1 [0001] APPARATUS AND METHOD WHI CH REDUCE THE ERCSI ON 2 RATE OF SURFACES
EXPOSED TO HALOGEN- CONTAI NI NG PLASVMAS 3 [0002] The present application is
related to a series of applications filed by various 4 inventors of the
present application, many of the applications relate to the use of a 5
yttrium oxide corrprisi ng ceramc in the formof a coating, to provide a
pl asma-resistant 6 surface which is useful in sem conductor processing '
applications. The applications 7 include U S. Application Serial No.
10/ 675, 967 of Sun et al. , filed February 14, 2002, 8 titled: "Yttrium Oxide
Based Surface Coating For Sem conductor IC Pr ocessi ng Vacuum 9 Chanbers",
whi ch issued as U S Patent No. 6,776,873 on Auust 17 2004; U, S 10
App||cat|b SE)IOPH| PP A J_._-cr- AND METHOD WHICH R ol THE ¥ ,- )04,
titled: "¥ ean Rihe ‘. RVALKS Ik &’ bl 1O, By, A'a PN ".‘,' ALNI NG ] HA!\L“
Apparatus”, which is currently 12 pending; and U.S. Application Serial No.
10/ 918,232 of Sun et al., filed August 13, 13 2004, titled: "Gas
Di stribut3 on {P06é2le Fabhd pra&eathpﬁﬁmuiomissdla‘ied tové $ericiof apwlicitos4il@bpyarsiing
Substrate”™, which is currently pending. Additignal related applications 15
filed, wit ch igventers gf (e prestiia pPriiceion, wamt of ﬁh?a%ﬁpb?ﬁuﬁwpla@ét’ﬂ@rﬂsﬁp 9above li sted
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11 Metal", which is currently pending, and V\/mch is a divisional

appl i cation oicludSU. SARpplicatbn Sdtiabib] HI0AN®67 OSEOR all, ifded Pebsuad; 51, 20@1)
Application No. 11/592,905 of Wang et al., filed Novenber 3, 2006 titled:
"Cl eani ngd 2atithadt Titriuge Gatide tBaS?@lrﬁwﬁa'rﬁgCC@@ng Berl SeameosdmientCATesssing Yauminum
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The pr eszalnt | Yrt@ith IOXMUe (RlaBl EBroteBtin &aﬁsdnahéta@@bpﬁawsv Wiiéhls d@r&@gpri sing 4
solid solution ceramc which is hig resistant to plasmas in general,

particul B |y pending; and U.S. Application Serlal No 10/918,232 of Sun et al., filed August 13,

13 2004, titled: “Gas Distribution Plate Fabricated From A Solid Yttrium Oxide-

14 Comprising Substrate”, which is currently pending. Additional related applications

15 fited, which are a divisional and a continuation application of above-listed applications,
16 include: U.S. Application Serial No. 11/595,484 of Wang et al., filed November 10,

17 2006, titled: “Cleaning Method Used In Removing Contaminants From The Surface Of
i3 An Oxide or Fluoride Comprising a Group III 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, 2006, titled: “Cleaning
21 Method Used In Removing Contaminants From A Solid Yttrium 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.



5 resistant to corrosive plasmas of the kind used in the etching of
sem conductor 6 substrates. 7 [0006] 2. Description of the Background Art 8
[ 0007] This section describes background subject matter related to the
di scl osed 9 enbodinents of the present invention. There is no intention,
either express or inplied, 10 that the background art discussed in this
section legally constitutes prior art. 11 [0008] Corrosion (including
erosion), resistance is a critical property for apparatus 12 conponents and
| iners used in sem conductor processing chanbers, where corrosive 13
environments are present. Exanple of corrosive plasnma environnents include
pl asnmas 4 u&)ﬁ& for cleaning of prom‘zﬂ)at us and plasmas used to
etch senikond¥®¥r 15 substrates. Pl r pl asma- enhanced chemi cal
vapor deppsity process 16 often tend to be corrosive as well. This is
especialP§ trG@aﬂhereEhrgﬁg%nergy plasma is 17 present and conbined with
chem cal 7eacfoysity t O TR brebdt® hvbMRnTblhtbPHe PeciARBPHMAM SxidScdigesmat i n the
environnment. The reduced chem cal reactivity of an apparatus conponent 19
surface of of solidlsoloBon ceanfiea ewhichss gl raistantioqidsanat inrengrel; partiovtely corr osi ve
gases alone are 20 in contact with processing aﬁparatus surfaces. 21 [0009]
Process chanb@pistantie cersnsiys mtasmangfibs ind usep incthe gichiig ohsomigpndedersi ng 22
chanbers é/\lni chb%r§ used in the fabrication of electronic devices and
i cro- el ettr o™’ %echani cal structures (MEMB) are frequently constructed
from al um num and 24 alum num al |l oys. Surfaces of a process chanber and
conponent apparatus present 25 within the chanber are frequently anodi zed
to provide a @egslee of, pr Q&Eiptidn of the BatieoundGreOr r osi ve envi ronnent .
However, the integrity of the anodization | ayer may be 27 deteriorated by
impurities in[000E al ulthinesetion destuibres haokgrmiuhdsubjesomatitea relaied iodkd discldsedi ns 2 1
to occur early, shortening the |life span of the protective coating. Ceramc
coati ngs ‘of QPQW%‘EFSOI}EWB?PWPWO%aﬁ@%‘éBR Ifeign; ‘?‘Fﬁ?ﬂeé%sstﬁr pplieds| uni num
oxi de | ayger t v v . surface of the
Y(F ay LY théjpa%ggro%ldaa?ﬁ&e’i?c}fssg& z tﬂﬁ sgcti%g ?e%atj')ﬁgoqlst?tagg Pltu.})}%rt

anodi zed er to 1 nprove rotectron o e underfying al um num based
material g HOBYR . COsFRMn (IRfuBnktcSion) resistance is a critical property for apparatus

12 components and liners used in semiconductor processing chambers, where corrosive

13 environments are present. Example of corrosive plasma environments include plasmas
14 used for cleaning of processing apparatus and plasmas used to etch semiconductor

15 substrates. Plasmas used for plasma-enhanced chemical vapor deposition processes

16 often tend to be corrosive as well. This is especially true where high-energy plasma is
17 present and combined with chemical reactivity to act upon the surface of components

18 present in the environment. The reduced chemical reactivity of an apparatus component
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 environment. However, the integrity of the anodization layer may be

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




5 used for protective |layers deteriorate over tinme and eventually | eave the
alumnumalloy 6 subject to attack by the plasma, even though the life span
of the protective layer is 7 extended over that of anodized al um num 8
[0010] Yttriumoxide is a ceramc material which has shown consi derabl e
promse 9 in the protection of alum num and al um num all oy surfaces which
are exposed to 10 fluorine-containing plasmas of the kind used in the
fabricatjon of sem conductor devices. 11 A yttrium oxide coating has been
used and applied over an anodized surface of a high 12 purity al um num al |l oy
process chanber surface, or a process conponent surface, to 13 produce
excel l ent corrosion protection (e.g. U S. Patent Nol. 6,777,873 to Sun et

al ., 14 hent taoeveur catip\sbyrtening thalkbfespl df gt rirotective lgeating 7 CeRmiceratipgs®fi des a

Bnd oxygen SpRBRuS compsIRE e DPTIgoed B 1S AbGE SLBHEURALC FyBreaipd
comprises; a D AHihiohedh WOV GRS Se MORLE hier R Ssdlgd 5 For med
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f r om nobi i mpurites prese al'um num are car controlled
to have a4 par hiotdeligh ofthe@nddigihg hikbfideNbaseMmaResll ZBowsRA LA tdiagUr f ace of
the 19 high purity alum num substrate; and, a protective coating conprising
yttrium oXi deud fovteottstiva dpyeRele@riadicasd traaindrgentddily l@avetieahimiaum @ldy Nng nmay
i nclude al um num oxide up 21 to about 10 % by weight, and typically

conpri ses®99. sbiess oyattagd; byrthe plastag, svandhough ths lﬁgrspang Wil’ﬂé@c’ﬂmiﬁyfﬁﬁlﬁ)t ective

coating is coating,typi.cal i.ed. using a nethod such as spra 23
coat: ng, | Zhenf%%rfcg@g%%:thaggé%lg?g?%ﬂ?mglﬁn%hgsi cal vapor udeposi t?ony 24 [0011]
U.S. Pategt Npoi§) 798yiifm dxRie BIE AR nhiterid] which RRUE %Eﬁglﬁ rohse; 29

descri bes the use of alum num oxide as a coating layer tor c er walls or
as a coat9ng indfe prayetiord shaluinifia BREiluhinderalloy baficeswhich e @kpodtd tor ef er ence
further discloses that since 27 alumnumis reactive with a nunber of

pl asmas, 19t i Sueraeemteimitgdlasinas of the kimil nsadie the datirigetiaprof servipandunigr dévicesof be
di sposed, on the |iner or chanber malls",ﬁgﬁgguse al unjnum 3 1 _oxjde tends
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gi ven incTude r
produce excellent corrosion protection (e.g. U.S. Patent Nol. 6,777,873 to Sun et al.,

14 mentioned above). In one application, the ‘873 Patent provides a processing chamber
15 component resistant to a plasma including fluorine and oxygen species. The processing
16 chamber component typically comprises: a high purity aluminum substrate, where

17 particulates formed from mobile impurities present in the aluminum are carefully

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 Ochrlein 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



4 [0012] U. S. Patent Application Publication No. US 2001/0003271A1, of

QO suki, 5 published June 14, 2001, and subsequently abandoned, discloses a
filmof A1203, or 6 A1203 and Y203, formed on an inner wall surface of the
chanber and on those exposed 7 surfaces of the nmenbers within the chanber
whi ch require a high corrosion resistance 8 and insulating property. An
exanple is given of a processing chanber where a base 9 material of the
chanber may be a ceramic material (A1208, S 02, AIN, etc.), alumnum 10 or
stai'nl ess steel, or other netal or metal alloy, which has a sprayed film
over the base 11 material. The filmmy be nmade of a compound of a IIl-B

el ement of the periodic table, 12 such as Y2O3 The film may substantially
conpri se Al208xudaten¥0he chemiprllyyinett. fInladdition, apdotgdtive coming mapbaappligdrvet  ( YAG
is also nentioned. The_ sprayed filmthickness is said 14 to range from 50
smto 300%m 15 sprfecespf tﬁlﬁ liggtsnd{ar chapber walls; Sramplesghighite el iE AbRsof

mat t er co?prigiqp aeéé ceram c conpound (e.g. Al2Q3) and an oxide of a G oup
I11B metal (e’§ *¥208)*has been 17 used for a dielectric w ndow of a
reactor chanbegoigher e (sylstdnakfticaidh IbRGRSE RY. U9 280 1So0Bb AR 0Psaki,
processing gas (e.g. U S. Patent No. 6,352,611, to Han et al., i1ssued March
5, 19 2002). piizhethasil4 200naadisubségmyntyeabaioaad, didcibses mfidmlof ad0,,@ar bi de,
silicon nitride, 20 boron carbide, boron nitride, alum numnitride, alum num

oxi de, anfl mi a0k esd ¥i{dy Bamed opan inpspexal surfage gfihe gharoer drd ¢nsthesgiegpased be

avai lable,in a pure rmwhi ch, does not_ outgas. .22 The Gaoup I]IB netal ma

be sel ectéd Y CF%‘éfftgerIBEme@%% erf&aIBPeré’@’g‘%‘dF‘éﬂﬁe afig ‘?oﬁ"r?fmg%mfaﬂ%e cerium g

subgr oup, ¢and i b : r I i I with the
group B aﬁdﬁ%sﬂétir{%pg@egg._ ﬁ.ﬁlﬁg&p@ggﬁ@ 8f% ?flto%gsﬁ{g:phaﬁnl%[: Gh&E L 8se

24 oxi de being yttriu ocess~tor tformng or producing

the diel egtri gatedial sSFRRDGEmMbE: Y Heheer@lic REREATALDY 590, AINQUES bRchidudy M xture
conprising the ceram c 26 conpound, the oxide of a Goup II1IB netal, a

sui t abl e 16ddi or stanlagpestee], oanterametalior atelad alli7 which ey a spgreed filn2 8vdr @@ Tbéke | n
anot her application, a protective coating for a_sem conductor processing 4

1 apparatllis c8wsoiAkntheifdmary beimsde of apmmpored elca igR clemant o gheqsrpdic &bls.
200U 91,2 STl AL LASORLDIGd 950, Ao el B L
13 yttrium-aluminum-garnet (YAG) is also mentioned. The sprayed film thickness is said
14 to range from 50 pm to 300 pm.
15 [0013] In another application, a ceramic composition of matter comprising a
16 ceramic compound (e.g. Al,O,) and an oxide of a Group IIIB metal (e.g. Y,0O;) has been

17 used for a diclectric window of a reactor chamber where substrates are processed in a

18 plasma of a processing gas (e.g. U.S. Patent No. 6,352,611, to Han et al., issued March 5,

19 2002). The ceramic compound 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 outgas.

22 The Group IIIB metal may be selected from the group consisting of scandium, yttrium,
23 the cerium subgroup, and the yttrivm subgroup; however, yttrium is preferred, with the
24 oxide being yttrium oxide. The preferred process for forming or producing the dielectric
23 member is by thermal processing of a powdered raw mixture comprising the ceramic

26 compound, the oxide of a Group IIIB metal, a suitable additive agent, and a suitable

27 binder agent. | |

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



3 not limted to: yttriumalum numgarnet (YAG; an oxide of an el enent
selected from4 the group consisting of Y, Sc, La, Ce, Eu, and Dy; a
fluoride of an elenent selected from 5 the group consisting of Y, Sc, La,
Ce, Eu, and Dy; and conbi nations thereof is used (e.g. 6 U S. Patent
Application Serial No.10/898,113 of Sun et al., filed July 22, 2004, and 7
entitled "Clean, Dense Yttrium Oxi de Coating Protecting Sem conduct or
Apparatus", 8 nentioned above). The coating is applied to a substrate
surface by thermal / flame 9 spraying, plasma spraying, sputtering, or

chem cal vapor deposition (CvD). The coating 10 is placed in conpression by
applying the coating at a substrate surface tenperature of at 11 |east
about 1501- 26f@ratisZofPOrich} isThetrikechdEhegiotpriot emting eommaks algsindeswrnbed above
have been used to protect 13 exposed surfaces of a plasma source gas

di stribut?on pheimnpglloyywheer the coafing ipghudes a gwterialosliecied Epmafy exaNa: biocessi ng
appar at us, However. ue to the concentratipan of ..15.reactive _ species which
or e breseht atouited il REREERRG TEAR sfonigh SpiREnt RuSRE T o 16
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processing days to 17/ abdut 80 procéssing days, depending on the
corrosiVvif§y othetghipRbagdaig of ¥a8€d.a) O, BReandl Oy aCeabingotd Waabelis uskd (d.41Cr ease
the lifetinme of a conponent such as a gas distribution 19 plate, a gas

di stri butéon plaPatenasprlistiiondatiadldNd. Fi$A3al 13 of Ben stial.r fileddubx 2218086 apd i si ng 20

bst r at described in U.S, Appljcation No..10/918,232 of Sun et al.,
monti oned! >1eHBE0CCIethDRen iyt DRIds PSR G RBCaR s ATPARES Gont a s
t bopt 10 9 i i i 0 i . i ttri
0% do- conbr i smeticha Bl SRS, Wb O suRh AR of Wher et 1 1T
oxi de. 249 Oogpgigi@ pli8ith §Ra @80 FRitfching AP EAAHES vizRr a%}foisi'ﬂbn (& V8). onreWBitRY; def ect

requirenments becone nore stringent, as particulate generation from
appar at u$0 wi t iphactdim ompossien bigappRtngthe ndeting atrecsubstsatessul facd tegoperataread at For

pl asma dry etch chanbers running various 27 hal ogen, oxygen, and nitrogen
chenistrﬂﬁs, et b 180 - 290°Cr , "0, N, and various 28 conbi nations thereof,

f , | ectign,of. the material used,f tus, 5 1
componentd: ankLHanben M R ARATE o BPtetied i PETRAIEA FPRtl 1 gooc

plasma 13 exposed surfaces of a plasma source gas distribution plate of the kind used in
14 semiconductor and MEMS processing apparatus. However, due to the concentration of
15 reactive species which are present at the surface of the gas distribution plate, the lifetime

16 of the gas distribution plate has typically been limited, from about 8 processing days to
17 about 80 processing days, depending on the corrosivity of the plasma created in the

18 processing chamber. To increase the lifetime of a component such as a gas distribution
19 plate, a gas distribution 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 substraic

23 typically comprises about 99.99 % yitrium 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 importance. 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



2 resistance performance (which al so have adequate nechanical, electrical
and thermal 3 properties), can reduce particle generation, netal

contam nation, and provide prolonged 4 conponent life. This translates to

| ow costs of manufacturing, reduced wafer defects, 5 increased lifetinme, and
i ncreased nean tinme between cleaning. Ceramc materials which 6 have been
used in such applications include A12G3, AN, and Si C. However, the plasma 7
resi stance properties of these ceramic naterials is not adequate in nmany

i nstances, 8 particularly when a fluorine plasma source gas is involved. The
recent introduction of 9 Y203 ceram c shows inproved plasnma resistance
properties, but this material generally 10 exhibits weak nechani cal
propertied theempanats and chembgrdineys de¢ames nfcy crijisale Bk matesialsivithigoed plasromduct or
processi ng conmponents, _ processing kits, and chanber |iners 1 0017]
SUMRRY 13 [om@ﬁan%fegwalﬁ%f‘@v&pﬂl%@g%ﬂ §uaomesnanis selmﬁ%@ldsté nduct or
processin 1 . ] | . C i C s and

t he surf ages éﬁoﬁé}gﬁ%’g&ﬁgﬁ%dg%lj@pnvﬁ?{%e}lgﬁgﬁghﬁ%g%néag{ﬂﬁ&gu@h%?@é?‘g?e I? @%g&\rﬁlari ety
of chem cal rgageRbS 136 ATHN @siRtek ANRWWHIES Bf mddufRtirAg kePiced Rafet Ade@dpar at us
surfaces. The effect of the attack on an apparatus surface is 17 frequently
referred fo ascenssdilifstingt arndhecragpdmatniimes etivemneleahingi Seamicsminkmalt whickduce
the 18 ergsion rate by selecting a particular material conposition for the
appar at us9sur hayedeen ysed ingugh gpligatiopeingitenl.a). AlklyandSiGpHpwevr.dbe plaseat i ng
over the apparatus surface; however, this. 20 not. be the best sol ution
Do avor di fo. el geitss PramrEies sLRPRG raic BAstsl g B iy Sy ARANEr (or odi no)
during a pl asgng; i i i t ate 22
beneat h tﬁe cg%%“?%ﬁﬂ"w I‘FbFi(ibffeJB gﬁﬁ%%e%agffggisgggﬁggﬁ%sg‘gnrg%%%ﬁ%ﬁyﬁg&%oati ng

| ayer. The 28,@astafigsHoiy &hpravad plhstlagesitince plobérge) baahig nfafpigbsabmaly due to
residual stress. While such 24 problens will be significantly reduced by
usi ng a dBat i eritofs wenle meehasicalrpropssiies thah limSitnapplicatighsfod eensral besdni n

enbodi nents herein, in rran%/,i nstances it may be adyantageous to 26 form an
entire aﬁ;i)ar At QRGN o RIS nEFoMPRRBENES, BOPEHDE KLY 8f l8efsal s. However, 27
frequently the materials which are nore erosion-resistant are nore
crystalline, and an 6 1 inprovenent in erosion resistance cones at a cost,

in the fgpm ofpogipcr eased nechani cal gUMMARY
13 [0018] Semiconductor processing conditions expose semiconductor processing
14 apparatus, such as the interior of processing chambers and the surfaces of components
15 within the processing chambers, to a variety of chemical reagents and plasma ions which
16 attack processing apparatus surfaces. The effect of the attack on an apparatus surface is
17 frequently réferred to as erosion of the apparatus surface. It is possible to reduce the
18 erosion rate by selecting a particular material composition 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



2 properties (such as ductility) of the apparatus. Ceram c materials which
are formed from 3 an oxide of a Goup IIIlA 111B, 1VB and VB el enent, or
conbi nati ons thereof, have been 4 denonstrated to provi de erosion

resi stance to hal ogen-conprising plasmas. 5 Enbodi nents of the present
invention pertain to reducing the erosion rate of a ceramc 6 material,
typically conprising a Goup II1A I11B, IVB, or a Goup |IVB elenent, or 7
conbi natjons thereof, while maintaining acceptabl e nechani cal properties or
i nproving 8 nechanical properties of the conponent parts nade of the
ceramic material. 9 [00191 In one enbodi ment, sintered ceramcs are forned
which contain a single 10 solid solution phase or which are nulti-phase,
such as tho pHEswenae i progien piigace cPres atiacofh in the foia o€ deceqagen mechaniedl cal | y

t ai ttri . um .ph d t | J 1 ti h
For med 11 PR ieh Ao POEE e RRRR. Lo ol with e bptEoR 13 The
or med f rom yEPHs t P s .
Condi {1 orb 1 G e gRR S U EIEIER A R Wb RRT, ST IR et o

erosi on t£st afiinibBsifiedt6 frovRBeRlion IistAte MEGIMEM-ahprRi@RRikiags. For exanpl e,
ceramic materials formed fromstarting 16 conpositions in which the Y2031
yttrium oki de&Embpdimentcaitbepreseat inventiom pertdn oredweink theterosich 156 ofrekaa®ict o about

75 nole % the Zr2, .zirconiuym oxide, nolar concentration ranges 18 from
about 10 Srol 255G DERieRlY compHeinga SourdtA. HHb IMBowa Grapp Y B elsmg ¢fe, nol ar 19

CONCeNt 1 851 Ol AR/ SR e Bl TB i A0 olph B A OB

excel l ent’ 20 "erosi'on resIstance gemn-cont ar ni

provi di ngg aduaRG&HIBRPEMLES the SlnfRhAR Bhitd Bl R iRReaREhGRANd] i ng of solid
ceram c processing conponents with |ess 22 concern about damage to a

conponent? | 00Ny enihed: ambidmen, Sitaed cargnics age dairiet ovhich23nthipra ddpd cer am ¢
materials may be one that conprises Y203 nol ar concentration ranges 24 from

about 551%m| éolid sdutignaliesees wiisharomulirnbpsensiches wormbassand thremphagggds from
TSN SEN R M. ER N e L TR
oreat, conser e SRR AT RO OIRRLGR Lk L gl e
about 551310! erHstn@erébtimib hasBebevuateld @mdd Geridii lpkmd processing conditions to

14 determine erosion resistance. The materials which were erosion tested were also tested

15 for mechanical properties. For example, ceramic materials formed from starting

16 compositions in which the Y,0;, yttrium oxide, molar concentration ranges from about

17 50 mole % to about 75 mole %; the ZrO,, zirconium oxide, molar concentration ranges

18 from about 10 mole % to about 30 mole %; and, the Al,O,, aluminum oxide, molar

19 concentration ranges from about 10 mole % to about 30 mole % provide excellent

20 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 %, ZrQ, molar concentration ranges from about

25 15 mole % to about 25 mole %, and Al,O, 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 ZrO, molar



1 concentration ranges from about 20 nole %to about 25 nole % and the A1203
nmolar 2 concentration 10 nole % to about 15 nole % In one enbodi nent, to
produce a solid 3 apparatus conponent, these starting material formulations
are conpacted into a 4 pelletized formand are sintered using a nethod
selected from pressureless sintering, hot- 5 press sintering (HP), or hot
isostatic press sintering (H P). These sintering techniques are 6 well
known in the art. 7 [0020] In other enbodinents, the starting nmateri al
conpositions |listed above may 8 be used to forma ceram c coating over the
surface of a variety of nmetal and ceram c 9 substrates, including, but not
limted to, alum num alum num alloy, stainless steel, 10 alum na, alum num
nitride ahd gemcentratiorsiangesdromeabont Xuacleds to akews\RA nioke Yormad thetALGuodlaras 11

pl asma spraying, for exanp] e and not by way of limtation. Typicall]y the

al um num 212 %q%ﬁwamﬁo mglegérﬁagﬂutplém@% {ﬁlrﬁnﬁﬁwb‘aff%v, 9rrredyee k59l

descri bed,in L. P 3.6, 76 n. e At oned above.
However , \%\A th %e"ﬂuis ﬁ%fgg%/ng ’tr?g%ahséa%nzgar?atg%j f%%&%ﬁ?ﬁ aEeresél(J |a8%§f*r}'}taé/g been
obtained, 4it jlefiRdFOREAARE: diktekd 88hd AneMbANISIRANRM BleliSrelcbPsif@ARO RGOt S be
used when possible, to avoid the eventual failure of the apparatus to 16
functi on propaedsyintkringt(HP), ot kot isstaid prpssabitaing (HE) WEhese siheriag achnigueaned t he
underl yin 17 substrate, or to prevent a sudden failure of plasm

r esi stancg duwel kpoppdn s ng | ayer 18 flaking off, or to prevent plasma

Promwtnin (RE00at fr PhgaP et RoRdarne uied) sPmpiims Do bRimE Fane 20
to erosiog. 2 Js@@%]f])mﬁf Q@erﬁqféic%%tg% Q%r hé SRR M%Etggafﬁl%iﬁijﬁ{d creﬁfr}fé trium

. )
oxi de powder at a 22 concentra of zirconi um oxl rangi ng from about

0.1 nol e 9ot osubkaeis, iBOludBE SHublbot liddted td, Qlunt@ins @lundain alloyh MaidRey@sl,i onal .
ceram c processing, provides a single solid solution 24 with a cubic yttria &
crystal $0rucalummapihasipummitddeari qatts, using & échyiges welligoain isthead: sckaphase,

25 or provides a mxed solid solution of cubjc yttria crystal structure
phase and! cubhlesmegpray gy of%’ﬁapﬁ’%‘e@“éﬁ?g?ya‘i"%?fr% P bpielly theqlunipemc yp; ¢
yttria cryst G t : L. .Qf the Ld .selution is
smal | er [1 ana%ﬁgﬁlsegflggh%hgﬁqg a@'ﬁ%*l%m@?ﬁﬁt%ﬁg%?%eemﬁ%? 9???“_ |t§\g0'st ructure,
due to the fogm88MR0 Sfin Mlal | hbRHELMICY, - HEREvet, Wethehinfprdvield RicbiaBichly Pe

14 properties which have been obtained, it is recommended that solid ceramic apparatus

15 components be used when possible, to avoid the eventual failure of the apparatus to

16 function propetly due to interfacial problems between the coating and the underlying
17 substrate, or to prevent a sudden failure of plasma resistance due to the coating layer

18 flaking off, or to prevent plasma penetration of the coating layer through defects which
19 may be exposed from within the coating layer as the coating layer becomes thinner due
20 to erosion.

21 [0021] The addition of zirconium oxide powder to yttrium oxide powder at a

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



8 1 crystal structure, the cell paraneter of the solid solution is smaller
than that of the pure 2 cubic fluorite-type structure, due to the formation
of oxygen vacancy. The smaller cell 3 paraneter inproves the plasma

resi stance properties of the solid solution of zirconium 4 oxide in yttrium
oxi de. For exanple, the erosion rate of a pure solid yttriumoxide 5 ceramc
in a CF4/ CHF3 plasma is about 0.3 nmfhr. The erosion rate (the rate at which
a 6 surface is renmoved in pm (of thickness)/hr) of a solid ceram c of about
69 nole % 7 yttrium oxi de and about 31 nole % zirconiumoxide is about 0.1
pnmihr, a 3 tines slower 8 erosion rate than pure solid yttrium oxide. This
unexpected decrease in erosion rate 9 extends the lifetinme of a process

chanber liner or an internal apparatus conponent within 10 the process
chamber, do t%ﬁtﬂkﬂﬁ@“ﬂ@pihaé@hﬁ?ﬁmfft?r&iﬂ@ﬁ@w sahptionissmalispthamthatofithe puseluced, 11

reducin ar at. down tine; and, the.particle and netal contam nation

| e\ég! | g?pgfgt g@iﬁ@f&wﬁéﬂ&?ﬁ»ﬁgm i eBdtonae Owaaacafwyeﬁiwmﬁé rgglﬁj%vi ce
abricatigqn r.echt cast o e

oy oceaat ng. appupn iRt (4 pond sAGALE bl pEuf SO I BF AlconiiE)

Wi | e the40. lofé rytEuMSIxQiR. Fat &amPle, thb erogioh eANbHMRX sdlid yeaidkideng yttrium
16 oxide solid solution is surprisingly better than that of yttrium oxide at
0.3 pn thp, ardarif iwoh¥i/dHF ailhsmaieatcat 0.6 harhoThe emsion data(theviateiatvbichde
ceramic at 1.44 pmhr in _the 18 CF4/CHF3 pl asma, the nechanicalwproperties
of the zi PconfWiffcoRirerae ed i wnketiBickaespihpiat a polidiserammic ebphogt &umele "o

illustrate that.an i.qprov t in flexural strength d fira re 20
toughneas wouf i BeokEr BRGRCE: s Phtp Rt i N bmirc: Hrbsfie
strength gnd £Ha68 MiEhhOMIDBARSBImiRRIc2 T hBE MhEGREENIR 48N cRoR LA NG YETTT UM
oxi de solid solution are achieved, by adding various 23 anounts of al um num

oxi de to Phe &oemiskie lifaimd dfa Badebscthambéitlineioraa idefnsl abparktod tangionetd wattithi t i onal
yttrium al um nate phase. The m xture of oxides was pelletized 8%.25
uni di r ectlP onathe peashsshamaber,po dlet thegepdacementdreiquensy &risechmpparaiuniy teduced, gr anul ar

owder fqrnmed .26 by spray drying, .in comhination with a typical content of
D nder s. Thho. Brthe HBagRaAeNm Sineg fdnhs PUBel Aol BOE! UG PR T8ERN ques
general | X2 kn OéM}irfgra't ﬂl&ﬁla%%cess-@ﬁdﬁéég,' Jnhﬁﬂlg%fdevice fabrication with ever shrinking

13 geometry with reduced overall cost of the processing apparatus per wafer processed, on

14 the average.

15 [0022] While the 0.1 pum/hr erosion rate for the zirconium oxide-containing yttrium
16 oxide solid solution is surprisingly better than that of yttrium oxide at 0.3 um/hr, and

17 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 zirconium 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 yttrium aluminate phase. The mixture of oxides was pelletized by

25 unidirectional 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



28 10 nole %to 30 nole % of alumna significantly inproved the nechanica
properties of 9 1 the sintered ceram c conposition in terns of flexural
strength and fracture toughness, as 2 discussed subsequently herein. This
surprising change in nechanical properties, which 3 indicates that
fabricated parts could be handled with less risk of fracture, was achieved 4
with mninmal effect on the plasma erosion rate of the ceramc material. For
exanple, the 5 erosion rate of the ceram c containing 69 nole %yttrium
oxitde and 31 nole % 6 zirconium oxide, after exposure to a plasma containing
CF4 and CHF31 was about 0.1 m 7 / hr. For the ceram c containing about 14
nol e % al um num oxi de, the erosion rate after 8 exposure to the sane plasma
was al so &bouthe@intered ¢erapric cqmpositine intemasidleswal siength gndirasbisetougBiesiobe %

l um ide, th i t, i to the, |, . 10
2bout 0. 23m | SHSHTGPRISAY G bHB SHBARE PO HHe BRI ALPBBR SNl nor ease
in 11 flexura . [ | 1 - I (o) i r
rel ati onshi p. lnﬁ%\%\%%@?%g%‘h%&gfélqstc)#()%g]ﬁbl%ﬂagﬂﬂ%{ ?ﬁfé%gsr ]{I&E:Og#ag%{%i I?r’lasgagh{eﬂﬁfif ormul a

with mnigal GxRefihinRNRH @the blasi¥d 8Y4i& rate theledraniié RLIAAL FOr Bampleied
herein. 14 [0024] As an alternative to adding alum numoxide to a nulti

phase net al stratiberateld tiporposc tontainiog HP miolei % giisiorh pkidenank3 ideolatsl zi r coni um
oxide, it is possible to add HH 2, 16 hafnium oxide; Sc2031 scandi um oxi de;
Nd203, neBdynfiseiiyn Qxide, alfsy cxposwE b Plasmarcogiginies Capdd HEs avasabeihOdxiiae ;

Yb2O31 vyt bi i de: Er203,. bi i X 203 8 Ce(2 i
Ty o e Craic R minfia AT S peRE0s A bRide, B FE G e L' U
al ternatiye oxidese {osthéjs%ﬁfé’platsﬁﬁwféggﬁ@%(fu%.g%%lPrfr URE YLk ARid BnldifnSt art i ng

material 20 fornulation ranges fromabout 0.1 nole %to about 90 le % and

typi cal | y9r ang®at 252holt Postumbmmii oxl€, thelefositinirgle al@dkpodGren®ihe sime PldsnhdOR5]
After mxing of at |east one of the alternative oxides |listed above with the
23 Y203 aRd ztopt hdwadhs. Jhemelationship beteesnoilyninem onide gpntenthiacreasait nat i on of

poer s (8 RAuESTBIe Bl 4 RSclt SnalLy TRERTLCl R B2ELN0 o1 o010
SR T e e e
13 information provided herein.
14 [0024] As an alternative to adding aluminum oxide to a multi phase metal stable
15 composition containing yttrium oxide and zirconium oxide, it is possible to add HfO,,
16 hafnium oxide; Sc,0;, scandium oxide; Nd,O,, neodymium oxide; Nb,O;, niobium
17 oxide; Sm,0,, samarium oxide; Yb,O,, ytterbium oxide; Er,0;, erbium oxide; Ce,O; (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] After 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 granuiar powder formed by spray drying with a typical 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 solution is a “multi-element-doped” solid solution. One solid solution exhibits a cubic

10



27 the sintered body, a single phase or two phase solid solution forns,
where the solid 28 solution is a "multi-el enent-doped” solid solution. One
solid solution exhibits a cubic 10 1 yttria crystal structure, and anot her
solid solution exhibits the cubic fluorite-type crystal 2 structure. The
solid solution has excellent plasma resistance, typically better erosion 3
resi stance than that of the al um num oxi de-conprising solid solutions

di scussed herein. 4 However, the nechanical properties of the
yttria-zirconia-alumna systemare sonewhat 5 better. Al of these

mul ti-doped solid solutions exhibit excellent plasma erosion 6 resistance
and inproved nechani cal properties in conparison with previously known 7
yttrium oki deviitiaayl atmcdie.dad getthe selisl solytion sxhilgits] thoadic BRrrifErypESTHAIPTI ON OF

THE DRAW NGS 9 [0027]. Figure 1 A sho hot omi crogra f the as-sintered
Surface of a SBREE. Bs spid tofuisn e G af BT RS GRoRdsAE b BEFGRER 5 000
times. 11,[00 ' : g = .Sd - ed
surface of a o eyt o Hs ARk DR R if SRR EHE S
yttrium oxi deHowdreRBheemthanital @Ripefiies di3hOtribezircama-aluinifD3ySteflbadd domMcnhap oxi de,
at a magnification of 1,000 tines. 14 [0029] Figure 1 C shows a

phot oni cr &gr apritenfAlk di¢heas multivdaped sblslisofutions exhibi exeslllent plBmg efosibiion cer ami ¢
substrate fornmed from55 nole %yttrium oxide, 20 nole % zirconium 16

oxi de, anfl 25reRgipRceand pFPYRGHesRindeal Properties i GAmPITisaR R PNl AROWR nes. 17
[ 0030] Fi gure %Mg)gg\gzigcogﬁ%t q{rﬂecsgﬁggo \thon(s)f the surface of a solid yttrium
oxi de 18 cerdm C arter arest &t using the processing plasnas and tines
typically used to etch the 19 various |ayers of a contact via feature in a
sem conductor device. The magnification is 20 1,000 tinmes. 21 [0031] Figure
2B shows & phi@026ti cr ogr ap/BRIER BESERIPEON OF EHEDRAWINIGSt i on ceramic 22
formed from63 nole % yttrium oxide, 23 nole % zirconi um oxi de, and 14 nole

% 23 al un? nun8%ilde afigue 1A shoyts aphetemigegreph idhapssinsered swfagd fsrralid and ti mes

typically . used . to 11 1 et.ch the varj.ous. | rs of a contact via feature in
a sem c Oxgu ot B Qide cerappe ata magmf?ca{lon of 1,030}3%111%.

11 [0028] Figure 1B shows a photomicrograph of the as-sintered surface of a solid
12 solution ceramic substrate formed from 63 mole % yttrium oxide, 23 mole % zirconium

13 oxide, and 14 mole % aluminum oxide, at a magnification of 1,000 times.

14 [0029] Figure 1C shows a photomicrograph of the as-sintered surface of a solid
15 solution ceramic substrate formed from 55 mole % yttrium oxide, 20 mole % zirconium

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

17 [00301 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 selution ceramic
22 formed from 63 mole % yttrium 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



2 magnification is 1,000 tinmes. 3 [0032] Figure 2C shows a phot omni crograph
of the surface of a solid solution 4 ceramic fornmed from55 nole %yttrium
oxi de, 20 nole % zirconium oxide, and 25 nole 5 % al um num oxi de after a
test etch using the processing plasmas and tinmes typically 6 used to etch
the various layers of a contact via feature in a sem conductor device. The

7 magnification is 1,000 times. 8 [0033] Figure 3A shows a photom crograph
of the post-etch ceramic of Figure 2A, 9 but at a magnification of 5,000
times. 10 Figure 3B shows a [0034] phot om crograph of the post etch ceramc
of Figure 2B, 11 but at a magnification of 5,000 tines. 12 [0035] Figure 3C
shows a photom crograph of the post-etch ceramc of Figure 2C, 13 but at a
magni fi cali onctel ths vaims laymsof a cantdad gz diatire Hig ssmigrndirdrisicwicy hbBeoni cr ogr aph of
the as-siptered surf.ace of..a solid 15 solution ceramc fornmed from63 nmole %
yttrium ogi demagniigaipn sk W0 IMES: 1 m oxi de, and 16 14 nole % al uni num oxi de,
at a magnification of 2,000 tines. 17 [0037] Figure 4B shows a

phot om crograph of the surface of the solid solution 18 ceram ¢ shown in

Fi gure 4A3 af foes2lexpdEgire 20 khdvien fiR&microgaphioftthe Surfat@sfehsoRd Sdlutnocess of 19
t he ki nd described herein. The magnification is 2,000 tinmes. 20 [0038]

Fi gur e 4C4showsangic fitoed friomrdgnelp o wiriuhexides 2@ inntedt ebicaninmi exdde, ofd 35 molei d 21
sol ution ceraom' formed, from55 noJe %yttrium oxide, 20 nole % zjrconium
oxi de, and 17 #umigungKide gfterafast ishieng die propessingripimas pekimesivRiFaly. 0oo

times. 2 (003 i . h 1.CLOAr a .t h rface of the
solid sol lg.lt i O%%%ﬁcegéfgﬁ,‘e gglsoﬁg\fl)a\ﬁ@ T ﬁf @?"3@?&@‘5@%& {ﬂg rsgéicﬁgtguﬁfog d%‘?}get' h]glet est
coupon to7a thehfficafbeR} 1000¢@RS. 0f 4 the kind described herein. The
magni fication is 2,000 tinmes. 5 [0040] Figure 5A shows a photom crograph of
a solid solution ceramic formed 6 fron63 nmole % yttrium oxide, 23 nole %
zi rconium oxide, and 14 nole % al um num

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, after 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 % yttrium oxide, 20 mole % zirconium oxide, and

12



7 oxide after exposure of the test coupon to a netal etch process of the

ki nd described 8 herein. The magnification is 5,000 tines. 9 [0041] Figure
5B shows a phot om crograph of a solid solution ceramic forned 10 from 55
nole % yttrium oxide, 20 nole % zirconi um oxi de, and 25 nole % al um num 11
oxi de after exposure of the test coupon to an etch by a CF4/CHF3 plasma. The
12 magnification 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 15 this specification and the appended cl ai ns,
the singular fornms "a", "an", and "the" 16 include plural referents, unless
t he cont ext clearl¥ dictates otherwi se. 17 [0044] When the word "about" IS
used hereln, #hneleisalpmiramgedds o amegrificatien afiRe0001imeAoni nal val ue present ed
is precise within 10 % 19 [0045] Bulk yttrium oxi de has been shown to have
very good corrosion resistance 20 upon exposure to fluorine plasma and

ot her_cor 505! 8! a5 RgupRlodt & pholph Al WP duce BB ST AQNAHE! O

manuf acturin pr cesse sses and chem ca vapor

deposi ti oR praRems sin IPVRMSSC, aRel psupesdfatid tbgd Goyploh td AlRiRK @R prodkdslog
of fering very good 23 corrosion re5|stance to various etchant plasmas, does

not of f er4 godie kind desetibesl hetedn. 1 Thermggnificatian is B,00@fimss.of f| exural strength and
fracture toughness, for exanple. To inprove 2 the overall perfornmance and
handling capabilities of seniconductor conponent parts and 3 liners, there

5,3 Needs 10 foBRIOVe HiTRHAN £ Bl ARGEL 8% LISTUNGP ARk e 10 pure

4 crystal i um

properti e@ . 1frorh6 1RolB O PR Wxilld) 23 @Home %&x@édngﬂ oRite Yehl N4 WS 'aﬂﬁuﬁﬂrﬁ h a
conpati bl e oxide. The |nprovenent 6 i n nechanical properties needed to be

acconpl i shed omidetadtat exipasun ofghetiasi coapon tg e oattal etph poness of ths kimd dpscopeat t i es of
the pure yttriumoxide. 8 0046% | n consideration of the G bbs Formation
Free Ener®y diersityr Theusagaificaiiondis S#0QHMEY.i al s whi ch nmi ght be conpatible with
yttriun1OX|de we determned that it is nore 10 difficult to formfluorides
than oxides for yttriumand alum num el enents, so that yttrium

9 [0041} Figure 5B shows a photomicrograph of a solid solution ceramic formed
10 from 55 mole % yttrium oxide, 20 mole % zirconium oxide, and 25 mole % alurrﬁnum
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] DETAILED 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 yttrium 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 yttrium oxide, while offering very good

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

13



11 oxide and al um num oxi de are expected to provide good resistance to a
fluorine 12 containing plasma. The G bbs Fornmation Free Energy of zirconium
fluoride is simlar to 13 that for yttriumfluoride. Further, in a
honobgeneous anor phous oxyfluoride, or a glass- 14 ceram c conposite
oxyfluoride, increasing the zirconiumfluoride content can decrease 15 the
free energy of the final oxyfluoride to make it nore stable. 16 [0047]
EXAMPLE EMBODI MENTS: 17 [0048] Exanple One: Etch Plasnma Process Conditions
For 'Erosi on Rate Testing 18 [0049] Tables One - Three, bel ow, provides the
etch plasma conpositions and etch 19 plasma processing conditions which
were used for evaluation of a series of test coupon 20 materials. There
were thred bapioperdips ideraxof Sesusal strengthoamd flagiuredowsbnelist foowemple. die improze 21 used

f th i te testing: T, h et.ching, wh th tch pl
source gad  23e g Lpefppeast bt teRLoR S prREer S a0ET SCPRN ng a
trench 1 egt ur g, 36 DeuaREh 23,85 HEAHAGI Ableils Sy BOB) LERHNRRES N

e (o} at e. uc

into a nultilayer sem conductor substr a substrate‘typically

includes an apdybtalihé Seriiny 6xi€Oald staih MRGMBFovBAREIn mddtRhicalPoperfes,afigani ¢ or
inorganic dielectric layer, a netal |ayer, and an etch stop | ayer. Contact
Via 26 etchi negessatyde éormea alloy bf yitrmsnexideowiticecarmitibla dxide.c hhginpresment
conditions were 2% representative of etching a contact via having an aspect
rati o of &bouil 1 Plﬁcagpmaﬁlﬁ Bgdedyta be a%qealphaﬂeém@ovtrhmiég theverdsed devi ce

substrate, ang _havin 'gHgt r. of beyond 65 nm 2 technology into a
mul til ayerqed 3%1%‘!’5?1 %@Prgb susbostﬂ}e uéeﬁﬁ%: u%l%g a buried ARC (BARC) 3 | ayer,

a dielectgic [aygr anth é&nslieRtidPoehe GABSIFGnalibi Bike BAGH HOarib& &rdilie et ch
pl asma 4 source gas and etch process conditions were representative of

et chi ng af ovmaleyialngvhihtmiphtrtiewompattbld with aivh oxidd wanridicanined that inisnndrayer ,
where the etch plasma source gas and 6 etch process conditions are beyond
65 nm t edBnol difjculto faypgblorigesehany axitlen fatyitim gnprlominn demenih so thatttaipm vi a

etchin ocess ., were.carried., 8 out in.the ENABLERm processi ng system and
t he ne?aﬁﬁetcﬁ?ﬂﬁmﬂﬁ$E@§?nﬁé¥°3§F¥P%ﬁ%§°Bﬁngﬁo? SIppEe Eﬁ @gﬁéyng system

al | avai lyabl ean'Eaﬁ’ﬁIhg“Bl%ﬂuﬁdrﬂ\é%iﬁﬁé PrPatidn e ﬂer%ﬁco&&n Glasd s Satihd |7 NI a.

13 that for yttrium 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 oxyfluoride to make it more stable.

16 [0047] EXAMPLE EMBODIMENTS:

17 [0048] Example One: Etch Plasma Process Conditions For Erosion Rate Testing

18 [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, into a 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



11 [0051] Table One: Process Conditions for Trench Etch Erosion Rate Test

12 [0052] 13 Trench CF4 02 CHF3 N2 Ar Plasnma Pre Subr Subr Tinme 14 Etch * *
* * * Source Bias Tenp 4 15 Sinulation Power' Powwer 16 Etch Step 150 30
300 1,000 40 35 17 One 18 Etch Step 400 1200 220 400 40 40 19 Two 20 Etch
Step 175 15 1500 150 500 40 39 21 Three 22 Etch Step 500 100 10 200 40 55
23 Four 24 * All gas flowrates are in sccm 25 1. Plasma Source Power in
W 26 2. Pressure in nifforr. 27 3. Substrate Bias Power in W 28 4.
Substrate Tenmperature in C. 29 5. Tine in seconds. 15 1 [0053] Table Two:
Process Conditions for Via Etch Erosion Rate Test 2 [0054] 3 Via Etch CF,
CF6 CHF3 CHHFZ Ar Oz Ny 4 Simulation 5 Etch Step 80 80 6 One 7 Etch Step

28 15 20 300 &ud 40 plus in the developed device substrate, and having a diameter of beyond 65 nm

2 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 etching 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

O e 1 SN i R W

out in the DPS™ processing system, all available from Applied Materials, Inc. of Santa
10 Clara, California.

11 [0051] Table One: Process Conditions for Trench FEtch Erosion Rate Test

12 [0052]

13 Trench CF, | O, | CHF; | N, | Ar | Plasma | Pr* | Subr | Subr | Time
14 Etch * * * * * Source Bias | Temp

15 Simulation Power! Poyver !

16 Etch Step || 150 30 300 | 1,000 40 35
17 One

18 Etch Step 400 1200 | 220 | 400 40 40
19 Two

20 Etch Step || 175 15 1500 | 150 | 500 40 39
21 Three

22 Etch Step 500 100 10 200 40 55
23 Four ‘

24 * All gas flow rates are in sccm.

25 1. Plasma Source Power in W.

26 2. Pressure in mTorr.

27 3. Substrate Bias Power in W.

28 4. Substrate Temperature in °C.

29 5. Time in seconds.
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8 Two 9 Etch Step 40 650 30 10 Three 11 Etch Step 200 12 Four 13 Etch Step
500 14 Five 15 Via Etch Plasma Pre Substrate Substrate Tine' 16 Sinulation
Source Bias Tenp 4 Power' Power3 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 * Al gas flowrates are in seem 22 1. Plasma Source
Power in W 23 2. Pressure in nlorr. 24 3. Substrate Bias Power in W 25
4. Substrate Tenperature in C. 26 5. Tinme in seconds. 16 1 [0055] Table
Three: Process Conditions for Metal Etch Erosion Rate Test 2 [0056] 3 Metal
Cl2 BC13 CZH4 Ar CHF3 N2 Plasma Subr Prc Subr Time 4 Etch * * * * * x
Source Bias Pr Tenp s 5 Sinmul. Power Power 3 1 2 6 Etch 60 3 20 1000 100 8

40 30 1 [0053] Table Two: Process Conditions for Via Etch Erosion Rate Test
2 [0054]
3 gfégl;bg%%n CF, Cngs CHF, CHQF 5 z’&kr 0*2 N*2
5 Etch Step 80 80
6 One
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 Etch Step 500
14 Five
15 Via Etch Plasma Pr? Substrate Substrate Time’
16 Simulation Source Bias Temp* '
Power! Power’ :
17 Etch Step One 30 400 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,
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7 Step 8 One 9 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 Etch 60 40 3 1000 200 8 40 23

16 Step 17 Four 18 Etch 30 60 5 50 5 800 170 6 40 15 19 Step 20 Five 21 *
All gas flowrates are in stem 22 1. Plasma Source Power in W 23 2.
Substrate Bias Power in W 24 3. Pressure in mlorr. 25 4. Substrate
Tenperature in C. 26 5. Tinme in seconds. 27 [0057] Exanple Two: Conparative
Rel ative Erosion Rates O Various Ceramic 28 Materials Conpared Wth

Al urii num Oxi de 29 [0058] Al um num oxi de has frequently been used as a
protective layer or liner when 30 a sem conductor process nmakes use of an
et chant plasna Usi n alun1nun1OX|de as the 31 base comparative nmaterial,

we det er mi ned9PH8 r ellable Lhres: ProcessCon b far NMetahBteh Erasin Rate Test1/ CHF3)

envi ronme t ﬁ%éﬁ aIun1nun1OX|de haV|ng a relatlve erosion rate of 1, we 17

| found t relative erosion rate of quartz was about 2.2 tinmes that of
alun1nun1OX|
3 Metal CL | BCl, |CH, | Ar | CHF; | N, | Plasma | Subr [Prc | Subr | Time
4 Etch * * * * * * | Source | Bias |Pr Tgmp 5
5 Simul. Power | Power | *
1
6 Etch 60 3 20 1000 100 8 40 30
7 Step
8 One
9 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 Etch 60 | 40 3 1000 200 8 40 23
16 Step
17 Four
18 Etch || 30 | 60 5 50 5 800 170 6 40 15
19 Step
20 Five
21 *  All gas flow rates are in sccm.
22 1. Plasma Source Power in W.
23 2. Substrate Bias Power in W.
24 3. Pressure in mTorr.
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 a Trench Etch

32 (CF,/CHF,) environment. With aluminum oxide having a relative erosion rate of 1, we
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2 The relative erosion rate of silicon carbide was about 1.6 tines that of
alum num oxide. 3 The relative erosion rate of zirconia was about 0.8 tines
that of alum num oxide. The 4 relative erosion rate of pure yttrium oxide
was about 0.19 tinmes that of alum numoxide. 5 The relative erosion rate of
a yttrium oxide, zirconium oxide, alum numoxide ceramc 6 conposite,
formed fromb55 nole % yttrium oxide, 20 nole % zirconi um oxide, and 25 7
nmol e % al um num oxi de was about 0.2 tines that of al um num oxide. The
relative 8 erosion rate of a yttrium oxide, zirconium oxide, alum num oxide
ceram c conposite, 9 forned from63 nole %yttrium oxide, 23 nole %
zirconiumoxide, and 14 nole % 10 al um num oxi de was about 0.05 tines that

of al umi nlim oﬁ@iua% thatithe pelpiyg progion s @f dppitewas apeaisia Besthyof sl exider
Trench Etghin ess 12 0 ref er tre ch et chi ng et hod
descr | bed? abolts e e b et erhid W B0 fpbr Pui IR P PR e ur e
vere as foll O’I‘Ee relEP@e 5851 AR Jrah&on wés‘bb&htl(')”@ éE‘tHﬁ‘c'oF'Qiuiﬁﬁﬁmilo)&demI"hE The
erosion rate of k yttrium oxide was O. r. 15 The erosion rate of a
the a ytt#4i umelivelerosidin fmﬂmfammdﬂ)xm&lwamammqmtﬂm derf eflanihtmoafiposi t e,
formed from55 nole % yttrium oxide, 20 nole % zirconiumoxide, and 25 17

mol e % al &imi nli rebetivkeeromien J@telof Ay Hrium Phide egigenivm omlsealmmnamwtdmcenmnmu de,

zirconiu 18 oxide, .alu oxi.de ceramc. c e, formed fro 3 mole %
s Pl Ok ocomapeite; §mad Bty os mals h B s, SURGT £h Lo e o de

was 0. 07 &1 hr Q gggenﬁ Iy
Et ching Pr ocelggl%z/i[ﬂ@%%é’% éseab e%zntélg‘%ﬁgé{t ﬁgluﬁlgﬂe%%%%?%%tﬁgd descri bed
above, thg sagpdien ra?e?ofaly&ﬁmm&metze&bmﬁﬁwm AREBLAIbxIR eSm gih, wer e as
follows. The erosion rate of 23 al um num oxi de was not neasure The erosi on
rate of bl k fptred foom 63 indée %argrlornb&dzzmpmlm% zifosiuer axidepmdr ldtraole®% a t he a
yttrium oxide, zjrconium oxjde, alum numoxide solid 25 solution, forned
from55 Ml e W{WW@&W&@W@W&%Maﬁqhé@ﬁwaﬁ%@% de, and 25 26 mole %
al um num oxi de was 0.21 pnmihr. The erosion rate of a yttrium oxide,
zirconium 18 | oxide, alum num oxide solid solution, formed from63 nole %
yt”bu?z@rlt d?[/og?@ 0| B aifble?Theder QBB Efﬂsi@ﬁRaié@@or%ﬂ&HEﬁ:h@@'rbﬁ%@um oxi de
was n r

12 [0060] With reference to the trench etching method desctibed above, the sample

13 substrate test coupon erosion rates measured were as follows. The erosion rate of

14 aluminum oxide was 1.1 pm/hr. The eroston rate of bulk yttrium oxide was 0.3 um/hr.
15 The erosion rate of a the a yttrium oxide, zirconium oxide, aluminum oxide ceramic

16 composite, formed from 55 mole % yttrium oxide, 20 mole % zirconium oxide, and 25
17 mole % aluminum oxide was 0.1 pm/hr. The erosion rate of a yttrium oxide, zirconium
18 oxide, aluminum oxide ceramic composite, formed from 63 mole % yttrium oxide, 23

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

20 [0061] Example Four: Measured Erosion Rates for Via Etching Process

21 [0062] With reference to the via etching method described above, the sample

22 substrate test coupon erosion rates measured were as follows. The erosion rate of

23 aluminum oxide was not measured. The erosion rate of bulk ytirium oxide was 0.16

24 um/hr. The erosion rate of a the a yttrium oxide, zirconium oxide, aluminum oxide solid
25 solution, formed from 55 mole % yttrium oxide, 20 mole % zirconium oxide, and 25

26 mole % aluminum oxide was 0.21 um/hr. The erosion rate of a yttrium oxide, zirconium

18



3 [0063] Exanple Five: Measured Erosion Rates for Metal Etching Process 4
[0064] Wth reference to the netal etching nethod descri bed above, the
sanple 5 substrate test coupon erosion rates neasured were as foll ows. The
erosion rate of 6 alum num oxide was 4.10 pmihr. The erosion rate for bulk
yttriumoxide was 0.14 7 pm hr. The erosion rate of a the a yttrium oxi de,
zi rconi um oxi de, alum num oxide 8 ceram c conposite, fornmed from55 nole %
yttrium oxide, 20 nole % zirconiumoxide, 9 and 25 nole % al um num oxi de
was' 0. 10 gm hr. The erosion rate of a yttrium oxide, 10 zirconium oxide,

al um num oxi de ceram c conposite, formed from63 nole %yttrium 11 oxide,
23 nole % zirconi um oxide, and 14 nole % al um num oxi de was 0.18 m hr. 12

[ 0065] Exhnpl ®&idi slumphist exdasobd sadpinn, Dimsd from Ghnots YotiBametidee?bmplede Af t er

13 Exposure tQ A Via Efch .Proces 4 [ 0066], Fi gures A through 1 C show
phot oni crogr ZHaniym oxifls. gl e%‘fa}‘ﬁn’g‘}“ﬁt‘%}d@d"a%gg i um oxi de- cont ai ni ng
ceram c conposite prior to exposure to the via etch process 16 descri bed
herein. The yttrium oxi de-containing ceram c conposites include: 1) yttrium
17 oxi de-zi r copé63]M OXEgenpiOFivel SRhsutdd Wiosic Whted) foyMelal Bidhiak Priceat €, When the
conposition 18 was yttrium oxide 100 parts by weight, zirconium oxide 20
parts by 4wei gif¢4]and Watha¢femenoeuorttemeda etcingametimdhlgsonbedyittove, theTdainple
conposition is the sane as 63 nole % yttrium 20 oxide, 23 nole % zirconium
oxi de, ant 1AURBIHE 165t SPEROR STPFIOB Katerameasypdiware ag fallopvgmibe erpsipnyate.of 7j ¢ coni um

i de - ' i de, SOl i Lt i when t ition f 22 whi ch
Che- sof i & sol Tl ess il Bl AP profidR Bt RECTBTRRRPOL G b BTy~ " ©

zirconi umy 23,0t denZRodA thie oPY 181 yaRhm AN, AW IMiInGM Rael S by
wei ght. (This composition Is 24 the sane as 55 nole % yttrium oxide, 20

nol e % zi § condetumnioxdmigsite fickmed fioll 35 012 % Atrlum oide, 0K mdi) % zidbdnind@h okili€
phot om crographs are at a magnification of 1,000 tines. 26 [0067] Figures
2A t hrough 2@ndRoMkhtabmiovmgridp wes 840 umédirs The enosidn (ate ofjagmtriumoxide,

oxi de- cont ai ni,ng ,ceranj ¢ _conposite bsequent. to e re to the via etch
pi(locess d:aszéﬁcgl?ﬂé‘aoﬁ ﬁlwgg‘ﬂgxﬁflﬁ“%q?ﬁ‘?ﬁ %Pastec HP%F&&ESSE’@?%%Y@%%‘WOQ tes
I nclude: 14) Yyikdel ole %éﬁ&ﬁ%ﬂn&%&]%‘i%bﬁ% S0 SRR 1830Hne) Yitrium

al umi nat e, when the conposi

12 [0065] Example Six: Photomicrographs Of Yitrium-Oxide-Based Ceramics After
13 Exposure to A Via Etch Process

14 [0066] Figures 1A through 1C show photomicrographs of the surface of a sintered
15 yttrium-oxide-containing ceramic composite prior to exposure to the via etch process

16 described herein. The yttrium-oxide-containing ceramic composites include: 1) yttrium
17 oxide-zirconium oxide solid solution; and 2) yttrium aluminate, when the composition
18 was yttrium oxide 100 parts by weight, zirconium oxide 20 parts by weight, and

19 aluminum oxide 10 parts by weight. ( This composition is the same as 63 mole % yttrium
20 oxide, 23 mole % zirconium oxide, and 14 mole % aluminum oxide); and 3) yttrium

21 oxide - zirconium oxide - aluminum oxide solid solution, when the composition from

22 which the solid solution was formed was yttrium oxide 100 parts by weight, iirconium
23 oxide 20 parts by weight, and aluminum oxide 20 parts by weight. (This composition is
24 the same as 55 mole % yttrium oxide, 20 mole % zirconium oxide, and 25 mole %

25 aluminum oxide). All of the photomicrographs are at a magnification of 1,000 times.

26 [0067] Figures 2A through 2C show photomicrographs of the sintered yttrium-
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4 was yttrium oxide 100 parts by weight, zirconium oxide 20 parts by weight,
and 5 al um num oxi de 10 parts by weight (This conposition is the sane as 63
nole % yttrium 6 oxide, 23 nole % zirconi um oxi de, and 14 nole % al um num
oxi de); or when the 7 conposition was yttrium oxide 100 parts by weight,

zi rconi um oxi de 20 parts by weight, 8 and al um num oxide 20 parts by wei ght
(This conposition is the sanme as 55 nole %9 yttrium oxide, 20 nole %
zirconi um oxi de, and 25 nole % al um num oxide). Al of the 10

phot om crographs are at a magnification of 1,000 tines. 11 [0068] The
surface roughness of the bulk yttrium oxide shown in Figure 2A has 12

i ncreased in roughness substantially. However, the overall surface roughness
appears tb I1Gcifrecqniaining epgamic gempesite subsequentdo pRngatre id e viastPhaxess¥snum oxi de

cont ai ni ng sanpl upon 4 The. surface roughness aof the soljd solution
Chown i gt BHRRC e aftup A ct GoR fg e el e BTG de
appears to h L) s : : I : %%#ﬁ Akl ls and
val | eys o? tﬂéeé&%%%lwgﬁlggﬂ%ﬁ%hhgixogl\l/l\tmmi %al—zﬁgﬁlrﬂédl : 15&%%’ E‘ﬁlg%%l%? glijﬂ %Stt%dﬁle 20
parts by 417 waj ahiunOdxidd 100ipakBOXNEiGIR, zifdouamekidetd0@aii by Seightdandal | eys on the
10 parts by weight 18 al um num oxi de sanpl e coupon shown in Figure 2B have
nmore pitthng dwminhe axidef@gerts oweigki{(This composkt®npsihe saniyaskdinghe Ysdmvhe coupon
shown in Figure, 2C 2 0069] Figyres,K 3A through 3C sh phat oni cr ogr aphs
whi ch cor?esp%#:%%m?fé’%zwmem awowaﬂ éé?ww&%m COEfft are at a

magni fi cag i Onco?r&ao%ti&? Qrag V\*}tﬁﬁlﬁl ﬁl&g’eﬁfﬂgr@ﬁs gfﬁgi%htt % COﬁilf!l{Tif & fplg}et%]%( ?rgllg yttrium

oxi de sanpl e coupon sho surtace 1s y snoot h

but does §h0V‘énﬂQ_![[Eniﬁthé@iﬂﬁgog§ﬁs%{réi Wt T1s colfiRsibA I Re BBc2955 thokAssol uti on
formed fromyttrium oxi de 100 parts %y wei ght’, zirconi um oxi de 20 parts by

25 wei ght9 angtramuedide, 89 orolede zikConpem dxidd) pnd2t gbte %abmmimnowddgodl kel | scal e
pitting 26 present. on the rougher_surface shown in Figure 2B. The Figure 3C
sol i d sollit i othofampigregraphsare stamagpificatin o098 tige parts by wei ght, zirconi um

i de 20 i gh d 2 | uni i de 20 . i h
ool 1ot b b srigPsca) BB Tg ey oA ER B Ry in el 5808 o e
for the gfiregnleskd FPYRGRSss shibstARRBAMITob AL tHeldGerdll LurPROJubiRss AFpedt fJ cation

for the post-etch coupons shows better surface characteriStics
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 3 A through 3C show photomicrographs which correspond with

21 Figures 2A through 2C, respectively, but are at a magnification of 5,000 times. Looking
22 at the surface of the bulk yttrium oxide sample coupon shown in Figure 3 A, 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 pitting

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 aluminum oxide 20 parts by weigh shows negligible small scale pitting.
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3 related to the erosion rates of the coupons. The erosion rates were 0.16
mhr for the 4 solid yttrium oxide shown in Figure 2A; 0.22 nihr for the
solid solution of yttriumb5 oxide - zirconium oxide - al um num oxi de which
contained 10 parts by weight alum num 6 oxide; and 0.21 mhr for the solid
solution of yttriumoxide - zirconiumoxide 7 alum num oxide which

contai ned 20 parts by wei ght alum num oxide. 8 [0071] Exanple Seven:

Phot omi crographs OF Yttrium Oxi de-Containing Substrates 9 After Exposure to
A Trench Etch Process 10 [0072] Figure 4A shows a photom crograph of the
as-sintered surface of a solid 11 solution ceram c conposite containing 100
parts by weight yttriumoxide, 20 parts by 12 weight al um num oxi de, and 10
parts by lei JA870AI umiImakingxt the e{o6®n ms¢scfopthy three teshed®oox iitdppeaShatdhe %

2. 000 ¢ i ks, IR AERioHn O GROERFER CHPABIGNS brier SUPFRREISIIR ol | d
ceramc 45 GOMRAS) ke biofhaIR utAotder 1R SR ATRY vRrld RNGRELE PT 00CSS Of
wWn ot h "pho

t he ki nd sho erein. m crographs are at ‘a magnification of
2,000. The paglid elineOxigs!sHoda8n BRARINAS 0.22 int/Br BEthE kalta RNfkok 6f pidune! ¥
honobgeneous. Thi s conbi nati on of photographs suggests that 18 after
fabricati®n afkiden zappéaumabxide salahinam eidehehitierontaimed i 0 partssbycosigho alintingart , it
may be 19 advisable to "season" the part by exposing it to an exenplary

pl asma et&h préeeds G gp/hy for thegolidsalwionef nirium exide parcaniys oxifes a

sem condugt or ., devi ce producti on. ess., The.erosion 21 rate for the solid
sol ut i onuﬁerM‘“&‘Bﬁﬁ@%?’?%ﬁ&%@&?#%ﬁf?mwfﬁ YPRUR OIS oht of 22 al umi num
oxi de, after exposure to the trench etch process, was about 0.08 nihr. 23
[0073] Figure 4C shows a phot om crograph of the as-sintered surface of a

solid 24 sol[0071)nEcaimd$eres:OPidGhic gfphd @F Witdign 1depdrtHniby Sweigiat yttri um
oxi de, 2@ parts Dbyafict ExpGiufitb ATreRin TN Pobde, and 20 parts by wei ght

al um num oxi de (55 nole % yttrium 26 oxide, 20 nole % zirconi um oxi de, and
25 nol e % al um num oxi de). Figure 4D shows a 21 1 photom crograph of the
surface mf theom9l i d mH@kel4A0Mho%eh PROBMRRIERPRIOF the @b-sintedddl Brfdde b bOld 2
etching by a trench etch process of the kind shown herein. Both

phot om ctlogr aphitiomeezanaic coBpasiteragnidifiing 400 pants bf v2ighORiirivihexipe 20 patchyed surf ace

appears to be flat and relativel
PP 12 weight aluminum oxide, and 1(}/ parts by weight aluminum oxide (63 mole % yttrium

13 oxide, 23 mole % zirconium oxide, and 14 mole % aluminum oxide), at a magnification
14 of 2,000 times. Figure 4B shows a photomicrograph of the surface of the solid ceramic
15 composite of Figure 4A after etching by a trench etch process of the kind shown herein.
16 Both photomicrographs are at a magnification of 2,000. The post-etched surface appears
17 to be flat and relatively homogeneous. This combination of photographs suggests 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 aluminum oxide, after exposure to the trench etch 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 % yttrium

26 oxide, 20 mole % zirconium oxide, and 25 mole % aluminum oxide). Figure 4D shows a
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4 honogeneous. This conbinati on of phot ographs suggests the sanme seasoning
process 5 described above for newy fabricated apparatus. The erosion rate
of the solid solution 6 ceram c conposite containing the 20 parts by wei ght
of alum num oxi de, after exposure 7 to the trench etch process, was about
0.07 mhr. 8 [0074] Exanple Ei ght: Photom crographs O

Yttrium Oxide-Containing Ceramc 9 Conposites After Exposure To A Metal
Etch Process 10 [0075] Figure 5A shows a photonicrograph of a two phase
soli'd solution ceramic 11 conposite fornmed from 100 parts by wei ght of
yttrium oxide, 20 parts by weight of 12 zirconium oxide and 10 parts by

wei ght of al um num oxide (63 nole % yttriumoxide, 23 13 nole % zi rconi um
oxi de, and 14phwdreictigesph ot thesurbxce dedhe adlidesoluginp cgame cofopbdie of Egtire W€ afetipon t o
a metal etch process of the kind described herein. The magnification is
5,000 152t neighing-pyygytrench gtchipercessef giedinshibeve eraigh Beth photopcrpgrashs 2wt d
solution geramc 16 co I ormed from 100 parts b ight .of yttrium
oxi de, 20§par?gmgvgﬁ§?gﬁfzh@fl © F%é%ﬁ?%ﬂFé&?ﬂ%?mﬁﬁﬁw%gxgﬁgF@nﬂﬁymeight of
al um num gxi d o Y ' 9% Z1 ' i de, and
25 nol e %Qal ugnoré\%?hn%gg%'ggﬂ )é{t(%%ﬂgeﬂrld{@%g }go‘r%oegrfg%gglﬁgget es? Sﬂééeg%g%%%tcggga met al
etch process @dscrithed akdedodesty fabaehtdiehpirius. THe @ thic@athe@slid ®1hioA00 20
times. A conparison of these two photom crographs shows that the two phase
solid 21 §ol utsramic cempesita cordaiting thei2giperts koweighitof efumapuprixidénalistiesipostiees  an

i ncreased_anount of the, 22 darker phase, ich is yttriumalum nate. The
erosion rate Eﬁéﬁﬁﬁm%ﬁﬁhBﬁﬁ?@”@ﬁ@PﬂR£§%§5Wﬁ€ion ceram ¢ conposites
containing the 10 parts by weight of alum num oxide, after 24 exposure to
the trench etch process, was about 0.18 pnmihr, while the erosion rate of the
25 two phgse mob4d Eﬁ%ﬁ_%ht:@ﬁ(ﬁé&ﬁtd‘@@@@fi’-iriﬁﬁm)@de%&ﬂajﬁih CéRnarts by
wei ght of 926 al um pYRLOKEIR frer b8 urEXP AL Hieh P&k ench process was about
0.10 mhr. 22 1 [0%;E| Exanpl e N ne: Relative Physical and Mechani cal
Properties O Yttrium Oxide- 2 Containing Substrates 3 [0077] Tabl e Four

bel ow shaws cEOPsHr at i Fegupdy/s sleads ahdtorRabaapiceta tio phsk sblabsol@ion cérainite bul k,

pure yttrium oxide ceramic and for various yttriumoxide containing solid
11 composite formed from 100 parts by weight of yttrium oxide, 20 parts by weight of

12 zirconium oxide and 10 parts by weight of aluminum oxide (63 mole % yttrium oxide, 23
13 mole % zirconium oxide, and 14 mole % aluminum oxide) after exposure of the test

14 coupon to a metal etch process of the kind described herein. The magnification is 5,000
15 times. Figure 5B shows a photomicrograph of a two phase solid solution ceramic

16 composite formed from 100 parts by weight of yttrium oxide, 20 parts by weight of

17 zirconium oxide, and 10 parts by weight of aluminum oxide (55 mole % yttrium oxide,
18 20 mole % zirconium oxide, and 25 mole % aluminum oxide) after exposure of the test
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 pm/hr.

22



5 solution ceramics. 6 [0078] Table Four 7 [0079] 8 Material Y203 A120G3 100
Zr02 100 Y2G3 100 Y203 100 Y23 9 Starting 3 Y203 20 Zr@2 20 Zr02 20 Zr
10 Conposition parts by parts by 10 A1203 20 A12Q3 wei ght weight. parts by
parts by weight weight 11 Flexural 100-150 400 1200100 137 215 172 12
Strength 13 (MPa) 14 Vickers 15 Hardness 5.7 17.2 11.9 9.3 9.4 9.6 16
(SKgf)(GPa) 17 Young's 18 Modulus 140 - 170 380 373 190 190 202 19 (GPa) 20
Fracture 21 Toughness 22 (Mpa m1/2) 1.0-1.3 3.5 10.9 1.3 1.6 1.7 23

Ther mal 24 Conductivity 13.7 33 2.9 4.7 3.5 25 (WmK) 26 Thermal 27 Shock
28 Resi stance 130-200 200 130-200 150- 29 (AT) C 200 23

1 [0076] Example Nine: Relative Physical and Mechanical Properttes Of Yttrium-Oxide-

2 Containing Substrates
3 [0077] Table Four below shows comparative physical and mechanical properties for

4 the billk, pure yttrium oxide ceramic and for various yttrium-oxide containing solid

5 solution ceramics.
6 [0078] Table Four
7 [0079]
8 Material Y,0, ALO, [100Zr02 | 100Y,03 {100Y,0, | 100Y,0,
9 Starting. _ 3Y,0, 20 Zr0, 20 ZrQ, |20 ZrO2
10 Composition partsby | partsby | 10 ALO, |20 ALO,
weight weight. parts by | parts by
weight weight
11 Flexural 100 - 150 | 400 1200£100 137 215 172
12 Strength
13 (MPa)
14 Vickers
15 Hardness
. 2 1. 3. 4 9.6
16 (5Kef)(GPa) 5.7 | 17 11.9 9 9
17 Young’s
18 Modulus
19 (GPa) 140-170 | 380 373 190 190 202
20 Fracture
21 Toughness
1.0-1.3 3.5 10.9 1.3 1.6 1.7
22 (Mpa - m'?)
23 Thermal
24 Conductivity
13. 33 29 4.7 3.5
25 (W/in/°K) 7
26 Thermal
27 Shock
78 Resistance 130-200 200 130-200 150-
29 (AT) °C 200

23



1 Material Y203 A1203 100 Zr02 100 Y203 100 Y203 100 Y203 2 Starting 3 Y203
20 ZrQ2 20 Zr02 20 Zr02 3 Conposition parts by parts by 10 A1203 20 A1203
wei ght weight., parts by parts by weight weight 4 Thermal 5 Expansion 7.2
7.7 9.4 9.0 85 6 x 10-6/K7 (20 - 900 C) 8 Dielectric 9 Constant 12.3 -
13 9.9 15.0 15.5 10 (20 -C 13.56 MHZ) 11 Dielectric Loss 12 Tangent x|l 0"4
<20 0.5 <20 <20 13 (20 -C 13.56 MHZ) 14 Volunme 15 Resistivity 1012 - 1013
1015 1011 1016 - lon 16 at RT (52 cm 17 Density 4.92 3.95 5.89 5.19 4.90
4.86 18 (9/cm) 19 Mean Gain 20 Size 10-25 0.5-1.0 5-10 3-6 3-6 21 (gm
22 Phase Y203 A1202 Zrl_" YxO2 F/ C Y203 F/ C Y203 F/ C-Y203 23 Conposition ss
ss ss and Y4A1209 Y4A1209 and YAI(R

1 Material Y,0, Al O, 100 ZrO2 | 100 Y,03 | 100 Y,0, | 100 Y,0O,
2 Starting N 3Y,0, 20 710, 20 Zx0, |20 Zr02
3 Composition partsby  fpartsby | 10 ALO, |20 ALO,
weight weight.. partsby | parts by
weight weight
4 Thermal
5 Expansion
p < 109K 7.2 7.7 9.4 9.0 8.5
7 (20-900 °C)
8 Dielectric
9 Constant 123-13 9.9 _ 15.0 15.5
10 (20 °C 13.56 MHZ)
11 Dielectric Loss
12 Tangent x 10" <20 0.5 <20 <20
13 (20 °C 13.56 MIZ) -
14 Volume
15 Resistivity 12100 15 1 16 27
16 2t RT (@ - cm) 16 - 10 10 10 10° - 10
17 Density 492 3.95 5.89 5.19 4.90 4.86
18 (g/em®)
19 Mean Grain
20 Size
51 o 10-25 | 0.5-1.0 5-10 3-6 3-6
22 Phase Y,0, ALO, | Z:r,Y.0, | F/C-Y,0, | F/C-Y,0, | F/C-Y,0,
23 Composition 58 ss 58
and Y,ALO,
Y,ALO, |and
YAIO,
24 Plasma Erosion
25 Rate (um/hr)
26 (CF,/CHF,) 0.3 1.44 0.3 0.1 0.1 0.2

27 * Al of the solid solution ceramic substrates were sintered using a pressureless sintering
28 technique under a hydrogen protected atmosphere.

29 [0080] A review of the plasma erosion rate clearly shows the advantages of the
30 solid solution yttrium oxide, zirconium oxide, aluminum oxide ceramics which have been

31 described herein. We have demonstrated that it is possible to reduce the erosion rate of a
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24 Plasma Erosion 25 Rate (mhr) 26 (CF4/CHF3) 0.3 1.44 0.3 0.1 0.1 0.2 27
Al of the solid solution ceram c substrates were sintered using a
pressurel ess sintering 28 technique under a hydrogen protected atnosphere.
29 [0080] A review of the plasma erosion rate clearly shows the advant ages
of the 30 solid solution yttrium oxide, zirconium oxide, alum num oxide
ceram cs which have been 31 described herein. W have denonstrated that it
is possible to reduce the erosion rate of a 24 1 ceramc material of this
ki nd, while maintaining acceptable nechanical properties, which 2 enable
easi er handling of the apparatus w thout risk of damage to the apparatus. 3
[ 0081] Conbi nations of_yttrjunlodee,_ziyponiun1oxide and al um num oxi de
have 4 béen esyanioaategial ofiibis adhelite ainteimingraserptahlietmeshiruenl properties; whick f or med

fromstarting 5, conpositions.i,n wiich the Y203 . vtirium oxide. nolar

concentr a?i o_ne gfﬁgeg}%)eri%%ngﬁgh’te agﬁ'rf&? ‘ﬂ@foélt% dg dé‘%%ﬁto aRB?Igm% the zZrQ2,

zi rconi ungoxi @e81]M0| aCombineRiHs bay ki 6aid) efconfdibxide AAUImiASn BRIde hiet 0 about
30 nole % and, the A1203, al um num oxide, nolar 8 concentration ranges from

about 10 fiol ebsp evrlugisuand3ge haye disggvepnddhat geramieaedtériata fognasdr fonm gartingsi st ance

to hal ogen contai ni.ng .pl as | rovi.di ng, advanced nechani ca

oroper ¢ o8 whrareaan B iR NS o R it PR ARGt B I ntt s i ¢
I ess 11 cencembledb@idbottersagsle 00 the ZAIPARGHUM dxlicMONr ERBéinGAs @fifes fildm
starting conmposition for 12 the ceramc mat eri al s may be one in which Y203

mol ar conéent #hept Bhmelg fyesabputeihnde tt andi 3hasl,0p plndgupoxidomold5 nole % the
Zr2 nol ap concentration ranges from abput 10 | e 4 % t.0 abput 25 nole %
2nd the AtzoserreAts ERE e DT b b 2B atie TorurecReté (o Abou
20 nol e % WabsibdRsiStheit®Ralb@inQohtginity plHsRad whik)\6¥iling SldintddifechBtie i al 16

concentration of the ceramic material nmay be one in which Y203 nol ar
concent r a8 onprogertigsgriiehsenpble fardbiog of ®Hd gerricpreagssitEempesentpwvith Igs t he zZr O2

oL SR LSRRG PR A AR e ° ond
12 the ceramic materials may be one in which Y,0, molar concentration ranges from about
13 55 mole % to about 65 mole %, the ZrO, molar concentration ranges from about 10 mole
14 % to about 25 mole % and the Al,O, molar concentration ranges from about 10 mole %
15 to about 20 mole %. When the erosion rate is of great concern, starting material
16 concentration of the ceramic material may. be one in which Y,0; molar concentration
17 ranges from about 55 mole % to about 65 mole %, the Zr(, molar concentration ranges
18 from about 20 mole % to about 25 mole % and the Al,Q, molar concentration 5 mole %
19 to about 10 mole %.
20 [0082) Starting material compositions of the kind described above may be used to
21 form a ceramic coating over the surface of a variety of metal or ceramic substrates,
22 including but not limited to aluminum, aluminum alloy, stainless steel, alumina,
23 aluminum nitride, and quartz, using a technique well known in the art, such as plasma
24 spray, for example and not by way of limitation. However, with the improved
25 mechanical properties which have been obtained, it is recommended that solid ceramic
26 apparatus components be used when possible, to prevent sudden failure of plasma
27  resistance due to coating layer flaking off, or defects in the coating which appear as the

28 coating thins, or the formation of metal contamination by mobile impurities from the

29 underlying substrate which migrate into the coating.

25



20 [0082] Starting material conpositions of the kind described above may be
used to 21 forma ceram c coating over the surface of a variety of netal or
ceram c substrates, 22 including but not limted to alum num alum num

all oy, stainless steel, alumna, 23 alum numnitride, and quartz, using a
techni que well known in the art, such as plasma 24 spray, for exanple and
not by way of limtation. However, with the inproved 25 nechani cal
properties which have been obtained, it is recormended that solid ceramc

26 apparatus conponents be used when possible, to prevent sudden failure of
pl asma 27 resistance due to coating |layer flaking off, or defects in the
coating which appear as the 28 coating thins, or the formation of netal

cont am nati on[08§3]mobi The addjtioni of ia esncenteation bzircaBiumoétel sahgigg fulsbowtod whi ch
mgrate ipnto th oating, 25 l|li 1 [0083] The addition of a concentration
of “zi r conpum BRI o 2bQHTRPOlE o lo VAl s BPUFe Piitiae exide:wEpvidss asolsEsofipR 096 t o
what was g PUfi bhHMIR: unRERY wtﬂ%h@cuﬁfeynﬂa SOUE duRBaf or ofbid Hihdreim oxi de
and zirconiumoxide wth the cubic yttria crystal "structure or cubic
fluorite-44 typecwystyistrattus] what treecll piremetet ik emalédr thap disaofthepure stnenmé,| er t han
t hat of t?e pyre structure, .5 due to the formation of yttrium vacancy/oxygen
vacancy, resptetP theiformatipp ofyiiumsyacenay{oxygsn yasanes respectively h Shesanaligr edlli ut i on

CryStal ST UChihfebHRNGAI LIGiGH SRR R ShARGE: B pRRHRI SRl gholf oo d

solution of zirconiumoxide In yttrium oxlde. e, sion rate
8 of a soVid ygfithe salichsalatialeoftaanimg okide &n ik Chiide. (Hoasxampld, tHeleeosionaste used to
etch a trgnch i a.multilayered sem conductor substrate is about

. i 0.3
m hr. TheSero i saapride S i CEgt-UE; Bpsmantdhs kindiysed ptieh B¢ RBIE 9
yttrium ogide, ﬁlﬁﬁﬂa}%%&tse:ﬁiloﬁﬂﬁk Ir%béﬁa&&ﬁ%b{%%élﬁﬁ:rhﬁe ekésio%%%fé’sohfgf hr, a3

times slower etc ate than so ttrium oxi unexpected
decreaseldn etotttionatramexdfehds 60 lneld Yofyettivmmxal and proncésmokamib@niun sdde or an

internal (13 apparatys conpgnent within the process chanber, so that: the
replacenétt fied Héy”@@%a3fﬁm§ﬁ@ﬂméﬁﬁ%ﬁﬁﬁmﬁ1$@dVﬁﬂﬁﬂéﬂﬁargﬁﬁﬁ?%@aﬁﬂparatus

down ti gy t h&c%cftih Qécff reﬁ‘@gﬁa{ds ﬂ'l%rlﬁﬁﬂﬁee& a ﬁ]’gbeg%rhmger%ngﬂf §GH irgeﬂ-na':l reduced,
uct proper t he et

i nproving the pro ties; contam nati1 on gener at ed
duri ng alpr ocapsaraius coephnemtyittan thepedcagy chirebeprsodhitt tigr epladehicasireqaanty titve
overall 4 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/hr, and

21 considerably better than of a solid aluminum oxide ceramic at 1.44 pm/hr in the

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

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



17 will reduce the overall cost of the processing apparatus per wafer
processed will be 18 reduced, on the average. 19 [0084] Wiile the 0.1 nifhr
erosion rate for the zirconium oxi de-containing yttrium 20 oxide solid
solution is surprisingly better than that of yttriumoxide at 0.3 nm hr, and
21 considerably better than of a solid al um num oxide ceramc at 1.44 gm hr
in the 22 CF4/CHF3 plasma, the nechani cal properties of the zirconium

oxi de-caontaining yttrium 23 oxide solid solution illustrate that an

i nprovenent in flexural strength and fracture 24 toughness woul d be hel pful.
25 [0085] In one enbodinment, the flexural strength and fracture toughness of
the 26 zirconium oxide-containing yttrium oxide solid solution are achieved,
by addi nglvarbowsey dyingrineemingfonayitha tipinel eruterd of bindere Thyrgreandofinias he sol i d

solution geramc to form.an 28 additi.onal yttrium al um nat e. The
xtur e of - ox PR e R AT Beng b et O 1 B PR ol T g o
cold isosgatim R6RIS D Mble ¥ S AihinAEigREVEAY ihHolRthe ABckknidY pe&fedties @f Yi NG,

in conbination with a typical content of binders. The green body was 2 then

pressur el éss ¢ pintsreddeaginepmposikian guiersnsgd Alexuihll sgrengtioand fragturhioughmess. The

addi ti on of 10 le %to 30 l.e % of alum.na_significantly..i ved t he
rechani cal pripereTdt g redior i S i il RurhRE s TaBoar BRGofit PRl o
flexural &trengkhs Ar@nfuiPehidl, ftdrRUBIRBRYS a pRsTPEnNBRPLE, arldTEHIE! W& HButr at e of
the ceram c contalnlng 69 nole % yttriumoxide and 31 6 nole % zirconi um

?

oxi de, affer @kposiuwrelershacesnissentaiving abowt hdymolseghenimmrgxidovdes oo 7 0.1
urn / hr. ,For the ceramc nt ai ni ng about 14 e %.al 1 pum oxi. de, the

o 51 on 51 aUBEA P L PORCO e s Revde Sna o fobul i iRy S5 IRTHARS /e
For the ceranidatahifOibofi 15 Méle 3P Sinint e th¥tersioN il At $kshRure th@ie 84RS1 ON
rate after exposure to the sane 10 plasma was about 0.2 m/ hr. Wth

respect 19 t Heasmscasabesi0- 2ot pbr t Iath respert tetha merkanicalipropertiesyior exampds, ar t i ng
conpositipn which i.s, about 69.mole % ytiri oxide. and about .31 nol e %
S rbont ukl oxi BV SR hmprif G KebblaT s G5 R0E R gba Apt Fpout 127
Mpa, 13 and ambiedskikboRiukPMGd) 8% sRiterihg 3xHYbies a MdxuraPSiredbth o alsme1 Fbaye. Wen

the overall ceramc 14 conposition is about 63 nole /6yttr|un1OX|de, about

23 nol e 93 zi randniftpatursdoughnessiod 1.3 Mpa » m'?, as discussed above. When the overall ceramic

14 composition is about 63 mole % yttrium oxide, about 23 mole % zirconium oxide, and

15 about 14 mole % aluminum oxide, after sintering the flexural strength is about 215 Mpa
16 and the fracture toughness is about 1.6 Mpa » m'?. When the overall ceramic

17 composition is about 55 mole % yttrium oxide, about 20 mole % zirconium oxide, and
18 about 25 mole % aluminum oxide, after sintering the flexural strength is about 172 Mpa

19 and the fracture toughness is about 1.7 Mpa « m"?.

The relationship between aluminum
20 oxide content, increase in flexural strength, and increase in erosion rate is not a linear

21 relationship. However, one of skill in the art can optimize the formula with minimal

22 experimentation, in view of the information provided herein.

23 [0086] As an alternative to adding aluminum oxide to a multi phase metal stable
24 composition containing yttrium oxide and zirconium oxide is to add HfO,, hafhium

25 oxide; Sc,0,, scandium oxide; Nd,O,, neodymium oxide; Nb,O;, niobium oxide; Sm,0s,
26 samarium oxide; Yb,0,, ytterbium oxide; Er,0,, erbium oxide; Ce,O; (or Ce0,), cerium
27 oxide, or combinations thereof. In the instance where these alternative compounds are

28 used, the concentration of the alternative compound in the starting material formulation

29 ranges from about 0.1 mole % to about 90 mole %. Typically the concentration used
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15 about 14 nole % al um num oxi de, after sintering the flexural strength is
~about 215 Mpa 16 and the fracture toughness is about 1.6 Mpa nf . Wen the
overall ceram c 17 conposition is about 55 nole % yttrium oxide, about 20
nol e % zi rconi um oxi de, and 18 about 25 nol e % al um num oxi de, after
sintering the flexural strength is about 172 Mpa 19 and the fracture
toughness is about 1.7 Mpa nv2 . The relationship between alum num 20

oxi de content, increase in flexural strength, and increase in erosion rate
is not a linear 21 relationship. However, one of skill in the art can
optimze the formula with mnimal 22 experinmentation, in view of the

i nformati on provi ded herein an alternative to addi ng al um num

oxide to & Wlifa?ﬂﬁ‘efgo@%hé’%lo@?]&t%@@abQW@m@)sﬁ tion containing yttrium oxide
and zir CO@I u QW]de ' %éeﬁg%ggg Mfa?o st%ﬁé w&%&%ﬂg%ﬂdes%%%bo@%qhym oxi de;

Nd203, neody oxi de; I'um oxid amari um oxi de;

Yb203, ytser bY}Opa@cXZﬂ}; potxddi® dsedes Birtad sOMd setuticae®e Jorhbibat{et@Z pdwde@s whkn 27
oxi de, or conbi nations thereof. In the instance where these alternative
conpounds? ar efompactedbunidirpstionsily aechamcabiressmeion eold oartierressmg o thsound i n t he

starting te I Q%gg e bout 90
nol e % d%#ﬁﬁuﬁﬁéa%gﬁéggﬂvaﬁa% Q%mg%@ﬁkﬁﬁﬁﬂ%wéﬁ%é Po%%%%ge 10 nol e
%to abouG 3Q)dd§3 |v@s ftien Preb B8k siffekedrusitie Xdchiqads kabwh @adE a@Epodlcodti® of
alternative oxides |listed above with the 3 Y203 and ZrO2 powders used to

form a sol i d Bosinieredhody. asinglsrihaser twnphsse sbidgelpgonfgms, M@Wbﬁh@ﬂl@d by
uni directgo mgéoh%l H?scahg.{l%&%iem%ﬁt‘? 0%%@95035 s&ﬁtﬁ]o% 'q%%%&ﬁ& o‘fud%h%ﬁ%t,%gafa{p the 5

granul ar po |ca conten i'nder s.

The greem9 6 baglg cweel ithﬁﬁlr@hﬁﬁaixbﬂﬁi' sflid sslufibleémblmhmbicembﬂteqmr}@MM in
the art. Upon COO|k§% 7 the sintered body, a single phase or two phase
sol i d sol@ti airustarendhe spliskseluting hassppellet plasmatresiviance, tpicaliy befter sTasioant - doped"

solid SO Pt I qgﬂst ?ﬂﬁg ltljlag P?tﬁ!e %l‘&f“g‘?‘.mg?’r(fn %R’x%m?lngléﬁ%&: Séjlljl.ﬁlo}g@l éu@Seﬁ eI

structure, anot her so uorlte ype

crystal 120 Sfdvwstn) R .methshi&0pioferfied aftheontridadcOisalundiisyftaarssomeshat ance,
typicalli%better erosion 11 resistance than that of the al um num

oxi de- cofpr i Siehgf- S8Iof thesconuitirdoned swlid selytieng exkibit prrellent plappperpgipn resigiance
mechani cg}  Pr@RGhbrlobet Mlcnhiiba Bhdpkiids 71l ofPiRn Witk P RbuR) KhGh Hufuri QRN AL
15 zirconium oxide solid solutions.
16 [0088] Typical applications for a yttrium oxide-comprising substrate of the kind
17 described herein include, but are not limited to components used internal to a plasma
18 processing chamber, such as a lid, lid-liner, nozzle, gas distribution plate or shower head,
19 electrostatic chuck components, shadow frame, substrate holding frame, processing kit,
20 and chamber liner. All of these components are well known in the art to those who do
21 plasma processing.
22 [0089] The above described exemplary embodiments are not intended to limit the
23 scope of the present invention, as one skilled in the art can, in view of the present
24 disclosure, expand such embodiments to correspond with the subject matter of the

25 invention claimed below.
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13 better. Al of these nulti-doped solid solutions exhibit excellent plasma
erosion resistance 14 and inproved nechani cal properties in conparison with
previ ously known yttrium oxide- 15 zirconium oxide solid solutions. 16

[ 0088] Typical applications for a yttrium oxide-conprising substrate of the
kind 17 described herein include, but are not limted to conponents used
internal to a plasma 18 processi ng chanber, such as a lid, lid-Iliner,
nozzl e, gas distribution plate or shower head, 19 electrostatic chuck
conmponents, shadow frane, substrate holding franme, processing kit, 20 and
chanber liner. Al of these conponents are well known in the art to those
who do 21 plasma processing. 22 [0089] The above descri bed exenplary

enbodi ments dPB%Hot intended to Iinit €AIMS3 scope of the present

invention, as one skilled in the art can, in view of the present 24

di scl osure, expand such enbodi nents to correspond with the subject matter of
the 25 invequ@m clwegrgnbel ow. 28 [0090] CLAIMS [0091] W claim 1 1. A
ceramic article which is resistant to erosion by hal ogen-contai ning 2

pl asmas used i n sem conductor processing, said ceramc article including
ceram c ;havi 3 at t.t hases, sald.ceramc¢ fromyttrium

oxi de at1 a nol ar COﬂC%%?rI’%IgECI %ﬁc@wﬁlgﬁéﬁrﬁ%&?&gﬁrﬁ 1%1}]% lggggr?lng%%mé}gtng about 75
mol e % 2zi r conastiEs 03ddde seticehddBbiesroces§ify) 640 bérahicRtidGidudige teraficaanuy 10
mole %to about 30 nole % and at | east one other 6 conponent selected from
the grodp cordiesstityyg pbdsessaificeramicolormed fromaty Hiiwmowide ga mylaseonernitaierbxi de,

neodym ym oxi de,. niobi um. @xi d apar | oxi,de, yt.terhbium oxide, 8 erbium
oxi o dar iR e 38 i Rt PR iR BAPORE. O her
conponerst 9 ARHERidahh@RL fréd bdid 16 hRB BROMoul §b MBle®o;%Unll at [3Pstie otkrn0l € %
1 2. Aceramic article in accordance with Caim1l1, wherein said ceramc is

fornmed 2 fr oreoypprdng palesiaddeomythe grovp worsirting pf Awminypigixidg. hafgpmasslet 55 nole %

1o abouty 65 ol g,ah o3 211 RGN NI AXI 4558 2,QNSRALY ALLO.LARG §Rud T om about

8 erbium oxide, cerium oxide, and combinations thereof, said at least one other component
9 concentration ranging from about 10 mole % to about 30 mole %.

| 2. A ceramic article in accordance with Claim 1, wherein said ceramic is formed

2 from yttrium oxide at a concentration ranging from about 55 mole % to about 65 mole %,
3 zirconium oxide at a concentration ranging from about 15 mole % to about 25 mole %

4 and said at least one other component at a concentration ranging from about 10 mole % to
5 about 25 mole %. ' |

1 3. A ceramic article in accordance with Claim 2, wherein said ceramic is formed

2 from yttrium oxide at a concentration ranging from about 55 mole % to about 65 mole %,
3 zirconium oxide at concentration ranging from about 20 mole % to about 25 mole %, and
4 said at least one other compc;nent at a concentration ranging from about 10 mole % to

5 about 20 mole %.

1 4. A ceramic article in accordance with Claim 1, or Claim 2, or Claim 3, wherein

2 said at least one other component is aluminum oxide.
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4 and said at |east one other conponent at a concentration ranging from
about 10 nmole %to 5 about 25 nmole % 1 3. A ceramc article in accordance
with Claim2, wherein said ceramic is forned 2 fromyttriumoxide at a
concentration ranging fromabout 55 nole %to about 65 nole % 3 zirconium
oxi de at concentration ranging fromabout 20 nole % to about 25 nole % and
4 said at | east one other conponent at a concentration ranging from about 10
nole %to 5 about 20 nole % 1 4. A ceramic article in accordance with Caim
1, or aim2, or daim3, wherein 2 said at |east one other conponent is
alum numoxide. 29 1 5. A ceramc article in accordance with C aim 4,
wherein a nean grain size of said 2 ceram c ranges from about 0.5mto about
10 m 116, A Beraniceami¢ gtide imaceerdaice aith € laiint4 wBkiginm meangivin sicgofsaid exur al
strengt h, of Sé’;lird. 2 cerf?rri c%rigges tfron}i?@?ut 150 MPa to about 250 MPa. 1 7.
A ceranmi‘c article’ MeECEdr ddfice U’\Ft?la}iﬂu % wherein a fracture toughness
of said 2 ceramc ranges fromabout 1.5 MPa nf to about 2.0 MPa n/Z 1
8. Aceramc article in accordance with Caiml, wherein said article is

sel ected 2 frm t h& cgraoigartea i aseordapopith Qlaiay 1, vhprein o feprural stegngibofpasd a gas

distribution plate. a shower d n ostatic chuck conponent, a
shadow ﬁane;(%ramnslﬁgaéltg?sat?o ﬁoﬂ“&?%@a??E’r@f’“‘?ﬁ%‘?%cessi ng kit, and a chanber

liner. 1 9. A ceramic article in accordance with Caim4, wherein said
article is selected 2 fromthe group consisting of alid, alid liner, a
nozzl e, la gas’-di sfrdetamni¢ anticlglimacsordance itk rlaingl, vdwrgin aftaciire touglneswefiseidchuck

conponent, a shadow fr a at g, hol di me.,a 4 processing Kit,
and a cr'?amercefﬁ%?@giﬁ%a%“ﬁ@?m? gt Foeﬂ’ﬂgﬁn%%M}ﬁle lI'asma erosi on of a
sem conduct or processing 2 apparatus contacted by a hal ogen-contai ni ng
pl asma, conprising. enploying a ceramc- 3 conprising article, said ceramc
formed flrom y&tri ufcorinirearticle i aveirdance with &inimds Woercin spidagictrys felentadabout 50
mol e % tZO aboflf'cgm &56 grrrcla)ulp%og istlznlgro%a(') Hh,”a 1cf)l)1(11|eg% n%%zlé’j} argrggé &tribution plate, a shower

3 head, an electrostatic chuck component, a shadow frame; a substrate holding frame, a

4 processing kit, and a chamber liner.

1 9. A ceramic article in accordance with Claim 4, wherein said article is selected
from the group consisting of a lid, a lid liner, a nozzle, a gas distribution plate, a shower

bead, an electrostatic chuck component, a shadow frame, a substrate holding frame, a

$a WM

processing kit, and a chamber liner.

[am—

10. A method of reducing the plasma erosion of a semiconductor processing
apparatus contacted by a halogen-containing plasma, comprising: employing a ceramic-
comprising article, said 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 group consisting of aluminum oxide, hafnium oxide,
scandium oxide, neodymium oxide, niobium oxide, samarium oxide, ytterbium oxide,

erbium oxide, cerium oxide, and combinations thereof, said at least one other component

R I - B -, ¥ I - S UL R o6 ]

concentration ranging from about 10 mole % to about 30 mole %.
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5 concentration ranging fromabout 10 nole %to about 30 nole % and at

| east one other 6 conponent selected fromthe group consisting of alum num
oxi de, hafnium oxi de, 7 scandi um oxi de, neodym um oxi de, ni obi um oxi de,
samari um oxi de, ytterbium oxi de, 8 erbium oxide, cerium oxide, and

conbi nati ons thereof, said at | east one other conponent 9 concentration
ranging from about 10 nole % to about 30 nole % 30 1 11. A nethod in
accordance with Caim 10, wherein said ceram c-conprising 2 article is
formed fromyttrium oxide at a nolar concentration ranging from about 55
mle 3 %to about 65 nole % zirconium oxide at a concentration ranging
fromabout 15 nmole % 4 to about 25 nmole % and said at | east one ot her
conponent at a concentration rangi ng from 5 about 10 nole %to about 25
nole % 11 12. 1A met hod | .accor.dance 1 ]ﬂaﬁ1 m.l11, dwherel n said

cer ani c-'conprilsi ng “%EF‘} 1 aecpidages it - laipn i, whetein Sid SERREC-¢HMBISI8  cent r at i on
rangi ng  r om aheeis f@@ne@ﬂo@n Yarieh oﬁd@@@hﬁolﬁQoﬁ@éhﬁa‘c%h erg[ IV BBoRKS Fidort
concentration ranging fromabout 20 nole %to 4 about nole % and said at
| east orde ot Héro dmnb%@nke Yatzitgorgem owide atx Gooeentralieyi na@u&g fwm abowbdowlel® nole %
to about, 20 rml cordance with Claim11,

o Qe th 12, BABL el n S Aiask he R SRR g SRS BBFBE SR 0 Do

al um num oxi d@outho%le%mbmqsh{b@%cordance with Cdaim10, wherein said
pl asma erosion rate for a 2 surface of said sem conductor processing

appar at us upon exposure to a hal ogen 3 conpr|5|ng plasma is | ess than about

0.3 n1hr ccor dan wherei n said plasma
o oSO ae Por K el paBSGRE ARG T o RS s Gt S o e
upon exposur eartti&eﬁf&ﬁleag‘l%ﬂl ﬁﬂ{@ﬁdeﬁtﬁ%@eﬁ@iﬁn&ﬁ@ﬁ@%&ﬁ%ﬁmﬁ&le@é% mhr to
about 0.3 nfhr. 1 16. A nethod in accordance with Caim 13, wherein said

pl asma ér osi mboufaib'endlm%, aircopivgneidaat cmcemtmnmmwmmooﬂmdeé@m ng
apparatys upo en 3.co r| sin | as I.s |l ess than about :
03 1" ProS 2B G SR PR e B e Ao e s OBl e

er osi on s at e 48t 18 mole % to about 20 mole %. ‘

1 13. A method in accordance with Claim 10, or Claim 11, or Claim 12, wherein said
2 at least one other component is selected to be aluminum oxide.

1 14. A method in accordance with Claim 10, wherein said plasma erosion rate for a
2 surface of said semiconductor processing apparatus upon exposure to a halogen-

3 comprising plasma is less than about 0.3 pm/hr.
1 15. A method in accordance with Claim 14, wherein said plasma erosion rate for a
2 surface of said semiconductor processing apparatus upon exposure to a halogen-

3 comprising piasma ranges from about 0.1 pm/hr to about 0.3 pm/hr.

1 16. A method in accordance with Claim 13, wherein said plasma erosion rate for a
2 surface of said semiconductor processing apparatus upon exposure to a halogen-

3 comprising plasma is less than about 0.3 pm/hr.

1 17. A method in accordance with Claim 16, wherein said plasma erosion rate for a
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31 2 surface of said sem conductor processing apparatus upon exposure to a
hal ogen- 3 conprising plasma ranges fromabout 0.1 tmhr to about 0.3 mhr.
1 18. A sem conductor processing apparatus which has at |east one surface
exposed to 2 a hal ogen-conprising plasma during said sem conduct or

processi ng, wherein said 3 sem conductor processing apparatus surface is a
ceramc, said ceramc being resistant to 4 erosion by hal ogen-contai ni ng

pl asmas, wherein said ceramc includes at |east two phases 5 and is forned
fromyttriumoxide at a nolar concentration ranging fromabout 50 nole % 6
to about 75 noble % zirconiumoxide at a nolar concentration ranging from
about 10 7 nole % to about 30 nole % and at | east one other conponent
selected fromthe group 8 consisting of alum num oxi de, hafni um oxi de,
scandi uf oxi derfaceed didsamicenducter procassiahanpmatieiuglen expasreg fourhatpgerte, ytter bi um
oxi de, erbium oxi.de eriumoxide, a 10 ,c i nati,ons, thereof, said at

| east one ot hcé’FIPE'BlH%Bﬁ%‘H?faE%??chjéom?bgPﬂgh“Péﬁg%“ﬁ’% out 11 10 nole %to
about 30 nmole % 1 19. A sem conductor processing apparatus in accordance
with Claim18, wherein 2 underlying said ceramic is a high purity alum num
alloy. 1 20. & seniksmdewidoetopprowssing apgatapip avhichgs itrieagicane surdave exposeditoCl ai m

19, wherein aid apparatys is, selected.frgqm.the grou onsi st.ing of a
B A ehelobee BB bR S SRR “EERSRE head, an
el ectrost at i GemltdhductR PRRE(M: apphrftIPRPMES IE 0B amB, s Sesit b&herdiRlafi By frane,

a processing kit, and a chanber liner. 1 21. A semi conductor processing
appar at 4s i n eaestoriydabgemeetpitha plasm®, whireineshid ceramisindudgs phleast b phases sol i d

ceram c .sem conduct or, processi ng . .apparatus. 1 22. A sem condu I processing
apparat s in %@Fﬁﬁ%ﬁ‘? & W&Fﬁ?@ﬂ‘ﬁm@%ﬁnﬂam? f@%ﬁl’bﬁ%‘aﬁa Qé'%@mioge %el ected
from theg groupab$s floled™d; Bfcomuml chtide@t 4 indlat bdREntrafioN B gfroﬁ‘l e 103
distribution plate, a shower head, an electrostatic chuck conponent, a

shadow f7r ane,mele Y@@ aljows GB snalatoeariioit thastgné pthamecompopind sxdertadripnkihe graand a

charber o | et g B or A ST S Eh ot Sl SR B 55 7 DY
hal ogen®cont £CRSige » AL ’ - NE0CY g
9 niobium oxide, samarium oxide, ytterbivm oxide, erbium oxide, cerium oxide, and
10 combinations thereof, said at least one other component concentration ranging from about
11 10 mole % to about 30 mole %.
1 19. A semiconductor processing apparatus in accordance with Claim 18, wherein
2 underlying said ceramic is a high purity aluminum alloy.
1 20. A semiconductor processing apparatus in accordance with Claim 19, wherein
2 said apparatus is selected from the group consisting of a lid, a lid liner, a nozzle, a gas
3 distribution plate, a shower head, an electrostatic chuck component, a shadow frame, a
4 substrate holding frame, a processing kit, and a chamber liner.

1 21. A semiconductor processing apparatus in accordance with Claim 18, wherein
2 said apparatus is a solid ceramic semiconductor processing apparatus.

1 22. A semiconductor processing apparatus in accordance with Claim 21, wherein
2 said apparatus is selected from the group consisting of a lid, a lid liner, a nozzle, a gas
3 distribution plate, a shower head, an electrostatic chuck component, a shadow frame, a

32



2 plasmas used in sem conductor processing, said article conprising: a
ceramc fornmed 3 froma conbination of yttrium oxide and zirconi um oxi de,
with yttriumoxide at a nolar 4 concentration ranging fromabout 90 nole %
to about 70 nole % and zirconiumoxide at 5 a nolar concentration ranging
from about 10 nole % to about 30 noble % wherein a 6 nmean grain size of said
ceram c ranges fromabout 2 mto about 8 m 1 24. A ceramic article in
accordance with Claim 23, wherein said ceramic is formed 2 fromyttrium

oxi de at a concentration ranging fromabout 90 nole %to about 80 nole % 3
and zirconium oxi de at a concentration ranging fromabout 10 nole % to about
20 nole 4 % 1 25. A ceramc article in accordance wwth Caim23 or daim
24, wherdei n asubetsate hatdigg frame,si reressingdat, endcechamber livanges from about 2 mto
about 8 m 1 26. A ceramc article in accordance with Caim23, wherein a
flexural strength of 2 said ceram c ranges from about 120 MPa to about 140
Vha. 1 47. Aggramc Ribhfirtide SEERTIRNGE Lt &) Midkncifiehih a fracture
t oughness of 2 said ceramc ranges from about 1. nmh'2 to about 1.3
MPa - méz. 1 E8maduseriasgnticanductot mocensing cad dnmibeommtmngtlaabmn%founecu ai m 24,

wherein said article . 2.is selecte fromthe gro consisting of a lid, a
lid Tindr. a fep 2cgmbigatipn of yftdyrp o Hgf%ﬁmww bids) Wit KRR OFiie e 2 taplar
el ectrosf at | ccoﬁteﬁ%u&ﬂa% £Rbm aBorf b@flm ‘%rt@%ut 7 5%% raﬁa girdyahell fidadar§ r ane,

a processing kit, and chanber |1 ner. . A net hod reduci ng the plasma
erosi onof a @mniatmmdmmln l;an@ngﬁemmgoutfiﬁ nﬁala%naamuuéo nmht%lmlmdeuby a
hal ogen- cont ai ni ng .pl as conpr.i sin sel ecting said sem conduct or
proce53|6ng app U8 S¥H° fag‘gc%geg,ﬁogl abé’éﬁ%”‘g‘é?ﬁ #Brmed from4 yttrium

oxi de at a nol ar concentratl on rangi ng fromabout 90 nole %to about 70 nole
5 % and zirconiumoxide at a nolar concentration ranging from about 10 nole
%to abdut 62430 noA eerdmichrtdle inAcamdalnoﬂwithnChhndBﬂahw&inwiid berﬁliaiisnﬁoﬁﬁe;d further

conpri si ng se! ct| n said 2 ceram ¢ for said sem conductor essin
appar at axmrd? A %fqn;r@lt}ﬁndﬁqu%g @m about 8(()) mole % to a out §:0 mole /g
and zirconium oxide at a concentration ranging from about 10 mole % to about 20 mole
4 %.
1 25. A ceramic article in accordance with Claim 23 or Claim 24, wherein a mean
2 grain size of said ceramic ranges from about 2 um to about 8 pm.
1 26. A ceramic article in accordance with Claim 23, wherein a flexural strength of
2 said ceramic ranges from about 120 MPa to about 140 MPa.
1 27. A ceramic article in accordance with Claim 23, wherein a fracture toughness of
2 said ceramic ranges from about 1.1 MPa - m*” to about 1.3 MPa - m'~.
1 28. A ceramic article in accordance with Claim 23 or Claim 24, wherein said article
2 is selected from the group consisting of a lid, a lid liner, a nozzle, a gas distribution plate,
3 a shower head, an electrostatic chuck component, a shadow frame, a substrate holding
4 frame, a processing kit, and a chamber liner.
1 29. A method of reducing the plasma erosion of a semiconductor processing
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3 a nolar concentration ranging fromabout 90 nole %to about 80 nole % and
zirconium 4 oxide at a concentration ranging from about 10 nole %to about
20 mole % 1 31. A method in accordance with Caim29 or 30, wherein said
pl asma erosion rate 2 for a surface of said sem conductor processing
apparatus upon exposure to a hal ogen 3 conprising plasma is | ess than about
0.2 pmihr. 1 32. A nmethod in accordance with Caim 31, wherein said plasm
erosion rate for a 2 surface of said sem conductor processing apparatus
upon exposure to a hal ogen 3 conprising plasma ranges from about 0.1 pn hr
to about 0.2 mhr. 1 33. A sem conductor processing apparatus having at -

| east one surface exposed to a 2 hal ogen-conprising plasma during a
process,2 mher:qiparamaicchtmwmwgempominingpbmg cBmppyeg: aelacstinglsaiﬂace is a
ceramc mhlch IS sistant to erosion by hal oge ontainin pl asmas,
Sherel b ai o SRS S GIREIPPRGHS O PR G Sa Careis e Ry« t i on

5 ranging fromRROMEISR a BRIIE HRdePrafoR 'r'&ngﬁl% fHS‘PA @00%? 9PRdle 3 ICRBLUB I de at a
nolar 6 concentration ranging from about nole %to about 30 nole % 1
34. As ém conuatdeircprion ekl A mplpacroatm&aﬁon racging ftanabowtil O Imol %itorai3Rit
wherein ggfrl%apg said ceramic is a high purity alumnumalloy. 34 1 35.
A nethoé in fice with C aim 33, wherein said seniconductor processing
2 apparatus is a solid ceram c sem conductor processing apparatus. 1 36. A
sem conduct or processing apparatus, said apparatus having at |east one 2
surface lexpos¥d t o Aniethod geacodane vaihrigaipl 295 frmtheteompgisiag pa:lentiag sagid wher ei n
said surface is 3 _a ceramic which is resistant fo_.ero

hal ogen-Zcont iCFARHE 5 seRiconghEipETACS P ERPRISE 4 b fored PR R 8RS f coni urm
oxi de ats a Mol blaF QRGN hAfing AHAIaBG: bD BIBIAAW bGP S0 MolEhGmdirhoniifiout 94
nole % and yttriumoxide at a holar concentration ranging from6 about 4
nol e % tdo abowdidetit podrechtration Bingind fiwenibooniduntle s prabagISimude dppar at us in
accordance with Caim36, wherein 2 underlying said ceramic is a high
purity alum numalloy. 1 38. A sem conductor processing apparatus in

accordance wi4ih C ai MedBd ineb:Bhdte with Claim 29 or 30, wherein said plasma erosion rate

2 for a surface of said semiconductor processing apparatus upon exposure to a halogen-

3 comprising plasma is less than about 0.2 ym/hr.

| 32, A method in accordance with Claim 31, wherein said plasma erosion rate for a
2 surface of satd semiconductor processing apparatus upon exposure to a halogen-

3 comprising plasma ranges from about 0.1 pm/hr to about 0.2 pm/hr.

1 33. A semiconductor processing apparatus having at least one surface exposed to a
2 halogen-comprising plasma during a process, wherein said semiconductor processing

3 apparatus surface is a ceramic which is resistant to erosion by halogen-containing

4 plasmas, wherein said ceramic is formed from yttrium oxide at a molar concentration

5 ranging from about 90 mole % to about 70 mole %, and zirconium oxide at a molar

6 concentration ranging from about 10 mole % to about 30 mole %.

1 34. A semiconductor processing apparatus in accordance with Claim 33, wherein

2 underlying said ceramic is a high purity aluminum alloy.
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2 said apparatus is a solid ceramc apparatus. 1 39. A sem conductor
processi ng apparatus in accordance with Caim 36, wherein 2 said apparatus
is selected fromthe group consisting of alid, alid liner, a nozzle, a gas
3 distribution plate, a shower head, an electrostatic chuck conponent, a
shadow frane, a 4 substrate holding frame, a processing kit, and a chanber
liner. 1 40. A sem conductor processing apparatus in accordance with C aim
36, 2 wherein a nean grain size of said ceram c ranges fromabout 0.5 mto
about 8.0 m 1 41. A sem conductor processing apparatus in accordance with
Claim 36, wherein a 2 flexural strength of said ceram c ranges from about
1100 MPa to about 1300 MPa. 1 42. A sem conductor processing apparatus in
accordance wiih d afhmed®d imprsprdanpeavith)Claimnd, whereinaigimmirondifctos afodessisgani ¢
ranges fyom about 10 MPa, mi 12 to.aﬁ$ug 12 MPa 35 3 nml/2 1 43. A nethod of
reduci nd t he PPEE l%ﬂ%ﬁﬂSWwBFsgngg YR BTETSTE BPREESsi ng 2 appar at us
contacted by a hal ogen-containing plasm, conprising: selecting said 3

sem conduct or processing apparatus to be a ceram c-conprising article, said
ceram c 4 for¥fed frésemicomsiveiouproesssinganparatusnssldeappareins bamingatileast anangi ng from

about 96 nole %to 5 out .94 nole.% and trium oxide, at. a.gol ar .

concent ratio nsuf’—%ﬁeg?xﬁ&se? ?Oo?rf‘aé?%ﬂ’tmﬁ{p%%%aa%n%l)iuggg LIRS whErein Smgg%%.ce R net hod
i n accorydance; wridlic WhathR AJistadihe ERkidn R halofnASHBindiORaans Wil @id @ 9
surface of said sem conductor processing apparatus, upon exposure to a

hal ogen 410 coepantis isrfgrngiddiomnzirdoniuimensddetah a modey oerticegirationkanging froagabopt et hod i n

accordance wt im44 whergin 1d pla erosion rate for.a_ 2 surface
o Cont d Ken cons e Buboiatnde s, e el R a lont saistBiEn e fsigen 3
conpri signg pl dsi® mbRBYBSbbitmaBest 0.1 mhr to about 0.4 pmhr. 1 46. A
nmet hod in accordance with Caim43, wherein at | east one surface of said 2

sem conduct or processi ng apparatus, which surface is said ceramc, is

exposed It oS ag,,d A semiconductor processing apparatus in accordance with Claim 36, wherein
2 underlying said ceramic is a high purity aluminum alloy.
1 38. A semiconductor processing apparatus in accordance with Claim 36, wherein
2 said apparatus is a solid ceramic apparatus.
1 39. A semiconductor processing apparatus in accordance with Claim 36, wherein
2 said apparatus is selected from the group consisting of a lid, a lid liner, a nozzle, a gas
3 distribution plate, a shower head, an electrostatic chuck component, a shadow frame, a
4 substrate holding frame, a processing kit, and a chamber liner.

1 40. A semiconductor processing apparatus in accordance with Claim 36,

2 wherein a mean grain size of said ceramic ranges from about 0.5 um to about 8.0 um.

1 41. A semiconductor processing apparatus in accordance with Claim 36, wherein a
2 flexural strength of said ceramic ranges from about 1100 MPa to about 1300 MPa.

1 42. A semiconductor processing apparatus in accordance with Claim 36, wherein a

2 fracture toughness of said ceramic ranges from about 10 MPa - m'* to about 12 MPa -
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3 hal ogen-conprising plasma during said sem conductor processing. 1 47. A
nmet hod in accordance with C aim46, wherein underlying said ceramc is a 2
high purity alum numalloy. 1 48. A nethod in accordance with C ai m 46,
wherein said sem conductor processing 2 apparatus is a solid ceramc

sem conduct or processing apparatus. 36

3 ml/l.
1 43, A method of reducing the plasma erosion of a semiconductor processing
2 apparatus contacted by a halogen-containing plasma, comprising: selecting said
3 semiconductor processing apparatus to be a ceramic-comprising article, said ceramic
4 formed from zirconium oxide at a molar concentration ranging from about 96 mole % to
5 about 94 mole %, and yttrium oxide at a molar concentration ranging from about 4 mole
6 % to about 6 mole %.
7
8 44, A method in accordance with Claim 43, wherein said plasma erosion rate for a
9 surface of said semiconductor processing apparatus, upon exposure to a halogen-
10 comprising plasma, is less than about 0.4 pm/hr.
1 45. A method in accordance with Claim 44 wherein said plasma erosion rate for a
2 surface of said semiconductor processing apparatus, upon exposure to a halogen-
3 comprising plasma, ranges from about 0.1 pm/hr to about 0.4 um/hr.
1 46, A method in accordance with Claim 43, wherein at least one surface of said
2 semiconductor processing apparatus, which surface is said ceramic, is exposed to said
3 halogen-comprising plasma during said semiconductor processing.
1 47, A method in accordance with Claim 46, wherein underlying said ceramic is a
2 high purity aluminum alloy.
1 48. A method in accordance with Claim 46, wherein said semiconductor processing
2 apparatus is a solid ceramic semiconductor processing apparatus.
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