WO 03/058672 PCT/US02/ 37219 Method of Fabricating a Coated Process Chanber
Conponent BACKGROUND [ 0001] Enbodi nents of the present invention relate to
a nmet hod wb @abkss7zati ng process chanber conponents. [0002CTAISSZ/B®RMY at e
processi ng chanber may be used to process a substrate in an energized
process gas, such as a plasma, to manufacture electronic circuits, such as
integrated circuit chips and displays. Typically, the process chanber
conprises an enclosure wall that encloses a process _zone into which a
process gas is i nt Maihedef Fahrigaiing asheatey] Propess Shapbento@per@t pr ocess gas,

and an exhaust systemto exhaust and control the pressure of the process
gas in the chanber. The process chanber may, for exanple, be wused to
deposit material on a substrate oBAGKGROWNIAterial froma substrate. For
exanple, the chanber may be used to sputter deposit a material onto the
substrate, such as a netal for exanple, alum num copper or tantalum or a
net al con@ﬁmﬁ such Fidnad Lok L s o 4 i mRiHoRl -Qgﬂ?] The
chanber ¢ npoﬂents Pﬁ&?aare g?g%%gﬁﬁéﬁgfﬁgﬁ%ﬂﬁﬁﬁﬂﬁ, sgg%aégg?ﬁg surfaces
of a chanbmrcesidiemhér conpentntag, |iner, or deposition ring, are often coated
with a coating layer that, for exanple, may serve to enhance the adhesion
of sputtered nmaterial onto the coating, to increase the erosion resistant
of the ungsyoryi ng NAt@bitddte %@c&ﬁ&g@hﬁﬁxﬁ& mhybd BRAH ?f&éﬁs,a SibsttRe Y AVi de
sonme ot her desirable property, such as have an electrically conducting
surface. Fagrgigrdpiocess gas, shelhired plasmp doeranuiseiirpdeetraic ¢irqumts.ucihum oxi de
or quartz.and plasm ray cpate it in 1 ] 004] In one
process f bnﬁe%r 3%9 F‘é%{%lf %gpsséég hcggé??%b#gﬁggﬁy’gﬁ)eg Ilr0 5‘%5 %L%rgir)é#@gﬁq %g;' Sesgzaglnponent is
prepared byclgduird whll @sit fdodel & pesURRO/DAB intt Whitth Aprot s gaaBrigodyiced, aldagst i ng
step, and then dipping the conmponent in a concentrated acid solution, such
as an HF CBYBUEY 9renergizeile Brogess €ahpd an sxhayst systeny tecxhashandopnirghiheqgr j ¢

bl asti ng . i St i onent
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conponent usadrtb @epositonaterddiona sabsteate cotatetabhgmatdiia fopm b sbbstimtd. Fpr stapde,ar e

erfornmed to . .
P the chamber may be used to sputter deposit a material onto the substrate, such as a metal

for example, aluminum, copper or tantalum; or a metal compound such as tantalum

nitride or titanium nitride.

[0003] The chamber components that are exposed in the chamber, such as the
surfaces of a chamber sidewall, ceiling, liner, or deposition ring, are often coated with a
coating layer that, for example, may serve to enhance the adhesion of sputtered material
onto the coating, to increase the erosion resistant of the underlying material to the plasma
in the chamber, or to provide some other desirable property, such as have an electrically
conducting surface. For example, a chamber component may be made from aluminum

oxide or quartz and plasma spray coated with a coating of aluminum.

[0004] In one process for fabricating such components, a ceramic form of a
component is prepared by grit blasting the component using a high-energy grit blasting
step, and then dipping the component in a concentrated acid solution, such as an HF
solution having a concentration of greater than 20%. The grit blasting step may be used

to remove an existing coating on the component in a refurbishment process or to prepare



achi eve a high surface roughness average (Ra) values of greater than 200
mcro inch on the conponent surface. It is believed that the higher

r oughnesswoaBwsss7pr ovi de better adhesion of the overlyi ngcaramo2/aion the
ceramic form Thereafter, the conponent is re- coated, in the case of a
refurbi shnment process, or freshly coated with coating layer, in the case
of a new conponent. [0005] However, such conventional conponent fabrication
nmet hods still often result in conponents having an unacceptably |ow
conponent thegomponent surfaeaUp reasty ctairew exatipend he srit lapimgrsteps geanariprmedtaced or

re-furbis Foy. | iLn PVD
br ocesses e gl SRR sTouatER U, CRATRles of BERRRRAN 203 LACNTFL O, "
sput t er edtheaiosipoatntalisfaceacht inbdliet ebsthanthe héghstirdugheess odluésrocidepenant . The
accunul ated deposits can, cause thermal expansiqp stresses that result in

del anmi nat POIPSIONQ R veglying cqainegy g -coramic formh el hEHABRY RS RPRPBERtIE ' om t he
ceram ¢ T eédild, INeRb@SS: refllbishifefPIRSL of AlsHIPOsHEAM N ORI AR ot | Ng

cracks or ot anmaged areas and erode the posed sur

chanber compofiemew couponed! |y | eading to failure of the conponent. [0006]
Thus, it is desirable to have a process that is capable of fabricating a
conponent havi ng desirable surface properties in a substrate processing

envi ronmepgoosj t i s Howel&esucieshiéblofall@nipatent FatiRaRONRRIhoM bEiofxi Dits a
good lifetime in fabrication processes in which excessive anounts of

sput t er edrasalt & canpeneytsdepogian ubpcceplablydowsompanent part life, aequirinethier abl e to
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of fabricati'ng a“'co ocess

chanber, téfporaies esd it VD procegettotpliddtidepdsit atBiaMiongd gEebisitatediogn gr ai n
boundary regions, and the _nethod congrisin : 2 WD 03/058672 PCT/ US02/ 37219
(a) bead e thegputiceedapasariaio aceuppigias 9a the sifacescaf thacempengnt olighness

average OEccluﬁﬁﬁatEcr'@ébo@itf’é)% @ LG9 ie%@i%h stresses that result in delamination,

cracking, and flaking-off of the underlying coating from the ceramic form. The plasma
in the chamber can penetrate through the coating cracks or other damaged areas and
erode the exposed surfaces of the chamber component, eventually leading to failure of

the component.

[0006] Thus, it is desirable to have a process that is capable of fabricating a
component having desirable surface properties in a substrate processing environment. It
is further desirable to have a component which exhibits a good lifetime in fabrication
processes in which excessive amounts of sputtered material may deposit on the
component. It is also desirable to allow the component, when deteriorated in operation,

to be refurbished as needed.

SUMMARY

[0007] A method of fabricating a component for a process chamber, the
component comprising a ceramic form having grains and grain boundary regions, and the

method comprising:



(b) dipping the conponent into an solution having a concentration of acid
or base that is sufficiently low to reduce etching of grain boundary

regi ons owotoaesseceram ¢ form and (c) formng a netal coatrcmgsowaeniat | east
a portion of the ceramic form [0008] A nethod of fabricating a conponent
for a process chanber, the conponent conprising a ceram c form having

al um num oxi de grains and grain boundary regions, and the nethod
conprising: (a) bead blasting the conponent to provide a surface roughness
havi ng a roughness & er aljeaddflagtiag she soappoapeiie p1oadas syréicabpdsg a(b) di ppi ng
t he conpo I i £SJ - or nore of HF, HC, and HNG3,
in a concgbﬁlg?%%ﬁstggerg%é é%%stﬁ%xﬁb%%%(fﬁlib&@o Tire percent; and (c) form ng an
al um num coati ng ov¢) at dippiagtthecqmapdrieaningd aft fduticdoiEpdizedonbshtatibivon- Wi r e
thermal spraying process, [0009] A nethod of formng a conponent for a
process cRHfBEpPasethat l%i}’f’Fﬁﬁﬁ@‘?M lowctgrpduceiciling earaimboundaryiegars ®4 el umi num
oxi de grai:é}gmgagl%ngrﬁidn boundary regions, and the nmethod conprising: (a)
bead bl asting the conponent to provide a surface roughness having a
roughness aver age ofc)l es formiaga mbtalitodlim@ ovecatdeast hpertiofilof theticppnnig t he
conponent .into a solution conprising |less than about 20 vol une percent of
one or nof®™of KOH or diethyl ene gl ycol monobutyl ether; and (c) formng an
al um num coating over at |east a portion of the ceramc formby a twin
wire thermal spraying process. 3 WD 03/058672 PCT/US02/ 37219 DRAW NGS
[0010] ThEM8} eat ur Asmethepetfabricaiimg aapmponsufdor process chembernthei nvent i on

w |l becone better understood.v¥'th re argl t.0 the.c{ ol |.ow n(€ descri ption,

appended &PEP TR %Wnsé%%%%iﬁ ﬂﬁngﬁ‘é AT ORI §H8E 5 %al&anpl es of
t he i nvenbb@llaryHe¥RWS,rand ithe insthb® c&prising:

(a) bead blasting the component to provide a surface roughness
having a roughness average of less than about 150 microinches;

(b) dipping the component into a solution comprising one or more of
HF, HCI, and HNO:3, in a concentration of less than about 10 volume percent; and

© forming an aluminum coating over at least a portion of the

component by a twin-wire thermal spraying process.

[0009] A method of forming a component for a process chamber, the component
comprising a ceramic form having aluminum oxide grains and grain boundary regions,
and the method comprising:

(a) bead blasting the component to provide a surface roughness
having a roughness average of less than about 150 microinches;

(b) dipping the component into a solution comprising less than about
20 volume percent of one or more of KOH or diethylene glycol monobutyl ether; and

(© forming an aluminum coating over at least a portion of the ceramic

form by a twin wire thermal spraying process.



understood that each of the features can be used in the invention in
general, not nerely in the context of the particular draw ngs, and the

i nvent i onwionslossbes any conbi nation of these features, whecaugo2821y Fi gure
1 is a sectional schematic side view of a chanber conmponent having a netal
coating; [0012] Figure 2 is a flow chart show ng an enbodi nent of a process
according to the present invention; [0013] Figure 3 is a schematic
sectional top view of an enbodi ment of an apparatus conprising a

nul ti-chanber platform having a nuRAWINGSt er connected PVD chanbers
nounted on the platform [0014] Figure 4 is a schematic sectional side view
of an enbodi nent of a PVD chanber suitable; [0015] Figure 5is a
sinplifiegfoddpck di Apeserfeariires dpeetsaanhadahtagendfitht peebént diventon will an

enbodi mrent of a conputer progﬁanlcapabl of .operating the PVD chanber of

Fi gure 4; begomq ptesindersiendavigh regard tg ghe follapinedrsprantiony apnsadedorletms: adhgt h of

net al coat : I it p :

031 058672 BOL PO P S B L R R ol P s s on THBRE R R is B0 e

f abri cat eundersiadethateach ofithetfe8M6s Earr beaused i thessvenhianixe gerele t not snecelpabl e of
provi di ng . increased resistance to chencal erosion., and better. resistance
Do apal | LH COReRT SAF PG CUGR TR biEs A8 T GGt meages Seomutish O rmy e
used to fafR RARIQ! wiBlee of conmponents 300 in the chanber 36a that may be
susceptible to erosion, such as for exanple a conponent 300 of a substrate
support 18. In one version, a conmponent 300 of the support 18 conprising

epost t1 ol Rhrber “SRATe b catRL et R il € BmiREroMagielS ! or e

conpri se, hiahg xafAlcating; part of a chamber enclosure wall 12, such as a
sidewall or shield 20, a liner (not shown), or ceiling 13; a

[0012] Figure 2 is a flow chart showing an embodiment of a process according to

the present invention;

[0013] Figure 3 is a schematic sectional top view of an embodiment of an
apparatus comprising a multi-chamber platform having a number of interconnected PVD

chambers mounted on the platform;

[0014] Figure 4 is a schematic sectional side view of an embodiment of a PVD

chamber suitable;

[0015] Figure 5 is a simplified block diagram of a hierarchical control structure
of an embodiment of a computer program capable of operating the PVD chamber of

Figure 4; and

[0016] Figure 6 is a bar graph comparing the bond strength of metal coatings on

components fabricated by different processes.



part of a gas distributor 39, such as a gas inlet 33; a portion of a gas
exhaust system 28; and a part of a gas energizer 90. Figure 1 shows a
sect i onalwoiogmsssf2 an enbodi nent of a conponent 300 for nesdcaamsor/sizng to an
enbodi nent of a nmethod according to the present invention. [0018] In one
versi on, the chanber conponent 300 conprises a ceramc form 302 that is
treated to prepare its surface and then coated with a netal coating. For
exanple, a ceramic form 302 suitable for treatnment and coating according to
the present process may conprise RBECRIPTIONs of al uni num oxi de, silicon
carbide, and alum num nitride. The ceramc form302 is treated to provide
a surface 306 having characteristics that allow for enhanced bondi ng

bet ween t [p@01ggr an ¢ Thepres&iipravess ishsedfdbricare agoateditomgpneBO300 fooa exanpl e,

the surface 306 _of th cera form nprise nd . grain
boundary PESFSFRamRg:! airis o %f@m\flgwgés@a F@resvtanéﬁgxﬁ%@waga@éaoy bonded
or damaggn gl S sﬁin@@‘t&%}ﬁ i rJf%%aﬁ%Oii?orHrtﬁé/éﬁﬁ%&eﬁttﬁ@l qal.lg g%d%s%oundary

region on the sur ace t allows for the f tion of uta
strong bontylbetusetto fbine ouepamore offcomposdts 3¢(Hintthe clandrer $bathatmay bag 304

Al h | t h t b d f
he_sur f adueSpIOR GOt andhacior Siamlos copbordsh b it £ Sukhe Sppori ovi ng
t he adhesippgnferdibis acd?ﬁ{ﬂoBGnt%ﬁ dféhe ﬁ?p&b”lg 868p&fs ofe WO/ 128672

PCT/ US02/ 37219 [00’1 I'n an initial treatnment step, the chanber conponent
300 is tr depasiiopyingeldddr doversingnly fﬁlhtearg uselddn @ depesitegn ehamberdeari @theor m 302.

Ihe bt B ReRSHARRTSS 8 FRV DY LA Lo alsty

grains onehdlesugdiwhRA2, sHOR aé @ side@yl] dﬁstﬁelﬂ@@taﬂiﬂcﬁ‘ (ﬁ(ﬁtd;hoWﬁ)J@heéiBﬁig swaf ace 306
that enhances the adherence of the coating 304 to the surface 306, |In bead
bl asti ng, PawPf ¥ spedisibhios 3Prypkns taayiBlth? Y annationef 21w e3baushyystam 28t a
pressure iggh %’9&1 0 S may
conpri se gﬂ(ﬁ&a aeljrt?g?g%aw r%z‘%gghﬂ%ﬁéegs %é;}ﬁ? iet%‘ﬁaté%o%l -ﬁgﬁ%@%ggh c form
302 to al tompdrent mﬂﬁmbmamomdiagMemhmmhm dflaenahnsd acerddf}todhe t he cerani c
form302 to formthe roughened and textured surface 306. Suitable bead

mat eri al sPrSSEMHRIEPOR- exanpl e, al unina oxide, glass, silica, or

[0018] In one version, the chamber component 300 comprises a ceramic form
302 that is treated to prepare its surface and then coated with a metal coating. For
example, a ceramic form 302 suitable for treatment and coating according to the present
process may comprise one or more of aluminum oxide, silicon carbide, and aluminum
nitride. The ceramic form 302 is treated to provide a surface 306 having characteristics
that allow for enhanced bonding between the ceramic form 302 and the overlying coating
304. For example, the surface 306 of the ceramic form 302 may comprise grains and
grain boundary regions that are treated, for example by removing loosely bonded or
damaged grains from the surface 306, to provide a stable grain boundary region on the
surface 306 that allows for the formation of a suitably strong bond between the ceramic
form 302 and the overlying coating 304. Also, chemical impurities or other loose
particulates may be removed from the surface 306 of the ceramic form 302 by treatment,

thereby improving the adhesion of the coating 304 to the surface 306.



hard plastic. In one enbodinent, the beads conprise a grit of al um num

oxi de having a nesh size selected to suitably grit blast the surface, such
as for exwopBessea2zgrit of alum na particles having a neskrc3ime2/sf21450. The
bead bl asting may take place in, for exanple, a bead blaster (not shown)
conprising an encl osed housing. [0020] It has been discovered that inproved
treatment of the surface 306 may be provided by a relatively gentler bead

bl asting process to clean and treat the surface 306 w thout excessively
rougheni niP0df] t he shirdmpiasiadiygatment sfenyithae@RBYST FAMpANSRHQ is treatgd by bead

convent | ol GBLIRRL 6P ERTERANRLARIY AN vABiAOAOBILURRR]

bl asting proc achreve a 'y roughened su ovi
adhesi on af remdye aveinhpurings on thad sunfgce Hitnefithe cerhmidhiasm BQEmsfvmlhai tbhat

excessi ve roughening of the surface du bead bl asting process is in
fact det r FSRAYEANY {Q95¢ AEdAPRgSE AT OF &1@@5& %ﬁrbéftopwl%%ieéﬂlre‘g%ﬂponent 300,
as m cr OCFd%%ééne?@Qrfﬁ’&f%%a&"nﬁh&epﬁié%ﬁér)énéee&‘tﬁ’@éoafnﬁg Eb@ib ﬁl@%ur?% f3@%e 306

of the cera orm 302. A coating 304 applied to su a damaged surface
306 exhi [nh@dletmgdohd)headsgreapihpclmdaewaldsthe hefage 306 bpairatiapiessag drat may be

sufficientl su hat i.ng at the surface of .the ceramc
For m 505, St BER i aStEsn Hikurls @ ntiEbeAls tgcStibidamsses! et

| oose, anﬁarﬁﬁ‘e%@highbf‘thhﬂ%dﬂ@fﬁx%%fmlé Im3025B8 Al 1bwviBe b&ls td@o8oald ng 304.

Al so, the mcrocracks and damaged grain boundary |layers formed during bead

bl asti ng aamh@emeﬁnﬁ@xﬁﬁbeﬂTMMwﬂ C§@m@éﬁh@dbnnﬂga@néhﬂwé@@%@xnsqth as for

erapLe S50 S By R R R 0 B3 2,

ing EBR £1'0hS Vi’ Tess
aggr essi veardeadtiél Bﬁdﬂd’@n‘tﬁlfd@ﬁ&&ﬁth& bead3@o6prise h pMEst amfmmW@& , such
as a roughness aver a of, | ess than about 150 m croinches, faor

exanpl e f sH sipoiple tOtsalt%mbaﬂt blags ths RrBracHel as fon gxanplp, 3 gt shannabout
120 micr Oh@{éb@gpavmgeg g&eg BRESP 153 VEAREd B;asﬁllrigf‘mag 'Eaﬁén;pgaﬁé% fblsex%ﬁl? égﬁa“ of

t he absol ues di spl acenent's [’ne o peaks
and val | epsaddflastdrénstahgivnpesnpresrigarescllsedboushee. r oughened surface 306.

Sui tabl e bead blasting conditions to provide this surface roughness my

i nclude; a pressure of the air used to propel the beads towards the surface

of from apsh) It has been discovered that improved treatment of the surface 306 may be
provided by a relatively gentler bead blasting process to clean and treat the surface 306
without excessively roughening of the surface 306. This discovery is unexpected, as
conventional treatment processes typically employ an aggressive bead blasting process to
achieve a highly roughened surface to provide improved adhesion of any overlying
coating. However, it has been found that excessive roughening of the surface during the
bead blasting process is in fact detrimental to the structural integrity of the coated
component 300, as microcracks and damaged grain boundary regions form on the surface
306 of the ceramic form 302. A coating 304 applied to such a damaged surface 306
exhibits reduced coating adherence, as the grain boundary layer may be sufficiently
damaged such that the grains at the surface of the ceramic form 302, and thus the coating
304 bonded to the surface 306, become loose, and result in the de-lamination or spalling
of the coating 304. Also, the microcracks and damaged grain boundary layers formed
during bead blasting can be exacerbated during subsequent treatment steps, such as for

example wet cleaning steps.



30 psi to about 100 psi, and even from about 40 psi to about 60 psi; an
angl e of incidence of the beads relative to the surface of from about 45

t o about WO odesgeers, and even from about 75 to about 90 aegrisex372and a
standof f di stance travel ed by the beads fromthe bead blaster to the
surface of fromabout 4 inches to about 12 inches, and even from about 5

i nches to about 8 inches. [0022] In neasuring properties of the surface 306
such as roughness average, the international standard ANSI/ASME B. 46.1 -
1995 specﬂ?& lhg apprhBs itas desiablegp mmairtaw:the beagd psipg conditions tp eryids2 can be
used. The Y es of
roughnessl%géééé\ggsggg%?{a%ﬁ g‘% cut wf?%%engﬁ‘p&%qﬁgg rou?ﬁ&ue‘ﬁq'?gﬁc}l 24té;pl cal

eval uatio mod@ng;‘s hvaraga@a) néttsdthah absutdt5a ntarodichds fidreexbmBleufydin @bsut Sder age
Cut-of f Len Eval uation Ty Eval at| engt h ngth 0 to 0.8

ni cr oi nché%ql?ubé)@ migEeigghes, ﬁ‘fﬁ?"ieﬂiﬂﬁé ﬁﬁéﬁ‘é’é’l‘%&? e pughnessi nches

0. 010 1 nc sl i3l LiRe 300 isAhOmics BPﬁxe%béd?ut@Q/afﬁhé’BPﬂ)Qﬁﬁﬁﬁcgngr?tgfrbﬁlc hes

0. 160 inches 0. 160 1 nches m croi nches 0. ches 0. 300 i nches
0. 500 inc Iﬂwnemmemfdlapeakhasi \aahldyabﬁhe réngBocs ifeatires alon® € ronglteesd 1. 600

basees a- Shaut 0, Sufati e B, dGHIGHH S puare Pl unate Bubhes wrg o "
fluctuati epsudef a Bﬁ@suﬁ‘@bﬂt’ﬂ& aRhuséd'® &oy@t&%&éﬁé&?ar&%é 52006 31 &b avdtperities

on the surface 3 by a scanning el ectron mcroscope that uses an

el ectron 3B@airtorbeutd 8P si, andhenentrons abquide pside abeutdrnsk anangle of ingifened t he
surface 30Q 0 [ ur f 3 (o c form3 2 has been
treat ed by?%le a&zsbx%:gg] %t}le P‘Hza"s lfl)? 82%‘255 EO %l())u&?(ﬁ(ri & rdeee‘{ gr N

second tr aeéuigto sbeRp 90y1ege¢sp hiida @tranddeTHiSfaﬁtd’l@a\teﬂBﬂ stht esisFrdm the baad
treatnment solution. The treatnment solution conprises a treatnent agent

that renobister ifhe surfass of from abeut 4 inchazle abowt I7ringhesand VB fiopy 3boukS5 306 of

| oose grablgﬁ;l § Rrvea Likhddg the bead bl asting process, to prepare the
surface 306 for '

[0022] In measuring properties of the surface 306 such as roughness average, the
international standard ANSI/ASME B.46.1 - 1995 specifying appropriate cut-off lengths
and evaluation lengths, can be used. The following Table I shows the correspondence
between values of roughness average, appropriate cut-off length, and minimum and

typical evaluation length as defined by this standard:

Table 1
Roughness Average Cut-off Length Min. Evaluation | Typ. Evaluation
Length Length
0 to 0.8 microinches 0.003 inches 0.016 inches 0.016 inches
0.8 to 4 microinches 0.010 inches 0.050 inches 0.050 inches
4 to 80 microinches 0.030 inches 0.160 inches 0.160 inches
80 to 400 microinches 0.100 inches 0.300 inches 0.500 inches
400 microinches and above | 0.300 inches 0.900 inches 1.600 inches
[0023] The roughness average may be measured by a profilometer that passes a

needle over the surface 306 and generates a trace of the fluctuations of the height of the
7



bonding to the coating 304. The surface 306 may be treated by dipping into
the solution for a duration of tinme suitable to prepare the surface 306,
for exanpwe mBosseaz dur ati on of from about 15 seconds to alremtusBf3Tminut es,
and even from about 15 seconds to about 15 mnutes. [0025] It has been
found that unexpectedly good adhesion of the coating 304 to the ceramc
form 302 can be obtained with a treatnent sol ution conprising a
sufficiently |ow concentration of the treatnment agent to reduce etching of
grai n boupthgrifies enythe surfese 306her by spanring glegiragpmmicraseope thas yses ap glegiek pect ed
because c ' I t : '%h&r tphation of a
treat nent Bg%gg%ﬂe? %agﬁﬁggﬁﬁg%r%%at?ge?ﬁgéﬁé‘% e ?fg‘ggﬂga&(g:ﬁbaas for exanple
a concentration of greater than 20 vol ume percent of hydrofluoric acid,

with the expectation that the higher concentrati of the treatnent agent
will provitiedh norQnemﬁéuﬁwecﬁﬂgmhrgce&mtgéP%éﬁf hethaen tepiad By AESh nant s.

Hovever, bi;stds fReaPral @308 maj D&turhef fr N see - réARehtavdg ) dppi
concent raﬁagdrl}?g?ift thferat r eat maa}tﬁ? ageﬁt t ac?ﬁl ss suffici eﬁt I yprllg]owpl%lf)1 0E:I eani ng
any resi dimmesingtbakirfach 306 eda treainest Johwivnt Hde sreatnzne sdGboméanipises a

i vely etchi i n_boundary. i d wi.phout faorni
exacor bat MHYMeR R0 PATRGOM HRErList FABARSHRIAGE PRET CIGMSIRE HEiS6806 g
better. Byyds€@rssrsTornkdHed i hﬁé\geadm_ﬁgpﬂﬁg%, {foPrtpie BedufalO3080BF Y T egi ons

on the surface 306, a treatnent solution nmprising a | ow concentration of
t r eat ment bemding topheodatiag 394+ The sunfgee 306 haydhedreatsd yatipming inte thesohtiong 304

d i.C f . i | | ' .
Concent r aftid Gre b LIRSS Blerie RBET 306 Topblaolt RERdumon o e

ceram ¢ f @off addt | Bsedbifzad absutB0 miduds,antireead fromtaboto] Ldecomisaoabaitdsng a
suitably I ow concentration of an acidic agent conprising hydrofluoric acid
(HF) . For M8RHAHl e, the treatnment solution may conprise a treatment agent
consi sting essentially of HE The hydrofluoric acid provides good cl eani ng
of the surface 306 and is capable of renmoving inpurities and | oose

particl es[@25] he suitfhasbedfound thatimeapeqpedly geddaitesiomefthetloatitg 30d

bl asting qr duri.n rocessi ng, of substrate 16. . Hydrofl uoric_acid can
al 50 1 eaciIGATImIC T s FR bR § Healiment SohiPRgpPrSing a sufficiently

low concentration of the treatment agent to reduce etching of grain boundary regions of

the ceramic form 302. This result is unexpected because conventional processes often
use a higher concentration of a treatment agent to clean and prepare the surface 306, such
as for example a concentration of greater than 20 volume percent of hydrofluoric acid,
with the expectation that the higher concentration of the treatment agent will provide a
more thorough cleaning of surface debris and contaminants. However, it has been found
that a treatment solution having a concentration of the treatment agent that is sufficiently
low for cleaning any residues or weakly bonded grains from the surface 306 without
excessively etching grain boundary regions and without forming or exacerbating
microcracks in the surface 306 of the component 300, is better. By reducing the etching
damage done to the grain boundary regions on the surface 306, a treatment solution
comprising a low concentration of treatment agent provides better improved bonding
between the coating 304 and ceramic form 302 over conventional processes with higher

concentrations.



accunul ated on the surface 306 of the ceramc form 302, such as Si 02, CaO
or MJO A suitably |low concentration of the hydrofluoric acid may be, for
exanpl e, woexg/0sdsan about 10 vol une percent, for exanpl e, PETASOYENLY at i on
of from about 1 volume percent to about 10 volune percent, and even | ess
t han about 5 volune percent. [0027] In another version, the ceramc form
302 is dipped in a solution conprising a suitably |low concentration of a

non-fluorinated acidic treatnment agent. The . ngn-fl.uorinated agent may
provi de al8028k aggr és%nwr%l%alﬁm@mwpmﬁ%ls dippedrin an peMdic tregfmenthe

cl eanin on of

m crocr gcl%ﬂgt @Lgﬂqﬁﬁ%ﬁﬁ%ﬁesug%PVQGW% B%&%?u%ép%{ﬁ:%ggg?gr m gggh nd reduced
damage t ohydreflgsrid amd GdEN dér yxaregieaths tredinent dodition mayedmpriseiartedaedert| eani ng
agent may conprise, for e NCB. . A sujtably | ow. co ntration
of the nofg%t ﬁ‘b‘}si%‘&‘p’ééﬁe%‘éﬁimj& B‘éqéyd%%‘n‘ft{&rﬂc}ﬁr%ﬂe%@%e ‘h‘c g%out 20
vol ume peggeRt 306 hd %ﬁlﬂl@of énﬁ‘)ﬁfgqmphﬁhésoﬁd%oierﬁma@s@%e }uxrf&e%%“t 20

vol une percent, and even | ess than about 10 volume percent. In yet another
ver si on, suph as@amdezs formadh duging ibpprbblastmerorisasing pwbmngmf aswbktras 16 KOH
[ sol ut.i on of an organi.c,. et chant | ene gl ycol

| , . h
o nabusvi Badtetfionf aishh i s S SO R B B S B R B oot e by

di ppi ng i Bcdubfulfed ot tHReRurface IMBIFh&LQRhRToBR402 %uapémcbz,o@ﬁo oPMgEast a
portion of the ceram c form 302. The coating 304 may conprise one or nore

met al s t haditahbivlewstongeniratipm pf the diydrodlwerc aejd anaydiep forickampls, less than pbaué
processi ngj, %r%%ep'er% £ for SNER, ,arﬁgﬁcﬁgﬁgrﬁ%cgfgfoﬁgb% Arq&gnﬁ?gﬁerng%ﬂ% INEH

titani um ~copper htont um 0% prot ect

t he cer ami@ voluaterpeddeat, fand 8vendessaharpsbouf S vokRmmekenby an energi zed gas in
t he chanber 36a, and nmay be applied by a nethod which provides a strong
bond between the netal coating 304 and 9 WD 03/058672 PCT/ US02/ 37219

ceram c f giggyp02. Fgf egfi%lg!?%x%xont&% cg%lémlgﬁipggﬂﬂfgolwox{m.e or more of

a chemc physi c ositlon process ame spraying or
t her nal spmraymmg a mataib@dlpmmhemmtlan b nowﬂmenmtcrl adib dctatnpinb sgemt. aT loe

i tabi ¢ PO UL DR Prpvidea I AEEEes YA OB B ey B0 LOPA TS ness
of , for eppREMaBingdndlpedatatRAQ¥ theGubacdWith ahcEY HapaRYioR 8f h&scrhbian
through the surface 306 of the ceramic form 302 and reduced damage to the grain
boundary regions. A suitable non-fluorinated cleaning agent may comprise, for example,
HCI1 or HNOj. A suitably low concentration of the non-fluorinated agent may be a
concentration of less than about 20 volume percent, for example, a concentration of from
about 1 to about 20 volume percent, and even less than about 10 volume percent. In yet
another version, the ceramic form is dipped in a basic solution such as a KOH solution,

or a solution of an organic etchant such as diethylene glycol monobutyl ether.

[0028] Once the ceramic form 302 has been treated by dipping in the solution, a
metal coating 304 is formed over at least a portion of the ceramic form 302. The coating
304 may comprise one or more metals that have substantial resistance to erosion in the
substrate processing chamber 36a, such as for example, one or more of aluminum,
titanium, copper and chromium. The metal coating 304 is formed to protect the ceramic
form 302 from corrosion, for example by an energized gas in the chamber 36a, and may
be applied by a method which provides a strong bond between the metal coating 304 and
9



about 0.5 mm [00291 In one version, the netal coating is applied to the
treated surface by a twn wre arc thermal spraying process, as for
exanpl e, wessnstsezrl in U. S. patent no. 6,227,435 Bl, issuedTtarsodbieist h,
2001 to Lazarz et al, and U. S. patent no. 5,695,825 issued on Dec. 9th,
1997 to Scruggs, both of which are incorporated herein by reference in
their entireties. In the twin wire arc thermal spraying process, a thernal

sprayer (not shown) conprises two consunabl e e] ectrodes that are shaped
and angl eferaBiciorg 302 Fer example, the coating may b apRlisdhntt motegf aexanpl e, t he

consunabl ect r | ' : netal to be
coat ed ona% el@%uo?r;5 gg?%%ﬁ’&mﬁ C;ﬁégers%,"&éane%ﬁﬁoﬁ%rggggﬁﬂ%%ﬂgp o allow an
el ectri c dietwdasugh as @ tivorwire exméthed, plassesirc methotl, orAxyduelgas iflamar A

di schar ge_.i. enerat ed bet wee he. nsunabl e el.ectrodes whe voltage is
o1 o s ke R Gl FaatBE R 0b FEirle St e G Soe AP S gt o0 ot o
of air, nNifakBYAMiRknRE 88 Por exiafipld, AVRESt ABSWRRIS MbE afd 8% REESe ledY AN

bet ween the el ectrodes atom zes and at least partially liquifies the netal
on the el akaut@fewm. and carrier gas energized by the arcing el ectrodes

propel s t Eﬁ)}?ﬁl ten gxaéﬁei \%lﬁsgg% gﬁet m tfal %cga?irr%\& g%é)%%% ZOD hEY&hted %lgrrf tcl%\(ﬁ%'radt%viﬁ he

treated ce 30 am ¢ ol ten €s 1 npi nge

on the supiRGec $efmalfispraying pEededs]ias fdraxaing 22 desoHBEEintiN8Y paietnoafd2T,a38lense
to forma_confor nal cog‘gizggé?m Wien twin wires are used, the wres may
!

be conti nBdussyedoaMango Fezanmst abndyibS. pasent §p o0 9u82 issHediondRass

supply of gt hale ol | . tng thernmal

sprayi ng gr’gﬁsggﬁgég{:rggg%gg%lgdfs“l’ﬁl?g%lgémgg@ra J&lﬁ}grte the c%{%?%égﬁe?@t ics of the
coati ng nettaeiiesd Iagp twimtvirerarc themital aprayhng presess nahermal sraykredtahowy) of t he
coating materiial as it traverses the path from{he thernal sprayer to the
cerami ¢ f6?‘}1?’%%??F%%@O@G@?glﬁcﬁlecgﬁ%sﬁ_ﬁ%‘,arﬁ pef axsé?ngﬂﬁsﬂs@ra'ﬁ?wa declifbfier feed
rate, cafd foph Bé@ebdivoMh. FokRRARPIE, AL SbANRRALI APLAS hiFEsBpriRvaY Rired O t he

surface, and the angle of deposition of the coating material relative to
t he surf afem@dgéronathe mectzlda bt edatedorl he\aarfagy B @hrhRETingdaPod/agisEach npr ove

(1, P LERL B0yl LGSR LR IR Sk Al WG PASE P BRaERL o1oe Of Lhe
el ect r odegischarge is generated between the consumable electrodes when a voltage is applied to

the consumable electrodes as a carrier gas, such as one or more of air, nitrogen or argon,

is flowed between the electrodes. Arcing between the electrodes atomizes and at least

partially liquifies the metal on the electrodes, and carrier gas energized by the arcing

electrodes propels the molten particles out of the thermal sprayer and towards the treated

surface 306 of the ceramic form 302. The molten particles impinge on the surface 306 of

the ceramic form 302, where they cool and condense to form a conformal coating 304.

When twin wires are used, the wires may be continuously fed into the thermal sprayer to

provide a continuous supply of the metal material.

[0030] 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 ceramic form surface 306. For example, gas flows, power levels, powder feed rate,
carrier gas flow, standoff distance from the thermal sprayer to the surface, and the angle
of deposition of the coating material relative to the surface 306 can be adapted to

10



may be selected to be fromabout 10 Volts to about 50 Volts, such as about
30 Volts. Additionally, the current that flows between the consumabl e

el ect r odewomayssse2 sel ected to be from about 100 Anps to @0artsSod/80@9 Anps,
such as about 300 Anps. The power |evel of the plasma torch is usually in
the range of from about 6 to about 80 kiloWatts, such as about 10 kilo
Watts. [0031] The standoff distance and angle of deposition can be sel ected

to adjust the deposition characteristics of the coating material on the
surface. HBProggfiespalication of thegoaing mategiahanddhe spssaignbadierepsp kthei on can be

adj ust ed I e | | Pal,;te i |

spl atters E(Sagfég%:o%%%pfaﬁ g %Pﬁ'epguérx?glﬁg’ 31%6\:&11?%8 or m@r? g@%@f&%@l@{%@%‘% ake"
and " | amehlag'bepeletted tsbe ffomm abbanidoV dltsiosbantc) VAoitk, sumipl a8 abdut 30S\palst t | on can
al so be adjuysted to nodify th hase, velocity, .or droplet size of f{he
oating. maddriogy et Sy b el baueet feSousbintTe i oes BB basTeTed ¢ he
standof f fh&StERGBomel008GHpd 1RbbRET0DBI ARPS, JY&H as?bBut 300 AMp atke }Bo%yécrr om
about 5 inches, and the angle of deposition of the coating nmaterial onto
t he surf ateyeBgfBh¢ plasibatarcloB udeallydeshe rahgoapfromrabovte weboyt & kitdVéattspat i ng
mat eri al can be. adj,ust. to suitably deposit the coating material on the
surface 36‘§hﬁsﬁb8'ﬂtlellézﬂg’%%nt, the velocity of the powdered coating

material is fromabout 100 to about 300 neters/second. Also, the thermal

sprayer may be adapted so that the tenperature of the coating material is
at | east Hﬁml nel Thegfandafhdistanca andsgnele afidspesten ¢y beselseicdlio pdipsidhe t he
surface 3 . I ve . £ I C i oati ng of
i gh dens egp oL eRaAke Ges oP BRCBahAE AR APuRRthocl o UBlle I OO ' 1R
ener gi zedstaaddff distagesarmimgle dfidepaditat canbetdidpsartg enodify thepatreadinSokich C.
However, the tenperature of the energized carrier gas about the electric
di schar gethednoliangeatins wateriplspiattess yoondmpasting the surfass S0p.He fe@uiarng mat eri al

! ‘ i g : ! 306. F
remai ns gpglrﬁlgg,pﬁ,gﬁcaﬁe P&ld %hﬁg; ?}gﬂ@m‘s‘.p?ﬁe kﬂ@@é&g (th‘éﬁaﬁ& é:ﬁe%l rdrace or

exanpl e, an opriate perio time may east about a few
seconds. ddpodiion3ansB6 2 adiiIiedBOROBITY fe phad) I8locity, ®o dpuphat size P chet hat has

cubst ant | S BRI G S BSHETAY: D RERRE 1o THavEPmoBAfTaRy tagpentom

distance between the thermal sprayer and the surface is from about 5 inches, and the

angle of deposition of the coating material onto the surface 306 is about 90 degrees.

[0032] The velocity of the coating material can be adjusted to suitably deposit the
coating material on the surface 306. In one embodiment, the velocity of the powdered
coating material is from about 100 to about 300 meters/second. Also, the thermal
sprayer may be adapted so that the temperature of the coating material is at least about
melting temperature when the coating material impacts the surface 306. Temperatures
above the melting point can yield a coating of high density and bonding strength. For
example, the temperature of the energized carrier gas about the electric discharge may
exceed 5000 C. However, 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 306. For example, an

appropriate period of time may be at least about a few seconds.
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and the underlying ceramc form 302. For exanple a conponent 300 treated
and coated according to the present process provides enhanced performance
in a sputweresisse7zieposi ti on chanber 36a, where sputtered matrarsoaB72ior ned in
t he chanber 36a can accumul ate on exposed surfaces 308 of the conponent
300 to a thickness of at |east about 0.2 mm and even up to about 1 nm or
even up to about 1.5 mm substantially w thout causing spalling of the
nmetal coating 304 fromthe conponent 300. [0034] In one version, the

treat ment [MRd] coat i ACoRDEas30Qkat s hepndrrsied andyopied agroading tasidiet o
fabri cat egiae &ﬁ%&@&s&&%ﬂ&@tﬁﬁ%@gf?%' Lrﬂﬁro‘ééc?bbrfhxx?%?entﬁg%gﬁ\@‘ine%%%atﬁgp 3pzexanpl e,

to fabric e conponen e ceramc e prepared froma
m xt ure ohnd:&reamderlyang\dﬁamuaﬁodnaom Edeexam/pm a:bompgneln%(ﬁhtrmtqband&obledder
material. The  ceram owder and hj nder shaped in a nold into a

sui tabl e 88EHNE g PESRIRIocest P vides Alaace Fpris %1Rg,SPBiegy be formed
by ram pr assjsitthnthaiBesial bvﬁerl%ﬁ&?érélﬂma%ﬁa%nn%@ﬁﬁh@@ﬁ&rhﬁ@ 36k e €xanpl e, in

one version, the ceram ¢ powd and bin be shaped into the form of
a deposit a«mmulatg opEexpased surfacng3080mf the eompormndé@ibm & thwhkness afbeleasd6a.

Thereafter shape pre sintered to fo arde

mmterial - R SARGE Rl AbeR g ShSvenah o 3l LR SEarRALS her
struct ur esyifkBift &ﬁsﬁu@ kpEREhg bfithé hRta3 BeRRE J0uatonh MeohPoné 390Nt eri ng. The
sintered ceramic form 302 may al so be ground to a desired thickness and

other structures may also be drilled or nachined into the porous ceramc

et erial - SF 2 B AN ROR MR NG R LT BARRE, e BIYRI, the

t r eat ment pro ss descri dbove may rea ace of

t he cer anpfeféraied tdGabrieyteclanatet compomat ao@fdilup@immelcnarﬁbﬂraﬁaoﬂorto pr epare a
surface 306 of the ceramc form 302 for bondi ng to t he net al coatl ng 304.
Ther eaf t eFXamplg, tadabicatethe eomppngnt3Q0s thepsranyig fosyn 392may ke pispared drost Ag)|

sprayi ng si on,
he Y r on TS (RRIRE P bfl ) BnaSt WiRGEmaP e af QT il BRI, YRS
conponent c&@id }Imvddn asd bmder msebe shaped subsbidint pswibkseramic peefdrar bB6a, f or

exanple g relurhl st & comonent 300 LAl R5e, damae S DL, R e 1O

tape casting. For example, in one version, the ceramic powder and binder may be shaped
into the form of a deposition ring or cover ring for use in a deposition chamber 36a.
Thereafter, the shaped preform is sintered to form a hardened ceramic material
comprising the ceramic form 302. Suitable connector or other structures may be formed
in the shaped preform prior to sintering. The sintered ceramic form 302 may also be
ground to a desired thickness and other structures may also be drilled or machined into
the porous ceramic material. Once a ceramic form 302 having the desired shape is
formed, the treatment process described above may be performed to treat the surface of
the ceramic form 302 by bead blasting and dipping in solution to prepare a surface 306 of
the ceramic form 302 for bonding to the metal coating 304. Thereafter, the metal
coating 304 is applied by, for example, thermal spraying a metal material onto the
surface 306.

[0035] In another version, the treatment and coating process may be performed to
refurbish a component 300 that has been used in a substrate processing chamber 36a, for
example to refurbish a component 300 that has been damaged by exposure to an
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energi zed gas in the chanber 36a. In this version, the conponent 300
conprising the ceramc form 302 and damaged netal coating 304 is

r ef ur bi shwo oaneserz eat ed by renoving the nmetal coating 30#2candor/smati ng and
coating the underlying surface 306. The metal coating 304 may be renoved,
for exanple, in a bead blasting process, such as the process described
above, or by another netal renoval nethod, such as an etching process. Once
the netal coating 304 has been renoved, the underlyin% surface 306 is bead
bl ast ed ageergi@ehpesdnithe chambensa nin this versiognths companey 308 cemarigng dent

rocess. Fi t r 1S | - 302,
For - oxampt 2agyy pm0R Y upREgdiNOal ek 0P R Rp bl el By LEGHRET,
chart demtdreshetal doating B@4 andeiad¢atinp kndochtingalie wgledymgasasfacesd0v0 The magtilo t he
present inventi_on. shown [n the f|ow chart, the process_generall
conpr i ses SOFHng 3@@&‘6‘&%6&@?1% ’Eorc%ﬁﬁal?em a g?i’étbtl‘%ftlﬁgB oGRS Sbys f _of%ﬁlg hness
having a JEQHELNSve 2 AaRIHRE meBd ferlANNRIRY! subRAs Bh EfcRINBTRGRss. (Dhde

di pping the ceramc forminto a solution having a concenfration that is
suf fi ci entlieymétaleoating 80Hibas teen hinmey edf thg naderlyingsuntiae §06 sdicad blasgted ahd
ceramc faqr and (iii) formng a.netal, coati over _at .| east tion of
Che- cer antPr it rasmsbsonPedtids & e TRk ofes R E ey Botrefies MR Loca
in a process-cohdieth the fretdl B4tinFER02PRr BRArhple by dhdMbkinal ebampgiroddksat f or m 100,
as shown in Figure 3. The multi- chanber pl at?’orm 100 may be, for exanple,
an "ENDURA" system commercially available fromApplied Materials, Santa

G ara, Cald ni a. EL I f or. hown

her ei n, V\ﬁll(?déﬁfl s Suﬂkﬂ%ﬁ?élﬁ%ﬁ&%%@ﬁ@%ﬁ%@ ’t&%ﬁgre%{s}%rﬁ%ﬂ&&ﬁ%%%p&g%bst rate
16, is pr asdoddiflg anthy ptedent ihvemitioAt asthevi hivide floochatihe phadbsbenedallpe used to

limt the scope of the_ invention. The multi-chanber platform 100 typically
conpri ses cempnses; @rbead blasting 8 spmpereat3 Uiqrsayide aguriacg roughmesshayingm g and a

substrate I fhh PP A ; h iﬁ;o%n L f.g
substr at egM gﬂﬁg?&éerg%&%&cﬁan%gﬁls 36m 2 , 11§1H,j d1 ,é@%g%eﬁ’?@blo{o arm
mechani sne sdl8fiorr baying 8 eomaebtyaticarthat ihauficigntly hoket redidt ctdhing sfigrport and
carry the substrates 16. Load-lack ch ers 120, 1 receive ransport
Cassut t 6 PATBBBLIRERN PR eCRETUn BTy SPCa R WEE SnB VGt I Sand
degassi NgpokidAFP e cbifnic Yo, Ovi ded to orient the substrate 16 in
preparation for processing, and to degas the substrate 16 to renove

contam nants fromthe substrate 16 that could ot herw se

[0037] The treated and coated component 300 may be used in a process chamber
36a that may be part of a multi-chamber platform 100, as shown in Figure 3. The multi-
chamber platform 100 may be, for example, an "ENDURA” system commercially
available from Applied Materials, Santa Clara, California. The particular embodiment of
the platform 100 shown herein, which is suitable for processing a planar silicon wafer
substrate 16, is provided only to illustrate the invention, and should not be used to limit
the scope of the invention. The multi-chamber platform 100 typically comprises a
cluster of interconnected chambers 36 a-d, 114, 102, 118 and a substrate transport
comprising robot arm mechanisms 132 to transfer substrates 16 between the chambers 36
a-d, 114, 102, 118. The robot arm mechanisms 132 comprise robot arms having blades
134 that support and carry the substrates 16. Load-lock chambers 120, 122 receive
transport cassettes 126 containing the substrates 16. A substrate orienting and degassing
chamber 118 is provided to orient the substrate 16 in preparation for processing, and to
degas the substrate 16 to remove contaminants from the substrate 16 that could otherwise
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13 WO 03/ 058672 PCT/ US02/ 37219 disrupt the high-vacuum environnent in the
process chanbers 36 a-d. A pre-clean chanber 114 may be used to clean the
substr at ew018/0p867Dr t 0 any deposition step, and a cool deowem/ushasier 102
may be used to cool the substrates 16. A process sequencer 136 is provided
to control the robot arm mechani sms 132, such as to order the sequence in
whi ch the robot arm nechanism 132 transfers the substrates 16 to and from

the variouys chamhers 36 a-d, 114, 102, 118. Typjcally, the process
sequencer U8t s gy aCUUREenvigBmentin G RIORES icggh?{’e.f% 36 pl- v/ BFfeHleAn a

subst rat e g.6,§d-q7Y nbﬁgg b%‘}ls&htﬁ) dieadné 9@3&&%@@2&& t%za(ﬁ%ggé%gt%&ncht hend®4 i enting

and degassing cha 8, then to the preclean cha hen to one
or nore ofodleworchember i2aniebsusds taceh! thasiibatiates War Al pracess fequanceat 13kown

chanber 102. [00381 The.nulti-chanber .platform 100 has gt | east one PVD
chanber adrowded egonkR g Fabat i S i L /RpiR & ta O1ee B sstigpe Bopos
| ayer suckhach 188 fobk art®hRcdnisnt ¥5U Ghrdfers HRIMUBStHRsNI6 6 1€ froff the ORR&Ls: on the
substrate 16. A substrate support 18 is provided for supporting the

subst r at echanbens 3t a-dpii#.dA r TgwgallyTHhe nroesss seguences 1 3G contrpls the ol i nt o

t he chanmber_ 36a, t hrou a [ I i i.nl ot o) in

si dewal | 8]‘66?2%5 C gi%)tgrtlsagg%} %gc})%tprﬁtgggﬁ cg’?} 0??1?% égoﬁgrlécqﬁ%ﬁ}n? S 1?gpport 18
can be | 152 etthebribmiRy@d deyassimgRasthber 18, heh ko prétddan shawbdr 1aadthan| i T t
finger assenbly (alsqg not shown) can be used to lift and |ower the

subst r at e to1@negiitmore 9k theupspesss chambery 34vyds andradfeay ards ey the geoldewaichamberi 6 i nt o
and out ofy4he chanber 36a. [00391 The support 18 may conprise one or nore
rings, suc% ‘as a deposition ring 15 and a cover ring 17, that cover at

| east a portion of the upper surface 19 of the support 18 to inhibit

erosion of_t suppQrt 18. For. ex |l e, the depositi ring, 15 and cover
ring 17 3ggver a'EH’F Eﬁ‘itf*ga“bl?ﬁrlp?%ﬁnl}floéﬁa%ﬁtelefl‘s} 88% QP&he%aeflé 8t shown) -
on the supRQkhmpitd|1hQrafQ@AH FoX ROBWpRItRfdep bt LGSO htdreCorThtEbfto
energi zed gas i n the chanber  36a and to reduce the deposition of particles

onto the &ngdumpgntatune nighde; lr cappen g thesubswate 16hé subetpase supiport 18iing 15 at
suppor - 1Bt A3 PBRFES b goRtEap & Be13 D ARSI PRGRHRRLD tnci rol e
at | east gtroduced into the chamber 36a through a substrate loading inlet (not shown) in a

sidewall 45 of the chamber 36a and placed on the support 18. The support 18 can be

lifted or lowered by support lift bellows (not shown) and a lift finger assembly (also not

shown) can be used to lift and lower the substrate 16 onto the support 18 during transport

of the substrate 16 into and out of the chamber 36a.

[0039] The support 18 may comprise one or more rings, such as a deposition ring
15 and a cover ring 17, that cover at least a portion of the upper surface 19 of the support
-18 to inhibit erosion of the support 18. For example, the deposition ring 15 and cover
ring 17 may cover at least a portion of an electrostatic chuck (not shown) on the support
18 to reduce exposure of the electrostatic chuck to energized gas in the chamber 36a and
to reduce the deposition of particles onto the electrostatic chuck. In one version, the
deposition ring 15 at least partially surrounds the substrate 16 to protect portions of the
support 18 not covered by the substrate 16. The cover ring 17 may encircle at least a
portion of the deposition ring 15, and help to reduce the deposition of particles onto both

the deposition ring 15 and underlying support 18. According to one aspect of the
14



portion of the deposition ring 15, and help to reduce the deposition of
particles onto both the deposition ring 15 and underlying support 18.
Accor di ngwba3osss7aspect of the 14 WO 03/ 058672 PCT/ US02/ 3 P2IAISOR/Br2ent i on,
t he deposition ring 15 and cover ring 17 may be treated and coated
according to the present process. The strongly bonded netal coating 304
provi ded by the present process allows the rings 15,17 to accommbdate a
greater amount of deposition without excessive thermal expansion stresses
or de-| animvgniiam therdeppationang g andgoverfng 17 may bedesstrd and spated agrondinging

cover rin 0, i ] may have
enhanced' & EpxEREEEeeRL AR BENATRAE BRI L S S0RDERRI B/ REBRSen 0™ e
under | yi ngreeedssllloat ehestupgadist 1 718 .ac¢ddidOdateéda gieater emonnt afalepssitiyn witiait

i ntroduces sputterin as |nto the chapber 36a _to mai.ntajn the sputtering
gas at a §WS%&Y‘?T§’§%%F%B‘“E}°§§§G?S§S Phd?'ﬁg‘%"rtlﬁ’é‘ég §he_z‘6’ﬁ‘39g %ﬂé %}%‘Eu ering gas
s intr OdHE&Qidoﬂtrﬂlgtlg%na%oa%ng?’ﬁptréal%doiﬁﬁr%oﬁteg %&dr&hgtzp ?n% ‘;}r&@ﬁt précésonnect ed

via the gas inputs25a,b to one or nore gas sources /, respectively.
One or nomay hawsenhfahcad aresion wsistnse 261 @mpeida beterteposeamprotsctiont the ow r at e of

t he individual .gases - whic may be prem xed in a mxing manifold 31 prior
to their PH@?bﬁgﬁngﬁn?ﬂﬂwoaﬂg'chanber 36a or which may be separately

i ntroduced into the chanber 36a. The sputtering gas typically includes a
non-reactive gas, such as argon or xenon, that when energized into a

pl asma, el@Mgbt i cal Ayspiipringess supih 23 igrasererespyticingegasantgdhe dpmber sput t er
material, ,such .as.c r,, tantalu 0 i i off f e
(o ot 14 304 fmaRif BB RS ner Welot Mun Hmb AL BIRAIL [ BE probede RETTAOS

ni trogen. spltefing @idie lintEsiipebintd hBShahb&PB6h tigduga ggaialet BRthat Bontketed her
reactive gases or. ot her tgpes of non-reactive gases, may be used as would
be appar eNi2 heSFiBPWS 292 B I @ReOTIRIE(2as $PUEGRS 24y £/, TEPOIVELYAORSOIIANAE syst em

28, CONt T Olhed NEWRBARTHELIOhrebts BRHIGThO R8RSl thd i RATRRE: 30RicAnd

exhausts excess gas an -product gases fromthe c exhaust
syst em 28 ntayrp prarixedin ®mivdng mapdold 33 Drion td theirdintasdunetioBtivo theahamiserconnect ed

throttl o e Gevhel Y e oo IBoR R T T aBGeAEd 6 BUREPBIERt ho

pressure @fpidd§ ifddities @rolFestdive g, kiéh 4£RREENSr xenon, that when energized into a
plasma, energetically impinges upon and bombards the target 14 to sputter material, such
as copper, tantalum, or tantalum nitride, off from the target 14. The sputtering gas may
also comprise a reactive gas, such as nitrogen. Also, other compositions of sputtering
gas that include other reactive gases or other types of non-reactive gases, may be used as

would be apparent to one of ordinary skill in the art.

[0041] An exhaust system 28 controls the pressure of the sputtering gas in the
chamber 36a and exhausts excess gas and by-product gases from the chamber 36a. The
exhaust system 28 comprises an exhaust port 29 in the chamber 36a that is connected to
an exhaust line 34 that leads to one or more exhaust pumps 29. A throttle valve 37 in the
exhaust line 34 may be used to control the pressure of the sputtering gas in the chamber
36a. Typically, the pressure of the sputtering gas in the chamber 36a is set to sub-

atmospheric levels, for example, from about 2 to about 10 mTorr.
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36a. Typically, the pressure of the sputtering gas in the chanber 36a is
set to sub atnospheric |levels, for exanple, fromabout 2 to about 10 mTorr.
15 WO 03/Wea8/m6PLT/ US02/ 37219 [0042] The PVD chanber 36&CTorsohani9
conprises a sputtering target 14 conprising titanium facing the substrate
16. A collimtor (not shown) may be nmounted between the target 14 and the
substrate support 18 if desired. The PVD chanber 36a may al so have a
shield 20 to j)rotect a wall 12 of the chanmber 36a fromsputtered naterial,

and typi cH04g] to ailhePYdtchambsr 36p Birbercommsisatin sRptisnaaLIgetHé shield 20 is
| ! Lo : . o ey
el ectri Cag@éﬁ%éégghgggmg %&:&%ﬂ@@%@@. R Egﬁﬁn;ﬂtﬁr (h8t Bb&A] ila§ BE hiouggeaaat[)g

fromthe connected to a voltage source, " suc
power soubeeve22 theltaitgetnhd arfd thayubsarhts cuymriol e desivgde ThefP VI Ehanger §6air ces such

as an RF power source,. one versi o th DC power source 22, target 14,
and shi el #2689 V%lf‘éhlﬁbn%) tﬁé’é“%“ﬁér@q&goé@e Ph%{’tlb‘?vr\g& QBLIUESSE ener gi zi ng
the sputt grtdia) 9ad tmcamyiitota@go SRS laft land dOFO LN P bRREBTh BP0 jPOWEr

source 22 applies a DC voltage, for exanple as a DC voltage pulse, to the
target ldlectgically fleating arigeounided| The@rgeT hd isedlentticdlly ifdlatedi frgeribe ahabern t he

chanber 3 fromthe voltage applied to th utterin rget .14 energizes
Che sput t a0t iy’ G samiestefdp A ARt whle® Epr P SRRl e IFd PRG + ar got
14. The nakgb %ihe§%?jb%§ 6f Rhab @ EdlirdddQuéPasRl RPYowbesouded 3iBné Sersiopanet ed on

the substrate 16 and nay react with gas conponents of t_heggl asma to forma

deposi t i oPU papegr sowrce R, teigss 14, and shield 200uesite Fhgastraateiger 38 that ifr t her

conpri ses t . TR .G fd at t hat
gener at es‘d ag%’ﬁge{’ %r%%ﬁéhggﬁrgmﬁggrgs @hsggﬁgrﬁgsé%eﬁilﬁ og# ﬂl"ﬂg&?‘gﬁﬁa eeDro’éSGa to

i ncrease poweddufleRi dppliesh BChiolthge] ersixhypldl AW MCvefagepulsd, adhaespgdt to t he
target 14 to inprove uttering of the target material, |n addition, an

h
i npr oved lﬁﬁﬂﬁt@terteﬁh%gzliqel@?gbgh%lsﬁnf(ﬁelﬂ genratedsingheehpmbsr foakomiths i ng of

copper or terni ) ' ' ’ I : '
iy 21 et S Bl PtoThe e Ry 1 LARLIE (oo QtcrRly AP LT R S
pur poses, thassputersaxatepldiond éeaangbielt. i TheUn8eriglaspetiered Gormahd 88g8 b4 the o Fu,

entitled "Rotati Sput t t Assenbl y" .. d U S. t .
6 574, 00aPlgma s oRtaorehe Sttate B SR pre S soBPR BT PRiBher vi a
Filling, " iRk adepbhitish1agé€on the substrate 16.

[0043] The chamber 36a further comprises a magnetron 32 comprising a
magnetic field generator 35 that generates a magnetic field 105 near the target 14 of the
chamber 36a to increase an ion density in a high-density plasma region 38 adjacent to the
target 14 to improve the sputtering of the target material. In addition, an improved
magnetron 32 may be used to allow sustained self-sputtering of copper or sputtering of
aluminum, titanium, or other metals; while minimizing the need for non-reactive gases
for target bombardment purposes, as for example, described in U.S. patent no. 6,183,614
to Fu, entitled “Rotating Sputter Magnetron Assembly”; and U.S. patent no. 6,274,008 to
Gopalraja et al., entitled “Integrated Process for Copper Via Filling,” both of which are
incorporated herein by reference in their entirety. The magnetic field 105 extends
through the substantially non-magnetic target 14 into the vacuum chamber 36a. In one
version, the magnetron 32 generates a semi-toroidal magnetic field at the target 14. In
one embodiment, the magnetron 32 extends horizontally from approximately a central

point on the target 14 to the edge of a usable area of the target 14. In one version, the
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i ncorporated herein by reference in their entirety. The magnetic field 105
extends through the substantially non-magnetic target 14 into the vacuum
chanber 3®e@.03l0M6one version, the nagnetron 32 generates ®CTArf2/811oi dal
magnetic field at the target 14. In one enbodi nent, the nagnetron 32
extends horizontally fromapproximately a central point on the target 14
to the edge of a usable area of the target 14. In one version, the 16 WO
03/ 058672 PCT/ US02/ 37219 magnetraon 32 conprises a_notor 106 to rotate the
magnet r onTBENSHF2 GOMIBISSE ? BIRIAN 08 typptate fheampgielpn 36 about arpltienpxis 78t t ached

to a magnet) : S
i ong T he 5 e 186 10Blegll o AGARE 4 RRerioeAs o8 S L mAthEubiTa) bEHARAR
i nvent i on 1odthabextemislabmgrthebtatginryisa’8.’tonput er program product 141 t hat

i ncl udes the process sequencer 136 and that runs on a controller 30, as
shown in Figure 5, conprising a central processing unit (CPU)

interconnggiggf t0 aTHEFWLYproYssk @MheiprébeREh{HHRh Fhay ¥ i pmGREPRNIY S, such
y

as for exanp{je a 68400 m croprocessor, comercially avail abl e from Synergy
M cr osyst emsputeiGabgifanr prioduct Tiié tha melides themsogeansasudecer 436 aad thai ungon i n any

conventional c er .readapl e ogramm ng | anguage, .such or exanpl e,
conertl v PR b.&s spb R Plefedy, A BN A e B RS st B BB e o
into a si pgérordreted t®& niBMdri BYsterh nli®ieripBdraldcoatro LM RNeh©ekch bepdr edi tor,
and stored or enbodied in a conputer usable nedium such as a nenory

syst em of exdieple a #BtRQmicroprog¢ssorepprameigiatlygaailable fripm SymergyHyligrosysgms,
| | . . . . = e h
| Fbed w CRIBmEUAR ol dtim BACCAHE LASH A PREALEN SRS 70"

execut e t readhbleegramipig lenkuabé, sath asofdeexdniide, asyesitdyriangeasge, Gy Gkesort he
obj ect code, causi nl% t he conput er qsx,'éiSt emto Igﬁd the code in nenory, from

whi ch t hePessg)- rasaRicamReraneolt seniaed Wik sipglefie.rB8 mHItHE e kEng fent i fi ed
N the pr oghAitiorad APedifbr Sl st6ted Bf mBbd LG Drifher I HRARTS sEAAROPT

nunber into a process selector program co . process sets are
pr edet er mneewrg etstenodf {he compster. pHitlamentaed codectextsiairya highdewet jangurgestheci f i ed

processes in.a specific. process chanmber nd, are identified b r edefi ned
Cet nunborate i pEREiet add B TFaee GREEr o ™ thepl Bl Eith an obfecr baB of
precompiled windows library routines. To execute the linked compiled object code, the
system user invokes the object code, causing the computer system to load the code in
memory, from which the CPU reads and executes the code to perform the tasks identified

in the program.

[0045] A user enters a process set and process chamber number into a process
selector program code 142. The process sets are predetermined sets of process
parameters necessary to carry out specified processes in a specific process chamber, and
are identified by predefined set numbers. The process parameters relate to process
conditions such as, for example, process gas composition and flow rates, temperature,
pressure, gas energizing process conditions such as non-pulsed or pulsed DC power
levels and magnetic field power levels, cooling gas pressure, and chamber wall

temperature.

[0046] The process sequencer 136 comprises program code for accepting the
identified process chamber 36 and set of process parameters from the process selector
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conditions such as, for exanple, process gas conposition and flow rates,
tenperature, pressure, gas energi zing process conditions such as

non- pul sedoas/omsised DC power | evels and nmagnetic field powdarsodsxzed s,
cooling gas pressure, and chanmber wall tenperature. [0046] The process
sequencer 136 conprises program code for. accepting the identified process
chanber 36 and set of process paraneters fromthe process selector 17 WO
03/ 058672 PCT/ US02/ 37219 program code 142, and for controlling operation
of the vaPiogtam pedsclidsand erpentollies epegation\afjthe yarioug peacesscliambasSd a-ocess

set nunbe , Ser r L.tiple
process sfé@l%ﬂgﬁlg‘{rgganﬁlt%&gg%giseg ﬁgﬁgélré aﬁg k{)‘ch ééé e b§ Irafeﬂ'n‘p%r %%é’é gld Séérequencer
136 oper at@sertéar maltipkdipreceshset aembers add provesschambemnunhiteers] 86 itiegstossguence.

Preferably, the process sequencer 136 inc¢ludes a, program code to perform
t he stepsswenf(er%%mrefs? t%ﬁgﬁ?(ﬁ@e @ﬁé?’&?‘?éﬁf%f:ssﬁﬁ@ the devied seqisRBRr s 36 a- d

to determ Lt - I o L LAFNg what
nPfé?er'alElgi tgg pga(}gg%ggéeméﬁm lﬂcﬁa@sc % nggpg&ﬁfé to g)gff%mgﬁlte%f gf

processes are out 1n the 36 a- el ng used, and
(iii) exe@utongotitpethd @penaton pf the psxekrashathbers 3vaad taddténmtiye ifolie chapdbets cul ar
process chanber 36 and type of process to be caryi.ed out, Canventional

et hods ot ighire BriPRgstht D ebmbutE RERipecsa Gt ik rHed 808 Bouch as

pol I'ing. Mikbers8dWeindhisviaal (i) e£&using thelds&l H¥E&YbRRd dhNRaikuRsgss
sequencer 136 can be designed to take into consideration the present
condi t i onobd partieulpr proesss cliambrs 8P aBé tynsiof grepsewitoibs cagiedpat-i Somventionalt he
desired praogess eonditio for _a | ect process r _the "agge" each
par t1 oul PRy of APl B aRce® JRnBES S8 RLFEE el vt e e Brerem

pr ogr anegched@ig which proceslisl (iebd éXectled ahéhivced se@ivacet 136@a be Aédidrieds .

[0047] Once the process sequencer 136 determ nes which process chanber and
process skxtakeinfe epnsidsrrtion taigprasent epnsidtioneithe processehamberSodeifigaiped in pr ogr am
code 143 HQE t j wRat jecul ar
rocess sefEREn SAECHE UaReRbrical RhARRAS (o schitcniceelRot B R ALY

cont r ol s eachtpaptioalgpueareatiretiretjaesk ©r iany dihkf slevant factor e systarh prdgeasmab a- d

according . to the prqcess set.determned by the process sequencer 136. For
exanpl e, fi‘F’?éreﬁFPa‘Hg]é‘ae ?Hrﬁlﬁffé‘?’mﬁ%ﬁﬁ‘%%ﬁ%ﬁ} S-conpri ses

[0047] Once the process sequencer 136 determines which process chamber and
process set combination is going to be executed next, the sequencer program code 143
causes execution of the process set by passing the particular process set parameters to a
chamber manager program code 144 which controls multiple processing tasks in
different process chambers 36 a-d according to the process set determined by the process
sequencer 136. For example, the chamber manager program code 144 comprises
program code for controlling PVD process operations, within the described process
chamber 36a. The chamber manager program code 144 also controls execution of
various chamber component program codes or program code modules, which control
operation of the chamber components 300 necessary to carry out the selected process set.
Examples of chamber component program codes are a substrate positioning program
code 145, gas flow control program code 146, exhaust control program code 147, heater
control program code 148, and voltage source control program code 149. Those having

ordinary skill in the art would readily recognize that other chamber control program
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program code for controlling PVD process operations, within the described
process chanber 36a. The chanber nanager program code 144 also controls
execut i onwofo3/oswmr: ous chanber conponent program codes or PCagreazsRege
nodul es, which control operation of the chanber conponents 300 necessary
to carry out the selected process set. Exanples of chanber conponent
program codes are a substrate positioning program code 145, gas flow
control program code 143 exhaust control program code 147, heater control
progr am c&edss sambe Hglndge depgrdingn, what PERRCESH ai?r‘%éﬁ’ odspsriomned miBee havi ng
or di nary rt woul d readily recogni ze that other chanber
control gdg%ggnqh%gb%%y 058672 PCT/ US02/ 37219 codes can be included
depending on what processes are desired to be perforned |n the process
chanmber 36a. [00481_In operatio he chanber code 144

sel ecti ve?@48£chedu%%ped uqn,fhe ?’f“ﬂ erﬁ%ﬁ’ép@ém}bﬁgﬁtmg Xodes in

accor dancecHMitis Bxh@alls A;SrbSééE %mPéﬂHﬁ?%%g&ﬁﬁ cORk %a&é?&%@@xth fike chanber
manager program code 144 schedul es the process conponent program codes

simlarl ypmcw@n\pmhessetdammﬁcmd)ngmw@r ma&hmarwoqiml@h process
chanber 36 .a dl a dé}) ess_set tl to be execu sgﬁ‘gl cal | the
chanber n&ﬂ%&&‘éFsﬂ? ?Cgrc’ﬁ %Od?%onfﬂfrf)gf@f’h%?éigsm yd? rtll?e[ rious
chanber cemonersbﬁedﬁ@&,wmdi prodks3icAsmbé 36 - &@ﬁ@ﬁfb@éﬁs%cﬁ@% B@e&cﬁt@d h@xt.
oper at ed based on the process paraneters for t process set to be

execut ed, Tapigalbathg shgmbexmenages aragram cedralideincludensians of monggrngiheode
responsi V%aﬁﬁlahgﬁnﬂa%hgy s 394 de%%&ri(@é&hﬁﬂl ?ﬁ'ﬁgﬁentt)s{ %ﬁ?ejed%) fation of

particul ar pragram co escri ed The

subst r at e opgrated basedrog the p@besmpﬂflﬁ&téréforﬁmrpfobéss?»enb(bgreaéﬂm@ﬁ end edusing
controlling chanber conmponents 300 that are used to transfer a substrate 16
onto the C€EsHEPR ¢ %C@Hm%??mn@enamg@m FRsisdEsRPDSiVE tq the manifering gad rat e 16 to
a desiredy E'l‘éhﬂﬂ&a depkhe chanber 36 to control the spacing between the
substrate 16 an tparget When a substrate 16 is transferred into the
process chanber 36a, the substrate support 18 is |lowered to receive the

substrate [ t’4519] and t ereg 1fo;[1 %% pal%iglﬁarsc"ipaﬁl%le} co]irslpdn%n{ 1%'03%% éo%eg hel 5w lbr ed
described. The substrate positioning program code 145 comprises program code for
controlling chamber components 300 that are used to transfer a substrate 16 onto the
substrate support 18, and optionally, to lift the substrate 16 to a desired height in the
chamber 36 to control the spacing between the substrate 16 and a target. When a
substrate 16 is transferred into the process chamber 36a, the substrate support 18 is
lowered to receive the substrate 16, and thereafter, the support 18 is raised to the desired
height in the chamber 36a. The substrate positioning program code 145 controls
movement of the support 18 in response to process set parameters related to the support

height that are transferred from the chamber manager program code 144.

[0050] The gas flow program code 146 is for controlling process gas composition
and flow rates. Generally, the gas conduits 34 for each of the process gases, include
safety shut-off valves (not shown) that can be used to automatically or manually shut off
the flow of process gas into the chamber 36a. When toxic gases are used in the process,
the several safety shut-off valves are positioned on each gas conduit 34 in conventional
configurations. The gas flow program code 146 controls an open/close position of the
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hei ght in the chanber 36a. The substrate positioning program code 145
controls novenent of the support 18 in response to process set paraneters
rel at ed twotldessapport height that are transferred from g/ usozastey
manager program code 144. [00501 The gas fl ow program code 146 is for
controlling process gas conposition and flow rates. Cenerally, the gas
conduits 34 for each of the process gases, include safety shut-off valves

(not shown) that can be used to automatically or manually shut off the
f1ow of prifelrshuges velves and alse Fanpsaip/den thepaass floxi eongaliers tapkiaingbel i n t he

process. _ ghiRaSRY AbRl A RL Lo s ALNET AL S AR bl AR PCh ga5

conduit 3 hventi ona con ons. W program code 146

control s amnagepredrageope 44, aoareall chhmbalcopaddhiGir8gran doddd, bind 2/cainad 9
safety shut-off valves, and al so ranps, up/down the mass flow controllers to
obtai n t h&onybechanbefJRaREERPORE CofRdhe BROCEISPRIRES Mt atsdslateddoi s i nvoked

by the ch r : I

oY ogr am o ade B e R D 4 O R P RE™ e
process patadingfthe sedebsry miass il etvrbllers, caeparinedhgamdingeve thatdesiredBaw cal | y,
the gas fl ow pragr code 146 operates by repeatedl .eadi n he necessary
mas 1| oW GEHEFOT O (RCHB AR G TReT PR G0 bk A ezl SN HFSt s
recei ved Hg pEpetdagy. C@HRENhoFBMB YRS IOW Y862 cBHE 146 thclaBstash fdpinoRfodid}le f 1 ow
rates as necessary. Furthernore, the gas flow program code 146 includes

st eps f or thegastlomi natgs ferumsafgsates, oud petivating the safesy shitodf wdvesarignant i vat i ng

t he saf et¥l st%ut - f.tf v.gl VEs ihﬁlnonarbe Sunsg}flee acq.g% tri Qn i Socfjeltﬁ‘ﬁ(:t ed Itn one
version, tH¥ %%Os}’ W S?SE)F m'c8de A8 pe$ BEOY PREAMEXE WP ORFAS I | er s
to contromasifo@asnirdls fodotiol the RAONOW @atds BIPIb¥ide b BPutRing GaSIThssgg first
volunetric flow ratig of oxygen-containing gas to argon for a first tine

period, affiEstyolumationtoyspimeiryeen-rAIREmE 89S &7 argey Hu-Tsiime neningl gedat o
argon for s?coﬁg98@3{1(13%330\9(?Moocg‘or))(yéggé&ltaimg&g% REaBEN i Silse CRARL p&RIT am

code 147 s 1nvo a desire ssure Is°received as a paraneter
fromthe chanber nmanager program code 144. The exhaust control program

code 147 erates tQ neasure the pressure in t chamber. 3Ga. by readi ng
one or mol®3bnvent | t?)?’g?gf}%gﬁ%ﬂ%@@‘?dfﬁg? ISIRY ’%g?ﬁ‘fégﬂ’éfds"trf‘) t he

(I;Ih g”ber 30Rrel SRERNA ok AParBREY TRnY HelRhDber Aakdder pragRa! cficqadUge Obtain
exhaust control program code 147 operates to measure the pressure in the chamber 36a
by reading one or more conventional pressure nanometers (not shown) connected to the
chamber 36a, compare the measure value(s) to the target pressure, obtain PID
(proportional, integral, and differential) values from a stored pressure table
corresponding to the target pressure, and adjust a throttle valve 37 of the exhaust 28
according to the PID values obtained from the pressure table. Alternatively, the pressure
in the chamber 36a may be adjusted by regulating the opening size of the throttle valve

37 in the exhaust conduit 34 of the exhaust system 28.

[0052] The optional heater control program code 148 comprises program code
for controlling the temperature of an optional heater (not shown) that may be used to heat
the substrate 16. The heater control program code 148 measures temperature by
measuring voltage output of a thermocouple (not shown) located in the support 18,
compares the measured temperature to the set-point temperature, and increases or
decreases current applied to the heater to obtain the desired ramp rate or set-point
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(proportional, integral, and differential) values froma stored pressure
table corresponding to the target pressure, and adjust a throttle valve 37
of the exWwewswnsgsd2 according to the PID val ues obtai ned fPemushy3IpRI®ESSUr €
table. Alternatively, the pressure in the chanber 36a may be adjusted by
regul ati ng the opening size of the throttle valve 37 in the exhaust
conduit 34 of the exhaust system 28. [0052] The optional heater control
program code 148 conprises programcode for controlli n% t he tenperature of

an opt i ontsmpseaitrer Th BRMRSEIHFD)IS phiamedfrpmythe eagired voltage dyilpekingprtheat e 16.
The heate > : I ! '

Vol tage oy Eiaporiihe BRRGA. 0L RO HtaIvaRin i, STRT et the (TRBGULIAY
conpar es tdigg afastradertpoiponatlurWhemratiiaet lasips pri ustd hethpdicater) thes, heated

i ncreases or _decrease rrent applied to the heater to obtain the desired
F amp  at eoTHTOL BB FROC BRG] SBRTSIS pEmRIR/9P YR of surrent dRISiathe. The

t enper at ufgy HatGRERARE thel {0 Thd F@iaﬁﬁiﬂﬁwtﬁg 124693, t A8 tiBYally0 2 bliikGin YRil-s4¥e

corresponding tenperature in a stored conversion tablé, or by calculating
t he t enpematieican baiiscdeditof datect hrosessesafepodomplianed, and\beshut dowanperhtaorpef ar e

used as the,heater, the heater ontrol prggram code 148 gradually controls
a ranp upﬂﬁ&\ﬁﬂte{) ﬂéeLRrP‘é?‘?fc@fﬁ?ﬁré§afs§°§)ﬂ§(’%eﬂgﬁ%‘{pﬁat increases the life and
reliability of the lanp. Additionally, a built-in fail-safe nobde can be

i ncluded to detect gr ocess safety conpliance, and to shut down operation of
t he heat ef0053] t he pIbeueliagesawseprogean Fadenldd comppised Brogiam ¢pde 9100531 The

vol tage s ouyes R SHIATE SafEe LA KRN B S AME AfleelOlne SRR |1 no 2
vol t age source, -suc S e Vol age soufce, t0 ener%;ll ze the sSpittering
gas i n t hgasGhalideiamben36atosputtéranatenul dronadhe ftargen 114h ok ax gnple,ltfie pfogtanexanpl e,

t he program code 149 ed DC voltage |evels applied to the

may. set S
t ar get 14°%¢d4ﬁﬂ9aYaﬂe§BUI§%j( D{%h@%&q lexsls pppliedde Hhedarget 14 andanaedlse st they i n t he
hanb 3 -Simi i i i ¢
chamber cmﬁlghdéé‘éhlﬁefsﬁewﬁsﬂi VOIS Intb er@@écslghyﬁﬂt Pl,gglﬁ{gﬁﬁc SevigauEponen

pr ogr am codes, program code 149 i1s I nvoked manager
pr ogr am cdeseribetdchainbenpanpinennprogiae qodes) theprogoim dotie 1i4Aas indteleedstyethe  f or

pover 11 ober PR BE RREn AGn DY Boaerain e B ot Es SR8 power
readi ng i pfir&RlRSodth 8ori@" power applied to the target 14, and "reflected" power flowing

through the chamber 36a. An excessively high reflected power reading indicates that the

plasma has not been ignited, and the program code 149 restarts or shuts down the

process. The read power levels are compared against target levels, and the current is

adjusted to control the plasma.
EXAMPLE

[0054] The following example demonstrates the enhanced metal coating adhesion

provided by the present treating and coating process over conventional processes.

[0055] In the example, a ceramic form 302 comprising aluminum oxide was
treated and then coated with a metal coating 304 comprising aluminum according to the
‘present invention. In a first treatment step, the surface of the aluminum oxide ceramic
form 302 was bead blasted to a roughness average of 100 microinches. In a second
treatment step, the surface of the aluminum oxide ceramic form was dipped in a solution
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pl asma has not been ignited, and the program code 149 restarts or shuts
down the process. The read power |evels are conpared agai nst target

| evel s, awo whesecaurrent is adjusted to control the pl asmeCcTESOMPRE [ 00541
The foll owi ng exanpl e denonstrates the enhanced netal coating adhesion
provi ded by the present treating and coating process over conventional
processes. [00551 In the exanple, a ceramic form 302 conprising al um num
oxi de was treated and then coated with a netal coating 304 conprising

al um num eempridngbydrechleric agid BseeANCERTAION;A rﬁ.vomn%\pﬁrrwrrg forrar dugatipnf Ist ep,

the surfa f 4m ' ] - dto a
roughness ﬁlgl\l/lg?'azg&g? EW #ﬁ{%:a(rP é#’%@ﬁg@rﬁﬁ? Cagpfg%%t’é‘%ﬁ@&qga}f‘%d}ﬁ%ﬁ? 3@‘% g%?h%t he
surface ofwinhec thletnal sprlying mehed; naitgewimalomiasn dirppathe bomsugmablet i on 21 WO
03/ 058672 PCT/ US02/ 37219 conprjsing hydrochloric acid in a concentration
of 5 vol uRlsctiRiceehne algminar e AL s spreyeck oo e Sufhee 36 IRiTPR? ROAHRE coat ng

304 was apg4 Daidknsat O sunhace 306 by the twin arc thernal

; h&gpltié?n .
sprayi ng nmethod, using twn alumnumw res as the consumabl e el ect rodes.
The al um num materi al was sprayed onto the surface 306 to forma coating

304 i Sj t hick f 0.2 0056] Th st bet th
L o HRISAY ot TG DB SRRy i Mt Pere Gt i T POR 1500 vae
det er m negjyafifuf %ﬂﬂ%rcéﬁnfi@f&ﬂ%@% hdrRMHdhnd comp eR 65 8 tbond Werptippar ed

according to conventional processes. The bond strength was determ ned
accor di ngc@mp@mtsﬁ@ﬁmr@m@{ aceerdinggospayritional presiessgst hae k@matreagthi wiag

i ih an SHRBUPGLAERRER R ASTRACReS ks fe b e B SRS PR it o'

coati ng 30énddrd, thésurfdck 308 bLtheintetalelorting 3064 is ondddrte adixbure fwithhem coat i ng
bond. The degree of adhesion or cohesjve stregﬁtthh may be determ ned
BFf

accor di ngadhissivee 4 tsnsitvparkyis appiiad nosmahtp thgiplase ogtgSPiyia the figtigen =
maxi mum | g t&éﬁﬁ%ﬂé%ﬁ& at th@%@%h}g 4282 The 'E_i'e%"éé 6f ?d:k)xg%m? BeLdiatss the
ond str n

normal i ze engt ¥ neasured tor a conponent treated and coated
accor di ngstiengtthmap be detetmipedacosling totht éalloyang eqetibn:

1) Adhesion or cohesive strength = maximum load/cross-sectional area.

[0057] Figure 6 demonstrates the normalized bond strength measured for a
component 300 treated and coated according to the present process, labeled component
E, in comparison to components 300 that were treated and coated according to a
conventional process, labeled components A-D. As shown in the figure, the present
process provided a component 300 having a substantially stronger bond between the
coating 304 and ceramic preform 302. Component D shows a bond strength less than 75
percent as strong as the component 300 of the present process, while components A, B,

and C show a bond strength that is less than half that of component E.

[0058] The measured bond strengths also allow estimations of the part life of the
components 300, defined as the number of substrates 16 that could be processed in the
chamber 36a before removal or refurbishing of the component 300 is required, which
further confirm the enhanced performance of the component 300 treated and coated
according to the present process. Components A and B are estimated to have a part life
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E, in conparison to conponents 300 that were treated and coated according
to a conventional process, |abeled conponents A-D. As shown in the figure,
t he presewD 03pssseess provi ded a conponent 300 havi ng a sulpstrarso?/ai2iy
stronger bond between the coating 304 and ceram c preform 302. Conmponent D
shows a bond strength |l ess than 75 percent as strong as the conponent 300
of the present process, while conponents A, B, and C show a bond strength
that is less than half that of conponent E. [0058] The neasured bond

st r engt hs obabayt 3000wbetsatesyaemperenbE it pinpied to have a gart difeof 2094t s 300,
defined a fr in the
Chanber  SRursREeS MR EomBbuc BRI b8 ERed B 1R BRI P2t GTSHOGHEHT o

requi r ed, covipatsonfastipoaentdpdeparsd bévording anthe presentfpposmanizesimhatel @ BprPONent
300 treated and coated according to the Qégﬁgnt process. Conponents A and

B are est ARulistatially meveesed past lafeiof pleass abgy B@6T® PCT/ US02/ 37219  of

about 3000 substrates, conponent Cis estimated to have a part life of
2000- 4500 substrates, and conponent D is estinated to have a part life of
5200 to 6§39af er sThus by prapeeng s oompamp 3¢Eby trEatprpehacaemadoon durfaeet 0 t he

present p ess |.s estimated to hav a substantially increa rt life
b 2t | enaf® anauliteohe REET oroeB0 s erL ok th Bk GOUTEITRENER 300° by
treating Llieace808 M frofidbdNtRétEh Pinlreasil tRCGHEH S Y tﬁ&n&tﬁ?co@fiﬁ’%@é}jﬁmﬂf ocess,
enhanced bonding of the nmetal ‘coating 304 to the surface 306 is provided,

t her eby i fremebpsidragd dpereasingthg sesceptittihy afghedoneprmentipOde dardminatiar on bond and

decreasin he cepthbilit f. the conponent O to de-la tion, or
spal |1 no ST RE Rl Soneinyod Gt e BeEC Kt 4 Sribons > s nent
300 treat el coarsd o 18 Oprdéendinyontidheprovidseitprovadaasistaiced @¥simsSin

i nproved resistance tqQ erosion in a substrate grocessing envi ronment and

an ext end@guishate Aroqessing pRvirmnenhadensaxtpnded part bifq, therebydjersaningdbel i ty of
t he proc?%ﬁﬁﬂmﬁ??ﬁié@ﬁl Qﬁﬁeghggggémﬁkhggggg.exenplary enbodi ments of the

present invention are shown escri those of ordinary skill in the
art may devi se other enbodi nents which incorporate the present invention,

UL T LRI NS ALt AT S
described, those of ordinary skill in the art may devise other embodiments which
incorporate the present invention, and which are also within the scope of the present
invention. For example, other treatment agents other than those specifically mentioned
may be used. Also, the ceramic form 302 and metal coating 304 may comprise
compositions other than those specifically mentioned may be used, as would be apparent
to those of ordinary skill in the art. Furthermore, the terms below, above, bottom, top,
up, down, first and second and other relative or positional terms are shown with respect
to the exemplary embodiments in the figures and are interchangeable. Therefore, the
appended claims should not be limited to the descriptions of the preferred versions,

materials, or spatial arrangements described herein to illustrate the invention.
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may be used. Also, the ceramic form 302 and netal coating 304 may conprise
conpositions other than those specifically nentioned may be used, as would
be appar ewD 03pssethose of ordinary skill in the art. Furthecmarse/3t2iie terns
bel ow, above, bottom top, wup, down, first and second and other relative
or positional ternms are shown with respect to the exenplary enbodi nents in
the figures and are interchangeable. Therefore, the appended clains should
not be limted to the descriptions of the preferred versions, materials,

or spati aWhatisglgimehiss described herein to illustrate the invention. 23 WO
03/ 058672 PCT/ US02/ 37219 What is clainmed is: 1. A nmethod of fabricating a
conponent for a process chanber, the conponent conprising a ceramc form
havi ng gr a&i ns and grAinmethedwidsricatiega ooraporsentifor Agroaess dtathbeqmps | si ng: (a)

bead bl asting the conponent to. provide a suyrface haying . a roughnes

aver age ofCMBYENE FRIRPTENE A C%@lcnf?e?&?we&gga}niw %ﬁlﬁ}ﬁpﬁgd%@%%p%ﬁ? i nto
an sol uti tﬁyavd'oﬁﬁ,r@in%pncentrati on of acid or base that is sufficiently

| ow to reduce etching of grain boundary regions of the ceramc form and

(c) forming a netal (®oat bery Wdasting die domzmnent tppraviden afrfachbadeganmi c form

2. A nmethod according to claim.1 risi.n erformng (b) after (a). 3. A
net hod act ais) af’?fagef %ﬁﬁ?sltﬁ%@pélfﬂgq)ﬁ%cr%%ﬂﬁ%i on conprises HF in a
concentration of |egy thappaipané c&ﬂﬁ)dﬁéhtvhﬁ'i% BESORAUN hadingh CoMORHIAEOA of
according to claim3 wherein the solution consists essentially of HF. 5. A
met hod aceoddr hesetthatds suffisientihlomeioeduse etebing f prain bapndaseegians of thean  about
20 vol une Qr\%%fi:ce &mo%lhdone or nore of KOH, HO or HNG3. 6. A nethod according
to claim¥ efein’the solution conprises |ess than about 20 vol une
percent of diethyl e gl feping®metlitydtingtover at least a portion of the ceramic

form.
2. A method according to claim 1 comprising performing (b) after (a).
3. A method according to claim 1 wherein the solution comprises HF in a

concentration of less than about 10 volume percent.

4. A component according to claim 3 wherein the solution consists
essentially of HF.
5. A method according to claim 1 wherein the solution comprises less than

about 20 volume percent of one or more of KOH, HC1 or HNOs.

6. A method according to claim 1 wherein the solution comprises less than

about 20 volume percent of diethylene glycol monobutyl ether.

7. A method according to claim 1 wherein the ceramic form comprises

aluminum oxide and the metal coating comprises aluminum.
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7. A net

al um num oxi de and t he net al

deposi tion

hod according to claim1 wherein the ceramc form conprises

coating conprises alum num 24 WD 03/058672
PCT/ US02/ 8023058682 A nmet hod according to claim1l wherein g/ usowprnent
ring or cover ring. 9. A conponent made by the nethod of claim

is a

1 conprising an exposed surface that allows sputtered material fornmed in a
ng chanber to accunulate thereon to a thickness of at |east about
0.2 mmwi t hout causing spalling of the underlying nmetal coating fromthe
ceramic f&rm 10. AArRethed agrordingtq dam hyhgreapthsSavpenensis adspogidien s

sputteri

chanber,
grains a

n rain

: QI nt conprising a ceram c form having al um num oxi de
I&‘Hg"rg ggg’ndary regi ons, and the nethod conprising: (a) bead

bl asti ng fhe conponextompomEnomadebpatieundthakolf daighhesmpridiay amexposédughness
average of | ess than about 150 niﬁroinches; b .di% [ t he conponent
f ; i PoRbE

a sol uti ofPr&SRfhata

yS ShHttepsd el fprmedan ajspptt

into

tojageumlaiec ent r at i on

of 1 ess tiRRoRReYkhidthed@bLaBeREARAND.2 MRGvittoht EALHeBalfilg 8F HIXAHBARRAAL | NG
| east a portion of the conponent by a twin-wre thermal spraying

process. Mttal doatmigHomn deowsraindotmo cl ai m 10 conprising performing (b) after

over at

(a). 12. A method according to claim 10 wherein the solution consists

essentia
conpri si
sputteri

Ily of HF. 13. A conponent made by the nethod of claim 10

ngoan exposadmethbd bfaBritititg aaddx@@emuféﬁfoeéksrmmw@{hef ormed in a

ng chanber to accunulate thereon to a't

i ckness of at | east about

0.2 nm wi E¢BPANCEbEMNpTISIRG A FIramEs lofm hawng alvarinym egidegrains mchgtéat i ng from

the cera
chanber,
grains a

"bSuld@hReails Anahd OMRLohBRIREY @ component for a process
e conpoenemnt. conprising a ce
nd grai n bog)dar yeddeif)asting the @nthonbst toptdvade £afice souphness
having a roughness average of less than about 150 microinches;
(b) dipping the component into a solution comprising one or more of
HF, HCl, and HNO;, in a concentration of less than about 10 volume percent; and
(©) forming an aluminum coating over at least a portion of the

component by a twin-wire thermal spraying process.

11. A method according to claim 10 comprising performing (b) after (a).

12. A method according to claim 10 wherein the solution consists essentially
of HF.

13. A component made by the method of claim 10 comprising an exposed

surface that allows sputtered material formed in a sputtering chamber to accumulate
thereon to a thickness of at least about 0.2 mm without causing spalling of the underlying

aluminum coating from the ceramic form.
14. A method of forming a component for a process chamber, the component

comprising a ceramic form having aluminum oxide grains and grain boundary regions,

and the method comprising:
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25 WO 03/058672 PCT/ US02/ 37219 (a) bead blasting the conponent to provide
a surface roughness having a roughness average of |ess than about 150

m cr oi nchw®;0308867di ppi ng the conponent into a sol ution compmiEsongr2iess than
about 20 vol ume percent of one or nore of KOH or diethylene glycol
nmonobutyl ether; and (c) form ng an alum num coating over at |east a
portion of the ceramic formby a twin wire thermal spraying process. 15. A

met hod according to claim 14 conprising performng (b) after (a). 16. A
conponent nade by t (@ ne???é‘d’lﬁméiﬂzﬁ%@Wnébﬁﬁﬁ%ﬁlgfga%faéﬁﬁ%@éﬂesssurface

that all oyus, ebd 3 1efah 1 4 i.ng chanber to accumul ate
thereon t ﬁgvéﬁgﬁl}%%g%g %‘g{,r %é[ @1]1 g%isst gl;gg%l}l’? 80 g’?mﬁqﬁl\?\nﬁé’tshout causi ng spalling of
t he underlyi ng al un{)um dippingnhe Esraportehtintes sotuicorf ammprisi less than about
20 volume percent of one or more of KOH or diethylene glycol monobutyl ether; and
(c) forming an aluminum coating over at least a portion of the ceramic

form by a twin wire thermal spraying process.

15. A method according to claim 14 comprising performing (b) after (a).

16. A component made by the method of claim 14 comprising an exposed
surface that allows sputtered material formed in a sputtering chamber to accumulate
thereon to a thickness of at least about 0.2 mm without causing spalling of the underlying

aluminum coating from the ceramic form.
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