| [0001] APPARATUS AND METHOD WHI .CH REDUCE THE ERGCSI ON 2RATE OF
SURFACES EXPOSED TO HALOGEN- CONTAI NI NG PLASMAS 3[ 0002] The present
application is related to a series of applications filed by various
4i nventors of the present application, nany of the applications
relate to the use of a Syttriumoxide conprising ceramic in the form
of a coating, to provide a plasma-resistant 6surface which is useful
i n sem conductor processing applications. The applications 7include
U.S. *Appliication Serial No. 10/075,967 of Sun et al., filed February
14, 2002, 8titled: "Yttrium Oxi de Based Surface Coating For

Sem conductor | C Processi ng Vacuum QChanber s" V\:hl ch |ssued as u. S
Pat ent No.l 6, 7[?@)1873 ARANTS : ]

No. 10/8982113 A TS ' Y
Dense 11Yttrium Oxide Coatl ng Prot ectl ng Sem conduct or Appar at us"
which is currently 12pending; and U.S. Application Serial No.

10/ 918, 232 of [SR]et dhe prefent apglichtignis reld 8] to 2 3OS applidatiod filédGxyarious

Distributipn Plate Fahricated From A Solid Yttrium Oxi de-
aCompr 1R LR dhe PR P Sionhang o (o O sl dohe el
rel ated appli Gatih@DRidhobiprRshe c\ét‘afniéhn tHe Gorth é%"a‘éba%hg Q@{:m%ﬂ@'% @asma-resmtam

continuation application of above-li1sted applications, 16include:
U S. Applicat IsoﬂacS&rhlcallslNefulmkélﬁi@&;déﬁdrmceééﬁiggplﬂicat&irm THeiabglitatNay enber
10, 172006, titled:_ "d eaning Used I n Renovi ng Contam nants

From The Sur f desdudey. %mhmpra&r@mwia@ﬁ & ESHpetiabi fed Bebrgig, 3907,

Met al " h )
appi i cati o of oo AR A Ao AR P e oy B G Vacuum
20Appl i catd on dHambérd, 98idh BOked af UMSAPGer® Noad, 776,878 bedudieyverntoms; B3.5. 2006,

titled: "d eani nﬁ 21Met hod Used I n Renoving Cont am nants From A Soli d

Yttrium 04 de apheatipn Serigl MoSQ588.14 B of Sunm‘l cﬁieci Bilyeazs Pt titled Eiran Rgnse
S 4 STy So ERBOBEELR: BERkR Y hoth SR

24appl i cats On%eﬁﬁné"@t&ﬂf@ﬁ Aﬁm@s{ti@ﬁcaﬁmﬁobwfglcbez S Nuf et al., filed August 13,
1[ 0003] BACKGROUND 2 0004] 1. Field 3[0005] The present invention

relates tB a S?Q%Uﬂ¢ 76 DistributigmPlse Tbricstedbirdns Arfglid ¥tthing Ogide-ut | on

R R
sem condug or sLIRAibh M 8 ivisidnBONE h SodiRSAioh Bipliefkion bf d6e-1Rasled ftsmuagl At

8[ 0007] Thi s section descri bes background subject natter related to
t he di scl¥sed ig@anboliSrépplsatdn Sekiel Nor. &5597484 o Blavg cal., fildve¥eemberrio,

I ntenti On el 596’6( t;&é(do r‘(?lggnmongé:tﬂg Iljs%g In Removing Contaminants From The Surface Of

18 An Oxide or Fluoride Comprising a Group Il Metal”, which is currently pending, and
19 which is a divisional application of U.S. Application Serial No. 10/898,113; and U.S.
20 Application No. 11/592,905 of Wang et al., filed November 3, 20086, titled: “Cleaning
21 Method Used In Removing Contaminants From A Solid Yitrium Oxide-Containing
22 Substrate”, which is currently pending, and which is a continuation application of U.S.
23 Application Serial No. 10/918,232, The subject matter of all of these patents and

24 applications is hereby incorporated by reference.



10t hat the background art discussed in this section legally
constitutes prior art. 11[0008] Corrosion (including erosion)
resistance is a critical property for apparatus l1l2conponents and
liners used in sem conductor processing chanbers, where corrosive
13environnents are present. Exanple of corrosive plasma environnments
i ncl ude plasmas 14used for cleaning of processing apparatus and

pl asmas used to etch sem conductor 15substrates. Plasmas used for

pl asrfa- enhanced chemi cal vapor deposition processes 16often tend to
be corrosive as well. This is especially true where high-energy
plasma is 17present and conmbined with chem cal reactivity to act upon
the surfacke ofl08Bhponents 18present BAGKGREOBMND onment. The reduced
chem cal nfactbmh y og an. appar at us conponent 19surface or of a liner
surface is aléo an i nmpor property when corrosive gases al one are
20i n contact V§ds] pPr OCems pRSentRPeHtith Hsatd W { 3688z 2RO R BGpEMe
chanbers and conponent apparatus present w thin processing 22chanbers
whi ch ar e 4usedolihsolution tadric sdich Grhighly mhiget toorésmagiangensed, marfgularly

m cro-electro- 2 chani cal . structures (NE are frequentl

Constr uct ol § ST QPRI PR Py Erinsal FaeRsP o
process chanbenalds conponent apparatus present 25w thin the chanber
are frequently anodi zed to provide a degree of protection fromthe
26corrosive environment. However, the integrity of the anodization

| ayer may _be %7deteriorated by inmpurities in the alum num or alum num
al l oy, so t hat!®®8}r ositon on gk tae y, shortening the life
span OT t ke pE&fO@ft | Ve Qetibl bse m&&&&g@ﬁﬂ' gr?lati)efr re?a\fé%lrtb B Jisclosed
conposi tions have been used 1 n place of the ACUm num oxi de l"ayer

ment i oned $3abembdodimetts tileprbvestinweateh. aueaE istod entadtioh,aitker @fprésk or igiphiel, zed
| ayer to jinprove the 4protection of the under]ying alum num based

mat er i al st0 HowWky B backgropudact diggpssed igthis sspidgmdesmBly copptijuterarioyat| ayer s
Hadek . . . . I
Goub] ect Vo atftoel' by CRscREEMIR: bbbt BT MTERY ke e

protective | a;cempdrﬁntzmdlﬁeﬂagbd@wmiadﬂmctc@Fma@gd aRehbérk, UiHeRUWhRrosive
8[0010] Yttrium oxide is a ceram c nmaterial which has shown

consi der al e pBrEPNEREnDR Preppat. dixemple of ensrosive Rlrameienviransets icluds plesmas
al l oy surfaces i ch ar xposed to 10fl uorine-cantai.nin asmas of
the ¥ nd Uaca P prdeRage RAERER r-du p e SR kB e Re B
yttrium axi de seRaitd) P1Rass REERr HeRt-ARshcaPdbhREl vayS HeRBitianAdisRs ‘
surface of a high 12purity alum num alloy process chanmber surface, or
a procesdbconperctand ke farsive asovell3 Jhisdusseecally 61¢ where igh-riesgygiesma is

et ol st ot S el i B ia at Gpan the FEREE 45eaUPREE: o

processing chaphgr inkRCONRANGRE THE SddfleARhenti fabtlvats BPad Dt Rhponent
fluorine and oxygen species. The processing

19 surface or of a liner surface is also an important property when corrosive gases alone are
20 in contact with processing apparatus surfaces.

21 [0009] Process chambers and component apparatus present within processing

22 chambers which are used in the fabrication of electronic devices and micro-electro-

23 mechanical structures (MEMS) are frequently constructed from aluminum and

24 aluminum alloys. Surfaces of a process chamber and component apparatus present

25 within the chamber are frequently anodized to provide a degree of protection from the
26 corrosive environmaent. However, the integrity of the anodization layer may be

27 deteriorated by impurities in the aluminum or aluminum alloy, so that corrosion begins




16chanmber conponent typically conprises: a high purity alum num
substrate, where 17particulates formed fromnobile inpurities present
in the alum num are carefully 18controlled to have a particul ar size
di stribution; an anodi zed coaling on a surface of the 19high purity
al um num substrate; and, a protective coating conprising yttrium

oxi de 20overlying the anodi zed coating. The protective coating may

i ncl ude al um num oxi de up 21to about 10 % by weight, and typically
conpri ses 99.95 % by weight or greater yttrium 22oxi de. The
protective coating is coating typically applied using a nethod such
as spray 23coating, chem cal vapor deposition, or physical vapor
deposi tionl 24p06idg¢ady ShofRailngniie [¥ospab ofAB8prOk6ive banti@le hCdrahio cedtingd of

i ssued August 25, 1998,  25describes the use of al um num oxide as a
coating | ayer 'PHPUSCARRAISEIONHRAVE Becp psed dn Rlace9h thy plymimimeyide lavsr meptisphber
liner. The Ce [ - I:S.Cl . L NCE
27l U nu i 5 ot i T opn b BERE ek VLo b BE 30D shiBle B 100
that "al um nurpré8mbsh BEthetindar @R thmigurh beved efatcHfls CHSRAEE ChrRht thit@idd ner
or chanber_walls", because alum num 3 1loxide tends to be chemcally
inert. In addivwsebiar prategiive layers d¢tericsdiaevengmarengd dventeatiy ldeectho Yaminpmiydoy

surfaces the..Liner d/.or _.chanber walls.. Examles ich . are. given
Thel ude Al boa oje SeBll GheSnalRed nifey & iRk ERpie iR DFe
Publ i cati on Nexiehld 208 WP 0032E 1A iun@huatX suki , 5publ i shed June 14,

2001, and subsequently abandoned, discloses a filmof Al 203, or
6Al 203 and® Y2d®010f or ne/tiriom oaide ismrserrmigahdterimliwhigicles shovinvensideeabtrarroraing

on those posed 7surf.ac of. the nmbers within the. chanber which
Fequi r e a ht ot e PRl BF AL uC AT HHE R RE PO EPEye fan
exanpl e i gi VRBrRfcoRtaRIRGRABANG tRNANGL WAR BbrRaRASLseRiBhGckR ticviles.
the chanber may be a ceramc material (A 203, SI02, AIN, etc.),

al um num 11100rA gtrairmixaksosing dhs bear used a@rapphiztl averan amdizad smd:@f ahighi ch
has a spr@yed fLIglover éﬂ% base llmaterjal. The film may be nmade of
a conpountd of PHIY R REOCEE CHAMDEIFUHRG T @ PISBTS SOmBOPERt W5 18203
The fil m gy =1 i r £t m of
L3yt tri nyal ult i et e TR ol B S Pl AP .7l SR BUE s
t hi cknessld s swentonkd hisove)a iy encfapplitatiid, that 478 PARH pivided 5p0Ckdhd shambat her

application, a ceranlc,congpsition of matter conprising a l6ceramc
conpound e. g compogayesisiagt i pisemy toelyfling fleprigg gnd exygenapecins. The pyocessigs)
has been 7us i i i ) r ere
cubstr at o ar eyt odbule ikl FeobRER" b Al AGhSHAERE witETF,
Pat ent NoiL7 6, 3adic@atds fointedHiteh bR impurkiespi&dnt¥athe BlumimO2O08LfullyThe

ceram ¢ conpound may be selected fromsilicon carbide, silicon
nitride, 18 controlled to have a particular size distribution; an anodized coating on a surface of the
19 high purity aluminum substrate; and, a protective coating comprising yttrium oxide
20 overlying the anodized coating. The protective coating may include aluminum oxide up
21 to about 10 % by weight, and typically comprises 99.95 % by weight or greater yttrium
22 oxide. The protective coating is coating typically applied using a method such as spray
23 coating, chemical vapor deposition, or physical vapor deposition.
24 [0011] U.S. Patent No, 5,798,016, to Oehrlein et al, issued August 25, 1998,
25 describes the use of aluminum oxide as a coating layer for chamber walls or as a coating
26 layer for a chamber liner. The Oehrlein et al. reference further discloses that since

27 aluminum is reactive with a number of plasmas, it is recommended that “aluminum

28 oxide or a coating thereof be disposed on the liner or chamber walls”, because aluminum



20boron carbide, boron nitride, alum numnitride, alum num oxide, and
m xtures thereof; 2lhowever, alumnumoxide is said to be available
in a pure formwhich does not outgas. 22The Goup |I1IB netal nay be
selected fromthe group consisting of scandium yttrium 23the cerium
subgroup, and the yttrium subgroup; however, yttriumis preferred,

wi th the 24oxide being yttrium oxide. The preferred process for
formng or producing the dielectric 25nmenber is by thermal processing
of apowdered raw m xture conprising the ceram c 26conpound, the
oxide of a Goup IlIB netal, a suitable additive agent, and a

sui tabl e 27bi nder agent. 28[0014]1n anot her application, a protective

coating fot a &dd e thitchémipiIGass ingidibapaasiadive cRanpanettaphifed over
descri bed. The protective coating conprises alum numor an 2al um num

al l oy, whete tﬁemé@aqswﬁ@w line lapdeschambra pells: Sxampeseehidonre gisen inglele ALO,,
exanpl e, byt 3§ g%}ed to: yttriumalum numgarnet (YAGQ,; an oxide
of an el enent <@ %85 *from 4t he group consisting of Y, Sc, La, Ce,

Eu, and Dys a ((bmgrl d%.@.fPa&Ht%&%ﬁﬁP%ic%% {5 000 1008279 A0 U Otsuild,
consisting of Y, Sc, La, Ce, Dy: and conbi nations thereof is

used (e.g.> 6U Bibligad st 1AREPI, eat subseqBetly elanddocd] 6758885 4 fin af Algyoret
al ., fled 4. and, 7entitled. " Yttrium Oxid
Coat i ng Pr C%Fﬁga ég’or«% frmertnam %bﬂﬁhi”g@ ?ﬁﬁgﬁﬁb&ﬁ@ﬁ OB RGRSHPO

coating isy appéukﬁéis Bﬂh@m@xﬂa‘% %ﬁhf?th%@ﬂ&xﬁj@lew]g% I%in‘ﬁﬁ{: e 13 }/cof'r!) esistance

O9sprayi ng, plasma sprayling, sputtering, or che vapor p05|t|on
(CVD). The8 coaindirgulifngsprydesy.edn exampizipgiessifa mmbwmppﬁambagﬁnem tagat i ng
at a substrate surface tengerature of at 11l east about 150 - 200C.

12[ 0015] The ki R¥eiabpt (s drmbsringy bg 6a%rﬁ1ﬁf@§wéféi§1c(?~iz@e§i%bé% A THRER

used to pkgtec

dlStFIbut?Oﬂ p ate o?ﬁéﬁqmﬁﬂé use &ﬂ%lgéengﬁgﬁﬁﬂ%%g' (f%ﬁﬁﬁ?am

pr ocessi nyt appadterialSTheHidnens be nitkofta@oip@nt ONCIERE eRinkidf mi: pdrdRagld, ve
speci es which are present at the surface of thepgas di stribution

pl ate, th& | fdehirePeofhetia ﬂ}j‘ﬁ§u‘1§ia§%ﬂrf5‘€ﬁﬂ?f5ﬁ% eed Vil A gppxediii of .
been |im {ed, i "ﬂ%g i -%a:ple@?g?}? %th nb@ Th abojgtd é’ﬁm tﬁclgx%s%%ssslaﬂg

days, dependi g on 1 OROSI &S cr e

18processifng cbadibefrom 5O uin6 BERASE. the Ilfetlne of a conponent such as
a gas distribution 19plate, a gas distribution plate was fabricated
froma solid yiP8Blum Exingther. atiof. gerzmwb@pqsmoe of rstter eageprisivgd i n

U S. Applijcation No. 10 8,2 f Sun et tioned . _The
so 1 & it om SRHESEBRBF b e 2FE° e G R P88
22al um nu oXiyded foPa SOt ARHAR Gﬁﬁreac?d?%ha?ﬁﬂef Fhetd dubicatBs arc rocessed ina

oxi de-conpri sing substrate 23typically conprises about %

yttrium ol de.pl@tph00d @hassinrass Geg. Heb Reent Woc @il qligs Hao e@hrzssmkd Muteh 5,
on- vaf er ﬂ?ef ed 05) Ie I;:grgﬂ:tcgmpound may be selected from silicon carbide, silicon nitride,

20 boron carbide, boron nitride, aluminum nitride, aluminum oxide, and mixtures thereof;
21 however, aluminum oxide is said to be available in a pure form which does not cutgas,
22 The Group IIIB metal may be selected from the group consisting of scandium, yttrium,
23 the cerium subgroup, and the yttrium subgroup; however, yttrium is preferred, with the
24 oxide being ytirium oxide. The preferred process for forming or producing the dielectric
25 member is by thermal processing of a powaered raw mixture comprising the ceramic

26 compound, the oxide of a Group I{IB metal, a suitable additive agent, and a suitable

27 binder agent.

28 [0014] In another application, a protective coating for a semiconductor processing



25becone nore stringent, as particul ate generation from apparat us

wi thin the processing 26chanber increases in inportance. For plasma
dry etch chanbers running various 27hal ogen, oxygen, and nitrogen
chem stries, such as F, d, Br, 0, N, and various 28conbi nati ons

t hereof, for exanple, the selection of the material used for
apparatus 1conponents and chanber |iners beconmes nore critical. The
materials with good plasna 2resi stance perfornmance (which al so have
adequat e ‘mechani cal, electrical and thermal 3properties), can reduce
particle generation, nmetal contam nation, and provi de prol onged
4conponent life. This translates to | ow costs of manufacturing,
reduced waf er gpdr@ad &mpbhditik dastibd] ThedrbieRive dndting AiptisSAinfiATortah ME
bet ween cl eaning. Cerami c_materials which 6have been used in such
appl i cati chs idHEpinge aligypplere thpcoagngiingdudss a prpioaiglselectedizomp | ferswample, but

many § not acodo B Db S TRER G AR Frdatd S ReegAlR "
i nvol ved. 4The hEGeR confiiti@ BEe!3cons, @k, Y 2RHDE 8HAFRME of RPMENdnIRILME Hom

pl asma resi stance properties, but this material generally 10exhibits
weak mechani cdhe grugrensistiog of Vi, L4, Gt B, atdDy pyl doodinations tHemof iy esed (ad-
use in llsem ctor processi nts, pProcess) kits, and
FORMI L Sty e M IR
condi ti ons; eX QS efaf SO B BQRASHRIPIAARRBE AU RIucSHE hafifust, N
interior of processing chanbers and the surfaceS of conponents

15wi t hi n téhe micatesdiabgyel Nhrberisg istagplizd wea subtipteatirfah gpihemial f agent s
and plasma i ons which 16attack processing apparatus surfaces. The,

ef fect of *t he SERTEBIRIENA sHiyMiFosHudE e ¥ Ghimied viner deppHaiUEN)y Thesreiged
to as erogj on; . I i e
18er osi ogﬁ)'r at é leflgeggi %@? %F\sgér%@p? #l? f;nggfeé: ?At%%!ta tzars{agﬁ%‘%{gglr'r%%}é %ﬁpgl%ﬁ?eg)rfw he

appar at uslisur fiagsteboutA509m00Cect i ve material may be applied as a
coating over the apparatus surface; however, this 20may not be the

best sol utd on [#Y5hvoi disigndsobgiotrtiverneingb st igd 1bove bavs begatupesl tgpiotering

21t hi nner4( er gl [ I et ch, . er-e hs an Jj.ncreased
risk t hat13t he%%‘%gisru%?geek é‘%ﬁg&#}s@gt ﬁﬂﬁ%ﬁ glggpiﬁ%gp%qfﬁgehngﬁ%d&ﬁed by the

pl asma pemet r agrhioghdubier £0 MAMY ploddhs appietus JeeakéGuel ta 18 ColtBitrafibiadfe
of f duri 21% pl asma processi ng due to residual stress. Wile such

24probl ents wi Igactiies specins iwhich areresent edthe wifaenof thsigaydisirienion platy, ¢ lifetime

erosi on-resi stapt 25mater.ial.s descr.ibed in. e i ment s, herein,

many | nstincedt T SRRy PR Ut el AR B PR s
conponent7f r 0Ehdud €0 FloBSANda € Abeh@RE ol BE Bdrdodivily o IVRNBIa credibll fragdIENt | Y
the materials which are nore erosion-resistant are nore crystalline,
and an 1li8npr prosessing chamber. J9iipmeapetdhé Bfetime ef acompeneat sugh wagas distributive

form of r nani cal . . . . -
° ° dl%C e%isa?e?a gaesc zs?r%uggn plate was fabricated from a solid yttrium oxide-comprising

20 substrate, as described in U.S. Application No. 10/918,232 of Sun et al., mentioned
21 above. The solid yttrium oxide-comprising substrate contains up to about 10 %

22 aluminum oxide in some instances. The solid yttrium oxide-comprising substrate

23 typically comprises about 99.9% % yttrium oxide,

24 [0016] As device geometry continues to shrink, the on-wafer defect requirements
25 become more stringent, as particulate generation from apparatus within the processing
26  chamber increases in imaportance. For plasma dry etch chambers running various

27 'halogen, oxygen, and nitrogen chemistries, such as F, Cl, Br, O, N, and various

28 combinations thereof, for example, the selection of the material used for apparatus



2properties (such as ductility) of the apparatus. Ceramc materials
which are forned from 3an oxide of a Goup IIlA 111B, VB and VB

el ement, or conbinations thereof, have been 4denonstrated to provide
erosion resistance to hal ogen-conprising plasnmas. 5Enbodi nents of the
present invention pertain to reducing the erosion rate of a ceramc
6material, typically conprising a Goup II1A M, |IVB, or a Goup |IVB
el ement, or 7conbinations thereof, while maintaining acceptable
mechani cal properties or inproving 8mechanical properties of the
conponent parts nmade of the ceramc material. 9[00191lIn one

enbodi nent, sintered ceramics are formed which contain a single

10sol i d sol ut i @mppieasandthambérdinera beofied thore plitieale , Ths materisls withBoqdpisaa

and three ghase The 11lnulti-phase ceramcs ty |caJI%'contain a
yttrium al tini gtgasghecsioregnge Griehalso bavs aé%ﬂmtamle@wa{ e&ﬁwﬂr@a@@émfabr ned

fromyttriygym ?ﬁﬂép@ﬁle z an‘}é’dﬁ' ggge g/ I%talrcgﬂt&lﬁﬁfo }OQ%E 10%0%@116

sintered cera een e er various RESY
condi ti ons4t o chégatearlivk, n"ﬁh:@ﬁ-aa@nate@torl@s b@tsamﬁnufﬁaemg&&@uma\&efe&ﬁ
were erosion tested were also tested 15for nechanical properties. For
exanpl e, cer ariieeateslifpting, sndrinmrensed menn fimsbeiivesn rieanisg ohpasic matsrials which

whi ch the Y20 ttrlu oxi.de | ar. tr 0 es from about
1750 mol'e 9 t et bt SorAed ?‘6@33?%’(@% ARSI Rt ver, g RiAme
concent ratyon 1eme§pré§efrﬁéatafﬁ@s@le&mm i ls Y doPack B in 3BnPRLEncdy, and,
the Al 203, al um num oxi de, nolar 19concentration’ranges fron1about 10

mole %to &boutart@ﬂanhowleen%fblodm' mesme xaetd gants Imhbbs%memﬂsmtsﬂme of 0

hal ogen- cont ai pl.a nas whi | rOVIdI advance chan
by oo P T i R ety S RS S DB BT Pae Agperslly

conponent $o W telihibgSfealk ARANGREIDr PR thA RS Bs L liSuA BORRE A usé fi_many
enbodi nents, a starting conposition 23for the ceramc materials may
be one that coaprcosisonRe3ssing campaenis,gndcesing Gits, aahdemb@4difheram about 55
nole % to about 65 nmole % Zr02 nol ar concentration ranges from about
2515 nole % to about 25 nmole % and Al 203 nol ar concentrati on ranges
from abouf, 10 le % to about 25 : en the erosion rate is
of great conce@ﬁ the starting 27nar§g§gﬁg§¥ﬂcentration of the

ceram c n#i erifédi8iray Benioneluttbigirocegmgchsitony 26 3semohRondABeOfR6REHHgat | ONn

ranges from about 55 nple %to about 65 mole % the Zr02 nol ar
| concent r & i orfPPaRYfesick Aghe Wiss0t of Prpcesing chiambers gubilie swiscessf ewmmrepsnés t he

Al 203 nol gy 2%8{1!.&% rsée's&ggogﬂ%&gé &, 20k %P&%Lmaﬁeégahts ﬁq eplelsﬂlag&gwmch

enbodi ment, to pro appara S CO art
material for Mattack ipfudessiag prafkiR 3G toek. (TRt offat émleel duedld oped aﬁ;ﬁfams@ﬁk@aca[se
sintered using a nethod selected from pressureless sinterin hot -
Spress sihter %ﬁ?@ue{lﬂpﬁf‘?ﬂ‘@ﬁl torps eropignet the snparpiuesulaed. dt léP‘PSﬁ'@lﬂ(tHGg)CG thPhese

sinteringdec ) nOISI i fite ‘t%frsglegtvn\l% a pal%cﬁar materlaI compom%ion for the apparatus surfaces. A

19 protective material may be applied as a coating over the apparatus surface; however, this
20 may not be the best solution to avoiding erosion. The coating is constantly getting

21 thinner (eroding) during a plasma etch, and there is an increased risk that the substrate
22 beneath the coating will be attacked by the plasma penetrating the coating layer. The

23 coating layer may flake off during plasma processing due to residual stress. While such
24 problems will be significantly reduced by using a coating of the erosion-resistant

25 materials described in embodiments herein, in many instances it may be advantageous to
26  form an entire apparatus component from the erosion-resistant materials. However,

27 frequently the materials which are more erosion-resistant are more crystalline, and an



7[ 0020] I n ot her enbodi nents, the starting material conpositions

| i sted above nay 8be used to forma ceram c coating over the surface
of a variety of netal and ceram c 9substrates, including, but not
limted to, alum num alum numalloy, stainless steel, 10alum na,
alumnumnitride and quartz, using a technique well known in the art,
such as 11pl asma spraying, for exanple and not by way of limtation.
Typically the alum num 12alloy used is a high purity alum num all oy
of the kind described in U S. Patent No. 136,766,873 to Sun et al.,
menti oned above. However, with the inproved nechani cal 1l4properties
whi ch have been obtained, it is recommended that solid ceramc

appar at us I15c enpoveerbisin besios edistatvenopess & st in thofoaw of dbctchred areenabica
failure of_ the agﬁarat S éo &Gfunction properly due to_jnterfaci

o ] I
probl ems et woERHRLER At MuegiRH tareraider YSing mpiesel Stica s forgred frm
prevent a $U0ag Bkl sy AAPAS FPs LeFVS LRRES, & UsinlifhdoRen GO a00bcen

f, or pl asnma penet of t

| ayer 18fl aking o 0 pfevént ration e coating

| ayer t hr augh deedstital topiovide 2ORBY rebistaers proisdded-canprising biasindshe coat i ng
| ayer as the coating |ayer becones thinner due 20to erosion, )

21{ 0021] THe a&aedigpninet ths pressp iyendsy ngeeip BERIEng eyrrasion gatg ehajcgamic
powder at 2 ent.rafi of zikcomn ivde, I i f rom about
0.1 nole 02? t o%%%gglt %ﬁﬁﬁﬁp %m %ﬁ‘og%jrﬂ%ngﬁ%(’glg gﬁoarta?%%mgﬁ Bcetli)errﬁfgf’hi? i onal
ceram c prrocesshbifhtiony tBitedtOshiR niiighiSy &QédtblesBdchini@ANpraivick br igped+igC
yttria crystal structure phase or a cubic fluorite-type crystal

st ruct ur e Sphagechapy propergied efdle camppnenidbagoipds of Bie gerpis nefterigbibi ¢ yttria

crystal styuc phase_and, cubi ¢ 26fluorite-type crystal structure
phase. Forl tniifiolc DS Pabakel ey s e iRet SR oo R or
of the solg d s&lldubiufith phiseoR e bretniAiphaa buchfas tfdShRNdaAd BB pRast.t THel UM
oxi de 28nystalline structure, due to the formation of yttrium

vacancy. Hor wnhli-phaisi cerafniagdypically copprin a Wewgnsilushinate phaest and ene drifeo edid |
paraneter_of the.solid solution is smaller than.that of the pure
Deubi o 11 or i FRoppeesey P BTy i D HEOT B AR DR oG BHes
vacancy. {Bhe sHBdikigkd &Rinkic BRALAIREGEed m&%&s?ngm%@mg SrbBLRNG €

properties of the solid solution of zirconium4oxide in yttrium
oxi de. Fdrf exdripinine etdsion esssihen Thameteddls whipuwere sobibdteyted wera alsmiestee

5ceramc jn a_CF4/Cl-1F3 plas is apout Q.3 prn/hr. The erqgsion rate
(the rate®at HHMEH R snwPaEs ee @aﬁn}lﬁmbt%l{?%gmﬁ 2EWg hr) of

a solid ¢gram " 9 Y i e %
21 T cont uricox GenRSigRAStRER L0, Melith SE B By RAN okt al ©

t han pur é7sol 5@mplets touhmoZh eele Y3;hihs Zt)expedie dxide eroka sencemradsrangen
rate 9extends the lifetinme of a grocess chamber |iner or an internal

appar at us'8confeneRtet if Rk Lobe 3P rokessndritifbbP; Asmitpxidepmolar
repl acenegt f{ogueney I’L%Es ?ﬁﬁ Qbo%?ﬁﬁ%@% Yto hgouli ?@#81‘3% ]Er%\jriﬁee &lefd
appar at us "down tine; and, e particle and netal contam natron | evel
generate®0  erosion resistance to halogen-containing plasmas while providing advanced mechanical
21 properties which enable handling of solid ceramic processing components with less
22 concern about damage to a component. In many embodiments, a starting composition
23 for the ceramic materials may be one that comprises Y,0, molar concentration ranges
24 from about 55 mole % to about 65 mole %, Zr(Q, molar concentration ranges from about
25 15 mole % to about 25 mole %, and ALO, molar concentration ranges from about 10
26 mole % to about 25 mole %. When the erosion rate is of great concern, the starting
27  material concentration of the ceramic material may be one that comprises Y,0, molar

28 concentration ranges from about 55 mole % to about 65 mole %, the ZrQ, molar



12during a plasma process is reduced, enabling a device fabrication
wi th ever shrinking 13geonetry with reduced overall cost of the
processi ng apparatus per wafer processed, on 14the average.

15[ 0022] While the 0.1 pmihr erosion rate for the zirconium

oxi de-containing yttrium 16oxi de solid solution is surprisingly
better than that of yttriumoxide at 0.3 iiro/hr, and 17consi derably
better than of a solid alum num oxide ceramc at 1.44 pnihr in the
18CF4/ CHF3 pl asnma, the nmechanical properties of the zirconium

oxi de-containing yttrium 19oxi de solid solution illustrate that an

i nprovenent in flexural strength and fracture 20t oughness woul d be
hel pful . 21[ 0G2B3dehiration eangsxifioeh abeutt2) miolecks fid aboutr2s Imaded Yoandithh AR O¢dmolar
fracture toughness of the 22zirconium oxide-containing yttrium oxide
solid sol uti orfoieatationi buglg * 1ybeds mglevar ibens coBedimeriite Prrucgagplidum
oxide to the f i ' \r A m.an
2aaddi 1 oral, yPrTE s phiehh S Uskihedabdthl G GRENIEcchifon BT

pel | eti zeds by pefiediome Sid st wlterbPG&RRAM clhodREleEEl fith MEssGalosh sint@mb,Abi-C
pressing of a granular powder formed 26by spra drglng, in o :
conbi nat i ch wiPess gntexng (&), oz:l@nﬁtsemnc@resbﬂm@maﬂﬁ/ﬁh@ ¢ selritgdeshnigugs are
27t hen pressurel.ess sintered using techniques generally known in the
art. The a%di twﬁgﬁn%‘?mf‘gﬁ%m e %to 30 nole % of alum na ‘

signi ficantly [pomer oveth &he cABsdRatits e s@f@@%{atehascoﬂfwsédowﬁs@avasx%rxﬁ'a?

ceram c conposition in ternms of flexural strength and fracture
t oughness, 8 as b2dieddubosed coubis soptispbyey teevtficn of dfharisty ofmenl il pgamhange

i hani I ties, ich,3i i cat t hat .f abr | cat t
coul @ be Hand AR frefidios TG it ottt R S oGP R EH
mni mal  efd ecty@find m&n&hﬁ\%ﬁmd%efahﬁa, tistle® 1 QhnitRewGBaah ﬁltﬁa&f§+cﬁ'as

For exanple, the 5erosion rate of  the céram c containing 69 nole %
yttrium oki de ptasma §itaying, for 8sa6iplerand notbpwex bilenitatids. eFypaiothe aleminoma
hr. For the

| asna cont ai nj.n 4 and CHF3, was about 0,1 gm 7/
(F:) eram ¢ c{c}nt aia'h‘i’ﬁl‘ﬁ'%lﬁGS{gﬂﬂmﬁﬂi“@‘W’ﬁﬁ?hﬁﬁ{“& gﬁ‘ér,‘befl FeU-&r idsmbhor at e
after 8exppsulgek 97iP8us&TE, AlASHR aF@ébfl{)ﬁQVeﬁgﬂﬂ‘lttheQmémggH ecinical O
e % al um’num oxi de, t

the ceram c contal ning 9about 25 no e erosion
rate after4 expoputies widch lnee sanebiphal iths rasiniadddohdt s@lid2efnid appdratusThe
rel ati onshi p between al um num oxi de content, increase in 11fl exural

st rengt h, 1and PHEFEHE RS 1si whagpsible, i aoiddbafpntanl falniof the appsiatisia hi p.
However, gne miiogé%ﬂehy bt th tﬂ:ﬁcrﬁgl ]flﬁ'(?iﬂee s?%?:v@fe& fhe E%E%n %Mé lﬁl&é\ﬁ&}nbg

m ni mal experinentation; 1n view o ntormati on provi

herei n. 1#{ 0024tshae, antodréveniinabd ¢ e fHloredd fllasigh radididicd &R 1Ok dGatib® lagtermul t i
phase netal stable 15conposition containing yttrium oxi de and

zi rconi uni®oxi daking eff;jos topueventiplasma pergiaioppdihe corfmlpyrr thisushidefeets whiglo3,
scandi um Q(i d ?Ii.ay %Iggx%g@ed %%I%d\%minu ¢ ché.{:lgge l;ayclyg,szgé boagli'lgolg.jife% Becomes thinner due
20 to erosion.
21 (06021} The addition of zirconium oxide powder to ytirium oxide powder ata
22 concentration of zirconium oxide, ranging from about 0.1 mole % to about 65 mole %,
23 after consolidation by conventional ceramic processing, provides a single solid solution
24 with a cubic yttria crystal structure phase or a cubic fluorite-type crystal structure phase,
25 or provides a mixed solid solution of cubic yttria crystal structure phase and cubic
26 fluorite-type crystal structure phase. For the cubic yttria crystal structure, the cell
27  parameter of the solid solution is smaller than that of the pure cubic yttrium oxide

28 crystalline structure, due to the formation of yttrium vacancy. For the cubic fluorite-type



170xi de; SnR03, samari um oxi de; Yb203, ytterbium oxide; Er203, erbium
oxi de; Ce203(or 18Ce02), cerium oxide, or conbinations thereof, In
the instance where one of these 19alternative oxides is used, the
concentration of the oxide in the starting material 20fornulation
ranges fromabout 0.1 nole %to about 90 nole % and typically ranges
21from about 10 nole % to about 30 nole % 22[ 0025] After m xing of at
| east one of the alternative oxides |listed above with the 23Y203 and
Zr 02 powders used to forma solid solution, the conbination of
powders was 24conpacted by uniclirectionally mechanical pressing or
cold isostatic pressing of the 25granul ar powder fornmed by spray
drying wwth a typical content of binders. The green 26body was then
pressurel ess sirystad stantues tagelt podmmia ubbe bolidwslution it sreallar than thigohthe poti ng

of 27the sjntered _body, a singl hase or .two, phase solid soluytio
forns, whe?e t ‘°_§18 ri‘%‘“?é_é%‘fcﬂg‘? g?‘Fpt_Pg’eefomi"i‘ﬂ?r_t Gto Y%ﬁﬁ?%@c&pgaﬁm 619
sol ution. éne Op%%de%r ﬁﬁHrWeh e pﬁ&ﬁé Qki!atéac@gﬁ?ﬁli{sso}t%ﬁ sai¥i dhfutiéh Gz Sdnftlm

structure, and another solid solution e e cubic
fluorite-type wmudgsi glrivAsdxidec Forexamplbehesdosiah rato bid puensolid gtiricedideent
pl asma resistance, typically better erosion 3resistance than that of
the al umi ntim J%iA0e 1885w B nrjaseniis o Ltmbh sThgierosins st the asteftivhich a

v eh . - P ol .
Syotom ar e] Sornfatshieadl PRLGH R Q) 0 sl L BAELE SULIFRN B
exhi bit extgel |setitmpkis ol BHHGIN Ad1CK eRtosind@eleddsbolt T Wb anRighkanbeal

properties in conparison with previously known 7yttrium _

oxi de- zi r cBni UAesPRirde thanpyre sadig |yt pide. STHODIBEHR drrepE SCRP oM 'aR OF
THE DRAW (].E.gure. 1 A sh .phot omi.cragraph of the . .
ac-sintor o sutravaepe A Gabuioed RHeEfe R A0 SR ahRRyRogblEn wivin

magni fi catg on tBd prdceSWBarhbdiBS thal thb AP RBnkdn B RentB i RN p@hratus is reduced,
phot om crograph of the as-sintered surface of a solid 12solution
cerami ¢ slbst rredueing appaestisdoeniias andtie mHtigtetand omiabontdminai@: levsl gengtated

i i 30x] d d 14 mol.e % i i de, .at. i ficati
ot 10000 17 moaiifes BRSe Hiecih credtetd RRRER bt BiwiEiog v Vbt e "
as-sintereg s (l#%&ﬁéh%_ With 8@ dveralt 28@btthd ABcSSE AP Arati e Wh Rl ﬁoéegsreg,rgoq

from55 nole % yttrium oxide, 20 nole % zirconi um 16oxi de, and
mol e % al iri nimaysiagle, at a magnification of 1,000 tines.

i um okf de HB2b: an AR EPECE e R SR con PR )P
Cont act V1o o e o B oL Sl Y BB T
201, 000 t i'fres.considerably better than of a solid aluminum oxide ceramic at 1.44 pm/hr in the

18  CF,/CHF, plasma, the mechanical properties of the zirconium oxide-containing yttrium

19 oxide solid solution illustrate that an improvement in flexural strength and fracture

20  toughness would be helpful.

21 [0023] In one embodiment, the flexural strength and fracture toughness of the

22 zirconjum oxide-containing yttrium oxide solid solution are achieved, by adding various

23 amounts of aluminum oxide to the formula for the solid solution ceramic to form an

24 additional yttriam aluminate phase. The mixture of oxides was pelletized by

25 wnidirectional mechanical pressing or cold isostatic pressing of a granular powder formed

26 by spray drying, in combination with a typical content of binders. The green body was

27  then pressureless sintered using techniques generally known in the art. The addition of

28 10 mole % to 30 mole % of alumina significantly improved the mechanical properties of



21[ 0031] Fi gure 2B shows a photom crograph of the surface of a solid
solution ceramc 22forned from 63 nole % yttrium oxide, 23 nole %

zi rconi um oxi de, and 14 nole % 23al um num oxi de after a test etch
using the processing plasmas and tinmes typically used to etch the
various |ayers of a contact via feature in a sem conductor devi ce.
The 2magnification is 1,000 tines. 3[0032]Figure 2C shows a

phot om crograph of the surface of a solid solution 4ceram c forned
fromb55 nole %yttrium oxide, 20 nole % zi rconi um oxi de, and 25 nol e
5% al um num oxi de after a test etch using the processing plasms and
times typically 6used to etch the various |ayers of a contact via
feature inla skesisastiweids cagobiten inldas Fhikgonl sredith @ fiadtutk, (6ghndsd, eSS .
8[ 0033] Fi gure 3A shows a photomi crograph of the post-etch ceram c_ of
Fi gure 2A, 2 9buliscassedsubasgiently keaein. o FibTumsispe changin snechepicalaepprtiey whish 3B
shovvsaphto [ thep f ure 2B,.11but
at a magnitica ?%oa(ri])ego péb’g t?d |n§§&dfﬁ%ﬁg]§§ ?g&“’rfé&ﬁ&g %m e adhlevego

phot oni cr ogr aphithiGhininxCefROSdr thd SknGRFRIFh Gat®bS Y @R zaﬁenalSMtexa?de@the
magni fication of 5,000 tines. 14[0036] Figure 4A shows a

phot oni cr oyr aﬂpswquh@f%cem entping H9 Yogrtirigm wikle @Iﬂdﬁlistmlﬁtﬁtﬁi on
ceramc fornmed.from 63, nol e i oxi d zirc

oxt de. Cand® 16 AP TR PRI SRR A P e S P E GG e oy
tines. 17[ﬂ03?hFIIg)Hﬂl% c4BuRROMBInAg RNRL RIThEE @leﬁﬁhutﬁ%mﬁ@%e%%sfoﬁ?&e é?ffer
the solid solution 18ceramc shown in Figure 4A, after exposure of

t he test c%up@npqsmc@ the sneipleehe apaimebes Odfunigtrh g'ok tha deralwis corntdisiog

her ei n. s 2,000 fines 4C s
phot o f Ot agioeS s v inPard s FrainaTB RIS sy e He Ao v
ceramc foy m@b@l&@muﬁ@mh‘ﬁe a2 hip WS Hlfmined IR Eondng ! Hrfcfe%&'lh’m
oxide, and 25 nole % al um num omg at a magnification of 2,
times. 2[ 01039]i]6mgairseenﬁm shldusease qnhm:&mmm:ﬁlegmtaﬂheanfrelaﬂmesm rHcmeeermnet he
solid sol |on PZ]IE?&% shown in Figure 4C  after exposure of the
test coup %?EPFYT&FE‘OTB%E"WHFW&FH’é‘“ﬁ?lﬁaped'é%‘?e‘iail%a’%eé’f%ﬁﬂi*?
The magni {4 cat1 hénl%ﬂ‘ﬁ telei®S. 5[ 0040] Fi gure 5A shows a

phot oni crogr ap a ‘so sol ution ceramic forned 6front3 nole %
yttrium ol de [0028] ol As 86 Aierrative to Bddng deninan dxideko At fhaad MerkiRtable
7oxi de after exposure of the test coupon tog a netal etch process of

the ki nd tescrrBRitigneaniinng ytiismaxlsiapd sreprippg oxide.st igpessiplefpadd HIO,,

16 hafoium oxide; Sc,0;, scandium oxide; Nd,0;, neodymium oxide; Nb,Os, niobium

17 oxide; Sm,0,, samarium oxide; Yb,0,, ytterbium oxide; Er,0;, erbium oxide; Ce,0, (or
18 Ce0,), cerium oxide, or combinations thereof. In the instance where one of these

19 alternative oxides is used, the concentration of the oxide in the starting material

20 formulation ranges from about 0.1 mole % to about 90 mole %, and typically ranges

21 from about 10 mole % to about 30 mole %.

22 [0025] Adfter mixing of at least one of the alternative oxides listed above with the
23 Y,0; and ZrO, powders used to form a solid solution, the combination of powders was
24 compacted by unidirectionally mechanical pressing or cold isostatic pressing of the

25 granular powder formed by spray drying with a fypical content of binders. The green
26 body was then pressureless sintered using techniques known in the art. Upon cooling of
27  the sintered body, a single phase or two phase solid solution forms, where the solid

28 sofution is a “multi-element-doped™ solid solution. One solid solution exhibits a cubic

10



9[ 0041] Figure 5B shows a photom crograph of a solid solution ceramc
formed 10from 55 nole % yttrium oxide, 20 nole % zirconi um oxi de, and
25 nmol e % al um num 1loxi de after exposure of the test coupon to an
etch by a CF4/ CHF3 plasna. The 12magnification of 5,000 tines.

13[ 0042] DETAI LED DESCRI PTI ON OF EXEMPLARY EMBODI MENTS 14[ 0043] As a
preface to the detailed description, it should be noted that, as used
in 15this specification and the appended clains, the singular forns
"a", "an", and "the" 16include plural referents, unless the context
clearly dictates otherw se. 17[0044] When the word "about” is used
herein, this is intended to mean that the 18nom nal val ue presented
is preciselw tifrimcrydtl s%cnlr@,[aﬁﬂ)ak@}lﬁuéoﬂﬁd yluticnierhibissi thkecubia Subriseype ywial t o
have verydgood corro |on i St ﬁﬁFuan exposure to fluorine

pl asma and® ot KBRSy P figa i Rlasgtperepistpice Y misally, Seitge ?fﬁsm
21semi condyict qesm%a%a 9am&%ﬁ?é@&ﬁggﬁnga@h@;omoﬂg&&ﬁ&g rafd
chem cal vapor 22deposition processes ver, pure crystalline
yttrium ox4 de,Hoseidragthofbdhnhiod proeériiesgd e yR3Gairdonialamminaggitai Ao e@ndvihat
various etchant plasmas, does not offer, good nmechanical 1properties

in terms ol flo8%GirAf ofdhesemyltirdonssofid salgtioneenhibiighosliens plasrer eresicinpl . To
|rrprove 2t he JBNCE.

sem conduc‘?or Q%S%H%%Jnaélﬁ?& I%)rgﬁr;t S o "‘6‘%5’1% 'HJ%R%L ]n{hﬁmﬁéﬁ%g{wéﬂ %e‘% ; olmf:"?’rnpr ove
t he mechani calynﬁmaﬁﬁé-ﬁﬁﬁnﬁm&mmoﬁﬂwsl able in pure 4crystalline
yttriumoxide. To obtain the inprovenent in nmechanical properties, it
i's 5necessary to forman alloy of yttrium oxi de with a conpatible

oxi de. Thegln%@ﬁﬁment 61 Ny RS ‘--f-- be

acconpl i shed ut harm on properties
of the pure yfemzpm OKighe.1 @i&%@bﬁdﬂonﬁ%@ﬂaﬁ%fﬁﬁd aa@mf&edtsh@ac@obbmcz
Formation Free Energy of various ceram c 9materials which mght be
conpat i bl ¥ wi tHriym pxifluerranis e mageifigdicn ofd Hdinssat it is nore
10difficult to formfluorides than oxides for yttrium and al um num

el ements, so that yttrium 1loxi de and al um num oxi de are expected to
provi de gpod r[@’@mstarlqgu&ps&ows%hét&ﬁrcmk?agﬁ)ef@e RLiMer] QFIR of d REia@ bbs
Formati on Free Energy of zirconiumfluoride is simlar to 13that for
yttrium flor iseletionReramirenbstiate fm&mgéawtes%ammmmzbmre%mqom or

a gl ass- ld4ceram r| de, ingcreasi he zirconium
fluoride ctont & ﬂ%?ﬁg@%@@é‘mﬂ ‘FFE m@%ﬂé’f Tgﬂé Hgsh 5
oxyfluoride to make it nore stabl e 16[ 0047] EXAIVPLE EMBODI MENTS:

17[ 0048] Exanple One: Etch Plasma Process Conditions For Erosion Rate
Testing 1Bf 004@RTabl eSgu@EC sho¥ia i @hotorhietogiaph pif thasebirsertédsarfateohia pilids ma

conposi ti ons arid et ch
ution ceramic substrate formed from 55 mole % ytirium oxide, 20 mole % zirconium

16 oxide, and 25 mole % aluminum oxide, at a magnification of 1,000 times.

17 [0030] Figure 2A shows a photomicrograph of the surface of a solid yttrium oxide
18 ceramic after a test etch using the processing plasmas and times typically used to etch the
19 various layers of a contact via feature in a semiconductor device. The magnification is

20 1,000 times.

21 [0031] Figure 2B shows a photomicrograph of the surface of a solid solution ceramic
22 formed from 63 mole % ytirium oxide, 23 mole % zirconium oxide, and 14 mole %

23 aluminum oxide after a test etch using the processing plasmas and times typically used to

11



19pl asma processing conditions which were used for evaluation of a
series of test coupon 20materials. There were three basic different
sets of etch plasma conditions which were 2lused for the erosion rate
testing: 1) Trench etching, where the etch plasnma source gas 22and
etch process conditions were representative of etching a trench
feature size beyond 2365 nmtechnology, i.e. smaller than 65 nm into
a nultilayered sem conduct or substrate. 24Such a substrate typically
i ncludes "an antireflective coating (ARC or BARC) |ayer, an 25organic
or inorganic dielectric layer, a netal |ayer, and an etch stop | ayer.
Contact Via 26etching, where the etch plasnma source gas and etch
process cohdi tetchrie vagoe |25 opa esent \dd feasteredf a etnidohdigton dedmet At vi a
havi ng an aspect ratjo of about 30 in production 14 1land 40 plus in
the devel oped BHFERo8 ByOP&MES: and having a dianeter of beyond 65 nm
2technology into a multilayered sem conductor substrate including a
buried ARC (BARC) 3l ayer, a dielectric |layer and a stop |ayer; and 3)
Met al et chd ng,[003eT e tFigrelC BhaWsaphisotRengrapk otassuafack hedlidpblodass
conditions were representative of etching an overlying 5titanium
nitride hatd rea@Rricdprned fom Smakiihyttaye pxidagR meleh srepim yidasingd 23 Blkce
gas and 6efch, ngiti re. be nm.technal o .

7] 0050] The§ t reﬁ%ﬁﬁgﬁ%ﬁgﬁag%%rggéegg%t&auﬁggttﬁée)& g%%%nagc%ﬂ S\rﬂ% é;ang,? ‘8}%"?%{8“’%}1 ocess
were carri@ed 8Seddtito btth thbearfolBLdRf AVoMER FBIfEfS M seficomfittol Reica et
etching process was carried 9out in the DPSTM processing system all
avai | abl e *r omtagpifraten isNER0Btings-s, I nc. of Santa 10C ara, California.
11[ 0051] Tabl e One: Process Conditions for Trench Etch Erosion Rate
Test 12[0052] Trench Etch Sinmulation CF4 * 6 * -1 CHF3 * * - *

Pl asma 8 [0033] Figure 3A shows a photomicrograph of the post-etch ceramic of Figure 2A,

9 but at a magnification of 5,000 times.

10 [0034] Figure 3B shows a photomicrograph of the post-etch ceramic of Figure 2B,

11 but at a magnification of 5,000 times.

12 [0035] Figure 3C shows a photomicrograph of the post-etch ceramic of Figure 2C,
13 but at a magnification of 5,000 times.

14 [0036] Figure 4A shows a photomicrograph of the as-sintered surface of a solid
15 solution ceramic formed from 63 mole % yttrium oxide, 23 mole % zirconium oxide, and

16 14 mole % aluminum oxide, at a magnification of 2,000 times.

17 {0037 Figure 4B shows a photomicrograph of the surface of the solid solution
18 ceramic shown in Figure 4A, affer exposure of the test coupon to a trench etch process of

19 the kind described herein. The magnification is 2,000 times.

20 [0038] Figure 4C shows a photomicrograph of the as sintered surface of a solid

21 solution ceramic formed from 55 mole % ytirium oxide, 20 mole % zirconium oxide, and

12



Source Power' Pr2 Subr Bias Power Subr Term Time Etch Step One 150
30 300 1,000 40 35 Etch Step Two 400 1200 220 400 40 40 Etch
Step Three 175 15

1 25 mole % aluminum oxide, at a magnification of 2,000 times.

2 [0039] Figure 4D shows a photomicrograph of the surface of the solid solution
3 ceramic shown in Figure 4C, after exposure of the test coupon to a trench etch process of

the kind described herein. The magnification is 2,000 times.

5 [0040] Figure 5A shows a photomicrograph of a solid solution ceramic formed
6 from63 mole % yttrium oxide, 23 mole % zirconium oxide, and 14 mole % aluminum
7 oxide after exposure of the test coupon to a metal etch process of the kind desctibed

8 herein. The magnification is 5,000 times.

9 [0041] Figure 5B shows a photomicrograph of a solid solution ceramic formed

10 from 55 mole % ytirium oxide, 20 mole % zirconium oxide, and 25 mole % alun{inum
11 oxide after exposure of the test coupon to an etch by a CF,/CHF, plasma. The
12 magnification of 5,000 times.

13 [0042] DETATLED DESCRIPTION OF EXEMPLARY EMBODIMENTS

14 [0043] As a preface to the detailed description, it should be noted that, as used in

15 this specification and the appended claims, the singular forms "a", "an®, and "the"

16 include plural referents, unless the context clearly dictates otherwise.

17 [0044] ‘When the word “about” is used herein, this is intended to mean that the

18  nominal value presented is precise within £ 10 %.

19 [0045] Bulk ytirium oxide has been shown to have very good corrosion resistance
20 upon exposure to fluorine plasma and other corrosive plasmas which are typically used in
21 semiconductor manufacturing processes (such as etch processes and chemical vapor

22 deposition processes). However, pure cfystalline yitrium oxide, while offering very good

23 corrosion resistance to various efchant plasmas, does not offer good mechanical

i3



1500 150 500 40 39 Etch Step Four 500 100 10 200 40 55 24* All
gas flowrates are in seem 251. Plasma Source Power in W 262.
Pressure in niforr. 273. Substrate Bias Power in W 284. Substrate
Tenperature in C. 295. Tinme in seconds. 1[0053] 2[0054] Table Two:

Process Conditions for Via Etch Erosion Rate Test Via Etch
1 properties in terms of flexural strength and fracture toughness, for example. To improve
2 the overall performance and handling capabilities of semiconductor component parts and
3 liners, there is a need to improve the mechanical properties from those available in pure
4 crystalline yttxium oxide. To obtain the improvement in mechanical properties, it is
5 necessary to form an alloy of yttrium oxide with a compatible oxide. The improvement
6  inmechanical properties needed to be accomplished without harming the very good
7 plasma eroston properties of the pure yttrium oxide.
.8 {0046] In consideration of the Gibbs Formation Free Energy of various ceramic
9  materials which might be compatible with yttrium oxide, we determined that it is more
10 difficult to form fluorides than oxides for yttrium and aluminum elements, so that yitrium
11 oxide and aluminum oxide are expected to provide good resistance to a fluorine-
12 containing plasma. The Gibbs Formation Free Energy of zirconium fluoride is similar to
13 that for yttrivm fluoride. Further, in a homogeneous amorphous oxyfluoride, or a glass-
14 ceramic composite oxyfluoride, increasing the zirconium fluoride content can decrease
15 the free energy of the final oxyfiuoride to make it more stable.
16  [0047] EXAMPLE EMBODIMENTS:
17 [0048] Example One: Etch Plasma Process Conditions For Erosion Rate Testing
i8 [0049] Tables One - Three, below, provides the etch plasma compositions and etch
19  plasma processing conditions which were used for evaluation of a series of test coupon
20 materials. There were three basic different sets of etch plasma conditions which were
21 used for the erosion rate testing: 1) Trench efching, where the etch plasma source gas
22 and etch process conditions were representative of etching a trench feature size beyond
23 65 nm technology, i.e. smaller than 65 nm, inte a2 multilayered semiconductor substrate.
24 Such a substrate typically includes an antireflective coating (ARC or BARC) layer, an
25 organic or inorganic dielectric layer, a metal layer, and an etch stop layer. Contact Via
26 etching, where the etch plasma source gas and etch process conditions were
27  representative of etching a contact via having an aspect ratio of about 30 in production

14



CF4 Sinulation CVF3 dleF2 ,Al 92 Etch Step One 80 80 Etch
Step Two 28 15 20 500 31 Etch Step Three 40 650 30 Etch Step

Four

e R R e LY. D " VO N .

—_ = sk
| S

13
14
15

16
17

18
19

20
21

22
23

24
25
26
27
28
29

and 40 plus in the developed device substrate, and having a diameter of beyond 65 nm
technology into a multilayered semiconductor substrate including a buried ARC (BARC)
layer, a dielectric layer and a stop layer; and 3) Metal etching, here the etch plasma
source gas and etch process conditions were representative of eiching an overlying
titanium nitride hard mask and an aluminum layer, where the etch plasma source gas and
etch process conditions are beyond 65 nm technology.

[0050] The trench etching process and the contact via etching process were carried
out in the ENABLER™ processing system, and the metal etching process was carried
out in the DPS™ processing system, all available from Applied Materials, Inc. of Santa
Clara, California.

[0051] Table One: Process Conditions for Trench Etch Erosion Rate Test

[0052]
Trench CF,| O, |CHF, | N, | Ar | Plasma | Pr* | Subr | Subr Tigne
Etch L * * * | Source Bias | Temp
Simulation Power! Poyver !
Etch Step || 150 30 300 | 1,000 40 35
One
Etch Step 400 1200 [ 220 | 400 40 40
Two
Etch Step || 175 15 1500 | 150 | 500 49 35
Three
Etch Step 500 100 10 200 44 55
Four :

*  All gas flow rates are in scem.

1. Plasma Source Power in W.

2. Pressure in mTorr.

3. Substrate Bias Power in W.

4. Substrate Temperature in °C.

5. Time in seconds.
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200 Etch Step Five 500 Via Etch Sinulation Plasma Source
Power' Pia Substrate Bias Power' Substrate Tenpi' Tinmes Etch Step One
80 400 40 50 Etch Step Two 400 30 1700

1 {0053] Table Two: Process Conditions for Via Etch Erosion Rate Test
2 [0054]
Po|gmR | o | on fom an e | oo |y
5 Etch Ste 80 20
6 One P
7 Etch Step 28 15 20 500 31
8 Two
9 Etch Step 40 650 30
10 Three
11 Etch Step 200
12 Four
13 Eitch Step 500
14 Five
15 Via Etch Plasma Py Substrate Substrate Time®
16 Simulation Source Bias Temp* '
Power’ Power® :
17 Etch Step One 80 400 40 50
18 Etch Step Two 400 30 1700 40 60
19 Etch Step Three 30 1700 40 60
20 Etch Step Four 1000 50 100 40 45
21 *  All gas flow rates are in scem.
22 1. Plasma Source Power in W.
23 2. Pressure in mTorr.
24 3. Substrate Bias Power in W.
25 4. Substrate Temperature in °C.
26 5. Time in seconds,




40 60 Etch Step Three 30 1700 40 60 Etch Step Four 1000 50 100 40 45
21* All gas flowrates are in sccm 221. Plasma Source Power in W
232. Pressure in mlorr. 243. Substrate Bias Power in W 254.
Substrate Tenperature in C. 265. Tinme in seconds. 1[0055] Table
Three: Process Conditions for Metal Etch Erosion Rate Test 2[0056]

Metal Etch Shill. C12 * B3 * 5 H< CHF3 *
1 [0055] Table Three: Process Conditions for Metal Efch Erosion Rate Test
2 [0056]
3 Metal CL | BClL |CH, | Ar | CHF; | N, |Plasma | Subr |Prc | Subr | Time
4 Etch * g * * * * | Source | Bias | Pr Timp ;
5 Simul. Power | Power 3
1
6 Eich 60 3 20 1000 100 8 40 30
7 Step
8 One
) Etch 25 | 40 10 5 500 150 10 40 18
10 Step '
11 Two
12 Etch 60 | 40 20 700 120 18 40 30
13 Step
14 Three
15 Eich 60 | 40 3 1000 200 8 40 23
16 Step
17 Four
18 Etch | 30 | 60 5 150 5 800 170 6 40 15
19 Step
20 Five
21 * All gas flow rates are in scem.
22 1. Plasma Source Power in W.
23 2. Substrate Bias Power in W.
24 3. Pressure in mTort,
25 4. Substrate Temperature in °C.
26 5. Time in seconds.

27 [0057] Example Two: Comparative Relative Frosion Rates Of Various Ceramic

28 Materials Compared With Aluminum Oxide
29 [0058] Aluminum oxide has frequently been used as a protective layer or liner when

30 a semiconductor process makes use of an etchant plasma. Using aluminum oxide as the
31 base comparative material, we determined the relative etch rates, in 2 Trench Etch

32 (CF,/CHF;) environment. With aluminum oxide having a relative erosion rate of 1, we
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found that the relative erosion rate of quartz was about 2.2 times that of aluminum oxide.
The relative erosion rate of silicon carbide was about 1.6 times that of aluminum oxide.
The relative erosion rate of zirconia was about 0.8 times that of aluminum oxide. The
relative erosion rate of pure yttrium oxide was about 0.19 times that of aluminum oxide.
The relative erosion rate of a yifrium oxide, zirconium oxide, aluminum oxide ceramic
composite, formed from 55 mole % yttrium oxide, 20 mole % zirconium oxide, and 25
mole % aluminum oxide was about 0.2 times that of aluminum oxide. The relative
erosion rate of a yttrium oxide, zirconium oxide, aluminum oxide ceramic composite,
formed from 63 mole % yttrium oxide, 23 mole % zirconium oxide, and 14 mole %

aluminum oxide was about 0.05 times that of aluminum oxide.

[0059] Example Three: Measured Frosion Rates for Trench Etching Process
[0060] With reference to the trench etching method described above, the sample

substrate test coupon erosion rates measured were as follows. The erosion rate of
aluminum oxide was 1.1 pum/hr. The erosion rate of bulk yttrium oxide was 0.3 pmy/hr.
The erosion rate of a the a ytirium oxide, zirconium oxide, aluminum oxide ceramic
composite, formed from 55 mole % yitrium oxide, 20 mole % zirconium oxide, and 25
mole % aluminum oxide was 0.1 pm/hr. The erosion rate of a yttrium oxide, zirconium
oxide, aluminum oxide ceramie composite, formed from 63 mole % yttrium oxide, 23

mole % zirconium oxide, and 14 mole % aluminum oxide was 0.07 um/hr.

[0061] Example Four: Measured Erosion Rates for Via Etching Process
[0062] With reference to the via etching method described above, the sample

substrate test coupon erosion rates measured were as follows. The erosion rate of
aluminum oxide was not measured. The erosion rate of bulk ytirium oxide was (.16
um/hr. The erosion rate of a the a yttrium oxide, zirconium oxide, aluminum oxide solid
solution, formed from 55 mole % yitrium oxide, 20 mole % zirconium oxide, and 25

mole % aluminum oxide was 0.21 pm/hr, The erosion rate of a yittrium oxide, zirconium

18
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oxide, aluminum oxide solid solution, formed from 63 mele % ytirium oxide, 23 mole %

zirconium oxide, and 14 mole % aluminum oxide was 0.22 um/hr.

[0063] Example Five: Measured Erosion Rates for Metal Etching Process

[0064] With reference to the metal etching method described above, the sample
substrate test coupon erosion rates measured were as follows. The erosion rate of
aluminum oxide was 4.10 pm/hr. The erosion rate for bulk yttrium oxide was 0,14
um/hr. The erosion rate of a the a yttrium oxide, zirconium oxide, aluminum oxide
ceramic composite, formed from 55 mole % yttrium oxide, 20 mole % zirconium oxide,
and 25 mole % aluminum oxide was 0.10 umv/hr. The erosion rate of a ytrium oxide,
zirconium oxide, aluminum oxide ceramic composite, formed from 63 mole % yttrium

oxide, 23 mole % zirconium oxide, and 14 mole % aluminum oxide was 0.18 um/hr,

[0065] Example Six: Photomicrographs Of Yitrium-Oxide-Based Ceramics After
Exposure to A Via Etch Process

[0066] Figures 1A through 1C show photomicrographs of the surface of a sintered
yttrium-oxide-containing ceramic composite prior to exposure to the via etch process
described herein. The yttrium-oxide-containing ceramic composites include: 1) yttrium
oxide-zirconium oxide solid solution; and 2) yttrium aluminate, when the composition
was yttrium oxide 100 parts by weight, zirconium oxide 20 parts by weight, and
aluminum oxide 10 parts by weight. ( This composition is the same as 63 mole % yitrium
oxide, 23 mole % zirconium oxide, and 14 mole % aluminum oxide); and 3) yitrium
oxide - zirconium oxide - aluminum oxide solid solution, when the composition from
which the solid solution was formed was yttrium oxide 100 parts by weight, iircom'um
oxide 20 parts by weight, and aluminum oxide 20 parts by weight. (This composition is
the same as 55 mole % yttrium oxide, 20 mole % zirconium oxide, and 25 mole %
aluminum oxide). All of the photomicrographs are at 2 magnification of 1,000 times.

[0067] Figures 2A through 2C show photomicrographs of the sintered ytirium-
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50 5 800 170 6 40 15 21* Al gas flowrates are in seem 221.

Pl asma Source Power in W 232. Substrate Bias Power in W 243.
Pressure in niforr. 254. Substrate Tenperature in C. 265. Tine in
seconds. 27[0057] Exanpl e Two: Conparative Rel ative Erosion Rates O
Various Ceram c 28Materials Conpared Wth Al um num Oxi de

29[ 0058] Al um num oxi de has frequently been used as a protective |ayer
or liner when 30a sem conduct or process nakes use of an etchant

pl asima. Using al um num oxi de as the 31lbase conparative naterial, we
determ ned the relative etch rates, in a Trench Etch 32( CFl CHF3)
environment. Wth al um num oxi de having a relative erosion rate of 1,
we | f ound! t hatidefrentriging terangic esngmsitrsubseend expoaurt o thvada etbloprbeeds 2

times that_ of alum num oxjde. . 2The relative erosion rate of silicon
carbi de weld  aBGHTON eE, S VTR OBAe-SoIRITAGHIABNA PO ECIps: ) igam

erosion raje Qf;gi Q. - D, e.
The 4rel aﬁ Ve%&}dﬁgﬁ%&%ﬂ%}%@%@%ﬁﬁogﬁﬁé %)Id}rii@%(li e v?/‘éagéwa dgg% 0. 1%2{(%“?%3
t hat of al4m reasytehindexideSDh @antscdyateighe z@coniinoaxideD @artd byawejght, mhdim

oxi de, zirgconi um_oxi de, alum num_ oxide ceranic 6conposite, foﬂr ned
from 55 ol e GHURIRR Brfidechipges by surigs (Khingompsitoniin e eiede 63 BAl “o¥HHY | o
% al um nung OX'ogﬁe,%%M%&co%\ga 5£id£e:§1dtlngﬁoleq%.aﬂﬁnw&gaeg?& glﬁent e
relative 8erosion rate of a yttrium oxide, Zzirconlum oXide, alum num
oxi de cer dhi C comp@itbhtvas yifuar aidd 100 pans®3 welphe zidopitinroxide0 yartidy wiht,
mol e % zirconi um oxi de, and 14 nol e % 10al um num oxi de was about 0. 05
times that® of 284 yninymoside ddparts by veish (Fhis apmuesiiip sdhe spraaviderrlEiosi on

e o ol 28,195 LIRS LGRNGRI) o
10 photomicrographs are at a magnification of 1,000 times.
11 [0068] The surface roughness of the bulk yttrium oxide shown in Figure 2A has
12 -increased in roughness substantially. However, the overall surface roughness appears 1o
13 be less than that of the zirconium oxide and aluminum oxide containing sample coupons.
14 The surface roughness of the solid solution shown in Figure 2B, which contains 10 parts
15 by weight aluminum oxide appears to have hills and valleys which are flatter than the
16 hills and valleys of the solid solution shown in Figure 2C, which contains the 20 parts by
17 weight of aluminum oxide. However, the hills and valleys on the 10 parts by weight
18  aluminum oxide sample coupon shown in Figure 2B have more pitting on the surface
19 than in the 20 parts by weight sample coupon shown in Figure 2C.
20 [0069} Figures 3A through 3C show photomicrographs which correspond with
21 Figures 2A through 2C, respectively, but are at a magnification of 5,000 times. Looking
22  atthe surface of the bulk ytirium oxide sample coupon shown in Figure 34, the surface is
23 relatively smooth but does show some evidence of small pits. The Figure 3B solid
24 solution formed from yttrium oxide 100 parts by weight, zirconium oxide 20 parts by
25 weight, and aluminum oxide 10 parts by weight also shows some small scale piiting
26  present on the rougher surface shown in Figure 2B. The Figure 3C solid solution formed
27 from yttrium oxide 100 parts by weight, zirconium oxide 20 parts by weight, and

28  alumimun oxide 20 parts by weigh shows negligible small scale pitting.
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13substrate test coupon erosion rates neasured were as follows. The
erosion rate of 14alum num oxide was 1.1 um hr. The erosion rate of
bul k yttrium oxide was 0.3 urn/hr. 15The erosion rate of a the a
yttrium oxide, zirconium oxide, alum num oxide ceram c 16conposite,
formed from55 nole % yttrium oxide, 20 nole % zirconi um oxi de, and
25 17mol e % al um num oxi de was 0.1 um hr. The erosion rate of a
yttrium oxi de, zirconium 18oxi de, al um num oxi de ceram c conposite,
formed from63 nole %yttrium oxide, 23 19nole % zi rconi um oxi de, and
14 nol e % al um num oxi de was 0.07 um hr. 20[ 0061] Exanpl e Four:
Measured Erosion Rates for Via Etching Process 21[ 0062 Wth reference
to the vid et ¢fi70l]g nmeLbukéhgdethe tlokiathamb G the thirbetes atppbas, 2 2gdhs thanthe
test coupon erosion rates neasured were as follows. The erosion rate

of 23al uni‘num!§2% tracstargnifisttionde shrneg-eichiraurspodiowh betigt wefage chaspggeristics
yttrium ox de r h r0shon _r.at f t trium
oxi de, zi )r(.’,cOnf%@d&?ﬁ%%@%%ﬁ?&&%%lg@ﬁrg ?16 ?TSSI%BYE%?‘JFI%(%?%@& % rom
55 nol e %4yt t kdlidPtelh dRide AOwA™ Eigle ZAT GTNIHAR BXihe Solidabitidhfemahe %
al um num oxi de was 0.21 urn/hr. The erosion rate of a yttrium oxide,
zi rconi umS | ogide; Zigpuivin Axige oaliraisus okidelwhich crnfained 19 prrisdnl weighinleanwm| e

% yttri i de, 23 % 27 i um.oxide. and.14 .nol.e %.al uni
oxt de. s 0. 25t LBk s SR Sl B E - BP UG B oo 1 or
Met al Et chy nga&ﬁﬁﬁﬁ%ﬁ&%&%éﬂ%&a@o@@ﬁ@ﬁﬁ%@%ﬂ&om%.al et chi ng

met hod descri bed above, the sanple 5substrate test coupon erosion
rates nmeasured were as follows. The erosion rate of 6al um num oxi de

was 4.10 tun/ The er,0si on r.ate . for bul t.triumoxide, 0.14
7uni hr. T§e eﬁ%”o ! - 2 omigogsy) Y ‘mf’z;“.“uglmﬁ&aﬁe
al um num oxi de 8cefEHERPEH BARENESEr om 55 nole % yttrium

oxide, 20 nole % zirconi um oxi de, 9and 25 nole % al unm num oxi de was

0.10 tun/n. er osy. rat triumoxi.de, 10zi.rconi oxi de,
ai uni num i dl00FF v 8l Bl B Pl Aol Eh T RS R0 SEEN SR Bl
1loxi de, 123 npii@ioHcehmhiv@BkpdEitOXintheringalnd pdrk by B efshYe @l i dxiemooaiteley was
0.18 um hr. 12[0065] Exanple Six: Photom crographs O _
Yttrium Q% dewEakiabmiam,prides antf wartstyPyeids elpminua 9xidei(e3 rmle te siiriswes s

14[ 0066] Ri,gures .| A, t hr Qugh 1.C show om g raphs of. the surface of
s nter & 1594 PP BRobGRORRh Ry 2L 8Pk o SYRERRGy R iSRS
exposur e 140 t §©,0003inRs ChgiRE 08 Sifows h@HR Gt BREN BahSiuaceldi®e solid ceramic
yttrium oxi de-containing ceram c conposites include: 1) yttrium

170xi de- ZPr cosrnperitpal Jiguesdia affesthingi by, repghcktc)pracessrof thkiall shvivmeieesin.
21t coni urox| e PP LFRE By A RPES oL O ek Hes Rolehaepeerh,y
wei ght.  (17Thi & 16 9EPRE EidRBy hSmbdRRecd@ MEhiPRnBRalide & pkBr¥drhrhl Whests that
18 after fabrication of an apparatus such as a chamber liner or a component part, it may be
19 advisable to “season” the part by exposing it to an exemplary plasma etch process prior to
20 introducing the apparatus into a semiconductor device production process. The erosion
21 rate for the solid solution ceramic composite containing the 10 parts by weight of
22 aJuminum oxide, after exposure to the trench efch process, was about 0.08 pm/hr.
23 [0073] Figure 4C shows a photomicrograph of the as-sintered surface of a solid
24 solution ceramic composite containing 100 parts by weight yttrium oxide, 20 parts by
25 weight aluminum oxide, and 20 parts by weight aluminum oxide (55 mole % ytirium

26 oxide, 20 mole % zirconium oxide, and 25 mole % aluminum oxide). Figure 4D shows a
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200xi de, 23 nole % zirconi um oxi de, and 14 nole % al um num oxi de);
and 3) yttrium 21loxide - zirconium oxide - alum num oxide solid

sol ution, when the conposition from 22which the solid solution was
formed was yttrium oxide 100 parts by weight, zirconium 23oxi de 20
parts by weight, and al um num oxi de 20 parts by weight. (This
conposition is 24the same as 55 nole Ye yttrium oxide, 20 nole %
zirconi um oxi de, and 25 nole % 25al um num oxide). Al of the

phot om crographs are at a magnification of 1,000 tines.

26[ 0067] Fi gures 2A through 2C show phot om crographs of the sintered
yttrium loxi de-containing ceram c conmposite subsequent to exposure
to the vial et GRoBmMAERHPh SRS SlrfRaF IRALRI ﬁlquH@erannc composite of Figure 4C after
yttrium oxi de-containing ceram c conposites include: 1) yttrium

3oxi de- zi r&onietsringky d@ewbletcbpwsebﬁwn@mmﬁcwmt Bothiphetbmitiograpls aredtien

t he corrpostlon4 ide 100 parts by we i rconi um
oxi de 20 phr + & mpierihet L s beirHiR bGPk R det g BN gkt
(This comppsi thABgdnSouk Neni$ £ %
zi rconi um oxi de, gan 14 m%@ﬁg?ﬁﬁpﬁgﬁgﬁsgﬁ%&%@ %gﬁéﬁga?%nggg%ﬁ&£
7conposi tibn \Aiasnbfidtdwurfmmewda“a&'&@te@ apphusitubly Tieeesrapivin rate off thesolidi solationde

20 parts b 8and al um_ num oxi de 20 parts by weight (This
conposi tidh i scergﬁe CERY! coningihe 20 5e by W@%%&P@@W@%ﬁﬁe gposure

Zi rconi um-pxi 9 de). Al of the
lophotonie?og%g%ﬁgggPéég?Rggﬁé%%% |cat|6ﬁm%f 1,000 times. 11[0068] The
surface roughness of the bulk yttrium oxide shown in Figure 2A has
12i ncreased i n roughness substantlally Fbmever the overaII surface
roughness Sppé¥7é] thxamplsé : s O; 30 ZEr

al um num oki de contampesites AfistEkposurg Tig didets 29 f ace roughness of
the solid solution shown in Figure 2B, mhlch contalns 10 parts 15by

wei ght al n”?@g@iﬁ' de ﬁi&o%gﬁg}?c\sﬁ?% éoyhéh S hiwd ﬁés %%d‘é(ﬂhﬂw%fm%m

flatter t 6h|| nd va utlons I'n

Fi gure 2Q1 mlcsmp@wmm&tho%&m@rw@gmwﬁﬂm c&hie szpaﬂ& wagﬁmpxn de.
However , the hills and valleys on the 10 parts ght 18al um num
oxi de sanfd e @Ew@mdﬂww@mg@@fn@m@mw@\ ﬁ@&mﬂlﬁ&»ﬁwwde 23
surface 1 2 S D,U hon sho

Hlgure 2 gl 88 Sty st A S RBE S BRSO B

correspo nth vm Tc&.lpaﬂ-ﬁi aguétﬁ%tcaﬁrom& @ﬂlﬁ@klﬁ@desﬁlﬁﬁ@ﬁ&EIhV?hé/maé%iﬂcatiHan sboca
magni fication of 5, 000 tinmes. Looking 22at the surface of the bul k

yttrium ol de t@ﬁﬁrﬁ igure &) phomvs 6 mbetpmicrogRply of 2w phase didselpfiencesraimic
23rel atively snooth {) ﬁo how somne clgnce of rral |, pit %he
Fi gure 3 és ol CYPERALG PSS r’?@as ‘?Yr%‘ﬂ%@f’ﬁ ’ﬂﬁ’lo&g‘e bsp‘ﬁ @’é
wei ght,  zi7 CoRirgbRuaxd:ER, 24 maﬁﬁs%y%%%ﬁmmmum ShgE @5 Wl Pl siedelo
parts by wei ght al so shows some snall scal e pitting 26present on fhe
rougher sii f aée mphkdamirdoniuf qyidemn BS nibkds Bugime G@esafter ekpeoradfitprfest
formed 19 coupon to a metal etch process of the kind described herein. The magnification is 5,000
20 times. A comparison of these two photomicrographs shows that the two phase solid
21 solution containing the higher content of aluminum oxide has an increased amount of the
22 darker phase, which is yttrium aluminate. The erosion rate of the two phase solid
23 solution ceramic composites containing the 10 parts by weight of aluminum oxide, after
24 exposure to the trench etch process, was about 0.18 pm/hr, while the erosion rate of the
25  two phase solid solution ceramic composite containing the 20 parts by weight of

26 aluminum oxide, after exposure to the trench process was about 0.10 pnv/hr.
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27from yttrium oxi de 100 parts by wei ght,
and 28al um num oxi de 20 parts by wei gh shows negligible smal

wei ght,
scale pitting.
t est coupons,

the erosion rates of the coupons.

zi rconi um oxi de 20 parts by

1/ 0070] Looking at the erosion rates for the three
it appears that the 21,000 tines nmagnification for the
post-etch coupons shows better surface characteristics 3related to

The erosion rates were 0.16 pni hr

for the 4solid yttrium oxide shown in Figure 2A; 0.22 um hr for the
solid solution of yttrium 50xide - zirconium oxide - alum num oxi de

whi ch contai ned 10 parts by wei ght al um num 6oxi de;

for the solid solution of yttrium oxide - zirconium oxide -

oxi de whi ch contained 20 parts by wei ght al um num oxi de.
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Fi gure 4B

15conposite o

0158

t he ki nd shown herein.

phot om crograph of the surface of the solid ceramc
YUFE™ER after etching by a trench etch process of

16Bot h phot omi crographs are at a nagnification
of 2,000. The post-etched surface appears_17to be flat and rel atively

homogeneous. 78l conbi nation of phot d8epME suggests that 18after
fabrication oqmﬁgbapparatus such as a chanber liner or a component
part, it nmay be 19advisable to "season” the part by exposing it to
exenpl ary gl abgpalich Arpeess Paiar 1 9oRBont [ adueioag| 1dey,aPPaey s
into a serg cowggl?n r devil%cé pr aéjﬁcfi DA YHOCEeSS, 7. 18 (p;{z E 34 1%%
for the sgjid|sglidi@R [ceram c| conpo$ &éggon alning éé; 25§f0 y
wei ght of 22alum hum oxi de, affer eX)gé%ﬁp th,ggytrenc et e
process, was about 0.0d unt hr.|23[ 0073] Fi gur f"HEMs hoWRL Py | parts by
phot omi crogr aph_of the las-sintbred sGrface of a sol i g%98%o| (#Eight
ceram ¢ CONPOStEiBA0Nt i1@b NeselPO4RAr | $2ddy10el ghisyt t1i umpxide, (20
parts by gowe g@ | umi{num oxi de, anfl 20 pari{s by we| ght al gm num
oxi de (55l e ttriym 26oxi de, 20|nole % kirconi um oxi de}j and 25
nol e % al um n i Elguretdl) shows a lphotomcrograplh of the]
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18 | Modulus 140 - 1 380 373 190 190 202

19 |(GPa) -170 | 38 7 9

20 Fracture

21 Toughness )

2 | (Mpa- 1.0-13 | 35 10.9 1.3 1.6 1.7

23 Thermal

24 Conductivity

s Wi/ °K) 13.7 33 2.9 4.7 3.5

26 Thermal

27 Shock

28 Resistance 130-200 200 130-200 150-

29 (AT) °C 200
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Density
(gfem’)

492

MEt®T i a
3.95 5.89

519

4.90

4.86

Mean Grain
Size
(pm)

10-25

0.5-1.0

Phase
Composition

Y50,

ALO, | Z1,Y,0,

F/C-Y,0,
58

F/C-Y,0,
ss

and
Y,ALO,

F n" C‘Yzoa
88
Y,ALO,

YAIO,

Plasma Erosion
Rate (pm/hr}

(CE,/CHE,)

0.3

1.44

0.3

0.1

0.1

0.2

29
30
31

[0080]

¥ All of the solid solution ceramic substrates were sintered using a pressureless sintering

technique under a hydrogen protected atmosphere.
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A review of the plasma erosion rate clearly shows the advantages of the
solid solution yttrium oxide, zirconium oxide, aluminum oxide ceramics which have been

described herein. We have demonstrated that it is possible to reduce the erosion rate of a



100 Zr02 3 Y203 parts by weight 100 Y203 20 Zr02 parts by weight. 100
Y203 20 Zr02 10 Al 203 parts by weight 100 Y203 20 Zr02 20 Al 203 parts
by wei ght Flexural Strength (MPa) 100 - 150 400 1200100 137 215 172
Vi ckers Hardness (5Kgf)(GPa) 5.7 17.2 11.9 9.3 9.4 9.6 Young's
Modul us (GPa) 140- 170 380 373 190 190 202 Fracture Toughness (Ma
mu') 1.0- 1.3 3.5 10.9 1.3 1.6 1.7 Thernmal Conductivity (W nPK)
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ceramic material of this kind, while maintaining acceptable mechanical properties, which
enable easier handling of the apparatus without risk of damage to the apparatus.

[0081] Combinations of yttrivm oxide, zirconium oxide and aluminum oxide have
been evaluated, and we have discovered that ceramic materials formed from starting
compositions in which the Y,0,, yitrium oxide, molar concentration ranges from about 50
mole % to about 75 mole %; the ZrO,, zirconium oxide, molar concentration ranges from
about 10 mole % to about 30 mole %; and, the ALQ;, aluminum oxide, molar
concentration ranges from about 10 mole % to about 30 mole %, provide excellent
erosion resistance to halogen containing plasmas while providing advanced mechanical
properties which enable handling of solid ceramic processing components with less
concern about damage to a component. In many applications, a starting composition for
the ceramic materials may be one in which Y,0, molar concentration ranges from about
55 mole % to about 65 mole %, the Z10, molar concentration ranges from about 10 mole
% to about 25 mole % and the Al,O, molar concentration ranges from about 10 mole %
to about 20 mole %. When the erosion rate is of great concern, starting material
concentration of the ceramic material may be one in which Y,0; molar concentration
ranges from about 55 mole % to about 65 mole %, the ZrQ, molar concentration ranges
from about 20 mole % to about 25 mole % and the Al,0, molar concentration 5 mole %
to about 10 mole %.

[0082] Starting material compositions of the kind desciibed above may be used to
form a ceramic coating over the surface of a variety of metal or ceramic substiates,
including but not limited to aluminum, aluminum alloy, stainless steel, alumina,
aluminum nitride, and guartz, using a technique well known in the art, such as plasma
spray, for example and not by way of limitation. However, with the improved
mechanical properties which have been obtained, it is recommended that solid ceramic
apparatus components be used when possible, to prevent sudden failure of plasma
resistance due to coating layer flaking off, or defects in the coating which appear as the
coating thins, or the formation of metal contamination by mobile impurities from the

underlying substrate which migrate into the coating.
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13.7 33 2.9 4.7 3.5 Thermal Shock Resistance (AT) C 130-200 200
130-200 150- 200 Material Starting Conposition Y203 Al 203 100
Zr02 3 Y203 parts by weight 100 Y203 20 Zr02 parts by weight. 100
Y203 20 Zr02 10 Al 203 parts by weight 100 Y203 20 Zr02 20 Al 203 parts
by wei ght Ther mal Expansion x 104/K (20 - 900 C) 7.2 7.7 9.4 9.0
8.5 Dielectric Constant (20C 13.56 MHZ) 12.3 - 13

1 [0083] The addition of a concentration of zirconium oxide, ranging from about 0.1
2 mole % to about 65 mole % to what was a pure yttrium oxide, provides a solid solution of
3 ytirium oxide and zirconium oxide with the cubic yttria crystal structure or cubic fluorite-
4 type crystal structure, where the cell parameter is smaller than that of the pure structure,
5 due to the formation of yttrium vacancy/oxygen vacancy, respectively. The smaller cell
6  parameter of the solid solution crystal structure improves the plasma resistance properties
7  of the solid solution of zirconium oxide in yttrium oxide. For example, the erosion rate
8 of a solid yttrium oxide ceramic in a CF,/CHF, plasma of the kind used to etch a trench in
9 a multilayered semiconductor substrate is about 0.3 pm/hr. The erosion rate of a solid
10 solution ceramic of about 69 mole % ytirium oxide and about 31 mole % zirconium oxide
11 is about 0.1 um/hr, a 3 times slower etch rate than solid ytirium oxide. This unexpected
12 decrease in efch rate extends the lifetime of a process chamber liner or an internal
13 apparatus component within the process chamber, so that: the replacement frequency for
14 such apparatus is reduced, reducing apparatus down time; the particle amount generated
15 during a process is reduced, improving the product properties; the metal contamination
16 generated during a process is reduced, advancing the product properties; and the overall
17 will reduce the overall cost of the processing apparatus per wafer processed will be
18  reduced, on the average.
19 [0084] While the 0.1 pm/hr erosion rate for the zirconium oxide-containing yttrium
20 oxide solid solution is surprisingly better than that of yttrium oxide at 0.3 pm/br, and
21 considerably better than of a solid aluminum oxide ceramic at 1.44 pm/hr in the
22 CE,/CHF; plasma, the mechanical properties of the zirconiumn oxide-containing ytirinm
23 oxide solid solution illustrate that an improvement in flexural strength and fracture
24 toughness would be helpful. - |
25 [0085] In one embodiment, the flexural strength and fracture toughness of the
26 zirconium oxide-containing yttrium oxide solid solution are achieved, by adding various
27 amounts of aluminum oxide to the formula for the solid solution ceramic to form an
28 additional yttrium aluminate phase. The mixture of oxides was compacted by
29  unidirectional mechanical pressing or cold isostatic pressing of a granular powder formed

26



9.9 15.0 15.5 Dielectric Loss Tangent x 104 (20C 13.56 MH2)
<20 0.5 <20 <20 Vol unme Resistivity at RT (¢ 22 cm) 10" - 10"
1015 10" 1036 - 1 On
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by spray drying, in combination with a typical content of binders. The green body was
then pressureless sintered using techniques generally known in the art. The addition of
10 mole % to 30 mole % of alwmina significantly improved the mechanical properties of
the sintered ceramic composition in terms of flexural strength and fracture toughness.
For example, the erosion rate of the ceramic containing 69 mole % yitrium oxide and 31
mole % zirconium oxide, after exposure to a plasma containing CF, and CHF;, was about
0.1 pm / hr, For the ceramic containing about 14 mole % aluminum oxide, the erosion
rate after exposure to the same plasma was also about 0,1 pm / hr. For the ceramic
containing about 25 mole % aluminum oxide, the erosion rate after exposure to the same
plasma was about 0.2 um / hr. 'With respect to the mechanical properties, for example,
an overall starting composition which is about 69 mole % yttrium oxide and about 31
mole % zirconium oxide, after sintering exhibits a flexural strength of about 137 Mpa,
and a fracture toughness of 1.3 Mpa » m'?, as discussed above. When the overall ceramic
composition is about 63 mole % ytirium oxide, about 23 mole % zirconium oxide, and
about 14 mole % aluminum oxide, after sintering the flexural strength is about 215 Mpa
and the fracture toughness is about 1.6 Mpa » m'?, When the overall ceramic
composition is about 55 mole % yttrium oxide, about 20 mole % zirconium oxide, and
about 25 mole % aluminum oxide, after sintering the flexural strength is about 172 Mpa
and the fracture toughness is about 1.7 Mpa » m"?. The relationship between aluminum
oxide content, increase in flexural strength, and increase in erosion rate is not a linear
relationship. However, one of skill in the art can optimize the formula with minimal
experimentation, in view of the information provided herein.

[0086] As an alternative to adding aluminum oxide to a multi phase metal stable
composition containing yttrium oxide and zirconium oxide is to add HfO,, hafnium
oxide; S¢,0,, scandium oxide; Nd,O,, neodymium oxide; Nb,Q,, niobium oxide; Sm,0;,
samarium oxide; Yb,0,, ytterbium oxide; Er,0,, erbium oxide; Ce,O; (or CeO,), cerium
oxide, or combinations thereof. In the instance where these alternative compounds are
used, the concentration of the alternative compound in the starting material formulation

ranges from about 0.1 mole % to about 90 mole %. Typically the concentration used
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will range from about 10 mole % to about 30 mole %.

[0087] After mixing of at least one of the alternative oxides listed above with the
Y,0; and ZrO, powders used to form a solid solution, the combination of powders was
compacted by unidirectionally mechanical pressing or cold isostatic pressing of the
granular powder formed by spray drying with a typical content of binders. Thé green
body was then pressureless sintered using techniques known in the art. Upon cooling of
the sintered body, a single phase or two phase solid solution forms, where the solid
solution is a “multi-element-doped” solid solution. One solid solution exhibits a cubic
yttria crystal structure, and another solid solution exhibits the cubic fluorite-type crystal
structure. The solid solution has excellent plasma resistance, typically better erosion
resistanice than that of the aluminum oxide-comprising solid solutions discussed herein,
However, the mechanical properties of the yttria-zirconia-alumina system are somewhat
better. All of these multi-doped solid solutions exhibit excellent plasma erosion resistance
and improved mechanical properties in comparison with previously known ytirium oxide-
zirconium oxide solid solutions,

[0088] Typical applications for a yttrium oxide-comprising substrate of the kind
described herein include, but are not limited to components used internal to a plasma
processing chamber, such as a lid, lid-liner, nozzle, gas distribution plate or shower head,
electrostatic chuck components, shadow frame, substrate holding frame, processing kit,
and chamber liner. All of these components are well known in the art to those who do
plasma processing.

[0089] The above described exemplary embaodiments are not intended to limit the
scope of the present invention, as one skilled in the art can, in view of the present
disclosure, expand such embodiments to correspond with the subject matter of the

invention claimed below.,
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F/ C- Y203 ss F/ C Y203 ss and Y41209 F70-Y203 Ss Y4Al 209 and YA103

Pl asma Erosion Rate (nmhr) (CF4/CHF3) 0. 3 1. 44 0.3 0.1 0.1 0.2
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concentration ranging from about 10 mole % to about 30 mole %.

2. A ceramic article in accordance with claim I, wherein said solid solution ceramic is
formed from yttrium oxide at a concentration ranging from about 55 mole % to about 65
mole %, zirconium oxide at a concentration ranging from about 15 mole % to about 25
mole % and said at least one other component at a concentration ranging from about 10

mole % to about 25 mole %.

3. A ceramic article in accordance with claim 2, wherein said solid solution ceramic is
formed from yttrium oxide at a concentration ranging from about 55 mole % to about 65
mole %, zirconium oxide at concentration ranging from about 20 mole % to about 25
mole %, and said at least one other component at a concentration ranging from about 10

mole % to about 20 mole %.

4. A ceramic article in accordance with claim 1, or claim 2, or claim 3, wherein said at

least one other component is aluminum oxide.

5. A ceramic article in accordance with claim 4, wherein a mean grain size of said

ceramic ranges from about 0.5 pm to about 10 pm.
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11. A method in accordance with claim 10, wherein said solid solution ceramic-

comprising article is formed from yttrium oxide at a molar concentration ranging from

about 55 mole % to about 65 mole %, zirconium oxide at a concentration ranging from
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17. A method in accordance with claim 16, wherein said plasma erosion rate for a surface
of said semiconductor processing apparatus upon exposure to a halogen-comprising

plasma ranges from about 0.1 to about 0.3 pm/hr.
18. A semiconductor processing apparatus which has at least one surface exposed to a

halogen-comprising plasma during said semiconductor processing, wherein said

semiconductor processing apparatus surface is a solid solution ceramic, said solid
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21rel ati onshi p. However, one of skill in the art can optim ze the
formula with mnimal 22experinentation, in view of the information
provi ded herein. 23[0086] As an alternative to addi ng al um num oxi de
to a multi phase netal stable 24conposition containing yttrium oxide
and zirconiumoxide is to add H 02, hafni um 250xi de; Sc203, scandi um
oxi de; Nd203, neodym um oxi de; Nb205, ni obi um oxi de; 8nR03,

26samar i ugpl@iondRramib BB rydisi@itho wrosioni teialdgeRQ3ntaiini plasns| WRereina A3
(or Ce02), cerium 270xi Fe, or conbi nations t e{eof. [n the instance
wher e t heS2mIct BFENEES o [RUnPURBRCHARY JBHLBY FRHE YHAWR Mt Hof nytlar
the alt er&%fcéﬁﬁeatiﬁﬁ’?ﬁ?% 1ol 2bB& U AbleioNTo AR5 Bholb 95 MHcatiu@Mbxide at a
29ranges from about 0.1 nole %to about 90 nole % Typically the
concent r ampln censerfratiopiringingfiga abpynhlanelat’e loabeyt &0 Q)%awﬁﬁt legst onsl e

% 2[0087 t L.XI f . | i i .
[ sted abdne Gk adsdsn Son §R5hE GolyuldS A FLACRLIE A ER Byide
sol uti on, schhducosdide) atebdymiofn pxidelerisbinasoddn rspmatied dxyde, ytterbium oxide,

uni di rectional |y mechanic ressing..or cold.isqgstatic pressing of
e 5or artiPun UAHER FDowes By SRR PRsCRiTH ey B aeE bedtent
bi nders. Jd@ecFE6R rHRRG)ridRabdud 80 nMERIY bh RS nidlder ed usi ng

techni ques known in the art. Upon cooling of 7the sintered body, a

si ngl e phase or two phase solid solution forns, where the solid

8sol utionyg spa .kt - 2 " | i.d | : :sohed ;
sol ution g('hfqblsefngygﬁdélﬁ%}c gﬁg%flgggﬁgﬁ?ﬁan g?@t%%g?gﬂ Mgr%ga"gng%’hgrh srem
sol i d sol utdedpingshidisplid sclieoncghingc i akigh perity ppenisupstley. 10st ruct ure.
The solid solution has excellent plasnma resistance, typically better
erosion 1lresi stance than that of the al um num oxi de-conprising solid
sol ut i ons2dli & Gusseddiesreproceslidfiapparetns it becormbanitadiaipt dpewhdérein safd

the yttria-zirconia-al na system are, sone 13better. Al of
hest mul SRRSO Sitied SOT Ry R TeHISNEE B aliband dpliEbn PEFAS] B8%
resi st ancgsdiaich bR, QURGwEEEAANAL ALctRIsARE chh &ScdnfhoR P A Sh&RW Mhrhé) a
previ ously known yttrium oxide- 15zirconi um oxi de solid solutions.

16[ 0088] Tsubistezit heldinigifrme, 8 proceesingskity prd 4 ehamdber Heerconpri si ng substrate
of the kind 17described herein include, but are not limted to
conponents used internal to a plasnma 18processi ng chanber, such as a
lid, |id-2i.nersemivoadictor wasesding tappdramis dm apdoadamcowithhdaer 1Beatigrein said
19el ectrostati c .chuck, conponents, . shadow franme, substrate hol di ng
frame, proRPAELYSHE2 RN CoBBRIGICBIFQRINSIOr PFFETSINBRAPPATZIISt hese conponent s
are well known in the art to those who do 21pl asma processi ng.
22[ 0089] The above descri bed exenpl ary enbodi nents are not intended to
limt the2234cemicopduatefePToressian tappaidim iR GRCOrgaRNCe athsflaim @4, VhereResai t
can, in vj h S j a hy: j t
cor espont iy FREIREeRlh SEUAG Oaisfine SFRANE SURNIRRDRMIGCRE! & gho
distribution plate, a shower head, an electrostatic chuck component, a shadow frame, a

substrate holding frame, a processing kit, and a chamber liner.

23. A method of reducing the plasma erosion of a semiconductor processing apparatus
contacted by a halogen-containing plasma, comprising: spray coating at least a surface of
said semiconductor processing apparatus which is exposed to said plasma with a solid
solution ceramic formed from yttrium oxide at a molar concentration ranging from about
50 mole % to about 75 mole %,; zirconium oxide at a molar concentration ranging from

about 10 mole % to about 30 mole %; and at least one other component selected from the
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25i nvention clained below. CLAIMS W claim 1. A ceramc article
which is resistant to erosion by hal ogen-containing plasmas used in
sem conduct or processing, said ceramc article including a solid
solution ceram c having at |east two phases, said solid solution
ceramc formed fromyttriumoxide at a nolar concentration ranging
from about 50 nole %to about 75 noble % zirconiumoxide at a nol ar
concent r agrb@fcérdRGhH of AluSAuaD oxitle, HAfiTh @xie] Raghoutoxd(?, ARIdOmWIm anideat
| east one ot her conponent sel ect ed fromthe group consisting of

al um num YLPH, 0w5?=nﬁqalaﬁrwsa1 @&ides FHFAIUGMO Kie d ETDIHR JAHR> FSTIBRY epdde, and
Ni 0D UM OxntlfinatidASTEFAMsER ot Rastoh BhEt wmfﬁb&%on&maﬁm 1AXEIAE fromebbstm
oxi de, and conbi nations thereof, said at | east one other component
concentrat(lmﬁler"/éﬁg@h@gtwwea%out 10 nole %to about 30 nole % 2. A
ceramic article in accordance with claim11, wherein said solid
solution ceramc is forned fromyttrium oxide at a concentration
rangi ng flf-bm atzdutd ibScomtamcowith elbioul3 65herethesalh spzziyr (mrihgnms mpgjhdda oatr a

concentra % g}hcﬁfrom out 1pZm)Ie %E E le % a

sai d at %”" {Rds “oRpsSAd isma usigd %Hf%“%%r rﬁegsﬂf‘fyé?ﬁ or
about 10 PRdnea rdygn@bout 25 nmole % 3. A ceramic article in
accordance with claim2, wherein said solid solution ceramc is
formed fromyttrium oxi de at a concentration rangi ng from about 55
nole %t ' [ j :

From abou 20 Eupd i Erdhe b BRI hACSHISAREGT L L ANgLRE,
conponent leadt about dHEENLOAT. erthe Emgisaig shragmoahgus catfedmite % t o about 20
nole % 4. A ceramic article in accordance with claim1l, or claim 2,
or claim3, wherein said at | east one other conponent is al um num
oxi de. 526, g@hADIIE adotdagbewith cRGE QB dahdeinwhidbutth@i ded whiheaidi ddating
nmean grain size of said ceram.c ranges fromabout 0.5 umto about 10
um 6. IASRIE@yehis @ mgieliok peeiaiaREBfance with claim 1, wherein a
flexural strength of said solid solution ceram c ranges from about
150 MPa to about 250 MPa. 7. A ceramic article in accordance wth
claim 1, ¥hérmithod if pecotdanes wiliglire 34, whersiaisdidsutthes et whichrpaideoating
ranges from abo out 2.0 MPa ML12. 8. A ceram ¢
article iR BEES 1 aa%%%alv'\ép C%Fé £n%'(%%%‘?wher ein said article is selected
fromthe group consisting of alid, alid liner, a nozzle, a gas

distributjon plate, a shower ectrostatic chuc 0

a shadow % eﬁ'ggé%uﬁ%‘:tof‘%f‘ée Wgﬁﬁﬁﬁﬁagr‘ﬁhgeméalﬁlrs&%%es‘?vﬁé“{E°§:‘ C(fl’a e
chanber Ifslgglrayed@an%tg%@rye@nﬁé tirsle i n accordance with claim4,
wherein said article is selected fromthe group consisting of a lid,
alidliner, a nozzle, a gas distribution plate, a shower head, an
el ect r ost 0. ; '

el ot 0534 BB, AOTPREL i ) SHAAOM LRI GRS Sh e
r educi ng isl‘sprapbcas;rmleetedsfrm tlof grau;semnscsungluﬁalmmilpnmméwsinngl apyastainless

cont act ed hal ogen: contal n co enpl oyi ng a
solid sol ﬂ?‘%{fﬁ“‘ﬂ@f‘a RinUgLfT %%ﬁﬁm SPmb! gF g Tgfd sg})ut%/ong

ceramc formed fromyttriumoxide at a nolar concentration ranging
from about 50 nole %to about 75 nole ¢ % zjirconi um oxi de at a, nol ar
W

concent r ad§-dhmethediin gedordarrapihcleim 2fpracreyygidypase T id wid cagtng
| east one, 0,

Al i num SaPAed AR hor B R oF e IRl oS ainless
ni obi um oxteelgalus Bapalimmuoxnidale, quar’ermdmmmadens tedgdlum oxi de, cerium
oxi de, and conbi nations thereof, said at |east one other conponent
concentration ranging fromabout 10 nole %to about 30 nole % 11. A
met hod i N3 AGC AcdRAGR atddrdhingd ithcldm 28heheieh il dirfod ovbr sdlich sabihcoating
ceram c-conprising article is formed fromyttrium oxide at a nol ar
concentration ranging fromabout 55 nole %to about 65 nole %
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24. A nmethod in accordance with claim 23, wherein said spray coating
is applied over said surface which is exposed to said plasma using
thermal spraying or flane spraying or plasma spraying. 25. A nethod
in accordance with claim 23, wherein said surface is at a tenperature
of at |east about 150C.-200C. at the tine said spray coating is
carried out. 26. A nmethod in accordance with claim 23, wherein said
sur ]1: ace oi\s?;ragﬁd Meﬁe@ided_ fmlﬂienggh]s c@tﬁfs_&&%df Fls_rrmmi%taadv\n;]mnmaallb@,r @fjihl@ss
surf ace. : met hod, i n accordance with cl aim 24, erein sai

sur f ace oﬁ%@=%ﬂm6ﬁ’Q%WHMEUgFFWgWFgm é?%@”?@mgtﬁﬂFﬁi or a ceramc
surface. 28. A nethod in accordance with claim25, wherein said
surface over which said coating is sprayed is a netal or a ceramc
surface. 329 mathedtimeebordanae with ¢lang & lwivhdreiol saidral@ainumadiogiina sighdurity
surface oMgﬁ”%Q}&h)said coating is sprayed is selected fromthe group
consi sting ofal tmPhum al um num al | oy, stainless steel, alum na,
alum numnitride, quartz, and conbinations thereof. 30. A nethod in
accor danc ith claim?27, wherein. said surface over which, sai .
oati ng | D chiryn T EbCkatt St P N 0 ap OSSR G ISP LR
al um num alshRyed Blinth@s Sxfde@f hlundhéiiniiade. @l um num nitride, quartz,
and conbi nati ons thereof 31. A nethod in accordance with claim 28,
wherein said surface over which said coating is sprayed is selected
fromthe gr oup,ARAA SdoRBined h%mhﬂlém whbrH Hﬂluﬁ%&p&ver MnhaRERating
steel, alumna, alumnumnitride, quartz, and conbi nations thereof

32. A net bograyed meboridemeaidsiar bluptisammBdde. wher ei n sai d al um num al | oy
is a high purity alum numalloy. 33. A nethod in accordance with
claim 29, wherein said surface over which said coating is sprayed is
al um num 8xi/gdeetiodah dtdordacd vithictiém 313@herdinn@idvaelatdonae ohidhasariecoatifid
claim 30, wherein sai.d surface over which said coating is sprayed is
al um num BXPEECDIS AR GFIdS A fuganum 38Tidea npt hod in accor dance with
claim 31, wherein said surface over which said coating is sprayed is
al um num oxi de or alum numnitride.
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