor di n(g to claim1 wherein at |east one of the first and second

| ayers thApramronent agaogding fopclaim ¢ yigiHe e |E@6e af g UnsleByiag siructlffer ei n t he
et al CWHS@?% s@?fal:@?’cﬁfghﬁ@@s & at lé:é%PQSCSut %tﬁbmuﬁ%ﬁﬁﬂ eel, tungsten, titanium

and ni ckel". A conponent according to claim1l erein at | east one of the
first and second | ayers conprises a ceramic material. 14. A conponent

accor di 40 o ol e deRARGTIGLE GHEAT G BLEILY ORRI LAgSe@ing | east one of

al um num'oxid I con rde, silicon car on car e and al um num
nitri delayér§compus&ma)rrmal. according to claim1l V\/nerel n the first and second

| ayers conprise alum num and wherein the underlying structure conprises at
| east one of stainless steel and alum na. 16. A conponent according to

claim 112/Me¢cmhworfeheaédordmg wdamctmw@&té mgtal egrapssearat leasvopesed of
|on coefficients that differ by | ess than

material s hav t her ma
about %ppfﬁs%&%ﬁﬁﬁﬁﬁl taf"HB’ ?QﬁJ’@F‘éﬁlm 1 wherein the first and second

sprayed | ayers are appli ed by a thermal spraying process. 18. A conponent
accordin :g to claim1 wherein the thermal sprayi ng*éprocess corrprl ses

twi n- wi 1 AsSAMRINER} RGP HRG ERgaim 1 Whiekeis Bt leastRneTdee St apd sesandar c

layers comprises a ceramic material.

14. A component according to claim 1 wherein the ceramic material comprises at
least one of aluminum oxide, silicon oxide, silicon carbide, boron carbide and

aluminum nitride.

15. A component according to claim 1 wherein the first and second layers comprise
aluminum, and wherein the underlying structure comprises at least one of stainless

steel and alumina.

16. A component according to claim 1 wherein the first and second coating layers are
composed of materials having thermal expansion coefficients that differ by less than
about 5%.

17. A component according to claim 1 wherein the first and second sprayed layers

are applied by a thermal spraying process.
18. A component according to claim 1 wherein the thermal spraying process

comprises twin-wire arc spraying process, flame spraying process, plasma arc

spraying process, and oxy-fuel gas flame spraying process.

21



sprayi ng process, and oxy-fuel gas flame spraying process. 21 19. A
conponent according to claim 1l wherein conponent conprises a substrate
support. 20. A conponent according to claim1 wherein substrate support
conprises a shutter disk. 21. A conponent according to claim1 wherein
conponent ,conpris ea t one of a cover rin eposi tion ring, support
g or TS, ASHROBR T aRgrait HE0 SRt SRt AgmPESE APt e of n't ho
deposi tdupporti ng at | east partially surrounds a substrate held on a support,
and the cover ring encircles and covers at |east a portion of the
deposition ring. 23. A conponent according to claim1l wherein conponent

conpr i sEs Accapfdneft acketding B@@iaT 1 whéfbin SusdaRDEGNortasdppridesd shattéd ai m 1
wher ei n_conponent conprises a shield. 25. A conponent according to claim1l

wher ei rﬂ%rrponent conprises a clanp shield. 26. A conponent according to
claim 1l wherein conponent conprises at |east one of a sidewall, bottom
wall, or ceiling of a process chanber. 27. A conponent according to claim1l

wher ei relc ngormanentageordiseto elaimai yéerein ggnpanentisempeses arleasose v chanmber
Chanpor ey REAE &rRlube g SLINGRLEALGIRRE) 20 9 L0, B L oy

undérlying structure conprising at
| east one of al um num stainless steel, and titanium (b) a first sprayed

c0at| %)) Aol HBCRIRY B Bhict P UASRIARBLRER YELUS gl Byl 1o Spraved

coating layer "havin orosit Ran & (i) a first
sur f acesunouhdsaa sabﬂrageelsiwrf aseppanughd\ﬁmscaybr teg entifttes arfsbedvefbatm cr onmet er s;

and 2 eco d coating |layer of alum num over the first
sprayeﬁeé%t %@O #;6 Pg Yo ngd sprayed coating |ayer having (i) a

porosity of at |east about 12% and (ii) a second surface with an average

surface_raoughness of at | east about 50 m croneters, whereby process
resi due® RONERt a3ROrARg Hhelaigy, f MAERIR GOMBANRIE CpRpTises a coil or Coil

support.
24. A component according to claim 1 wherein component comprises a shield.
25. A component according to claim 1 wherein component comprises a clamp shield.

26. A component according to claim 1 wherein component comprises at least one of

a sidewall, bottom wall, or ceiling of a process chamber.
27. A component according to claim 1 wherein component comprises a target.

28. A substrate pfocessing chamber component capable of being exposed to an
energized gas in a process chamber, the component comprising:

(a) an underlying structure comprising at least one of aluminum, stainless
steel, and titanium;

(b) a first sprayed coating layer of aluminum over the underlying structure, the
first sprayed coating layer having (i) a porosity of less than about 10%, and (ii) a first

surface with an average surface roughness of less than about 25 micrometers; and
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contam nation of processed substrates. 29. A conponent according to claim28
wherein the first sprayed coating |layer conprises an average surface
roughness of from about 15 mcroneters to about 23 mcroneters, and wherein
t he second sprayed coating |ayer conprises an average surface roughness of
from about 56 mcroneters to boPt 669651 croneter rosity of at

apd, has a ]
| east about (595500 SRIA(FHALPE BYEDRIALTRGTENER S MebTRIaHEheOXBRpr | 21 ng:
(a) an |uyé},eﬂ1!e>§eagnc$§psrugéwb@at_m@rrwémiamgg3«1) alppassity @R at ehstodbat mess) st ai nl ess
steel, and titanium r(aé a first sprayed coating | ayer over the underlying
st ruct LA (i R &egqndyurfags With aAnsFa ?ﬁ%fae?)'o%ﬂhﬂ hefAt gast pPeauiRt osity of Iess

than ab@tont&s, @re(bgigdrége%@ r8¥8liEIfdhePlfd AE BeEOMPEIRRS toteducah@bout 15
m cronmeters to about m cronmeters; and (c) a second sprayed coating | ayer

t he fi reantaypinatjeofayacessgd isthetrates-he second | ayer conprising (i) al umi num
(i1) a porosity of at |east about 15% and (iii) an average surface
roughness of from about 56 microneters to about 66 mcroneters. 31. A
conpone?fl. Aacarapatientiacaprdingitarclain @B aherain thedirst spsayesimoalinglayent i ng | ayer

COMD | S5k ERR e EEORRERRLL: O forTho 8 AHIorheiR, THnoffsh t he second

sprayed C I'ng lay conprise ness of from about nm to about
0. 3 nmm micBimnetars; ang evnergin #ecsradnd gptayed lcaatingd8yertvengirises he averagenent
conprises.at |least a _portiaon at | east, one a_.chanber enclosure wall,
chiel o SEbeeadfpes ot fifbrrant St alfiurRR saboulbe PufesSt ah Fa83 rer o zor
and gasp@ysipustiat 1638t atolBUBSY.r at e process chanber conprising the conponent of
claim 30, the chanber conprising a substrate support, gas delivery system
gas energi zer and gas exhaust. 23

30. A substrate processing chamber component comprising:

(a) an underlying structure comprising at least one of aluminum, stainless
steel, and titanium;

(b) a first sprayed coating layer over the underlying structure, the first layer
comprising (i) aluminum, (ii) a porosity of less than about 10%, and (iii) an average
surface roughness of from about 15 micrometers to about 23 micrometers; and

(c) a second sprayed coating layer the first sprayed coating layer, the second
layer comprising (i) aluminum, (ii) a porosity of at least about 15%, and (iii) an

average surface roughness of from about 56 micrometers to about 66 micrometers.

31. A component according to claim 30 wherein the first sprayed coating layer
comprises a thickness of from about 0.1 mm to about 0.25 mm, and the second

sprayed coating layer comprises a thickness of from about 0.15 mm to about 0.3 mm.
32. A component according to claim 30 wherein the component comprises at least a
portion of at least one of a chamber enclosure wall, shield, process kit, substrate

support, gas delivery system, gas energizer, and gas exhaust.

33. A substrate process chamber comprising the component of claim 30, the chamber

comprising a substrate support, gas delivery system, gas energizer and gas exhaust.
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