WD 20051062758 PCT/ uS2004/ 041206 YTTRI A- COATED CERAM C COVPONENTS OF SEM CONDUCTOR
MATERI AL PROCESSI NG APPARATUSES AND NMETHODS OF MANUFACTURI NG THE COVPONENTS 5 BACKGROUND
fn the field of sem conductor nmaterial processing, sem conductor nmaterial processing
appar at uses i ncl ugpRghsigEssim processi ng chanbers are used, fopcgxaRRLB1260r etching and
chem cal vapor depositing (CVD) of various materials on substrates, and resist

stripping. Such processes include supplying process gas to the vacuum chanber 10 and
applying an RT field to the ga¥TTRI4eC@ATED QERAMIC COYIPONENLS OFr 0si ve nature of the
process gases and pl asBEMBCONIUETORMATRRIAAFROCESSING ARRARAIUSES ANBI ni mi ze

particle and/or netal contaMEBEHODS OF MANIIFALTBIREYG JdHE €OMRONENTRanbers, it is
desirabl e that plasna-exposed conponents of such apparatuses are erosion and corrosion

resistant to sucg gm@bﬁﬁsmﬂ. 15 SUVMARY Yttria-coated ceram c conponents of a
sem conduct or prdce tus are provided. A preferred enbodi nent of a
yttria-coated ceram c cofp@pepld FFeRichbSRStoRrmatHISré@bEn L edMicbSR@tRmaterdl €en body of a
ceramic material; and a thernal -sprayed yttria- 20 contai hing coating on at | east one
surface of the subsprogessingprparatupestineleding yaquuEp ACPSBSFhrNbs asdsetifer ramaleifal s, In a
preferred enbodi ment.;.: SRS i ] . [ I-ji ng coating can
consi st essentiall )@/&gjfngl)%? (ilrl a, E%?Eﬁ:%ggﬂ%&%?ﬁgp Hg%ﬁn%ﬁ %E%gﬁfgto%rﬁﬁnég@gg’g&ggi ti onal
conpounds. The conpossshstripping.b8ychfppocesseaimglude supptiiieg wotass gasvip Miotovecuwh akdoslrer wal |, chanber

25 liner, substrate s r.t. baffle, gas distribution t | asma_confinenent ring,
nozzl 6 tastenty, < REbRRG e pRRE e SR iR R ol B B PR B BE T cen’ of a
sem conduct or mat er t&l prideRCe86d 4hd phdpanaiith prodesingehanbeat, and da dspor miniizof a
ttria-coated ceram c co ent of a sem cqondquctor materi.al, processing apparatus
Zorrpri ses a substraP@EG%%&@&t ?Onéar%‘@at@é‘r"gﬁ‘? Agg ppesped lﬁﬂlepf@la Fr-sslbgaygg first
yttria-containing cgakifQ (o pidiaupstd 8drponditsloBsuck Qrdne hre GRS MidREmsidAul t1 - phase
oxi de of the ceramc ma\terlalp and yttria at an interface between the substrate and the
first yttria-cont ai misistpnt teauichhgasedirel ord- | ayer havi ng been formed by co-sintering the
substrate and t £ as-thernmal -sprayed first coating. In another preferred enbodi nent, an
exposed surface Of the yttria-containing

SUMMARY

Yttria-coated ceramic components of a semiconductor processing apparatus are

provided. A preferred embodiment of a yttria-coated ceramic component comprises a
substrate comprised of a green body of a ceramic material; and a thermal-sprayed yttria-
20  containing coating on at least one surface of the substrate.

The substrate can comprise various ceramic materials. In a preferred
embodiment, the substrate comprises alumina. The yitria-containing coating can consist
essentially of yttria, or it can further comprise one or more additional compounds.

The component can be, for example, a dielectric window, chamber wall, chamber

25  liner, subsirate support, baffle, gas disiribution plate, plasma confinement ring, nozzle,
fastener, heating element, plasma focus ring, chuck, or a plasma screen of a
semiconductor material processing apparatus.

Another preferred embodiment of a yttria-coated ceramic component of a
semiconductor material processing apparatus cornprises a substrate comprised of a

30 ccramic material; a thermal-sprayed first yttria-containing coating on the substrate; and a
bond layer comprising a multi-phase oxide of the ceramic material and yttria at an
interface between the substrate and the first yttria-containing coating. The bond layer
having been formed by co-sintering the substrate and the as-thermal-sprayed first

coating. In another preferred embodiment, an exposed surface of the ytiria-containing
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I WD 20051062758 PCTI US20041041206 coating can be treated by a plasma conditioning
treatnment to reduce particles of yttria attached to the exposed surface after the
co-sintering. In yet another preferred enbodinment, an as-thernmal sprayed second
yttria-containin i an be provided on the sintered fir eascont ai ni ng
coating to cover 9\{\1&2@({;{0?%;% particles. 5 1n a preferred enbodip?g#%gtz%o?h?]ﬁg(’oyttri a- coat ed
ceram c conponent, the second ytrria-containing coating can have a surface roughness
that is effective tooxinpanct: trauttddsi oplanha degiening tteatmdnetosudd@gertickespf ¢ftea r ed enbodi nent

of a nethod of makin ttria-coated. ceran,c conponent of a.senl conductor materi al
processi ng appar at uggaég?%ﬁpitéee‘g{pfjf? r %c%%%%/qencﬁ'SI r%g'y P’Fﬁ%%hgﬁPre??Weﬂg coati ng on at
| east one surface otmBoditb®| drbdsetherhii] §frail secqidetiniaofidiniig coatifg tameproatardml . Anot her

preferred enbodi nent of a nethod, of making a yttria-coated ceram c conponent of a
sem conduct or mater@ISIW%EW‘%F‘&BG%at%ﬁ%F?‘?é@f’%m%ipﬁF’é ¥ng the substrate and the
as-thermal sprayed yttrig-GookabdbmYodipahi didhd fflldited LARH: bFdnekO HeQBRIESI Ny a

mul ti - phase oxide of the ceramc material and yttria at an 1nterface between the
substrate and the yviri-eonswningiceding o heyarsuriges fonghnest thetis gHedtivetedntantodi ment of a
met hod of making a X&ﬁe%ﬁbf’&’e@%ﬁ%t gﬁers%r&age conmponent of a sem conductor nateri al
processi ng apparatus conpri ses, af ter e co-sintering, thermal spraying a second
yuri a-cont ai ni ng coat i ngAereférnes] eniiodimeR@f e aretlaiduf ngkingat ytoi-coAtedtchamipr ef err ed

enbodi nent of a nethod of ki ng. a ﬁttri a-coated ceram c . conponent of 1a sem conduct or
mat eri al processi ngSAPRFLt §SE‘8+‘FBP iy IP?t@'é"?PﬁﬁeSéWg PRIAWE dorapryes dempl sprme
yttria-containi /g C@athforPMniagRbATIFonCH Mkt dn Bhifigkelof 8 3hBeRRte, %ﬁichﬁ@QFl&SnB’cﬂI dJrcl es of
yttria attached to the exposed surface after the co-sintering. 25 BRIEF DESCRI PTI ON OF
DRAW NGS FI G 1 sho#seramjsrasteiizled enbodi ment of a yttria-coated ceranic conponent

i ncludi ng a substrate an {2 i 0 j : S . : 2 shows
anot her preferred enbodigﬁ%ﬁ?&ﬁé%ﬁ?‘%?@?[%@gg}%g%%%%% c%ﬁ%on%%?édﬁﬁaﬁdﬁ ng a
substrate, a first wtrhpdnantedrisanitondudaanitenpl procedsmegspbativatenpase ca-sindeng ic:

712 cont 2 G, oL oAt PN B R o e ©

15  comprising a multi-phase oxide of the ceramic material and yttria af an interface between

the substrate and the yttria-containing coating.

Stili another preferred embodiment of a method of making a yttria-coated
ceramic component of 2 semiconductor material processing apparatus comprises, after
the co-sintering, thermal spraving a second ytiria-containing coating on the yttria-

20  containing coating.

Another preferred embodiment of a method of making a yttria-coated ceramic
component of a semiconductor material processing apparatus comprises treating an
exposed surface of the yttria-containing coating by a plasma conditioning treatment to
reduce particles of yttria attached to the exposed surface after the co-sintering.

25
BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 shows a preferred embodiment of a yttria-coated ceramic component

including a substrate and a yttria-containing coating on the substrate.
FIG. 2 shows another preferred embodiment of a yttria-coated ceramic
30  component including a substrate, a first yttria-containing coating on the substrate, and a
second yitria-containing coating on the first yttria-containing coating.
FIG. 3 is a cross-sectional view of an embodiment of a gas ring apparatus for a

polysilicon etching apparatus,



pol ysilicon etching apparatus, 2 WO 20051062758 PCT/ US20041041206 FIG 4 shows a

pol ysilicon etch chanber containing enbodi nents of conponents yttria-coated ceramc
conmponents. FIG 5 shows a high plasma-density oxide etch chanmber containing enbodi nents
of yttria-coated Gghakogs9nponents. 5 DETAILED DESCRI PTI ON Ytgrihide@xh96s (Yttria)-coated
ceram c conponents of sem conductor material processing apparatuses are provided.
Yttria-containing coatings of the ceram c conponents are wear resistant with respect to
physi cal and/or cheni cal Flgt #abdwoypagsieny e ahamyerseontaining phbedimsntyof senporientspl asma
processi ng chanbers caondu erial processing apparatuses during processing
of substrates. %t%aa %Oéflg]éicﬁragtl?i&%qoelrn?n{s"mear resistant” includes, but is not limted
to, resistance to er osi OFIG. 6@hdwsa high phasnihalengd@raxiizi cihr chambesontaisiig tmbdifkan process
gas, plasma or pl as%é% ucts. Preferred enbodi ments of the yttria-coated ceramc
conponents conpri se® aie ci@@fﬁ@%ﬂ"??ﬁ"% contai ning coating formng an outer surface
of the conponents and that is resistant to chem cal and/or physical attack by corrosive
gases and plasmas in apparat uses faor processing sem conductor materials. Such
appar at uses can be used REFAIIGR2 B ""'f':eek (e.g., CVD, PECVD and the like), or

resi st stripping proces [rates, e.g.,
sem conduct or wafers, ffgtt%li%gﬁgwe%ﬁ%lp tL&E)gl Bﬁen%@ dg‘é‘qﬁ%llﬁ]ﬁﬁﬁ&ﬁ%&ﬁéyttrl a- coat ed
cerami ¢ conponents manesmegvmarmsemwowém sYtltrlmconwamngewpmgedfﬂw cgtaascrra and/ or corrosive

gases in sem conduct o mat.eri al roces use exe corrponent S can
i nclude, but are no?orﬁll?oﬁf?téam“ée f?ﬁ'rsiagl%gﬂgé%pg‘]l?gsﬁﬁ’sgﬁ%“gf V; %rﬂﬁ r (e.g., a plasma
etcher), such af) di @Jresiveigasedandipivsinasyresehiipdsmaptdcessithehaders! df@eﬁ&onmaﬁst rate

supports, baffles, gas distrihution aﬂ at gs, gas di Stésiggu“ on rings, chucking nechani sns
(e.q., electrostati®aCHHJEACSSIpg I par Uring proqesung of syBFtErSy s yedheRg. Benent s, pl asm

screens, and the |i{g, "AgarsheWhe Acbh&, b&r is aoﬂrlﬁfteertaerémemqb@Pdgroncvéor?osw ria-coat ed
conmponent 65 includes a substrate 70 con‘prr sed a ceramc material, and a
t her mal - sprayed yt t #idéor3orresien-etopion test B fragn Bl@cmg@ﬁ, plagme or plaeme by pawkec2 of t he
substrate. The ceram ¢ E&H £m8§d1mEHS o?'ti:l%ﬁkm—tcﬁat&@c&%6 QdpeEnts ERhp P AREE:
stoi chi ometric and non-st ol Chi ONeLTI ¢ &l um na

15  one yttria- contaming coating forming an outer surface of the components and that is

resistant to chemical and/or physical attack by corrosive gases and plasmas in
apparatuses for processing semiconductor materials. Such apparatuses can be used for
etching, deposition (e.g., CVD, PECVD and the like), or resist stripping processes used
in the manufacture of semiconductor substrates, e.g., semiconductor wafers, flat panel

20  display substrates, and the like.

The yttria~coated ceramic components can be various components that are
exposed to plasma and/or corrosive gases in semiconductor material processing
apparatuses. Such exemplary components can include, but are not limited to, parts of a
plasma and/or vacuum chamber (e.g., a plasma etcher), such as dielectric windows,

25  chamber walls, chamber liners, substrate supports, baffles, gas distribution plates, gas
distribution rings, chucking mechanisms (e.g., electrostatic chucks), focus rings, nozzles,
fasteners, heating elements, plasma screens, and the like.

As shown in FIG. 1, a preferred embodiment of a yttria-coated component 65
includes a substrate 70 comprised of a ceramic material, and a thennal-sprayed yttria-

30 containing coating 80 on at least the surface 72 of the substrate. The ceramic material of
the substrate 70 can include, for example, stoichiometric and non-stoichiometric alumina

(Al1203), quartz, zirconia, silicon carbide (SiC), silicon nitride (Si3N4), boron carbide



(A1203), quartz, zirconia, silicon carbide (SiC), silicon nitride (Si3N4), boron carbide
3 WD 20051062758 PCTI US20041041206 (B4C), boron nitride (BN), alumnumnitride, or

m xtures thereof. Ina preferred enbodinment, the ceramc material is alumna. The
substrate 70 of tWe 2isinti7@g coat ed ceram c conponent 65 can be pggRwhaghyvkred, for exanple,
by preparing a slurry of the ceramic material, and formng a green body 5 fromthe slurry

in a desired shape, such as béa conpacti on technl que, slip casting and the |iKke.
Bi nders and ot her s@4Cadiosonairidei(BNY alumingm suride, qrasktursdhereof a agrefemsd  The  green

conpact is prefer abéerJd%&Edthé Berh:dR ,ﬁﬂ&p‘@lsoﬁmﬁﬁg desired conponent. In a preferred

enbodi ment, the yttria-cont aining coating 80 is thermal sprayed on one or nore surfaces
of the green body, i.e. Thmauhmatte'{ﬂarfﬁlnea)rtmmateﬂwbtamlscmmengﬁ&mmanmufacn&@i,rmteriaI to

devel op partial or m rior.to th spraying. Another

preferred enbodi nen{oy&aﬁ% qglﬂ’g%‘% éﬂﬁ?‘é‘?ﬁaﬁﬁc Fﬁ{eﬁ% ‘ffoé?]én%%gm%‘bl?‘gjrye t her mal

sprayi ng the ytt§i aﬁmmﬁalmm@mamma;&osmn a@rmgambmfmtﬁan&emfn&pﬁssl@fcaﬁth@ angubstrate. For

exanpl e, the subst r%{:&c "H ‘!:%@ha”i% ?I nfered at a l%dgture of from about SOOC to

about 1600C. The si ?2’3 FREE AR Y @%@g&h‘ﬁﬁsﬁ@nﬁlﬁo d ymthe slydiTHg ¢ he conponent

si ze and shape, andgraé}ﬁco%gﬁbtr@?re@e@mﬂ&mmﬁ%e tsﬂap%fafe%w&ﬁc&ﬁ@onéﬁtmn@a' ng, e.g., about
ensi

60% t o about 80% of full For exanple, the sintering ti'me can range about one
hour to several day@efeﬁe@émb@d@eﬁaihﬁDfﬁﬂa-ﬁ%%@mg@aﬁtuﬁﬁoelﬁ@lwﬂﬂ}ﬁm%@dOompolnent prior to

thernal spraying t t Pnﬂ of exenpl ary
ceram c processi ngntﬁg%ﬁh{ﬁ%ggpﬁgte@%ggdf?g se% 1?[3) or ?41% ﬁgwﬁgﬁlﬁ}%gaﬁ@: substrate are
descri bed, for ‘é)mnquhtenahtmdwmklpﬁnmahe:eﬁuﬂanalatrmgﬂaMduGokl(dmgnnavolbmyiag4 Sections 3
and 4, pp. 123-304 (ASM ) nternatio whi. ch i er.e i,NCO ed by reference
inits entirety. The yt t‘ﬁ éﬁ&g}:ﬁfy ﬁdé’o Wﬁ?ﬁn@(‘feﬁﬁ il %ﬁflﬁ %@Wea % 70, as well as
one or nore addltllﬁaﬂ@bt})ﬁmal&pﬁa@'ﬁigdhm @aRiniNg SodtAa R0 @adnber AR heflc@\wTihd he
first-applied 25 yttria-containing coating 80 as described bel ow, preferably are forned

by thermal sprayi ngFUSHIAE KU erampiptibe BbSTAY @ de parallysinterad sbmtemnsratye e6&eings of t he
conponents can  al Soh¥otd® Rkt (I8 S OIROUAESH %ﬁmaa% NRpYdiRPEEr%kde, car bide,
nitride, boride and/oor carbonitride of at Ieasg one of a& P lﬁ% al\%’SOI Pm Sm Eu, d,
Tb, Dy, He, Er,15 Tripclyding the comporrent slzg/mdcshmmamlﬂ@deheedcfmmarﬁem@ltto bnadiiovsdbgt r at es
processed in pI as . essl | g re.of .the yttria-coated
ceram c conponent gasu%?%tg,3%,??&&%8%&%?%@%5@%%&%d%ﬁt?ngﬂpgﬁa% a S&)rgertuf%rshlﬂ gh purity.
For exanpl e, the ytdaniraxge about one hour to several days to achieve partial mechamcal strength in the

component prior to thermal spraying the yttria-containing coating on the substrate.
Details of exemplary ceramic processing techniques that can be used to form and densify

20  the substrate are described, for example, in the Engineered Materials Handbook®,
Volume 4, Sections 3 and 4, pp. 123-304 ( ASM International, 1991), which is hereby
incorporated by reference in its entirety.

The yttria-containing coating 80 applied on the substrate 70, as well as one or

more additional yttria-containing coatings that can be applied over the first-applied

25  yttria-containing coating 80 as described below, preferably are formed by thermal
spraying only yttria onto a surface. The yttria-containing coatings of the components can
also include various compounds, such as one or more oxide, carbide, nitride, boride
and/or carbonitride of at least one of La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er,
Tm, Yb and Lu, To try to minimize the contamination of substrates processed in plasma

30  processing apparatuses including one or more of the yttria-coated ceramic components,
the yttria-containing coatings are preferably of the high purity. For example, the yttria-
containing coatings preferably contain minimal amounts of elements that can potentially

contaminate substrates, such as semiconductor wafers. Such elements include transition

4



cont ai ni ng coatings preferably contain m niml anmounts of elenents that can potentially
contam nate substrates, such as sem conductor wafers. Such elenents include transition 4
WO 20051062758 PCTI US2004/ 041206 netals, alkali metals, and the Iike. In preferred
enbodi ments, the whhhisassat ai ning coatings can be suffici entdetRds80k@0avVoi d on-waf er
contam nation of 1010 atons/cn2 or higher, preferably 105 atons/cnR2 or higher.
Preferably, the yttria-containing materials have a purity of at |east about 99% and
more preferably frometboslkaldogenBbysnddhe b tinPrafoned emppdimenss ttheyteriszcomaiding he

yttria-contai ni ng cQa.i ' 3 . f I -shnt ered under
conditions that ar eg%%#ig%alﬁg}g%ug?g%ﬁ%gd;&ﬁ%ﬁgé%}%?Ogﬁg{aﬁéﬁoﬂﬂg eér{?ngégcelﬁ%g{ ween t he
substrate 70 and t hbigher prieferabynt (i atomsg/crodat higher8 Prefamblyothl yhiriy-contatniig mbthdalsubst rat e. The

bond | ayer 74 provides enhanc bandi strength of tfj"E lie Q, .y} tria-containing
conting 80 to Lhe. sHEAMED gt ot aouddart, pEl it mercibly ERBsbgit dhatbloadins s
tenperature of fsomgieut 800C to about 1500C for a tinme period up to about seven days.
The co-sintering can be conducted in a vacuum atnosphere or in an inert gas atnosphere.

The conposition and st r utambsite {haddbnriagefainas rertingFOpepligm tneubsypsstr ate 70 and
Ytiri a-cont ai ni ng. CpRfkiy AR HERARABNNENASEAR CTUTRLETd Ahae JiRa 1SS ibaLGat e, For

exanpl e, in enbodinents where the substrate is alumna, ) ayer can I nclude
mul ti - phase oxi de sintertcebaiweanihe sibstritade ayd theiyiinamdntalngmeg geating 8@ ndte fBNPHRer 5A1203

and/ or Y203- A1203. odi S I he.subsira .Szl reconka,..the hond |ayer can
el ude vazr 207 1 ot eStaRe Tha R iR T bR VbR Eub it (B el BpBRC. A on
the yttria-cont#d ni pifria-2tabang coaging Q0 tdhe sulsstranyst ahe calsinyerinpdeprtersblg eondutiagt ur es, whi ch
can cause particle generation due to thermal cycli fatigue encountered by conponents
in plasma processi ﬂgﬁt&‘ﬁﬂ%{ﬁ%{%@ﬂﬂ%ﬁ%ﬂhgﬂ%p@gH%Py“ﬁﬂé(ﬂ_ggsffj %DFPe%uFb@é‘l}?m&et er m ned,
however, that the agevéh BRI ¢He ¥d-bihlefing BN 1R dWnBEc1EORt VAGBR atndRPhdredr Mantifig substrate 70
can include yttria particles attached to the exposed outer 25 surface 82 of this coating.

These yttria parti cEsetmegpheret Ehe ¢ampogition and piiedire i the bend laver 74 rippdibetacentht ng pl asma
[ d, an : . | [ t, th
R e

exposed surface 82 ttria-con ng coa e substrate 70 of the
co-si ntered confonesubsirae.t Ferakauplbyinampbdiswatsodred: the substrgte it aleating Hte Hood dyeuce att ached

particles of yttria_ at.t c{}ed .0.the e sed surface. Si't%ﬁﬁli 30 pl asna i tioning
reatmencs for renptir SntitPat R s s B fio tin B Eidind S0 55284

5AI1203 and/or Y203-Al1203. In embodiments where the substrate is zirconia, the bond

layer can include Y2Zr207, for example.

The co-sintering process can produce a surface finish on the yttria-containing
20  coating 80 that is substantiaily free of micro-fractures, which can cause particle
generation due to thermal cycling fatigue encountered by components in plasma
processing apparatuses during plasma processing,
It has been determined, however, that the as-sintered yttria-containing coating 80
applied on the substrate 70 can include yttria particles attached to the exposed outer
25  surface 82 of this coating. These ytitria particles can potentially be removed by exposure
to plasma during plasma processing and, as a result, contaminate substrates. Ina
preferred embodiment, the exposed surface 82 of the yttria-containing coating 80 formed
on the substrate 70 of the co-sintered component is treated by a plasma conditioning
treatment to reduce attached particles of yttria attached to the exposed surface. Suitable
30  plasma conditioning treatments for removing such attached ytiria particles from the
exposed surface 82 are described in co-pending U.S. Patent Application No. 09/607,922,
which is incorporated herein by reference in its entirety. The plasma conditioning can be

performed by installing the component 65 in a plasma processing chamber of a

5



exposed surface 82 are described in co-pending U S. Patent Application No. 09/607, 922,
which is incorporated herein by reference in its entirety, The plasma conditioning can be
performed by installing the conmponent 65 in aplasma processing chanber of a 5 WO
20051062758 PCT/ UpadQnskkef#ig 06 sem conductor material processi ngrappasaiysg and pl asma
conditioning the conponent to renove yttria particles fromthe exposed yttria-contai ning
surface 82 before processing any production wafers with the conponent 65 present in the
chanber. Anot her presméondeptermasenahpracesmeapparatis and dlasma conditipning the pyBPRKAT 1965 | s 5 shown

in FIG 2. Inthis %g@ggggﬁym&&%&ﬁg{eieﬁp&@aMﬁtmé @&rfsescs@%fe@hré Fd-aGmeB2 of the

yttri a-coated substr re covered by thernally spraying at |east one additional
yttria-containi ng cogtprodycth wafers withethg companentdiitraisent iy tieoehtanhgr.80 on the substrate 70.

The outer yttria-contai %ﬁ}#ﬁ%&é@% eg}%opﬁ%ﬂ?of}%b%ﬁ% ?%:Hhﬁgg&%ﬁo&eﬂt faver t he yttria

particles on the expose € un ing yttria-contalning coating 80 so
that 10 the yttr§ a spawhicFEs 2anethioémexinasdhé ol mastiviesdiethe tehposed surfiee 82 0165 | s

installed in a plasma chanmber. Pl as sprayi I S referred thermal . .spraying technique
for applying the yt@’?b"ﬁ‘?ﬂ'&ﬁtﬁda?lhﬂ?ﬁe iH;aé? Eﬁ@%@&%&%@ﬁlgp@aﬁwﬂg Gfleﬁgt_hag'? as addi ti onal
overlying yttria- cop.alofiaiinSQatihd 9P ot tigh yttria@BhthinthgWAting BOSATheSRbSNT.t €Chni ques are

described, for 15 exanple, in L. Pawl owski, The Science and Engi neering of Thermal Spray
Coatings (John W | Bye Qitgokina-cagaiging opplingPOihes papfEgigntiticknesstacesr By WidRer ence in its

entirety. The ther - j 40 ' 3 .hav = yed
t hi ckness of from oﬁ%lg%{"%%g’?pﬁcg:%d%ugﬁg% ﬂig @%gﬁqa%ggggfg )'/ﬂ?gr%% a %%03%5%01 inch to
about 0.5 inch]0 antie yoriepptidéearabbtyexpowitailesma Ghaddle ¢onphonent hpoistingaiRd in ach. The

t hi ckness of the Zq{%rtltri a- contai ning coatings can be selected to be conpatible with the
pl asma environment P HdaBRE unt er ed (e.g., etching, deposition, or resist stripping).

The thermal -sprayed ytt ri@neQptadind iH g pfebaiddnigerBel spaiyinhee Elatiqudior appghk yheantrithe  substrate
70 wth or without having previously roughened the substrate surface 72 and w thout
i nter medi at e coat i nepRtANEHFRFHBE B0 gy Feshptiratsr /0y wovdlpseidigional evedypieattEitr ed 25 enbodi ment ,

the yttria-contai niélﬂlﬁaiﬂ%%&@n R QUiHED0S UPThah] SrAHRAEERGudQrd Bcsilastrate 70 wi t hout

prior roughening of t strate and/or formng internedi ate |ayers, thus obviating
addi ti onal procthss stepl, inh&aylawska The Stighes ang Eogiaedring I heavaldpnghoddsgd strength to

e e 1110 2okl S0, S48 B iy TR A W AR fS Gdive @ consil o

The thermal-sprayed yttria-containing coatings cam have an as-sprayed thickness
of from about 0.001 inch to about 1 inch, preferably from about 0.001 inch to about 0.5
inch, and more preferably from about 0.001 inch to about 0.01 inch. The thickness of the

20  vytiria-containing coatings can be selected to be compatible with the plasma environment
to be encountered (e.g., etching, deposition, or resist stripping).

The thermal-sprayed yttria-containing coating 80 can be formed directly on the
substrate 70 with or without having previously roughened the substrate surface 72 and
without intermediate coatings to promote adhesion of the coatings, In a preferred

25  embodiment, the yttria-containing coating 80 provides suitable adherence to the subsirate
70 without prior roughening of the substrate and/or forming intermediate layers, thus
obviating additional process steps. The yttria-containing coating 80 has a high bond
strength to the underlying substrate 70. Preferably, the yttria-containing coatings have a
tensile bond strength of from about 200 ksi to about 400 ksi.

30 The thermal sprayed yitria-containing coatings cant be formed with desired
surface roughness characteristics, and can have a surface roughness ranging from smooth

to rough. Rough ytiria-containing surfaces can be effective to improve the adhesion of

deposits, such as polymer deposits, resulting from the use of polymer forming species
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30 The thermal sprayed yttria-containing coatings can be forned with desired surface
roughness characteristics, and can have a surface roughness ranging fromsnooth to
rough. Rough yttria-containing surfaces can be effective to i nprove the adhesi on of
deposits, such aswypohisaeirsgleposits, resulting fromthe use of pRglysRaiQREsM N species 6
WO 2005/ 062758 PCT[ US20041041206 (e.g., fluorocarbons) during plasnma etching processes,

e.g., nmetal etching processes. As .described_ in co-pending US. Patent Application No.

09/ 749, 917, which |(§'gr ﬁb@ma@a@%dunﬁ%ﬁléﬁmﬁ%@ngerfr@?@ﬁ%seegnmq@ CERINgREesEsseSudh pol yner
deposits can come Ofderlod tAMPAIIESUS! PAER A @«Pﬁeaagn%chyﬁgg DIPSARSER ifldfhorRll am nat e
substrates within t er mal I ng that occurs ‘during repeated plasma
processi ng cycl es clmﬁlehaoﬁ'cﬂ@m@sn its IqllfgCWrS@lbh Wnﬁméeptom@&mlcomm@@fwhymbm a- cont ai ni ng

coati ngs can have arl r.ough fromabout 5 to

about 500 m cro- mc% ngﬁﬂn%f%éﬁiﬂﬁgﬁcgsg&fmd A ou‘?éequéﬁ?gt \Etﬁﬁ%qﬁ%b%?o i nches, Surface
roughness val ues i rrrltelamsl d?’bliﬁ@ﬂhﬁiﬁﬁc&@dﬁmmea&dpmmece&hﬂg aghesdanrxakrbiael yners that are
deposited on interior surfaces of the reaction chanber during plasnma etching process,

t hereby reducing th&®d€eUfPence of contami nation of processed substrates by the pol ymer

deposits. The yttria- confiitRiidl §Ralel HSa-6ctfaimay SotBids B RijctayithredtRInfean\Whifsdd can m ni mi ze
contact of aggressive atnospheres with the underlyi ésubstrate and thus al so 15
@b@%

subsequent physi cal FOW&@@%W@&M%‘%&W alpt & st 0 migradnehes.and pEieraly r osi on-
erosi on of the subs c gggr tria-

cont ai ni ng coati ngsﬁﬁaégmghgkbo%ot 0%? essc’%ﬁa %g% g‘?ﬁh\?g Sﬁfﬁg{e‘gl%{o?f%s gg?%?gé ably | ess
t han about 5% biD vodanlgmcanlenhaaxddﬁteladhuqmmmépymrsahaamm dapositeyl @oateriogsurihaes didhee a
sufficient hardness t 2Q er.0sio The ont.ai.ni coati ngs.have a crystal
structure that is pﬁeécglé’ ﬁzfrgltaefrld&ﬁpg RIATLA 1pee IEISQ’/G& h?re%bwu%lﬂgp% "ﬁg preferably

from about 95%to a@m@ﬁmﬂﬁw}ﬁofgme@ed subetratdsthryitie ol inat qmpagmoatl ngs can provide desirable
wear resistance properties 25 for use in sem conguctor % gfarat us, such as,
e.g., plasma etch charmbekhs ytirig-copiginingGoptinss cppave ?W.Pamé% e‘:}(Ie rWB‘ B 6% PHERIZSY ovi de

surfaces that can redugeof Brdafgsts h%fe@%htﬁ@heﬂ&@eﬁ?ﬁ@%h&h‘ﬁé hV@hsaled particul ate
contami nation in plasma reactor chanbers ttria-containing coatings can al so

prot ect under| ylhg sibbwnenpbysicad aidior chbwich! at‘tack 'y corrosion, erosion and/or corrosion-
erosion of the substrate by such aggressive atmospheres. Preferably, the yttria-

containing coatings have a porosity of less than 20% by volume, more preferably less
than about 5% by volume.
In addition, the yttria-containing coatings can have a sufficient hardness to resist
20  erosion.
The ytiria-containing coatings have a crystal structure that is preferably from
about 10% to about 100% cubic, and more preferably from about 95% to about 100%
cubic.
The yttria-containing coatings can provide desirable wear resistance properties
25  for use in semiconductor processing apparatus, such as, e.g., plasma etch chambers. In
particular, the yttria-containing coatings provide surfaces that can reduce ion induced
erosion and associated levels of particulate contamination in plasma reactor chambers.
The yttria-containing coatings can also protect underlying substrates against both
physical attack and chemical attack by plasmas.
30 The yttria-coated ceramic components can be used in various plasma
atmospheres for etching, deposition, resist stripping, and other applications. Typical etch
chemistries may include, for example, chlorine containing gases including, but not

limited to, CI2, HCI and BC13; bromine containing gases including, but not limited to,
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physi cal attack and chem cal attack by plasmas. 30 The yttria-coated ceram c conponents
can be used in various plasma atnospheres for etching, deposition, resist stripping, and
ot her applications. Typical etch chemistries may include, for exanple, chlorine

cont ai ni ng gases whGhisdksgs but not limted to, Cl2, HO and RBGhzzeddoPFdd1E contai ni ng
gases including, but not limted to, 7 WD 20051062758 PCT/ US20041041206 Br2 and HBr;
oxygen contai ning gases including, but not [imted to, 02, H20 and 502; fluorine

cont ai ni ng gases i nBrAatidigBr; bxitgen ovnthininggesds inslud@rgbut@epEmiteflk] OCHZP, an@AE,; CHF3 and
SF6; and inert and her SES. | ' Sk , These and
ot her gases maybe ugéo |en°g§tﬁj§l§n ﬁﬁa ?éasg?(gﬁl%ncﬁ‘rg%né’? ﬁ%lﬁt{eagqé%gg’d{:%&'ﬁgh%ﬁg% deﬂélmrs’ed pl asma.
Sui t abl e fl ow r at esCHfF3tahé SFHrand irertpind othesgagessiecludiag, thensdiitédn HgsedndiN2. f act ors

including, but not Jjmte o, the type of. pl as eact or,. poyer settings, chanber
oresaur 6. plasa di ShoEra bR wipauy et Rahr O lecombiatioh SPedRE Y and | ne
particular stepsof gdshed laGha. PERGEBR Fowateh bEthe Vel Tﬁf‘c@@sga@éhsca!nfbelé&%&ed diedyht ri a- coated
ceram c conponents can be used in etch chanbers of 10 sem conduct or processi ng equi pnent

for etching siliconfastortiarlnding tahaottutited 1 dha e ilesmeeastor pPeweT e ngs.coAgbet or pl asma
etching processes. gxggsug%?mgdisscti iﬁﬁﬁﬂﬁf&?&&ﬂ@ﬂ%f@%ﬁﬁhﬂ eﬁffﬁeﬁf’ﬁ{nd‘:tﬂ@pﬁg%ﬁﬁr(:hed in such

etch chanbers inclu are not lrmted to, sing crystal silicon ycrystal line
silicon, anorphous stkp ofibastch ptocesmn which ittegrosid gas dyusedxyni tri de, silicides, silicon

di oxi de, lowk material s, and. high-k materials. The.sili.con 15 .containing materials can
doped or un-doped and/orTléErﬁ%ﬁfcé’gte%Ferﬂwl-cézﬁﬂlé’g?eé’as.° PFgFerﬁléﬂeé‘f%Chgﬁ'ﬁerglo o be used.
Conductive or seQn ceumduidumsr BéaRsing equigthdiit R ctohing(silibs-chainit@mdigetal-edretning ncl ude, but

are not limted to, alunm num .alum num alloys, copper,_copper al|oys, tungsten, tungsten
al loys, titanium t/eRAREH WIHERPSUCIPLINRIAFIIISPEPIFnm BPY GYREIP1e SHICPRGARI2BBEp| at i num

al | oys, ruthenium puf-ReRinirtaldeQched @i Bich CRMLAER; iAbL@Y But hieQBt litnitecakiho¥s,  ni ckel,
ni ckel alloys, cobalt, cobalt alloys, nolybdenum nolybdenum alloys, silicides of

titani um tungsten, ciybplosiconcpsibyerystaiviety siconasnydsphons slicére sl voh aftide.silivaker i al s, such as

pl ati numsilicide agﬂ E!H j i . @ﬁ_ ' . SU . t.anrtal i tride,
chrome silicide and N e@%%gﬁ&%gmcgﬁm?%@gﬁ rllgi?%%{a{%@bégl a%nlg?%g[ﬁbgﬁgﬁﬁlgb%an be used as
react or conponetd s tontdningeodaysialsicandopedl ghuddoiitayd/pt asweed each-annecatcl Seemaple. An

exenplary reactor of this t is the TCP 9400TM pl asnma etch reactor available from Lam
Resear ch™ Cor por at i offgHs° cubbd.

Conductive or semiconductive metal-containing materials that can be etched
include, but are not limited to, aluminum, aluminum alloys, copper, copper alloys,
tungsten, tungsten alloys, tifanium, titanium alloys, tantalum, tantalum alloys, platinum,

20  platinum alloys, ruthenium, ruthenium alloys, chrome, chrome alloys, iron, iron alloys,
nickel, nickel alloys, cobalt, cobalt alloys, molybdenum, molybdenum alloys, silicides of
titanium, tungsten, chrome, cobalt and/or molybdenum, ferroelectric materials, such as
platinum silicide and ruthenium oxide, and GMR materials, such as tantalum nitride,
chrome silicide and NiFeCo alloys.

25 The yttria-coated ceramic components can be used as reactor components in a
polysilicon high-density plasma reactor, for example. An exemplary reactor of this type
is the TCP 9400™ plasma etch reactor available from Lam Research Corporation of
Fremont, California. In this reactor, processing gases (e.g., Cl12, HBr, CF4, CH2F2, O2,
N2, Ar, SF6 and NF3) are supplied into a gas ring located on the bottom of the etch

30 chamber and then flowed through gas holes into the reactor chamber. FIG. 3 shows a
cross-sectional view of a gas ring for a TCP 9400™ polysilicon etch reactor. As shown
in FIG. 3, the main body of the gas ring 40 surrounds a substrate support 44. The bottom
surface of the gas ring 40 contains a ring-shaped gas-guiding trench 60. Gas holes 50
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Fremont, California. In this reactor, processing gases Cl2, HBr, CF4, CH2F2, 02, N2, Ar,
SF6 and NF3) are supplied into a gas ring |located on the bottom of the etch 30 chanber
and then flowed through gas holes into the reactor chanber. FIG 3 shows a

cross-sectional wWygWpfoeisgas ring for a TCP 9400TM pol ysi | i cqialsehhiofdsd oF - As shown
in FIG 3, the main body of the gas ring 40 surrounds a substrate support 44. The bottom

surface of the gas ring 40 contains a ring-shaped gas-guiding trench 60. Gas holes 50 8
WO 20051062758 PCT/ wse@mmhdg@&mcbug‘emhuéﬁt6m$ied@asygla$mmrﬁggqnmmlrbya@duq&thWgh density

pl asma i s gener at ed hngo %Elﬁré%%ﬁiaﬁ% LIL% o SREk l%lildﬁi)c:”i,‘h@uﬁgﬁér tfhh ough a dielectric

shield into the inter gas rin cald y conposed of
al um num The upperclmmbeaces of the 5 gas rlng are dlrectly exposed to pIasna and t hus

ceram ¢ component | nol uaT R "B D SURR AN ErPd S Ay dJaEPRY SsebP ke conponent s of
such pol ysilicong et gl rpasd Skt BAtosed @ plANRAAREthul ibNcBe @osioh] T8 pRiteG @Rsé N can al so be
yttria-coated ceramc _conponents. These conponents include chanber walls, chanber

| i ners, chucking deWﬁﬁé% ﬂm&s Ting eAndieACitiacoplpheRsHBlc cAmBY R Ikcleding 4 Gxn988dysi | i con et ch
reactor is the Vers L:#aqflgg 45t @)lﬁf‘ef' %}ron%‘?tggﬁﬂcﬁéﬁi:?ﬂmo%&ﬁifeajcﬁar?{hﬁtoaréwa' | abl e
or at I1on-0 eno | |

from Lam Resear ch orni a. shows a cross-secti onal
view of a 2300TH pob}gwsetd toq»lasmtadhnngmocmmg hmalsoihtrofltludesatadsmsm eampawpsort 152 havi ng

an electrostatic chyck 154 0 sa15 cl in e tp a substrate when
o nted theraon.  bfidke fepotls T RlsUigBoRuh I BTRRS, SRk BefeSHBT LI 008 WNTD,

around el ectrost@tlmembmkmﬂ(ﬁﬁvs The substrate support 152 can al so be used to apply an
RF bias to the substrate, The substrat can be back-. cooq eat .transfer gas. In
the 2300TH et cher, proceée?tﬂgegeg Y(@%&-l o stch pgaptor is dey) e@pﬂéﬁ 9ﬁglcom%tcw0r 5F6 and

N173) are Introduceﬁaomﬁ Brchd EwRidR o abél@abye i?on@L%SReg&réH'C@ﬁio%no%@@FF&ﬁﬁ?ﬁCt ed to a gas
feed 156. The gas injector 168 is typically made of quartz or a ceramc material such as

al umi na. As shown, &nliforrduchliy é showd a ae8-sseitpublevicvpolie? K™ polyssighn alsh ecarir S6tir ce to
id hi gh d | h h th
e I e,

di el ectric w ndow 1 ror o |c W ndow 160 i s
typically nmade t5 qclannpmg(fmrcatmmubaratél'wmdmahmdtthéreozﬂEAplasdmvﬁodﬁ@mgsl?@hmhmmunt ed on an

iggulaﬁ:j Imserr‘;)g e}?édm\é\@llt%cn% @ngta?slg)(%f)gk}g% et rd tglectrostggé)gﬁu]é?(qS (ﬁ?e s&’l:;str%te%u](a)fortt he charber

152 can also be used to apply an RF blas to the substrate. The substrate can be back-
cooled using a heat transfer gas. In the 2300™ etcher, processing gases (e.g., CI2, HBr,
CF4, CH2F2, O2, N2, Ar, SF6 and NF3) are introduced into the chamber 150 via a gas

20  injector 168 connected to a gas feed 156. The gas injector 168 1s typically made of
quartz or a ceramic material such as alumina. As shown, an inductive coil 158 can be
powered by a suitable RF source to provide a high density plasma. The inductive coil
158 couples RF energy through the dielectric window 160 into the interior of chamber
150. The dielectric window 160 is typically made of quartz or alumina. The dielectric

25 window 160 is shown mounted on an annular member 162, which spaces the dielectric
window 160 from the top of the chamber 150 and is referred to as a gas distribution
plate, A chamber liner 164 surrounds the substrate support 152. The chamber 150 can
also include suitable vacuum pumping apparatus for maintaining the interior of the
chamber at a desired pressure.

30 In the exemplary embodiment shown in FIG. 3, certain reactor components, such
as the annular member 162, the dielectric window 160, the substrate support 152, the
chamber liner 164, the gas injector 168, the focus ring 170, and/or the electrostatic chuck

154 can be ytiria-coated ceramic components and have exposed yttria-containing
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pl ate, A chanber liner 164 surrounds the substrate support 152. The chanber 150 can also
i ncl ude suitabl e vacuum punpi ng apparatus for maintaining the interior of the chanber at
a desired pressure, 30 In the exenplary enbodi nrent shown in FIG 3, certain reactor

conponents, such waSyfshg:afnnul ar menber 162, the dielectric Wpgdaw,d@fs41261€ Substrate
support 152, the chanber liner 164, the gas injector 168, the focus ring 170, and/or the

el ectrostatic chuck 154 can be yttria-coated ceram c conponents and have exposed

yttria-containi ng 9coAtngolE1 (e 7ad otk cmpbad 10 andubstrae sinnegsl S26lowthe chamberof t he
chanber 150 and subgfake SURAPE w&é%ognglmwman%oﬁgaﬁ@ﬁ%na§gﬁmilnllf%bg.at yPe

yttria-coated ceramc conponents,” as s n FIG 4. or a se conponents, as
wel | as any ot her pbbthews-cenposats, eonglbzsemy sthenplaspe-grposédeompalcatd cawbaytirta-conponents. 5
The reactor conponents can al sgmg% ut‘s?ed in a high-density oxide etch process. An

exenpl ary oxi de et cK’ eéiacgfaﬁlclc W&"™cp 9100T™ pl asma etch reactor available from Lam

Research Corpora§ion of Hiemadbncobpbhdntydahalso bauidden 2 GRISIHNEITIVbRIAa6Rbrockdre gas
distribution plate is a circular plate situat ddiéectly bel ow t he TCPTM wi ndow, which is
al so the vacuum seaf*PRECTERIARAEReAchrRetqr dhthe £ CF 7 00 Rl EImE sichyregetanavatlpdle 8oBnd paral | el

to a 10 substrate beyfRepL0GA8SB6katidh SBSerbri! Cdlitsthia0n e ECh 9%@@@&4&% gasSource into
the space defined by the gas di'stribution plate, an inside surface of ‘a w ndow

under |l yi ng an ant efis@ibpion platefine eircgler plafe stnateddirestly bolow tha gSIRIIM yiRlove méiiadnis i nt o t he
reactor, and the ga [ ' [ ' ' ' ' ' hol es whi ch
extend through the ﬁ%?g&egﬁgdﬁééag%%#@%a}tg%ﬁ F@@B?%@é{%ﬁfﬁﬁg BllLogle %P‘g?{é}é@éf]ﬁl%ato enabl e
coupl i ng of thi#) RFsubsStrgeheing plocessgh A bas disishdios tring eddis gas frbmataesourdedntd lile: speact or .

Further, it is desirable far the. .erial of. t.he s distribution plate to be highly

Toel oront (o chen clftned by B dad fisPRLSH pifte i ptide mliite oF SindoRe gy BoR o6, o

hydr o- f | uor ocar bon ﬁtﬁ&uﬁ'iﬁﬂfé&oﬂn{lowmﬁ(s%iﬁafl)lctlﬁllﬁipglyi@f}ﬁaB@Wirﬂ@&e&@&td@éﬂ'tﬁ@@ds particle
|

generation associated therewith. FIG 5 illustrates a plasm reactor of thrs type. The
reactor conprises adistibutien ring Braapdistribotianilate copringbaleywhishsxtead drpeghdbe 12 having an

electrostatic chuckpid, THiedisRbQYn Zﬁe@g@b@c h@&ctﬁq%&&%néb% @oﬁﬁgglﬁﬁﬁsﬁk}i& and an RF

bias to a substrate. The s strate ~can ck-cool ed usi ng t transfer gas. A focus
ring 14 confi netd pl pewar throughtha gesadistrbyive plaveingutbs taaatoe. Fustisouit talesifabénfor the f or

a1 10,8 S SR s B B3R AR B B EIRE o nT
di sposed at the topemirotinentp|sashms oxpgenaera hiBro-fluorocarbon gas plasma in order to avoid
breakdown and the resultant particle generation associated therewith.
FIG. 5 illustrates a plasma reactor of this type. The reactor comprises a plasma
20  chamber 10 that includes a substrate holder 12 having an electrostatic chuck 34, which
provides a clamping force to a substrate 13, and an RF bias to a substrate, The substrate
can be back-cooled using a heat transfer gas. A focus ring 14 confines plasma in an area
above the substrate. A source of energy for maintaining a high density {e.g., 1011 - 1012
ions/cm3) plasma in the chamber, such as an antenna 18, powered by a suitable RF
25  source to provide a high density plasma is disposed at the top of the plasma chamber 10,
The chamber includes suitable vacunm pumping apparatus for maintaining the interior of
the chamber at a desired pressure (e.g., below 50 mTorr, typically 1 - 20 mTorr).
A substantially planar dielectric window 20 is provided between the antenna 18
and the interior of the plasma processing chamber 10 and forms a vacuum wall at the top
30  ofthe processing chamber 10. A gas distribution plate 22 is beneath window 20 and
includes openings for delivering process gas from the gas supply 23 to the chamber 10.

A conical or cylindrical liner 30 extends from the gas distribution plate and surrounds the
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The chanber includes suitabl e vacuum punpi ng apparatus for maintaining the interior of
the chanber at a desired pressure (e.g., below 50 niforr, typically I - 20 niforr). A
substantially planar dielectric window 20 is provided between the antenna 19 and the
interior of the pkaspRiRgessi ng chanber 10 and forns a vacuygy 24,04,35126(;1e top 30 of
the processing chamber 10. A gas distribution plate 22 is beneat ow 20 and i ncl udes
openi ngs for delivering process s fromthe gas supply 23 to the chanber 10. A coni cal
or cylindrical |inepulBlateRelderds. ?E@mﬁeh@ @a@ﬂapmmﬁbgﬂépmnidpﬂa«tih adtnsdi2dounds the 10 WO
20051062758 PCTI US2 ptionally be
provided with a chaﬁ%e Qﬁ&%{ ?%EQ# vﬁ??@ﬁq%’g Hftglf‘?lglir%lsiI 15 g @mg?gr]czgl ated via inlet
and outl et conduit 25, Zﬁopbnatmxpearsanuconducmrsnabmammﬁuhhmsmcdmsm:ﬂ:t,as pSditidhedsna silicon

waf er, is positione hel.d jn. pl by an el ectrostatic
chuck 34. Process g§§’ E@Sﬁgggﬁ%%f f%ﬁna‘#l?kr %?5@& a]g&f)oégggi"hﬁkgﬁgﬁﬁgi’%iéas ¥nd a

hi gh-density pl agmagippligEdeked Rbum ipfockftpShatBerief m&nugb@ezﬁwpﬁldsﬁms gafdradye Wi ndow 20 by
supplying RF power to the antenna 18. In the apparatus shown In 5, various reactor

conponents, such asinhespigabeturan the Bbsiren ayl e @indow 30dy S(‘:‘thﬁ@érRFPﬁ‘é'FT t9dbe t he

el ectrostatic chuck,dd.,,aed the focus ring 10 14 can be yttria-coated ceram c conponents
havi ng an exposed yttri a- cont aining coating 32. The high-density polysilicon and
dielectric etch charrber shldh%mpmw shipo i Elfie 5, vanbys reactensompyngut a.sweh axt thb gaseact or s t hat

can | DO Rorat e Yt g A0e5 O o SPIRSSF P g RSP RERS SRR AL BRED, LD, o0 "

equi pment wher e1@l amaauafeqsm@matsd Geraipic@Bm@Bhentd Haeing vih txpRed A1 £do@einAIE Gat@@ponent s can
be chanber walls, substrate holders, fasteners, and the |ike, which are typically

exposed to pl asma. ‘her conmponents may not be directly exposed to plasna, but are
exposed to corrosive 9aSﬁ%emgﬂiaéhsﬁ@p&9§ﬁ§on2aﬁadq&&&r@%téhr&aﬁ@s@asmdﬁ@é@rée or the Iike.
O her equi pnent used in the processing of sem conductor substrates can al so be
yttria-coated cer anp@lygmmdﬁamﬂ@masubﬁe@@as ﬁbﬁ@ﬂnlncémrﬂtmm@d@atmhmmm mechani sms, gas
supply systens, lin t C arms,
fasteners, and the F(lgrﬁ%qn%%'i T}E:ge{t I!n.%r{/ﬁéc b%%gd1lr1%gg§tbh glg{% Qlﬂﬁdg% Chr%)gg%&i’h ref erence
to specific 25 twbods sthatigetdfesrmibfandidtonprbdesding eqipausantvhére plasmacersdiond isead in t he art that
vari ous changes

problem.

Other yttria-coated ceramic components can be chamber walls, substrate holders,
fasteners, and the like, which are typically exposed to plasma. Other components may
not be directly exposed to plasma, but are exposed to corrosive gases, such as gases

20  emitted from processed wafers or the like. Other equipment used in the processing of
semiconductor substrates can also be yttria-coated ceramic components. Such equipment
can include transport mechanisms, gas supply systems, liners, lift mechanisms, load
locks, door mechanisms, robotic arms, fasteners, and the like.

While the invention has been described in detail with reference to specific

25  embodiments thereof, it will be apparent to those skilled in the art that various changes
and modifications can be made, and equivalents employed, without departing from the

scope of the appended claims.
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and nodifications can be nade, and equival ents enpl oyed, w thout departing fromthe
scope of the appended clains. 11 WHAT IS CLAIMED IS: 1. A yttria-coated cerani c conponent
of a sem conductor material processing apparatus, conprising: a substrate conprising a
ceramic material; a thermal-sprayed first yttria-containing coating on at |east one
surface of the substrate; and a bond | ayer conprising a nmulti-phase oxide including the
ceramic material and yttria at an interface between the substrate and the first
yttria-containing coating, the bond | ayer having been formed by co-sintering the
substrate and tiygrasid bEAMEDSIEr ayed first yttria-containing coating; wherein (i) the
first yttria-containing coating includes an exposed surface that has been treated by a
pl asma conditioning treatnent to reduce particles of yttria attached to the exposed
surface after the c¢o-gsipteri (0] 0 ..ses an as- thernal
sprayed second ytt?i agg{g%%géfaqn?anc?%nélgac? %Ré&ghOf%é%gl&%tgé?tég&%{gﬁéltpcré){gg%dﬁ -contai ning coating
and covering the par?Perd ’Cgfnp&sinlgi a attached to the exposed surface; and wherein: when
(i), the first yttria-containing coating has a porosity of |ess than about 20% a
crystal structure that PEUSHFBGCIBBUINSS rF’G‘“ﬁ‘Bﬁtg’f‘aliLOO% cubic, and a bond strength of
from about 200 ksi to about 400 ksi; and when (ii), the first yttria-containing coating
and the second yttri a- coffeEnalrsnipyed Hatt YHHa-Refyanig sosEw anat dfasy s sukfpegrpf fisout 20%  a
crystal structure that pubsfratemndabout 95% to about 100% cubic, and a bond strength of
from about 200 ksi to about 400 ksi. 2. The conponent of Claim 1, wherein the conponent
is selected fromthe grabmd eparsiosipringg aimati-phadeexideiinclvdingl tw cemhactaterialal |, chanber
l'i ner, substrate suppor tnd ythfdt be intgése detsicen Histsusirap Adehe filsagira-canfiningnment ring,
nozzl e, fastener, heati ggtingtBEBHId laplrasiig besUBmhéd Wy cchitekng MRubstileasga screen, and/ or
the sem conductor mat efleak-(RrPEEPSdVRE FRREAALMTIGREROAHRS @ pl asma etcher. 3. The
conmponent of Claim 1, wherein the substrate conprises a ceramc material selected from
the group consisting of wﬂkﬁm(@gf ﬂ%@gﬁ&a-c&{tz{i A0 cBatind ibd GRR o Rk Rsdsurtalk ki£ON NI tri de,
boron carbi de, boron ni fi ey 3l PR Blabht EbdorfirdRi & feduce particles of

yttria attached to the exposed surface after the co-sintering, or (ii) the

component further comprises an as- thermal sprayed second yttria-containing

coating on the sintered first yttria-containing coating and covering the

particles of yttria attached to the exposed surface; and

wherein; when (i), the first yttria-containing coating has a porosity of less than
about 20%, a crystal structure that is from about 95% to about 100% cubic,
and a bond strength of from about 200 ksi to about 400 ksi; and

when (i), the first yttria-containing coating and the second yttria-containing
coating have a porosity of less than about 20%, a crystal structure that is from
about 95% to about 100% cubic, and a bond strength of from about 200 ksi to
about 400 ksi.

2. The component of Claim 1, wherein the component is selected from the group
consisting of a dielectric window, chamber wall, chamber liner, substrate support,
baffle, gas distribution plate, plasma confinement ring, nozzle, fastener, heating
element, plasma focus ring, chuck, and a plasma screen, and/or the semiconductor
material processing apparatus comprises a plasma etcher.

3. The compenent of Claim 1, wherein the substrate comprises a ceramic material
selected from the group consisting of alumina, quartz, zirconia, silicon carbide,
silicon nitride, boron carbide, boron nitride, aluminum nitride, and mixtures
thereof.
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thereof. 12 4. The conponent of Claim1, wherein the conponent includes the second
yttria- containing coating, and the first yttria-containing coating and the second
yttria- containing coating conprise an oxide, carbide, nitride, boride and/or
carbonitride of at |east one elenment selected fromthe group consisting of La, Ce, Pr,
Nd, Pm 5m Eu, Gd, Th, Dy, Ho, Er, Tm Yb and Lu. 5. The conponent of Claim1, wherein
t he conponent includes the second yttria- containing coating, and the first
yttria-containing coating and the second yttria- containing coating are di sposed on the
entire outer surfage e bhordlRst CaIM- 1, GvhcldietHe RBRPHRAL inRfudEd Ak RecbndWhgsei n the conmponent
includes the second Yhhiating &RNhAIAH M GG irRGonARnd BRdh bl thékidohayRR/AL @i ni ng coati ng
and the second yttrig,nGORfALALRY SRR X RISSLaidE SRABE kY aoddabionfiiad - The conponent
of daiml, whereln L, (OIBRAEHRch{ Vel frohl e BREDnd bl o1 1 CCOMHR 104 Iy, COAL T NG Whi ch
i ncl udes an exposed s%ﬁg L%C%ﬁi ﬁ{lﬁg% rEgulqgn§§§nd§ ective“to enhance ddhési on of pol yner
it 'on’t'hé expdsed

particles that depos 'surface. 8. The conponent of Claim1l, wherein: the
substrate consists,_essentially o Lum n the first coatj onsi sts _essentially of
Jitria the bond | ajer EGAmPPE ,@Ffﬂfﬂ@%etﬁwﬁﬁﬁ?@a?%@f%cl@% (R grop Higfent | ncl ides: the
second yttria- cont ai FPAGHREEHBERR die ghndirarcontaiingrpafing pyd the sgqopdyina-g A

seni conduct or mat er i AONPHBEERIIRY RSP hofie eptagsusiace altbe sWKkateconponent accor di ng
to daim1l. 10. A nethod of processing a sem conductor material in a sem conductor

mat eri al  processi Ag Eppamaousnt ofSlapni biwhgram beeswporenainchetbndemndyttiat erial with a
plasma in a plasma chanbeingfoatingemil duenduictor-ovatagrnigtoapng eebthe ngroap pariat us  whi ch

contai ns at | east oneocaainmnentingcasisdessgntiatly Gfaitia. 1. 11. The met hod according to Caim
10, wherein the processing conprises plasma etching a polysilicon sem conductor nmateri al
in the plasma chanberthekdmpbnd@bhothiaf 1, Felkldgtha chinbbhedt GRALEI G 86N GitaaNPONent of a
sem conductor mat er i @htaRfiRE&HThY ThRBRAN AN n GBS LFBILINEY MRlughisyi ng a first yttria-
containing coating onifksilE3ehhRE adbhAGE pOAlmer SHRALY BhSepbliforstiPSifRLE CONPri sing

surface.

8. The component of Claim {, wherein:

the substrate consists essentially of alumina ;

the first coating consists essentially of yttria ;

the bond layer comprises yitrium alurmnum garnet ; and

the component includes the second yttria-containing coating which consists
essentially of yttria.

9. A semiconductor material processing apparatus comprising at least one
component according to Claim 1.

10. A method of processing a semiconductor material in a semiconductor material
processing apparatus, comprising processing a semiconductor material with a
plasma in a plasma chamber of a semiconductor material processing apparatus
which contains at least one component according to Claim 1.

11. The method according to Claim 10, wherein the processing comprises plasma
etching a polysilicon semiconductor material in the plasma chamber.

12. A method of making a yttria-coated ceramic component of a semiconductor
material processing apparatus, comprising thermal spraying a first yttria-
containing coating on at least one surface of a substrate, the substrate comprising
a green body of a ceramic material; and co-sintering the substrate and the as-
thermal sprayed f[irst coating.

13, The method of Claim 12, wherein co-sintering the substraie and the as-thermal
sprayed first yttria-containing coating forms a bond layer comprising a multi-
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a green body of a ceramc material; and co-sintering the substrate and the as- thernal
sprayed first coating. 13. The nethod of Claim 12, wherein co-sintering the substrate and
the as-thermal sprayed first yttria-containing coating forns a bond |ayer conprising a
mul ti- 13 phase oxide including the ceramic material and yttria at an interface between
the substrate and the first yttria-containing coating. 14. The nmethod of C aim 13,
further conprising, after the co-sintering, thermal spraying a second yttria-contai ning
coating on the first yttria-containing coating. 15. The method of Caim 13, further

conprising, after the, g Slild 8EiubBle the &A% ARiLXROREH 3 Y% {AGELbelddien fHer St

yttria-containing coashbg&tg)%dthh% yoalele I EN @beﬂﬁh treatnment to reduce particles of
yttria attached to the exposed surface after the c Si ntering 16. The nethod of Caim

14, wherein the cerQnT[-c nqgﬁgd'&aéf{ré 1%' H;Wh@ om%@% hﬁ: q} rescto_ t,rl ?h onlt ai ning coating and
g

th d ytt Th t hod of
e e ey e & b b Bhyie ssf Rl gty 31“}%%"%/‘{‘%?? e ml%%&afﬂ are co-sintered

at a tenperature of fron1aE(%Ng§OOC % I1_gout 1600C for a time _period up to about 7 days.
18. The method of &Paihmmeho lajny 1 BroBmETne; ics fiesordiennth HEAHE 4r oup  consi sti ng
of a dielectric w ndopowAantie ofdha iscrlisrentanipgeoatisg by e pls@asophéoning baffle, gas
distribution plate, prasnentcomptisraretinlesrafpgria pigachedio thastnoset surfaexafianghe et enent, pl asma
focus ring, chuck, arshterifd asma screen, and/or the semiconductor nmateri al processing
apparatus conprises a plasma etcher. 19. The nethod of C aim 12, wherein the substrate
conpri ses a ceran ¢6.reandthdd ofS@hie tidgdwheroimthdieerghio mmtartid &6 Mhrhing, 0fd thd firt na, quart z,
zirconia, silicon carfird@ontagiiihg €AMng biid fhe €ecoB@kBfa-CaUdThIlg col@ipdnslbd ri de, al um num
nitride, yttria, and dglextibllesf ytifaer eof . 20. The nethod of O aim 14, wherein the first
yttria-containing coating and the second yttria-containing coatlng conprlse an oxi de,

;f‘ggbdgon;‘: g[: gg o?’?’"ﬁ%%&ﬂ&’d?Cla&@rlﬁg&hér&fﬁgﬁﬁafbs LT Ef‘?é? 'e%egngrﬁumtgi
The nmethod of Claiml a;e 21:03 S“::)a O?ta am5§ tttur :Jog conta nlgng coat 160 goﬁ second .
yttria-contai ni ng coazil pare 1fpherma sprayed on the entire outer surface of

18. The method of Claim 12, wherein the component is selected from the group
consisting of a dielcetric window, chamber wall, chamber liner, substrate support,
baffle, gas distribution plate, plasma confinement ring, nozzle, fastener, heating
element, plasma focus ring, chuck, and a plasma screen, and/or the semiconductor
material processing apparatus comprises a plasma ctcher.,

19. The method of Clatm 12, wherein the substrate comprises a ceramic material
selected from the group consisting of alumina, quartz, zirconia, silicon carbide,
silicon nitride, boron carbide, boron nitride, aluminum nitride, yttria, and mixtures
thereof.

20, The method of Claim 14, wherein the first yttria-containing coating and the
second yttria-containing coating comprise an oxide, carbide, nitride, boride and/or
carbonitride of at least one element selected from the group consisting of La, Ce,
Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb and L.

21. The method of Claim 14, wherein the first ytiria-containing coating and the
second yttria-containing coating are thermal sprayed on the entire outer surface of
the substrate.

22. The method of Claim 14, wherein the second yttria-containing coating includes
an exposed surface having a roughness effective to enhance adhesion of plasma
etch by-products in the form of polymer particles deposited on the exposed
surface.

23. A method of making a yttria-coated ceramic component of a semiconductor
material processing chamber, comprising:
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the substrate. 22, The nmethod of C aim 14, wherein the second yttria-containing coating
i ncl udes an exposed surface having a roughness effective to enhance adhesi on of plasm
etch by-products in the formof polyner particles deposited on the exposed surface. 23.
A net hod of meking a yttria-coated ceram ¢ conponent of a sem conductor materi al
processi ng chanber, conprising: 14 partially sintering a substrate conprising a ceramc
material; thermal spraying a first yttria-containing coating on at |east one surface of
the substrate ; co-sintering the substrate and the as-thermal sprayed first
yttria-containing coating to forma bond |ayer conprising a nulti-phase oxide of the

ceramic nmaterial and yh%ﬁgﬁythﬁﬂ%hQN%BQQQSmESQW%meﬁﬁﬁnﬁﬁgﬁhfa?e and the first yttria-
containing coating; and (1) treatinhg an exposed surface of the first yttria-containing
coating by a plasnma copditi,oning treat t to.reduc articles of yttria attached to the
exposed surface after et Hlled (5 TR e AT g R bt oy e
cont ai ni ng coating on t RESEF

fitered first yttria-containing coating to cover the

particles of yttria attached to the exposed surface after the co-sintering. 15
co-sintering the substrate and the as-thermal sprayed first yttria-containing

coating to form a bond layer comprising a multi-phase oxide of the ceramic
material and yttria at an interface between the substrate and the first yttria-
containing coating; and

(1) treating an exposed surface of the first yttria-containing coating by a
plasma conditioning treatment to reduce particles of yttria attached to the
exposed surface after the co-sintering, or (ii) thermal spraying a second yttria-
containing coating on the sintered first yttria-containing coating to cover the
particles of yttria attached to the exposed surface after the co-sintering.
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