[ 0001] PLASMA- RESI STANT CERAM CS W TH CONTROLLED ELECTRI CAL RESI STI VI TY

[ 0002] The present application is related to a series of applications which
have comon inventorship with the present application. Al of the
applications listed below relate to the use of a yttrium oxide conprising
ceramic to provide a plasma-resistant surface which is useful in

sem conduct or processing apparatus. The related applications include U S
Application No. 11/796 210, of Sun et al., filed April 27, 2007, titled:

" Met hod of uci ng Appar at us
Exposed Tol ﬁ)gen %&%E%E%%ﬁg&vﬁtﬁ@&ﬁfﬂﬂﬁﬁn '
Application No. 11/796, 211, RHEGIRIGALRESISTIVH Ypri| 27, 2007 tltled
"Met hod And Apparatus Wi ch Reduce The Erosion Rate O Surfaces Exposed To
Hal ogen- Cof0a2hi ng Thelpassemsipplication 1y relatealioracseticy ofpiiigns Whish ppl i cati on
No. 10/898, 113 of Sun et al., filed July 22, 2004, titled: "C ean Dense
Yttrium Q«t(dmnﬁh)amen@rslhﬁp)wﬁhtherpgeseﬁapbﬁomﬂlmtﬁ\d)lrofAbqawp&tathan,s Irated belcvs
currently pending; U S. Application No. 10/918,232 of Sun et al., filed
August 13, reRooip t £ isd efch yttrmasondscmnMn@nerﬂnmm fFadé aalamia—rcb‘m&tmtA Solid
Yttrium Oxi de- Conprising Substrate", which is currently pending; and U.S.
Appl i cat i osurfaee whephGy Bsedielin eqmigpnuetor processing apparasts: (Eheyelaied applications t | ed:
"Yttri um Oxj de_Based Surface Coati a For Sem conductor | C Processi ng Vacuum
"

Chanber s" , inclyde £hS. ApplisationNy, lé/79l5&t1 t e etgl 7B daymil 4. A0gutitledt7. 2004,
Ao ebas e ref 'ﬁ?tﬁgggé% Fledesemippicsar] .arg%'gsvlhs? \gneland 2
" cani ng Rt TOEBIPUeR BRI BB aHiciHE SORPO FRBDELY faAPPIERONn O de
whi ch i s i%f@?@%?&ﬂ%ﬁap. e el %M“li%a’smi@ﬁﬁf da Moo ART pababER 157 and-
tU| tSI edAppl(JNZlan: Ig&d\lg/gp%%éo%%ég%qﬁs()?%ermw ng ﬁﬂgomﬁﬁgg%egﬁ%ﬁ% Sgl [ ﬁotht rium
Oxi de- Contlﬁ‘l'aé}h&g, which is currently pending; U.S. Application No. 10/898,113 of Sun et al.,

filed July 22, 2004, titled: “Clean Dense Yttrium Oxide Coating Protecting

Semiconductor Apparatus”, which is currently pending; U.S. Application No.

10/918,232 of Sun et al., filed August 13, 2004, titled: “Gas Distribution Plate Fabricated

From A Solid Yttrium Oxide-Comprising Substrate”, which is currently pending; and

U.S. Application No. 10/075,967 of Sun et al., filed February 14, 2002, titled: “Yttrium

Oxide Based Surface Coating For Semiconductor IC Processing Vacuum Chambers”,

which issued as U.S. Patent No. 6,776,873 on August 17, 2004. Additional related

applications filed, which are a divisional and a continuation application of above-listed

applications, inciude: U.S. Application No. 11/595,484 of Wang et al., filed November

10, 2006, titled: “Cleaning Method Used In Removing Contaminants From The Surface

Of An Oxide or Fluoride Comprising a Group III Metal”, which is currently pending,

and which is a divisional application of U.S. Application No. 10/898,113; and U.S.

Application No. 11/592,905 of Wang et al., filed November 3, 2006, titled: “Cleaning

Method Used In Removing Contaminants From A Solid Yttrium Oxide-Containing

Substrate”, which is currently pending, and which is a continuation application of U.S.



Substrate", which is currently pending, and which is a continuation
application of U S. 1 Application No. 10/918,232. The subject matter of al

of these patents and applications is hereby incorporated by reference.

[ 0003] BACKGROUND [0004] 1. Field [0005] Enmbodi nents of the present
invention relate to a specialized yttrium oxide-conprising ceramc which is
mai nly conprised of solid solution ceramc which is highly resistant to

pl asmas of the kind which are present in sem conductor processing

apparatus. [0006] 2. Background Art [0007] This section describes background
subj ect maf\pBlicatign ﬁOeaO/ﬁbb%Zwe thesbisst mattenefodl erdhess patentstaad ppeiicetions

i nvention., There.is no i Lention, either express or inplied, that the
backgroundméFF*HP@€ﬁ§§@E£ hrefeeRCesecti on 1 egal |y constitutes prior art.

[ 0008] Corfog@' n (including erosi onm nce is a critical property for
appar at us hﬁonents and liners us ; r~cohnduct or processi ng chanbers,
wher e corrﬁﬁ)ig]e envir 0y nts are present. Al though corrosive plasms are
present in Iq maj or i tlﬁg—gf sem conduct or processing environnents, including

pl asma enh chem - r e It . PE: and physi . vapor
deposi ti on@gs‘g), thn%&%ds%%ggrorf 5%1 rggeﬁltté@%ﬁﬁo%%\}é% @Wﬁ?’f}iﬁ?fﬁw&e used for
cl eani ng_ofik OGESALALARRRNAILE ARt NOSEHES U L b AllionSEMLALUANS! 0"
substrat es. IS ts especially true ere “hi'gh-ener gy p1 asma IS present and
conbi ned vhghGREMhA plLERES diht Kitdwiieh ath : ents
present in Jgtlgg envi roﬁr?eglgt .M\'I/'helq educeh C efgnse%{;?‘ S?%é%@?@?tgiprg?&gﬁgappar at us
conponent @ﬁﬁﬁ&‘s@ or of a process chanber |liner surface is an inportant
property when corrosive gases, even in the absence of a plasma, are in
contact wi fgoopy ocessi Bgtkappad airtis surfaces. [0009] Process chanber liners
and conponent apparatus present within the

[06007] This section describes background subject matter related to the disclosed

embodiments of the present invention. There is no intention, either express or implied,
that the background art discussed in this section legally constitutes prior art.

[0008] Corrosion (including erosion) resistance is a critical property for apparatus
components and liners used in semiconductor processing chambers, where corrosive
environments are present. Although corrosive plasmas are present in the majority of
semiconductor processing environments, including plasma enhanced chemical vapor
deposition (PECVD) and physical vapor deposition (PVD), the most corrosive plasma
environments are those used for cleaning of processing apparatus and those used to etch
semiconductor substrates. This is especially true where high-energy plasma is present
and combined with chemical reactivity to act upon the surface of components present in
the environment. The reduced chemical reactivity of an apparatus component surface or
of a process chamber liner surface is an important property when corrosive gases, even
in the absence of a plasma, are in contact with processing apparatus surfaces.

{0009} Process chamber liners and component apparatus present within the
processing chambers used to fabricate electronic devices and micro-electro-mechanical
systems (MEMS) are frequently constructed from aluminum and aluminum alloys.

Surfaces of the process chamber and component apparatus (present within the chamber)



processi ng chanbers used to fabricate el ectronic devices and

m cr o- el ectro-nmechani cal systens (MEMS) are frequently constructed from

al um num and al um num al | oys. Surfaces of the process chanber and conponent
apparatus (present within the chanber) 2 are frequently anodi zed to provide
a degree of protection fromthe corrosive environnent. However, the
integrity of the anodization |layer may be deteriorated by inpurities in the
al um num or aluninun1alloy, SO that corrosion begins to occur early,

shortenin t e li f t he, prptective coati.n The pl.asma resi stance
propertie equﬁ’i‘t[?’ H@Vﬁire 5‘?%?5??%?“\?8“@?%& F‘i%%?\ with sone ot her
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sem conduct or devi ces yttrium oxi de coating has en used and applied

over an apaditZeehnsivthafifys Of varidts@bm F@ﬁﬁbﬁ%@h%&lﬂﬁ%ﬁ% bRY¥e Bf@eess chanber
Surface or a process conponent surface, to produce excel | ent corrosion

pr ot ect i oalufrim@n okhd®.layRahRAtionNd. abbve! drd SiA3oine ifitdhced, hals been®ed bvReik above) .
The protective coating may be appli ed usi ng a nethod such as spray coating,

physi cal yaffex of dpesbdizediayeMb)impfove isnpoalctiviapbdthe dapderdiifig siomiiv) by way
of exanple. [0011] A filmof A1203, or Al2G3 and Y2Q3 has been formed on an
i nner wal basedumdtercads. of a processi ng chanber and on those exposed surfaces of
the menbers within the chanber which require a high corrosion resistance
and i nsul §8018§ pr ofigniuny oxide iaa ceramiquphierial wivich hawshowm considarsblerraeraistal  of
t he chanber may be a ceramic material (AL2C3,

in the protection of aluminum and aluminurn alloy surfaces which are exposed to

halogen-containing plasmas of the kind used in the fabrication of semiconductor devices.

An yttrium oxide coating has been used and applied over an anodized surface of a high

purity aluminum alloy process chamber surface, or a process component surface, to

produce excellent corrosion protection (e.g. U.S. Patent No. 6,777,873 to Sun et al.,

mentioned above). The protective coating may be applied using a method such as spray

coating, physical vapor deposition (PVD) of chemical vapor deposition (CVD) by way

of example.

[0011] A film of Al,O,, or Al,O, and Y,0, has been formed on an inner wall

surface of a processing chamber and on those exposed surfaces of the members within

the chamber which require a high corrosion resistance and insulating property. In an

exemplary application, a base material of the chamber may be a ceramic material (AL,O,,

Si0,, AN, etc.), aluminum, or stainless steel, or other metal or metal alloy, which has a

sprayed film over the base material. The film may be made of a compound of a III-B

element of the periodic table, such as Y,0, The film may substantially comprise Al,O3

and Y,0, A sprayed film of yttrium-aluminum-garnet (YAG) has also been mentioned.

Examples of a sprayed film thickness range from 50 um to 300 pm.



S 02, AIN, etc.), alumnum or stainless steel, or other nmetal or netal
all oy, which has a sprayed filmover the base material. The filmmay be
made of a conmpound of a 111-B elenent of the periodic table, such as Y20,
The filmmay substantially conprise A1203 and Y2OG3 A sprayed fil m of
yttriumal um numgarnet (YAG has al so been nentioned. Exanples of a
sprayed filmthickness range from50 mto 300 m 3 [0012] SUMVARY [0013]
Specialty sintered ceram c naterials have been devel oped which resi st

corrosion r sem conduct or procesgi i tions which enploy a hal ogen-
gmgfzj SURIVERRY

contai nin sma. The specialty nmat e been nodified to have

i nproved q@btﬁ@m re éc?élﬁi%ﬁeﬁﬂge&ﬁ:?d Iﬂét%ﬁaﬁ%b?'Bleé‘rﬂ!leggff'og?@{vhfcﬁ?esji conpari son

with the sintered eramc materials previously use sem conduct or

processi NGoaBkish @h&@-seﬁmnd@t&%sée@ﬁh% B6RRE6RS WBicR bmbhs Maljgeped ceram ¢
materi al s have been adjusted so that the electrical résistivity properties

of the nmatehiaplisg plkihe hThasrciahy afafegials have degd RBAHdRS BeRSHIpR@eghanber) neet
the requirenments of critical chanber conponents. These electrical

resi stivi tplagpaopsisthycerand uaiteeemechanizalepppenies itstompreisow with theysineiedr i al s
which exhibited | ow pl asma resi stance properties. The present specialty
mat eri al s oevdmic matdrfabs previanily ussddondsimedriduntor pfoosbsismapparaiss ffhace,

mechani cal properties, and electrical resistivity properties) are

suf f i ci entdlsetrigahpiopertienof the sintesed easamiconatedalshape g@egdjusgd sa fipatiet us
previously used. One advantage of the simlar electrical properties is that
it is notelesliical aisiivitbpiopaiige of the metesiads @viele hpeansiiegdnamddsmsr ocessi ng

condi tions which currently in use i s,t_ecg]' conduct or device_fabrication.
Sn‘é‘{ i

[0014] Th @rgﬁéﬁn&&{%@f}mﬁtéw CRVERAI Bt EHIca! chasher empaspiscdhese

com conduc o P SRESE ne Shenber, corpRIert sy b appll g over 2n,

PrLoLoal AR RO BB BTl T PSRRI LA (FRIRLEFY O
various combinations of plasma resistance, mechanical properties, and electrical
resistivity properties) are sufficiently similar to those of semiconductor processing
apparatus previously used. One advantage of the similar electrical properties is that it is
not necessary to change the process recipes or general processing conditions which are
currently in use in semiconductor device fabrication.
[0014] The specialty sintered ceramic material used to fabricate semiconductor
processing chamber components may be applied over an underlying material using
thermal/flame spraying or plasma spraying, physical vapor deposition (such as sputtering
from a target comprised of the specialty sintered ceramic material) or chemical vapor
deposition, by way of example. In the alternative, the sintered ceramic material may be
used to fabricate a solid component using a molding process, for example, when this is
preferable to use of a coating.
[0015] The sintered ceramic materials of interest cornprise a yttrium oxide-based
solid solutions. In one embodiment, the electrical resistivity of the sintered, yttrium
oxide-comprising ceramic material is altered. In one exemplary embodiment technique,

other oxides are added to the yttrium oxide, and the mixture is sintered. The positive



deposition, by way of exanple. In the alternative, the sintered ceramc
material nmay be wused to fabricate a solid conponent using a nol di ng
process, for exanple, when this is preferable to use of a coating. [0015]
The sintered ceramic nmaterials of interest conprise a yttrium oxi de-based
solid solutions. In one enbodi ment, the electrical resistivity of the
sintered, yttrium oxide-conprising ceramc material is altered. In one
exenpl ary enbodi nent techni que, other oxides are added to the yttrium

oxi de, and the, m xture .i.,s sinteted. Th ositiye 4. jons of t ot her oxi des
have a di fl?%sr%ﬂfgé Qtéieéﬂ’&‘gesfl?ab’ﬁ?ﬂ‘fger?m"i ce {191} §F 4:3110% PAeEmey VarRdei ng to a

Cocn 1 0Jtadneh 4 i fest BRSNS e SHhel riteS gy o O
limtations . t t | i hni ..qth id
bre addeq o RSy 7os BOS by St i v o TR R hot N, G i T P £°°
i ft ot.her: i Y .

S omi 11 cari ey OB pIRY WA AR Ko i S6% Afudk U lided (e MOS0 @

IS sintereftiddd the et sitefRE PRRS Sosithldl i8nd GStHE biber dki@sHdw HBSAREY. Whi ch
al so decreases electrical resistivity. Exanples of oxides which show the

same val eRgRns ad the YF* idn0But podiesP? SigfiFivantlP HifiRtkdnk fAThAiMs tHah gy ehtioh.on radi us
i ncl ude Nd203, SnR(03, Sc2C3, Yb2Q3, Er203, Ho2G3 and Dy203, by way of
exanpl e antherp@écupsor midurdfs slritered b 4 duc{i@Okpbsghree. ofhié Reult®ineh @onponents in
a sem conductor processing chanber which requires a |lower resistivity than
i s typi calvatarcyywhichuisodeopases elrgtrichlntsistivity. c Ekanplesof sxifidsewtdtiesttavotheat i c
chuck. The el ectrostatic _chuck designers reconmend that the resistivity of
t he di el ecamevaboeé acthe 3 iohebutipessesos signifcanthudikiefeat lonwidihg mclde ange from
about 109 to 10" 0O-cm under sem conduct or Brocessi ng conditions, to reduce

the possiMOstYmads. Pe.Lsmbb.bhclitngs d10,PhendDadx by way ptexsmpddandmyit by

resistivity ra}ﬂige_ is equivalent to a conductivity within a range from about
10-9 to 10Va&YPIHMHHIOR s g

[0016] One of the major components in a semiconductor processing chamber -

which requires a lower resistivity than is typical for yttrium-comprising sintered
ceramics is the electrostatic chuck. The electrostatic chuck designers recommend that
the resistivity of the dielectric surface of the electrostatic chuck fail within a range from
about 10° to 10" Q-cm under semiconductor processing conditions, to reduce the
possibility of plasma arcing at the electrostatic chuck. This resistivity range is
equivalent to a conductivity within a range from about 10® to 107 S/m, This is a
considerably lower resistivity than bulk Si;IN,, for example, which exhibits a
conductivity 10" S/m. For other corrosion resistant surfaces where plasma arcing might
be a problem, such as lift pins, a resistivity in the range of that required for an
electrostatic chuck is helpful. For corrosion resistant surfaces such as process chamber
liners, the resistivity may be higher, possible as high as or exceeding about 10" Q-cm
and still be acceptable.

[0017] At least one solid solution forms the major molar % of sintered ceramic
materials which are useful as electrically modified corrosion-resistant materials. When

there are two oxides used to form a solid solution, these oxides typically comprise



considerably lower resistivity than bulk Si3N4, for exanple, which exhibits
a conductivity 10"13 S/m For other corrosion resistant surfaces where

pl asma arcing m ght be a problem such as lift pins, a resistivity in the
range of that required for an electrostatic chuck is helpful. For corrosion
resi stant surfaces such as process chanber |liners, the resistivity may be
hi gher, possible as high as or exceeding about 1014 Qcm and still be
acceptable. [0017] At least one solid solution forms the major nolar % of
sintered ceramic materials which are useful as electrically nodified

OO i AL TRl g el DS P R S bl o
combi nat | ol EdhsRIE BELircBhlPoxitll ERub AP h ALY 0RAL SRERT SOMR bhe 0T oup
consi sting  of" zircont um oxl de, Ceri um oxI de; hafni um oXi de, niobi’um oxi de,

and  conbi fathifient e8Pl UsdSorir oRtdae 5udXisdemmdii Rxaf. ﬁ&mgg{iug@o%ede,

neodym um oxi de, samarium oxi de, ytterbium oxide, erbium and cerium
oxi de (andapfafiem dxddd Prdtbideh 0584 iefsiud! SR hnPXr RS dxile (FRNThI AR R be
acceptable in some instances. [0018] Wen there are nore than two oxides
used to f okfied dlemet@xiiesyipeensiddrddio brakbéptabiéin soiRSfstaxdedes typically
conprise yttrium oxide, zirconiumoxide, and at |east one other oxide,

whi ch is t[@pigal | y Vélehebdre dref momthdnetwer etigesanedsiosoin ghodneh@fmaore solicki de,
scandi um oxi de, neodym um oxi de, ni obi um oxi de, samarium oxi de, ytterbium
oxi de, erdolwivnghate oxicles fypreabx coteprisndtrsoniidg tziroosiutrheridy fand THeastise  of
other lanthanide series elenents is also possible in particular instances.
When t he singtashes@xiderwlick & typisatbr setasteduliram thedrpup ewsisisting of pafass oxidgpi cal | y
there are two _phases or three phases., In addition to the at |east one solid
sol ut i on- pisaREUMOKKleengpgyMBEN gkide, nihiHAEAXidG, SHRAIHA OXids; Wiehium ¢afani ¢ whi ch

are conpounds or .elenental. metals. [0019] B of exanple, and not by way
or 11 it atSTONm Gt C?ré\%e@@em%sepmbina@ o theteghy 1 Vi ol DR AR EREDf ¢ v
precursor oxi des etxperi rrent.g have .colnfir dt

series elements Is also possible in particu

ar instances. hwﬁlt'nenathe sintered ceramics
comprise muiti solid solution phases, typically there are two phases or three phases. In
addition to the at least one solid solution-phase, there may be other phases within the
sintered ceramic which are compounds or elemental metals.

[0019] By way of example, and not by way or limitation, with respect to sintered
ceramics which make use of two precursor oxides, experiments have confirmed that a
sintered ceramic comprising a solid solution, where yttrium oxide is present over a range
from about 40 molar % to less than 100 molar %, and zirconium oxide is present over a
range from more than 0 molar % to about 60 molar %, produces a sintered oxide having
a resistivity which is in the range from about 107 to about 10" Q -cm at room
temperature. Resistivity over the same range is expected to be obtained from a
combination of precursor oxides where yttrium oxide is present over a range from more
than 0 molar % to less than 100 molar %, and cerium oxide is present over a range from
greater than 0 molar % up to less than 10 molar %. Resistivity over a range from about
10° to about 10" Q -cm is also expected to be obtained from a combination of precursor
oxides where yttrium oxide is present over a range from more than 0 molar % to less

than 100 mole %, and hafnium oxide is present over a range from more than 0 molar %



sintered ceram c conprising a solid solution, where yttriumoxide is present
over a range fromabout 40 nolar %to |l ess than 100 nolar % and zirconium
oxide is present over a range fromnore than O nolar %to about 60 nolar %
produces a sintered oxide having a resistivity which is in the range from
about 10' to about 1015 E2 -cm at roomtenperature. Resistivity over the
sane range i s expected to be obtained froma conbination of precursor

oxi des where yttriumoxide is present over a range fromnore than O nolar %
to less than 100 nolar % %nd cerium oxi de i s present over a range from
greater tREAC Sﬁ@%ﬂo%nﬁ’%ﬁftfé- Pudered pRIMMIQEXPHNERE ogesrigity oy sFiagnasdr a range
from about ., 1Q9,to0.aboyt 1011. Q cmis alsq expect to be obtained froma
conbi nat i (?ﬁogﬁ%pﬁo&]?ﬁ'r“s Q65 g 8lsofxBeSe Yot%‘i I%eg%miascoﬁ}bé%aé‘ﬁ’ﬁm ver a range
fromnore than O molar, %to.less.. than 100 nole % .and . hafn umoxide is
present owEFUE°T ¥H ees‘?’l?e(fﬁ‘?ﬁwxg e Breﬁﬁl?qé’rv B ’é’nﬁ%ﬁf){? ?bé’ggwt‘ﬁghr fI‘O‘G nol ar %
Si ntered 1 h Dbt i .Sl Vi r f 9to
about 10 10 ETOTEAIEY: WBRELET LI I Bkedht Bler RO RoR sresfn B ot

precur sor u%i)gﬁﬁn Skt ri umoxide is present over a range from about 48
nmolar %to ess than 100 nole % and niobium oxide is present over a range
from greatrggoo han 3yPAvapBf &:Andf0dhd B8t BRPWAY o AimitAaD kvifre ¥ t9Eine¥a ! e, and
not by way of 'limtation, with respect To sintered ceramcs which make use

of more t haAntikovidEieeEks 0de cDthete Shani tvo Giec@s2 @4id¥Eh on@embbdiinefited cer anic
will exhibit a resistivity over a range of about 10' to about 1015 E2 -cm

when the simdred egamierveili exhibdrpresistdtyeovepbirshggafubinan 0’ andbowhEreQtdie si nt er ed
ceramic material is formed from oxides where: yttriumoxide is present over
a range f rwirndesintered Qemmliacor®prims heglsd sélatiorn @Od mblerer thépinkredomramin oxi de i s
present over a range from nore than O nolar %to about 50 nolar % and,
scandi um awxdtereal isslopnessisem azides whereandisiunt pyide ifopresenhayer ayange femaltaat % up to
| ess than 100 nolar % _[0021] | n another enbodinment, a sintered ceramc wll
exhi bit arfVenelan’pite less than 100 molar %; zirconium oxide is present over a range from

more than 0 molar % to about 50 molar %; and, scandium oxide is present over a range

from more than about 0 molar % up to less than 100 molar %.

[0021] In another embodiment, a sintered ceramic will exhibit an electrical

resistivity over a range of about 10 to about 10" Q -cm when the sintered ceramic

comprises a solid solution, and the sintered ceramic material is fabricated from oxides

where: yttrium oxide is present over a range from about 40 molar % to less than 10

molar %; zirconium oxide is present over a range from more than 0 molar % to about 50

molar %, and hafhium oxide is present over a range from more than about 0 molar % up

to less than 100 molar %.

[0022] In yet another embodiment, a sintered ceramic will exhibit a resistivity

over a range of about 107 to about 10" Q -cm when the sintered ceramic comprises a

solid solution, and the sintered ceramic material is fabricated from oxides where:

yttrium oxide is present over a range from about 40 molar % to less than 100 molar %;

zirconium oxide is present over a range from more than 0 molar % to about 45 molar %;

and, niobium oxide is present over a range from more than about 0 molar % up to about

80 molar %.



resistivity over a range of about 10' to about 1015 Q -cm when the sintered
ceramc conprises a solid solution, and the sintered ceramc material is
fabricated fromoxides where: yttriumoxide is present over a range from
about 40 nmolar %to less than 10 nolar % zirconiumoxide is present over a
range fromnore than O nolar %to about 50 nolar % and hafniumoxide is
present over a range fromnore than about O nolar % up to |less than 100
nmolar % [0022] In yet another enbodinment, a sintered ceramic will exhibit a

resistivi ver.a range of agbout. 10' ' to about 1015 0,-cm when the sintered
ceranmic cieg%j seshhones%ﬁl?‘lfl?@ﬁl?%ut?‘f? Sthieredh ferpmie wptsrialcontains, B&F&Feri al is
fabricated,fro i d where: .yttrium oxide i r ver.a range from
about 40 %1%}1%}&?8 g@&% pﬁﬁsgﬁoh%ﬁol%qna?or%’ml% ?é@nﬁrﬁﬁ%ﬁ% a& %”B?]é ent over
a range fr I 9 % i.pbi um oxi de is
pr esent o&lgrlﬂ o%?élﬁo%@@#oﬁ%@ébcﬁ%ﬁn%@% Og%ﬁ Ig[?‘re%c%rﬁtqgglgggi&g% 80 nolar %
7 [0023] k.40 R0, mitidhn DL 1Adhn GBS AT o PHAb ' ree
phases, _\/S\Ag"lbioch%lhncl ude: a’first %ﬁasg o) ?d sg u?%%ég%ﬁt?g%%h@cg?ﬂoz
Nb2C5 whi ¢ simkRY ceribnit hferabul, HRirdPhase HNWirRaHinA ForR WHicaked he
sintered ceramc material; a second phase of Y3NbO7 which nmakes up from
about 5 MapdfonYatcut dbeslhr BQo BBOAN0 Modar %t dfehsiinlepidedrandt aistegianat eri al ; and,
a third phase of Nb in elenental form which nakes up fromabout 1 nolar %
t o about 10024l ar M afothehembodimentesf the simmdred coabraicimiteridl @02¢ cdntaianot her
enbodi ment of the sintered ceramic material which contains three phases,
yttri um oxirdephases yEsiomt oxadecis peeserdoger 4 ramge floouabo806(hmiokr %84a abosbdut 75
nolar % zirconiumoxide is present over a range from about 15 nolar %to

about 25 malrdfe; Bigconin aKigBiLpIESR! eier pyangedsempbentdd molarhde abew@Sabout 5
nmolar %to allbout 15 . nol ar (‘3{%&?[0025] In sintered ceram ¢ test specinens

formed fr &Rlar “eogsl niobippyoxide s present over a range from about 5 molar % to about 15
molar %,
[0025] In sintered ceramic test specimens formed from a Y,0, - ZrO, - MO,

material of the kind described above, in embodiments where M is scandium, hafhium,
niobium, or neodymium, an erosion rate was demonstrated which was 0.16 um/hour or
less, after exposure for 76 hours to a CF,/CHF, plasma. A similar erosion rate is
expected when M is cerium, samarium, erbium, or another lanthanide series element.
The plasma was formed in an Enabler for Trench Etch plasma processing chamber
available from Applied Materials, Inc. The plasma source power was up to 2000W, the
process chamber pressure was 10 - 500 mTorr, and the substrate temperature was 40 °C.
This erosion rate of 0.16 pm/hour or less is equivalent to the erosion rate of pure Y,0,.
Thus, the erosion rate of the sintered ceramics has been unaffected by the modification
of the sintered ceramic to provide a lower resistivity sintered ceramic.

[0026] While the ceramic materials described above were sintered ceramics formed
from oxides using sintering techniques known in the art, in other embodiments, the
starting material compositions listed above may be used to form a ceramic coating over
the surface of a variety of metal and ceramic substrates, including, but not limited to,

aluminum, aluminum alloy, stainless steel, alumina, aluminum nitride and quartz, using



material of the kind described above, in enbodi nrents where Mis scandi um
haf ni um  ni obium or neodym um an erosion rate was denonstrated whi ch was
0.16 nfhour or less, after exposure for 76 hours to a CF4/CHF3 plasma. A
simlar erosion rate is expected when Mis cerium samarium erbium or
anot her | anthanide series elenment. The plasma was fornmed in an Enabl er for
Trench Etch plasma processing chanber available from Applied Materials,
Inc. The plasnma source power was up to 2000W the process chanber pressure

fate of 0 AWRREHSPONT TeEeoRTerdvRi SRS DherEatein PameliimbLr o vocs
modi 11 cat1 St P Boc Rl A Bt T o B8 bTRORRGE '
sintered GREBMCs. o%,oc@l%ﬁl a&yh?d%ﬁﬁﬁﬁrwéﬁéﬁn&eﬂé %ré&’ﬁec »9 fabove were

sintered ceramcs forne si nt ues known in
the art, immRidier enbodi nents, the starting materi al corrp05| tions listed
above may be used to forma ceramic coating over the surface of a variety
of netal and ceram c substrates, including, but not limted to, alumnum
al um num al | oy, stainless steel, alumna, alumnumnitride and quartz, using
8 a coati N@02Echni que. BRIEFOESCRIP THONOHEHE DRAWENGS asma spr ayi ng,
thermal /fl ame spraying; physical vapor deposition froma sputtering target
which is f[00Bd by Teiassigrin thg untlbrstansing exfthoahove henitied ambudipomtsiepast t i on, by
way of exanple and not by way of Ilimtation. [0027] BRI EF DESCRI PTI ON OF
THE DRAW N@Slt[t@@m}cﬂmoagﬁmmﬁc renthiodinuenie descaher apvomaytis laddyecfiesoie ed
enbodi ments, a nore articul ar description of specific errbodl ment s

descri bed taBls/apnsadedssavises. b@l&teibérr@ﬁréehowmrh@atatbmpm didmaRings. 1t is to
be noted, however, that.t p ended illust onl ortion of
t he typi cdﬂugﬁ%ﬂ?lﬁérﬁ’@gwn i‘dltﬁmtfcﬁﬁ?‘@?'gfaél %%E?t g BOI%IB@EI% Witing in
scope of tgleehl{nr%l\ﬁ%% Isc%rﬁe\é\ﬂherl]m}e%tlgr? which 1s%eshcef\1rbed Bere el"hleqx\ef\erh 1'08r1]nclu els udes

other equally effective embodiments.

[0029] Figure 1 is a graph 100 illustrating the electrical resistivity, as a function of
temperature, for a variety of materials, where the applied voltage was 1000 V in an air

environment.

[0030] Figure 2 is a phase diagram 200 of Y,0, - ZrO, - Al,O,. This phase
diagram shows, among other compositions, the composition of a specialized material,
identified herein as an area “A” on the phase diagram, for reference purposes. The type
“A” ceramic material is a ceramic composition which has demonstrated excellent

resistance to erosion by halogen plasmas.

[0031] Figure 3 is a phase diagram 300 of Y,0, - ZrO, - Nb,O.. This phase
diagram shows, among other compositions, the composition of a specialized material,
identified herein as an area “B” on the phase diagram, for reference purposes. The type

“B” ceramic material is a ceramic composition which not only resists erosion by halogen



ot her equally effective enbodi nents. [0029] Figure 1 is a graph 100
illustrating the electrical resistivity, as a function of tenperature, for
a variety of materials, where the applied voltage was 1000 V in an air
environment. [0030] Figure 2 is a phase diagram 200 of Y203 - Zr02 - A1203.
Thi s phase diagram shows, anong ot her conpositions, the conposition of a
specialized material, identified herein as an area "A" on the phase
diagram for reference purposes. The type "A" ceramc material is a ceramc
conpositia [ denonst.r.at ed exgell,ent ,resistance.tg er0sion by

nal bgen. piblais: o SRS TR oo B 6B BT FI06 it BB U WS, oF
Nb205. Thicg,: I anong ot her conpositions, the conposition
of a specia ?%%%ﬁﬁggg?%g??}é?%@%%ified herein as an area "B" on the phase
diagram for reference purposes. The type "B" ceramc material is a ceramc
conposition which not only resists erosion by hal ogen 9 plasmas, but which
al so exhi foow)a coripiiel4 BRG orhh IO PuSed1ingCMotri@s tealstivity, s b iFattbher t ype "A"
ceramic material, for exanple. [0032] Figure 4 is a graph 400 illustrating
el ectri calapphad sdliayge,tfyy, a egicty bimnaletial, WherealdtSdrentdnt agemaflost raoari ety of
material s, where the neasurenment was nmade at room tenperature (about 27 C)
in an air tempéreorm@hout 2700334 afFkgeneiranmenta bar chart 500 which shows the
average exenplary erosion rate, nornalized relative to that for pure
yttriumoxide, for a variety of sintered ceramic naterials which were
exposed to a plasma generated from CF4 and CHF3 source gases. [0034]

DETAI LED | PTIiaRIreR 1ExprPthary (8vHooh SENTsShe puass exagplery piobian ate.o t he
det ai |l ed descr]i_g%ti oln, it ézﬁg,ul d be noted, hzt, as, used.in _this,

speci fi catTOBR24H TEARY B SRHRIP P AITHEM ¥ &rigisrahy qlsiiged geramican”  and
e i ENGhHERPLHIR ek LSS0 By o MRS Beddied BBLTE, TR ollel LkES

[0034] DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS
{0035] As a preface to the detailed description, it should be noted that, as used in
this specification and the appended claims, the singular forms "a", "an", and "the"
include plural referents, unless the context clearly dictates otherwise.

[0036] When the word “about” 1s used herein, this is intended to mean that the
nominal value presented is precise within £ 10 %.

f0037] Described herein are specialized ceramic materials which are developed to
resist corrosion under semiconductor device processing conditions which employ a
halogen-containing plasma. In certain embodiments, the specialty materials have been
modified to have a reduced electrical resistivity when compared with similar ceramic
materials which were developed previously to provide plasma erosion resistance. The
reduced electrical resistivity is helpful in reducing the possibility of plasma arcing at
various components within a semiconductor processing chamber, most notably upon a
surface of an electrostatic chuck or a substrate lift pin, where plasma arcing is more of a
problem, for example and not by way of limitation. In the past the component, or at least

the surface of the component was fabricated from aluminum nitride or aluminum oxide,
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[ 0036] When the word "about"” is used herein, this is intended to nmean that
the nom nal value presented is precise within f 10 % [0037] Descri bed

herein are specialized ceramic materials which are devel oped to resist

corrosion under sem conductor device processing conditions which enploy a
hal ogen-contai ning plasma. In certain enbodi nents, the specialty materials
have been nodified to have a reduced electrical resistivity when conpared
with simlar ceramic materials which were devel oped previously to provide

Feduc ng. STLH U bF ARG o s SEUBE PRl YERleobE ettty '
sem COnd“%Eﬂfed%é&glﬁc%?sw@eﬁﬁgm@&%ﬂ{b etraﬁ&ﬁapalté/ g.‘{t_)l%'fht elglsrﬂﬁlﬁal?rﬁltf?l

el ectrostatic ¢ 'St rat tcing 5's” nor e of

a probl erﬁheﬁlplﬁfeﬁﬁﬁ@kl?e ARl icopoNaY, eelta r&qlﬁilﬁ@hiopéﬂdowtlﬁ@efoﬂeﬁérst he
conponent, or at least ‘the surface of the conponent was fabricated from

al um num @hﬂﬁ-éﬂ@eﬁl@nﬂjﬂﬂﬁh{p@ﬁhﬁw , 10 which m ght be doped to provide
el ectrical properties. Wile this material provided the desired electrical

properti egp03fje corFaticprtheelestrioal prajettievas teevapiony flayeriaiised ad protdsk ng t he
useful lifetime of the particular conponent, and requiring nore down tine
for repai rhamberdinesnddemeivnaloompongnisenthingaplesma pRo&8ingRemideedyctéthe

el ectrical properties of the various materials used as process chanber
liners andppanius piiectithecrhpuioeaf e plashin Chapgea smtheprebedersefithe slesthz onduct or
apparatus affect the behavior of the, plasma. Changes .in the behavior of the

pl asma  affigelthe plasipp ﬁmssmﬁeﬁ@méhﬁ}da‘ﬁ]ﬂ@‘ih% ed is %i-ﬁ’@taﬁh‘tlnlt the effect is
ot PR S ORER S T S RN
eSS NG AR o0 S0 SBAA SRR el BBERRER ol et 1 o
DTS5y, G0 0e PG LBl R LA £ TSI M. 1 B gfooPt 20 ©
el ectri caly Lest&t IO ¥ portion of the ceramic materials which exhibit acceptable plasma
corrosion/erosion characteristics can be modified to control electrical resistivity
properties within the desired range useful for a component in contact with plasmas. One
skilled in the art and having read the present description will be able to be relatively
certain of success when selecting combinations of oxides to form the ceramic materials.
[0039] For reasons of convenience, the development of acceptable halogen plasma
corrosion/erosion-resistant ceramic materials having the desired electrical properties was
carried out by making use of sintered ceramics. The sintered ceramics were produced by
techniques well known in the art. In other embodiments, acceptable halogen plasma
corrosion/erosion-resistant ceramic materials of the same general composition may be
applied as a coating over an underlying material, such as aluminum or aluminum alloy,
for example, using thermal/flame spraying or plasma spraying. In the alternative, a
sintered ceramic material may be used to fabricate a target which may be used to apply
the ceramic material by physical vapor deposition over the underlying material,

particularly when the apparatus over which the protective ceramic material is to be

applied is large, such as a process chamber liner.
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properties within the desired range useful for a conponent in contact with
pl asmas. One skilled in the art and having read the present description
will be able to be relatively certain of success when sel ecting

conbi nations of oxides to formthe ceramic materials. [0039] For reasons of
conveni ence, the devel opnent of acceptabl e hal ogen pl asma
corrosion/erosion-resistant ceramc materials having the desired el ectrical
properties was carried out by naking use of sintered ceram cs. The sintered
ceramni cs known in the art. In other

h$ produyced b t echni ques wel |

embodi ment!9? %Jccept‘&élﬂr%“%hsiyo %Cr‘llsi?ga inters CHanyn matenais of MEEF ORI  er ani ¢
L . | | e Tod .

o undor |y gy BETERORIRE A GUP ARl SoPRy ey st By o '

i ng ther i | i At t i a
i nt or eq” ouriiered 1B oPER Iy HonfoRE R ISR B Mer dud P BB, 2,
used to appli¥e ald@e HREAM i§ sHRLET I Ble fR¥iItRRYSHEH the 3PR4st Qﬁ@%eﬂéﬁ% ﬁ@g@ the

underlying material, particularly when the apparatus over whic

protecti vedigRfeaf el iR te Y SiohOtolferm apphvaehcl SeddidR.a dedflseAf a process
chanber liner. 11 [0040] As previously discussed, the sintered ceramc
mat eri al s géctticd] egstsivitg.0MAxainRs of buchicxidaxhelade Th®,, Med), kDY IH), aihdt he
sintered, yttriumconprising ceramc material may be altered. In one
exenpl ary Wedhnbywey obtxalmplsindowebpvag of dxiithtion s Ireatdar exempiaryyt t ri um oxi de
and the mxture is sintered. The positive ions of the at |east one other
oxi de haveteghniglicf therag Feastoak efhseotide i added Yo yitowm oxilef andrthe myxtugediancy,
| eading to a decrease of electrical resistivity. Exanples of such oxides
i ncl ude Cetipterctliitp reductiye atmogghere; haweygsz the, Posifivaagnsef theas lggsteongidhaiot by way
of limtatiqgn. In another exenplary., .technique, the at |east one other oxide
's added (99 HIMUIHE SRPEEACHRES Ry gL PPSssh SRy AerPR o i ve
at nospher e; .howev he pasitive ions~of the at.|east, one other. .oxi de show
the sane. viarERdianae vhan ST boskfin iR A0S astt, Mhich AP cedRies CBFFFar ant 1 on
;?glc?fl Egﬁﬂ%sitst!i]\%tyYSExérﬁﬂes P Usaes SHILH Sho' i kafhe VARALE Y thd)tGBn Al BodlEG €ases
a significantly different ion radius include Nd,0,, Sm,0,, Sc,0,, Yb,0,, Er,0,, Ho.O,
and Dy,0,, by way of example and not by way of limitation.
[0041] A number of exemplary sintered ceramic materials have been investigated
to date, and the TABLE below provides an illustration of a portion of the sintered

ceramic materials which were created and evaluated. The evaluation of these materials

is discussed subsequently.

[0042] EXAMPLES:
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resistivity. Exanples of oxides which show the sane val ence as the Y3* ion,

but posse

SS

a significantly different

ion radius include Nd2G31 Snk(C3,

Sc233, Yb2O31 Er2C3, Ho2G3 and Dy203, by way of exanple and not by way of

[imtatio

been investi gated
a portion of the sintered
eval uated. The eval uation of these naterials

n.

to date,

[ 0041] A nunber of exenplary sintered ceram c nmaterials have
and the TABLE bel ow provides an illustration of

ceramic materials which were created and

i s di scussed subsequently.

[ 0042] E H@tﬁs 12 [0043] TABLE Safg&;}grecursor Precursor Precursor
Mel ting Si I ng Phase Density # M Wi ght % Wei ght Poi nt Tenp. Conp.
(g/ cm) Parts/100 (O (O Y28 1 Y203:75.0 Y20 :77.82 Y2(3:100. 00 2800
>1800 c-ss 5.607 H102:20.0 Hf O2: 19. 35 Ht 02: 24. 86 Phase** Zr2: 5.0 Zr2:
2.83 Zr 86472 Y28 P00 Y2 7218 Y23 106 PO 2366r>18667c—ss4. 936
Sc20, : 20. pS&wple | : Bgcupyr Se ,P@_‘,‘»U.TSEO. 36 sﬂ'ﬁlﬁigIS@ phbisitings | Sime@@: | Phase yPeagity 13. 13
Zr O2: 18.[19%#3 Y2Q8olap@. 0 Woidg % 59|58 Weigly : 1pPeB0 N Bemp>1[860me - & /mB55
Nd203: 20. p Nd, 0,/: 29. 58 Nd20, : 49. 6¢ dJangll® phageér*| zAR:{ 20.0 Zr2: 10.84
Zr02: 18.{9 4 Y2Q3: 70.0{ Y203: 75453 ¥2cB: 100. 00 [NV A* >1800 c-fs** 5.{331
1 Y,0,:75.0 | Y,0,:77.82 | Y,0,:100.00 | 2800 >1800 | c-ss 5.607
) ) ) single
Hf0,: 200 | HfO,: 19.35 | HfO,: 24.86 phase**
ZrO,: 5.0 {Zr0,: 2.83 | ZrO, 3.64
2 Y,0;: 60.0 | Y,0,:72.18 | Y,0,:100.00 | 2360 >1800 | c-ss 4.936
single
Sc,0,:20.0 | Sc,04: 14.69 | Sc,0,: 2036 phags o
Zr0,: 20.0 | ZrO,: 13.13 2r0,: 18.19
3 Y,0, 60.0 | Y,0,: 59.58 | Y,0,:100.00 | N/A® >1800 | c-ss 5.555
single
Nd,0,:20.0 | Nd,0,: 29.58 | Nd,0,: 49.66 oh i -
ZrQ,: 200 | ZrO,: 10.84 | ZrO,: 18.19
4 Y,0.: 700 | Y,0,: 75.53 | Y,0,:100.00 | N/A* | >1800 | c-ss** 5.331
Y.,NbO
Nb,0,: 10.0 | Nb,O,: 12.7 | Nb,O,: 16.82 and Nb
Zro,: 200 | ZrO, 1177 | ZrO,: 15.59

*N/A = not available

** ¢-ss means cubic yitria type solid solution.

[0044] Example One
[0045] Figure 1 shows a graph 100 illustrating electrical resistivity of a variety of

ceramic materials, including the Type A and Type B materials made according to
sxemplary embodiments of the invention. The resistivity is shown on axis 104, as a
function of temperature, which is shown on axis 102. The resistivity was measured at
1000 V in an air environment, using standard test conditions in accordance with ASTM
D 1829-66 or JIS C2141.

[0046]

Curve 106 shown in Figure ! is representative of the Nb,O, -comprising

sintered ceramic material which is described as Sample #4 in the Table. With respect to
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Nb20b6: 10. 0 Nb2(05: 12. 7 Nb2O,: 16.82 Y,NbO and Nb Zr2: 20.0 zZr2: 11.77
Zr2: 15.59 *N A = not available ** c-ss neans cubic yttria type solid
solution. [0044] Exanple One [0045] Figure 1 shows a graph 100 illustrating
el ectrical resistivity of a variety of ceramc materials, including the
Type A and Type B materials nade according to exenplary enbodi nents of the
i nvention. The resistivity is showmn on axis 104, as a function of
tenperature, which is shown on axis 102. The resistivity was neasured at
1000 Vin an air environnent, using standard test conditions in accordance
Wi th ASTMsinredeogas noterial Somprising N4 6fceptableceldaifead mepitivity vEiuguare 1 i s
representative of the Nb205 -conprising  sintered ceramc material which is
descri bed e&Rectsslip be oiained fenpdditiopplocompositionsapwell, asallustratedbytthe pheseer ani ¢

terial i S| NQ205i t abl | ectrical istjvit I
expect od CLEHM SHI RAGETS . dA6PIIEHEIeTEBIIBEFLASATIAS (ESE PIasss Whest r at ed
by th h di hown jn Fi 3. T i d c. 1 terial
cont ai no. SR LAGTE YR on s RRsiae PSR ORAE oW irh TESIRAC R
i Si - 5 i 6 I %t bout 90
conpri sl n%bq‘ﬁ% rz%l Al}pggo%t%h?oqarr%%rf (e s?ntét%g g?l%%ﬁé glr%Lgeggﬁ ags%:c%ﬁ&ﬁ?e \(/)mui ch

molar % o € sintered ceram ¢ ndte :

k o,nmlar o i ntered
Coram o mor ok o ARk ket il Bodt S i B B o ot O ey ke
up from abpidred cdFRhRmARALD; @H?ythirjdqalhm @f‘Nﬁ/qlpélleﬁlBﬁtaﬁfo?ﬁx,e{svﬁféhwy%ﬂm&

material. This material is particularly useful when the resistivity needs
to be | owubGrodi G5xRN ndl4i% G abdue 10 kRfdr 9% oY tHelsirterell @¥Rnié Rateriabowhis10" Q -cm

at roomtenperature and about 10° Q-cmat 200 C, and may exhibit a

resistivi myatérinl isyerticaigly wéful GBedthe eemistivityypedsab bedowaeo pebueit@rcing. The
resistivity is lower than about 10'' Q -cm at room temperature and about 10° Q -cm at
200 °C, and may exhibit a resistivity in the range of 10° Q@ -cm at typical semiconductor
processing conditions.
[0047] One embodiment of the Nb,O,-comprising sintered ceramic material
illustrated in Figure 1 is referred to as Nb,O,- Zr0,-Y,0,. With reference to Figure 3,
one area of the phase diagram has been labeled as “B”. This designation indicates that
the solid solution composition of a sintered ceramic material comprises Y,0, at a
concentration ranging from about 55 molar % to about 80 molar %, ZrO, at a
concentration ranging from about 5 molar % to about 25 molar %, and an additive such
as Nb,O,, HfOz, Nd,0,, or Sc,0, at a concentration ranging from about 5 molar % to
about 25 molar %.
[0048] Example Two
[0049] Curve 108 shown in Figure | is representative of the HfO, -comprising
sintered ceramic material, made in accordance with the present invention, which is also
described as Sample #1 in the Table. This ceramic material exhibits a higher resistivity
than the Nb,O, -comprising material, but is useful for fabricating semiconductor

processing apparatus components where arcing is less critical than with respect to an

electrostatic chuck or a substrate lift pin.
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processi ng conditions. [0047] One enbodi nent of the Nb205 conpri sing
sintered ceramic material illustrated in Figure 1 is referred to as Nb206-
Zr02 Y, . Wth reference to Figure 3, one area of the phase di agram has
been | abel ed as "B". This designation indicates that the solid solution
conposition of a sintered ceramc material conprises Y203 at a
concentration ranging fromabout 55 nolar %to about 80 nolar % Zr02 at a
concentration ranging fromabout 5 nolar %to about 25 nolar % and an
additive such_ as Nb205, Hf 02, Nd203, or Sc203 at a concentration ranging
from aboutl0®Wp| arExgmple Thiggyt 25 nolar % [ 0048] Exanple Two [0049] Curve

108 shown | igure 1 i.s representative of the H 02 -conprising, sintered
ceramc rnib@srli al , ﬁ‘ﬂﬁ@ 1?91 Sl&‘@@b‘r"&g{%‘ﬂfg I4p f??r?%‘?etaﬂy%géﬁ}?‘?%iczﬁe’?ﬂmﬁ M&hich is
al so descrihb as_Sanple #1 iin. the Table...This ceram c material exhibits a
i gher r oS TPEG s PmE R el e s ord st fhs SreBRl P PR PR s i 1 o

£ abri ) X _ . _ ; )
o5 ori ¢ 1 EschoP E00AHE 9l o BAEOAN ARIALST SARUE hRriiE BBl © 19, L °
lift pin. %re[,gggg]sﬁgﬁg(@lggeﬂ;@ﬁﬁg1(_[)@_@253:&1_Cur ve 110 shown in Figure 1 is

representative of the =conprising sintered ceramc material, made in
accor danceogg2y h th@(@ﬂ%ggaﬁrmﬂ ]EaiﬁQ@Exmb@ is also described as Sanmple 2
in the Table. Again, this materiral nmay be used in applications where the
resistivit{§033¢qui r €oeetl 12 shdwn idFiger] ikQ&redentatiaspt e QO -E@ym@lg@{]i ve
Exanpl e) [0053] Curve 112 shown in Figure 1 is representative of the Y203 -
Zr 2 - Al2@GBeriamherhi isillustratet in theiFiguws 2 pphbeeddiagramh eTlks guateeialisplescsibedi agr am .
This material is described for purposes of a conparative exanple only with
respect t donmepesonel otdrephrative exanpletoply with respect to the controlled resistivity

ceramic materials. This sintered ceramic material comprises a solid soiution which is
formed from Y,0, and ZrQ,, and a compound which is formed from Y,0, and Al,O,
oxides. A typical sintered ceramic material is formed from Y,0, at a concentration
ranging from about 60 molar % to about 65 molar %; ZrQO, at a concentration ranging
from about 20 molar % to about 25 molar %; and, Al,O, at a concentration ranging from
about 10 molar % to about 15 molar %. One embodiment of a centered ceramic material,
which is illustrated by area “A” in the phase diagram in Figure 2, and which is
represented by the graph for Y,0; - ZrO, - Al,O; shown in Figure 1, contains: about 60
molar % solid solution with a cubic yttria type crystal structure, where c-Y,0; isa
solvent, with Zr,O; solute; about 2 molar % solid solution with a fluorite type crystal
structure, where ZrO, is a solvent, with Y,0, solute; and about 38 molar % YAM
(Y,AlLQy) compound.

[0054] Example Five (Comparative Example)

[0055] Curve 114-of Figure 1 is representative of the Nd, 0, -comprising sintered
ceramic material which is described as Sample #3 in the Table. This material is failed to
meet the requirements which are necessary to prevent arcing, and is considered to be a
comparative example which is not part of the unique ceramic materials which make up

the invention.
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ceramic materials. This sintered ceramic material conprises a solid solution
which is formed from Y203 and Zr2, and a conpound which is fornmed from
Y203 and A1203 oxides. A typical sintered ceranmic material is formed from
Y203 at a concentration ranging fromabout 60 nolar %to about 65 nolar %
ZrQ2 at a concentration ranging from about 20 nolar %to about 25 nolar %
and, Al12Q3 at a concentration ranging from about 10 nolar %to about 15

nol ar % One enbodi nent of a centered ceramic material, whichis

illustrat areg " A" i e_phase ©diagrnamin Figure 2, and which is

r epr esent gg()% th Ex 5 @ gt-lv ol 1238 shown in Figure 1,

Ctructur e COHY oo YRGS ERL F RPN AR A B A S, Y ol e "o

solid sol whhQBtesfids dbsdrvPror b RintfBEc&hthd M purd VTUC IHi EmalbBial § alb @@ 1S a
solvent, with Y203 sol ute; and about 38 nolar % YAM (Y4AA12(O) conpound.

[ 0054] Exappipardtive @xarkplapeliiah isuBefoX aypbeselint, GRoh nthib¥eoflskhi@ndhigrre 1 is
representative of the 203 -conprising sintered ceramc material which is
descri bed apparsanpbmpitentihdvh@edrefabgicatdd fismmmirei@J). A sohparised of the neet t he
requi renents which are necessary to prevent arcing, and is considered to be
a conpar aesistevienaditid puredY, O hshiosvsrilst vpmsignoficathienpuonereat eeens of alategal al s

whi ch make up the invention. 15 [0056] Exanple Six (Conparative Exanple)
[0057] Curgsistivity wiiclrisgghieved bysthe praseridnvetioe of the el ectrical resistivity
characteristics obs%r ved fqr_a sintered ceramc of pure Y2G3. This material

is also a[08dHpar atiseshenanip Figurehprerrures 28 which gepiessals @ doped alymipun 5

V2Ca. | A cORERFOLaH e PHRRORBSret RRYEDY ot Heparge S8k, oW Whebvery &

S5 ot {1 Cant b UREOY SIER! adlg LR 8T GLESLERlaso' S8 Rl tihdale 4 O 1
electrostatic chuck and other semiconductor processing apparatus which requires a low

electrical resistivity.

[0059] Example Seven

[0060] Figure 4 is a graph 400 which illustrates the electrical resistivity, as a
function of the voltage applied during the resistivity testing, for a number of sintered
ceramic test specimens. The resistivity is shown on axis 404, with the voltage shown on
axis 402. The test temperature is room temperature (about 27 °C). The purpose of this
graph is to illustrate the differences in reststivity between the corrosion-resistant ceramic
embodiments of the present invention which have been controlled to reduce resistivity
and the currently used doped aluminum nitride ceramics. While the doped aluminum
nitride ceramics have a somewhat lower resistivity, their corrosion rate is at least 2 times
higher than that of the yttrium oxide-comprising ceramics which have been modified to
reduce resistivity.

[0061] In particular, Curve 422 of Figure 4 represents doped aluminum nitride
ceramic of the kind currently used to fabricate an electrostatic chuck. Curve 420
represents another doped aluminum nitride ceramic which is used to fabricate an

electrostatic chuck and other low resistivity components.
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[ 0058] Also shown in Figure 1 are curves 120, which represents a doped
alum num nitride of the kind commonly used to fabricate an electrostatic
chuck, and 122 which represents a second doped alum numnitride which is
al so used to fabricate an electrostatic chuck and ot her sem conductor
processi ng apparatus which requires a low electrical resistivity. [0059]
Exanpl e Seven [0060] Figure 4 is a graph 400 which illustrates the

el ectrical resistivity, as a function of the voltage applied during the

resistivit é sting, for ;glg,nber of sintered ceramc test_ specinens. The
resistivi t@so shown"R 44X PEEigoie 4 Wwirepressndatvg of HyNhbofemapisingdnicrgd2. The

test t t I S. t at 2 The. af thi
or aph 1 o o detsial BATh & HRF SRt R ) e ot PibHiBERoHe |

i on- L; ' di t f_the present .i ti.on.which h
been cont ForearEghaa AP oeF BRAOHTTRES B hechl® BB PRR by b8t el o mum
nitride cUAM ESverflibdedo P oFMBMoA] MR nitill G EE ATARE 1 NRYLL . SOMewhatl
ower resistivity,” thelr corrosion rate 1S a eas I mes hlg er than

that of ”l:%rr)ﬁ&ibﬁlréiéfb%% g%ea%min%hﬂﬁnf@é@%&étﬁa&aimmnfﬂewstaeﬁ& fredified to

reduce resistivity. [0 In particular, Curve 422 of Figure 4 represents

doped al urgofdionirdté bfiBe yESiRHxEdeFonipiRingd MeteBHlrilIBRtaad Misatvd £0d, abki cate an
el ectrostatic chuck. Curve 420 represents another doped al um numnitride

ceram ¢ WshoWn by thested chiaat 500 FigateeS.an el ectrostatic chuck and ot her | ow
resistivity conponents. 16 [0062] Curve 406 of Figure 4 is representative of
t he Nb20b [Oe@iipri sCngedDBieFigdre £isrepresemaive of de Mfd),cborhpridesanietedd as
Sanple #4 in the Table. This yttriumoxide conprising material which has
been nodi fdeenic matesidliwbich esdeseribadias Sarinlp i in the Tebles {Ting ceyamintmatérial s very
close to that of the doped alum numnitride identified as ALN-1. Yet, the
cor r osi on ¥Bibés ahighgereaisibaty then tedtOa reempresingmatsrial, anthat roomt | nes f ast er

t han the _ o s :
temperature exhibits a resistivity which 1s outside of the recommended range for

components where plasma arcing is more likely to occur. However, at 200 °C, a
temperature which 1s present during some semiconductor processing, the resistivity falls
within an acceptable range, as illustrated by Curve 108 in Figure 1.

[0064] Curve 410 of Figure 4 is representative of the Sc,0; -comprising sintered
ceramic material which is described as Sample 2 in the Table. Again, this material may
be used in applications where the resistivity requirement is 10" £ -cm, when the
processing temperature is 200 °C.

[0065] For comparative purposes (with respect to a controlled electrical resistivity
ceramic confaining a yttria-comprising solid solution), Curve 412 of Figure 4 shows a
ceramic type “A” material comprising Y,0,, Zr0,, and AL O, which is illustrated in
Figure 2. One embodiment of such a type “A” material, which is shown in Figure 1,
contains about 60 molar % cubic yttria type structure with ¢-Y,0; as a solvent and with
71,0, solute; about 2 molar % fluorite-type structure solid solution with ZrO, as a
solvent and with Y,0O, solute; and, about 38 molar % YAM (Y ,Al,O,) compound. While
the Type A HPM material exhibits acceptable corrosion-resistant properties and

commendable mechanical properties, the electrical resistivity is considerably higher that
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corrosion rate of the yttriumoxide conprising material illustrated by curve
406, as is shown by the bar chart 500in Figure 5. [0063] Curve 408 in
Figure 4 is representative of the HFOQ2 -conprising sintered ceramc
material which is described as Sanple #1 in the Table. This ceramic nmateri al
exhibits a higher resistivity than the Nb205 -conprising material, and at
roomtenperature exhibits a resistivity which is outside of the recommended
range for conponents where plasma arcing is nore likely to occur. However,
at 200 C, a tenperature which is present during sone sem conductor

pr ocessi nghe depired eange mayimymyl Q]| Q oy Thiis is the carscapt &l TCangdlusasted by
illustrated by Curve 108 in Figure 1. [0064] Curve 410 of Figure 4 is

repr esent W‘“el@mtﬁﬁ%‘”SéZé’ls—%Wﬁﬁli1§P?Fgm§k”ﬁ§(b?fé@|ﬂg@éﬁmpélm% sdpT @k which is
described as Sample.2 i ain, this material may be used in

Tabl e. A
appl i cat i FHERREIESHRE %Qé%fiic&r@m?’?gﬁ?%ﬁ%ﬁ@lqss 10" Q cm when the
i i Q00 C._[0065] F ; ti ith
Peopect 1 q0bTonT FitH ateird? pimanch e 1 P RRE T e BENED ng"n
cepect o . S Y . .
Vv s RppE g s cafint bBhal JHIPE didife sFSER £ B P FRECT T

Fi gure 2. i@ndbadt Bt eaf - YA j J ki in
Figure 1, Igggrrll?éi nsé abouteaGt%é#g?lg?n%}g@gﬁ{g}c@ %%?%Ciggga?y%ﬁ@teﬁﬁ%%lﬁ%éﬂ@mg?h c- Y203

as a sol vephsiaded W eh coffipeliveQxtinple VI s mt ?ﬁﬁr%m{’éﬁd lebrlafiid HBRrigh' Uuct ure

solid solution with ZrQ2 as a solvent and w Y203 sol ute; and, about 38
mol ar % YA hALLEDIhedoveptiond. While the Type A HPM material exhibits
accept abl e corrosion-resi stant properties and conmendabl e nmechani cal
propertieqdPf0tHe el Botoongmbativegiustdses, Cyrvesd loarfSigter akliowshthgtlectritdiat 17 t he
desired range maxi mum 10" Q -cm This is the case even at 200 C, as
i |1 ustrat edsi$ivity Chargeferistzs ohserFieglfoea sinteTed scramicerfipate Y€ ,ndthis matkualésl anong
the enmbodinents for the electrical resistivity nodified corrosion resistant
cerani cs. alsoacomparative example, which is useful as a baseline, since a number of

semiconductor apparatus components have been fabricated from pure Y,0,. A

comparison of the resistivity of the pure Y.,O, shows the very significant improvement in

terms of electrical resistivity which is achieved by the present invention,

[0068] Example Eight
[0069] Figure 5 illustrates a bar chart 500 which shows the exemplary erosion rate,

normalized to pure Y203, for a variety of sintered ceramic materials exposed to a
plasma. The plasma was generated from CF, and CHF; source gases. The plasma
processing chamber was an Enabler for Trench Etch available from Applied Materials,
Inc. The plasma source power was up to 2000 W, the process chamber pressure was 10 -
500 mTorr, and the substrate temperature was about 40 °C, for a time period of 76 hours.
The axis 502 shows a variety of materials which were tested for erosion resistance. The
test specimen identified by a description Y203- 10 ZrO2, represent a sintered solid
solution ceramic test specimen which was formed by sintering 100 parts by weight Y203
in combination with 10 parts by weight of ZrO2. The test specimens identified as
containing Nb205 -, or HfO2 -, or Nd203 -, or S¢203 - represent the TABLE
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[ 0066] For conparative purposes, Curve 414 of Figure 4 shows the Nd2O3 -
conprising sintered ceramc material which is described as Sanple #3 in the
Table. This material is failed to neet the requirenents which are necessary
to prevent arcing, and is considered to be a conparative exanple which is
not part of the unique ceramc materials which nmake up the invention.

[ 0067] For conparative purposes, Curve 416 of figure 4 shows the el ectrical
resistivity characteristics observed for a sintered ceram c of pure YZG3.
This material is also a conparative exanple, which is useful as a baseli ne,
since a nunber .of senjconductor apparatus cQnponents have been fabricated
from pur e comP8sItigns WB%&W IgeHed s coanmggash Pgﬂlo?e prlefigls. gus@anpavisan 8hows t he

LT R JECE RO I LS T ORI

et g5 A0 FRBLE A SHSA SRUIDEEE evposer
I : : . Th

(0,2 2508 E0G,0L AR IR BRISITIE b LD EF Lol ST RO SR groee, The

Appl i ed Maf&fifiad, wiuﬁnrzﬁcidemﬁnﬁigﬁ@%téewe&w&% sYRBINHRIIY Qet2PH(An We t he

process chanber pressure was 10 - 500 mlorr, and the substrate tenperature

was about efdkida r_afeQifzfﬂ2DBDRlNJ,@rD?,‘Q1ﬁf'tz,7W/M®4C_ ankhSiC%iher &PAnhaxmerids vari ety
of materials which were tested for erosion resistance. The test specinen

i denti f i edviiyh Bavddeer igzdito provai3-haki@ed plBmarcepibeioantesidtasi mhtefigld feol i d
solution ceram c test specinmen which was forned by sintering 100 parts by
wei ght Y2G@8midondeaorprnessiog chenber liferpamd sn bgmivendyvtorgios By apflaeatte st
specimens identified as containing Nb20G6 -, or H 02 -, or Nd203 -, or Sc203
- repr esentieuPCOIBIENI8 conpositions which are recited as containing each
of those materials._ A conparison of, the erqgsion rates as shown on axis 504
shows t hatl0¢T8 er odiasef prathedesytts phfaineddpgng {heraxperimentation which provided

the examples described above, and data from other reference sources, calculations have
been made which provide estimates of the effect of UV radiation in plasma leakage
current. UV radiation in a plasma environment (of the kind used in semiconductor
processing) does not have an effect on leakage current of electrical resistivity-modified
yttrium oxide-comprising sintered ceramic materials.

[0071] An investigation of the affect of 193 nm UV irradiation (which is
>mployed in some semiconductor processing operations) on the leakage current in the
Nb,0O; - Type B sintered ceramic material and the HfO, - Type B sintered ceramic
naterial has indicated that the electrical performance of these materials should not be
iffected by such UV irradiation.

0072] The ceramic-comprising articles which are useful as semiconductor
yrocessing apparatus which is in contact with a plasma include a lid, a liner, a nozzle, a
ras distribution plate, a shower head, an electrostatic chuck component, a shadow frame,
\ substrate-holding frame, a processing kit, and a chamber liner, by way of example and
10t by way of limitation.

0073] The above described exemplary embodiments are not intended to limit the

icope of the present invention, as one skilled in the art can, in view of the present
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nodi fied, yttrium oxide-conprising sintered ceramc materials are
essentially the sane as the erosion rate for pure yttrium oxide. Further,
the erosion rates of the resistivity nodified, yttrium oxide-conprising
sintered ceram cs are substantially better than the erosion rate of A1203,
ALN, ZrQ2, Quartz, WZrC, B4C and SiC, other ceramc materials which have
been used to provide a hal ogen plasma corrosion- resistant materials for
sem conduct or processing chanber liners and on sem conductor processing
apparatus _interior conponents. [0070] Based on the results obtained during
t he experi fSHPEIEGHKDPoR Eh pRbodiments to kartesnonp Vet the seewb amttgheitbe and dat a
fromother._ reference urces, calcul ations have been nmade which provide
esti mat es BFeRpRD Fﬁ@agegvhuv radiation in plasma | eakage current. W
radiation in a plasma environnent (of the kind used in sem conductor
processi ng) does not have an effect on | eakage current of electrical
resistivity-nodified yttrium oxide-conprising sintered ceramc nmaterials.
[0071] An investigation of the affect of 193 nm WV irradiation (which is
-npl oyed in sone sem conduct or processing operations) on the | eakage current
in the Nb2G5 - Type B sintered ceramc material and the HH Q2 - Type B
sintered ceramc naterial has indicated that the electrical perfornmance of
these materials should not be iffected by such UV irradiation. 10072] The
ceram c-conprising articles which are useful as sem conductor )rocessing
apparatus which is in contact with a plasma include a lid, a liner, a
nozzle, a ;as distribution plate, a shower head, an electrostatic chuck
conponent, a shadow frane, i substrate-holding frame, a processing kit, and
a chanber liner, by way of exanple and iot by way of limtation. 0073] The
above descri bed exenpl ary enbodi nents are not intended to limt the scope
of the present invention, as one skilled in the art can, in view of the
present 19
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di scl osure, expand such enbodi nents to correspond with the subject matter of
the invention clainmed below 20 [00741 CLAIMS [0075] We claim 1. A

ceram c-conprising article which is resistant to erosion by hal ogen-

contai ning plasmas used in sem conductor processing and which exhibits a
controlled electrical resistivity in the range of about 10" to 10"15 S2 -cm
at a tenperature ranging fromabout 350 Cto roomtenperature, said ceramc
article having a surface conprising at |east one solid solution containing
yttrium oxi de, and wherein at | east one solid solution which conprises
yttrium oxj | so contains at one o oxi des selected fromthe group
consi st ngt%%ﬁi rconi um oxi de, hafni Me, scandi um oxi de, ni obi um

oxi de, samarium oxi de, ytterbium oxide, erbium oxide, cerium oxide, and
conbi nations thereof. 2. A ceram c-conprising article in accordance with
Caima1, 176] Ot W@ claln@nt hani de series el ement oxides are included in said
ceramc article. 3. A ceramc-conprising article in accordance with Caim1l,
wherein two oxides are used to formsaid at |east one solid solution which
conprises yttriumoxide and an other oxide, and wherein said other oxide is
sel ected ftl.om t hé gramip-coomsissigianielovhichi it enisiantoerbgden by kilogen-oxi de,

haf ni um oxi de, and ni obi um oxide. 4. A ceram c-conprising article in

accor dancecautaihingiptasmagyusedhn sehicosdumtatinyatesong arel whialhrerhibits eaxomtesllegt t er bi um
oxi de, erbium oxide, or an other |anthanide series elenent oxide is

i ncl uded i tlegErd resistiviy én thetrargeeof agoutA0c'de A’ €2 confird tempgratise rangogi n

accor dance_w wherein nore than 21 two precursof oxides, are used

ith O ajmdl,
to form safrﬂms"’(?PPtdﬁlgo Iqlﬁtoi IBAMIRTRFF BT SRidSs Ryt articlfrhayingfesurace comprising

at least one solid solution containing yttrium oxide, and wherein at least one solid
solution which comprises yttrium oxide also contains at one or more oxides selected
from the group consisting of zirconium oxide, hafhium oxide, scandium oxide, niobium
oxide, samarium oxide, ytterbium oxide, erbium oxide, cerium oxide, and combinations

thereof.

2. A ceramic-comprising article in accordance with Claim 1, where other

lanthanide series element oxides are included in said ceramic article.

3. A ceramic-comprising article in accordance with Claim 1, wherein two oxides
are used to form said at least one solid solution which comprises ytirium oxide and an
other oxide, and wherein said other oxide is selected from the group consisting of

zirconium oxide, cerium oxide, hafnium oxide, and niobium oxide.

1. A ceramic-comprising article in accordance with Claim 3, wherein scandium
yxide, samarium oxide, ytterbium oxide, erbium oxide, or an other lanthanide series
slement oxide is included in said ceramic article.

5. A ceramic-comprising article in accordance with Claim 1, wherein more than
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and wherein said precursor oxides include zirconium oxide and anot her oxide
selected fromthe group consisting of hafnium oxide, scandi um oxi de,

ni obi um oxi de, samarium oxide, ytterbium oxide, erbium oxide, cerium oxide,
and conbi nations thereof. 6. A ceram c-conprising article in accordance with
Claimb5, wherein other I|anthanide series elenments are included in said
ceram c-conprising article. 7. A ceram c-conprising article in accordance
with Claim3, wherein said ceramic is forned fromyttrium oxide at a
concentratjon_ ranging.{rom abput. 40 laf, %10 |less, than 100 .nolar,% and
i rconi um SX R AT SRR R AR BrioPARIT RE FAMoR P BER AARPESSHITERT $4% about
60 nolar %(gl%hd%éiﬁ@&i&%é&ﬁ{s%@iig&' Budy %i{réanﬁuﬁ Bxﬁlﬁ%ﬂﬁ%@r a%&e*k[eféc hm 3,
wherein saild ceramc “Is torned fromyttriumoxide at a concentration

rangi ng fresakogbud Cof¥ntins of/hémiuln%éde,tsgﬁﬂnlﬁ%xma' Ribbithn SAMe GEhhS4E, OXi de at

concentration ranging fromgreater than mol ar  %to about 60 nmolar % 9. A

cer am c- Cofyadd, Sttediva bkidk Crbilmanidd] Caihes ovide Nard imBisationk Blefioh sai d ceramic
is formed fromyttrium oxide at a concentration ranging from about 40 nol ar
%to less than 100 nolar % and hafni um oxi de at concentration ranging from
greater than O nolar to about 60 nolar % 10. A ceram c-conprising article
in accor dance wAtderabhigicomPrisinperteieninsedatdancervath Clair 5 sheech dthem yttri um

oxi de at a concentration ranging fromabout 40 nolar % Lo |ess than 100

mol ar % dadthanidbsanes elemgatsare welndedhwrsaid earamigrppmmgisingoamigleeat er than 0

mol ar % to about 60 nolar % 22 11. A cerami c-conprising article in
accordance with Claim5, wherein yttrium oxide is present at a

concentratjion rangi ng from.about. 40 nolar, % tao.laess than 100 lar . %
21t coni um bxi de CHREEEMPISEAHticl i deeoTrTsn Wit BT A “3oi78 SO SFEBiCabout 20

mol ar % .and_sgand] um. oxi de, i resent. over .a r.an f re an 0 nol ar
%up to | el Sowgﬁrogn i“rlttrxum oglde ata Poncgﬁrattmn ranging frorrpa(?oou'i 85 m%?ar Yo {ohless
than 100 motar %, and zirconium oxide at concentration ranging from more than 0 molar

% to about 60 molar %.

8. A ceramic-comprising article in accordance with Claim 3, wherein said ceramic
is formed from yttrium oxide at a concentration ranging from about 40 molar % to less
than 100 molar %, and cerium oxide at concentration ranging from greater than 0 molar

% to about 60 molar %.

9. A ceramic-comprising article in accordance with Claim 3, wherein said ceramic
is formed from yttrium oxide at a concentration ranging from about 40 molar % to less
than 100 molar %, and hafnium oxide at concentration ranging from greater than 0 molar

% to about 60 molar %.

10. A ceramic-comprising article in accordance with Claim 3, wherein said
seramic is formed from yttrium oxide at a concentration ranging from about 40 molar %
to less than 100 molar %, and niobium oxide at concentration ranging from greater than 0

molar % to about 60 molar %.
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100 nolar % 12. A ceram c-conprising article in accordance with daimb5,
wherein yttrium oxide is present at a concentration ranging from about 70
nolar %to | ess than 100 nolar 9% zirconiumoxide is present over a range
fromnore than O nolar %to about 17 nolar % and hafnium oxide is present
over a range fromnore than O nolar % up to about 27 nolar % 13. A

ceram c-conprising article in accordance with Claim5, wherein said article
is formed froma three phase sintered ceram c which includes a first phase
of solid solution conmprising Y103 ZrQZ Nb20G56 whi ch nmakes up from about 60
mol ar % to about 90 nolar % of the sintered ceramic material; a second
phase of Y3NbO7 ich .makes .up from about. 5 nol % t.0 _about 30 nolar % of
the sintered Cergjﬁeéamn%f%gmpgflgggﬁg?e 13 af:ﬁi)rrdancep\ﬁﬁglagp SNB]%FWW tal form
whi ch make iHQisfﬂr%?ﬁﬁt&méenﬂ:%(ﬁf ra?%h?fﬁgﬁ%o%.qo%dlﬁr% t(%egé %15&?0§H6{1 red
ceram c materi al". . ceram c-conprrsing article in accordance w Claim

1, whereinys %ir@orﬁirﬁ}o_ﬁid% is présenfoted 8 rhiPeProh Abre ThaR Q) $mO8F & doGbGRUYDK mSlar @

substrate |ift pin figure, or another article which requires an electrical

resistivity,, b §dafRdimNeedok paladitlovdils rah@e Hm mere B Binofar % 9FRE e Whi ch
ranges from about 350 C to roomtenperature. 15. A ceram c-conprising

article in@caokzelgslce wth Caiml, wherein said article 23 is in the form
of an internal conponent or a liner used in the interior of a sem conductor
processi ng chanber, and wherein the resistivity of said ceramc article is
in the range of about 10" to 10"15 Q "cmat a tenperature which ranges from
about 350 G-to rdoeramierrpmpasiog articken ascersencs with Gigimi5s wWherelr ttrine i n
accordance with Claim1l1l, wherein said article s a solid sintered ceramc
article. 19%4SqEFSEAT & ACORFNIAGTTENSIRE %qu’é apopt 70 auplarafde logs than APAmalar

wherein sajd article . .
ad/o, zirconium oxide is present over a range from more than 0 molar % to about 17 molar

%, and hafnium oxide is present over a range from more than 0 molar % up to about 27

molar %.

13. A ceramic-comprising article in accordance with Claim 5, wherein said article
is formed from a three phase sintered ceramic which includes 2 first phase of solid
solution comprising Y,0,-ZrO,-Nb,O, which makes up from about 60 molar % to about
90 molar % of the sintered ceramic material; a second phase of Y,;NbO, which makes up
from about 5 molar % to about 30 molar % of the sintered ceramic material; and, a third
phase of Nb in elemental form, which makes up from about 1 molar % to about 10 molar

% of the sintered ceramic material.

14. A ceramic-comprising article in accordance with Claim 1, wherein said article
is in the form of an electrostatic chuck or a substrate lift pin figure, or another article
which requires an electrical resistivity in the range of about 10710 10 Q -cmat a
temperature which ranges from about 350 °C to room temperature.

15. A ceramic-comprising article in accordance with Claim 1, wherein said article
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is selected fromthe group consisting of an electrostatic chuck, a lid, a
liner, a nozzle, a gas distribution plate, a shower head, an electrostatic
chuck conponent, a shadow frame, a substrate holding frame, a processing
kit, and a chanber liner. 18. A ceram c-conprising article in accordance
with Caim1, wherein said surface Df said article is coated with said
ceramc. 19. A nethod of reducing plasma arcing within a sem conduct or
processi ng :hamber which enploys an el ectrostatic chuck, a liner or an
internal co nent having a. surface whj.ch is in contact wth,a plasm, said
surface cdhp ﬁ‘f&ﬁﬁn BP%P%W&J:C PRIy a i‘?eéiuaeqfﬂtth%@te&?ﬁﬁf P§?1H§.°n‘§‘)°t‘§el ecting
oxides to i I rani.c ter.al. froomyttri.um.oxi.de and at .east one.
ot her oxi %?Eg\%ﬁlléggh%ﬂbeg’siﬁl? i“\%‘?r A ro%lénseﬁyc? f(g?lﬁé:?ra&? %lcﬁég nb&’firﬁ?ﬁequcant |y
L FLerent AKahAn60 d (PICRaY ot Anpd Aule QU raf ORARGY o) SRAG, gy decr ease
of electronic -esistivity of s ceramc terral; BY’"si nt eri ng said
oxi des to (fahBtafilre | €ast one crystalline solid solution; and c) exposing
said ceramc material to a plasma. 24 20. A nethod in accordance with Caim
19, wherein said oxide having said different valance fromsaid Y3+ ion is
selected fromthe group consisting of CeQ2, Ti021 Zr02, H O2, Nb205, and
conbi nati diie t heAeefami®tomprising frodledh aceddaico gvith Glsim | awhdreg saidtditidle a
sem conduct or processing chanber which enploys an el ectrostatic chuck, a
| i ner or anaisphésinwredoerpuneniclehavi ng a surface contacting a plasm, said
surface conprising a ceramc material, said nethod conprising: a) selecting
oxides to conprise said ceramic material fromyttriumoxide and at | east
one ot her oxide, where a positive jaon of said other oxide shows the sane
val ence ad?’-t he ¥Fframyereompiisingardigedn geeqrdaiios vatfelpin &; whearpiarserd asticle adi us
than the Y" ior{, eading to a . . . . .

ts selectéd from the group consisting of an electrostatic chuck, a lid, a liner, a nozzle, a

gas distribution plate, a shower head, an elecirostatic chuck component, a shadow frame,

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

18. A ceramic-comprising article in accordance with Claim 1, wherein said surface

of said article is coated with said ceramic.

19. A method of reducing plasma arcing within a semiconductor processing
chamber which employs an electrostatic chuck, a liner or an internal component having a
surface which is in contact with a plasma, said surface comprising a ceramic material,
said method comprising:

a) selecting oxides to comprise said ceramic material from yttrium oxide and at
east one other oxide, where a positive ions of said other oxide has a significantly
jifferent valance from a Y** ion, to form a Y vacancy, leading to a decrease of electronic
-esistivity of said ceramic material;

b) sintering said oxides to form at least one crystalline solid solution; and

c) exposing said ceramic material to a plasma.
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decrease of electronic resistivity of said ceramc material; b) sintering
said oxides in a reductive atnosphere; and c¢) exposing said ceramc
material to a plasma. 22. A method in accordance with Caim 21, wherein said
oxi de having said significantly different ion radius is selected fromthe
group consi sting of Nd203, Snm2031 Sc2031 Yb203i Er203, Ho203, Dy203, and
conbi nati ons thereof 25

20. A method in accordance with Claim 19, wherein said oxide having said

di fferent valance from said Y** ion is selected from the group consisting of CeQ,, TiO,,

Zr0,, HfO,, Nb,0;, and combinations thereof.

21. A method of reducing plasma arcing within a semiconductor processing
chamber which employs an elecirostatic chuck, a liner or an internal component having a
surface contacting a plasma, said surface comprising a ceramic material, said method
comprising:

a) selecting oxides to comprise said ceramic material from yttrium oxide and at
least one other oxide, where a positive ion of said other oxide shows the same valence as
the Y*" ion, but possess a significantly different ion radius than the Y*" ion, leading to a
decrease of electronic resistivity of said ceramic material;

b) sintering said oxides in a reductive atmosphere; and

¢) exposing said ceramic material to a plasma.
22. A method in accordance with Claim 21, wherein said oxide having said

significantly different ion radius is selected from the group consisting of Nd,0,, Sm,0,,

Sc,0;, Yb,0,, Er,0,, Ho,O,, Dy,0,, and combinations thereof.
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