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

RESI STI VITY [0002] The present application is related to a series of
appl i cations which have common inventorship with the present
application. All of the applications listed belowrelate to the use
of a yttriumoxide conprising ceramc to provide a plasma-resistant
surface which is useful in sem conductor processing apparatus. The
rel ated applications include U.-S. Application No. 11/796, 210, of Sun
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is a divisional application o pllcatlon and

U.S. Appl i critd Baly 22004592, “004n %ns\éﬁ.ﬂm&ﬁ Oakhde, Cdatih€ProMensgber 3,
2006, titled: "C eaning Method Used I n Renovi ng Contam nants From A

Sol i d Yttrilemi@uiddetoGhppazitus” vghiSuib stmrattly pending;di Si Apptisati@iive.y
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speci al | zeq; ¥t ApLitiMion No. 10/075,967 of Sun et al., filed February 14, 2002, tifled: “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, include: 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.



oxi de-conprising ceramc which is mainly conprised of solid solution
ceramic which is highly resistant to plasmas of the kind which are
present in sem conductor processing apparatus. [0006] 2. Background
Art [0007] This section describes background subject natter related to
t he di scl osed enbodi nents of the present invention. There is no
intention, either express or inplied, that the background art

di scussed in this section legally constitutes prior art.

[ 0008] Corrosi.on (.| i osion).resistance s a critical property
For appar at AL REHERenoL 82y ThErbiGE R TRl Befatienisennpeledion g
chanbers, V"r'é‘?{ef‘eb?ﬁ{c&g%}a‘t’e%bg'?é@efe%@?”t5 are present. Although
corrosive plasnmas are presént 1n the majority of sem conductor
processi ng gyonments, including gaasggremapced chem cal vapor
deposition (PECYVD) and physical vapor deposition (PVD), the nost
corrosi ve p[d8#l envVir freftbnt s are those used for cl eani ng of
processing apparatus and those used to etch sem conductor substrates.
This is espEQ@Bfa]l |y t rAnebogivesnts afithghpressat pyengionssiete icsa gpeeisbzrad yitridm
conbined with chem cal reagtivity to act upon the surface of
conponent s PHESEMRPISHECHRBMIYRIcH iRRLY crmprisesipfselif solidionsaramic which is
reactivity of,.an a atus copponent .surface or.of a process chanber
liner surfa 1§My§es§£a%?{%g§p§ﬁ9f%P§B@TW%}c & RTEST oEemiesnguerProcessing i n
t he absenceﬂ%%l@%ﬁpl asma, are in contact with processing apparatus
surfaces. | rocess chanber liners and conponent appar atus
present Wt {Hiops]t he pr Paelesound Apanbers used to fabricate el ectronic
devi ces and mi cro-el ectro-nmechani cal systens (MEMS) are frequently
const ruct ed[006Hm al Whik sectivmdekcAbesrBankproald sapjsct nblitef RLES ©fhd diglosed

process chanber and conponent apparatus (present wthin the chanber)
are frequentmbodiment ofdee nreseptinvémtiona THergriewn infeniior il iexpredsroo imgpliee,

corrosive enviro nt . c@‘t ver, the integrjity of the anodization

| ayer may b@af&@? Qagﬁafa%& m@%@fﬁ«ﬁaﬁftﬁ wetipiegly canstigitepnriosartal uni num
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materials. As a result, ceramc coatings “of various canpositions have

been used ighvitb@fientOdre blesendl HthaUsMcBXbEICe hiadeis aFBRtdRE YRy orNd,
in sone instances, have been used over the surface of the anodized

| ayer to i ngemicoadidie pprcesseptenoitomherttd) enahndiey plysmugenhbnesd chemibd s§sdr
materials. [0010] Yttriumoxide is a cerami c material which has shown
consi der abl &ppsiter @ECVD) 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 fo 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)



in the protection of alumnum and al um num all oy surfaces which are
exposed to hal ogen-contai ning plasmas of the kind used in the
fabrication of sem conductor devices. An yttrium oxide coating has
been used and applied over an anodi zed surface of a high purity

al umi num al | oy process chanber surface, or a process conmponent
surface, to produce excellent corrosion protection (e.g. U S. Patent
No. 6,777,873 to Sun et al., nentioned above). The protective coating

may be appl.j i et : i n {.cal vapor
dopos t 1 on “LReG iR dnful OB el helRe BEhBk: A bR e SEEHE O

exanpl e. [ @RViddntheht. IHBvwRVerMRQRtegr@ty of the Afodflon B& HASHRER ofAIaERd On
an inner wall surface of a processing chanber ahd on those exposed
surfaces ofmplhdiesnbesiamniunhorelitieuahiones thabtatostordeping teoddiuGarly,
corrosion resistance and insulating property. In an exenplary

appl i cat i oshortgning ghe life sianiof thegirote¢iye cortimge Therplystheresiseeceambgerimior i al
(A 203, Si02, AN, etc.), alumnum or stajnless steel, or other
metal or melEnwR pEge argMPpsHiYS mcospaE §ewith somemfher cerqmismaterials. Asa
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mat eri al s have been devel oped which resist corrosion under

sem conducbased piacgiglssi ng condi ti ons whi ch enpl oy a hal ogen-cont ai ni ng
pl asma. The specialty materials have been nodified to have inproved
pl asma resi@fhce Atdumaixideried ceremivandtend! whichjes showa donsideraie piosmdse
with the sintered ceram c material s prevjously used for sem conductor
processi ngsiHpasoactien ofphymispwand alminusn alesrsurfaces sthichiaee eipatedited
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resi stance properties. The present specialty materials (which offer
vari ous copldnatdxesileniaforiobias protecish GtnLS, PatrtNard, THl,87pro e étiags, and
electrical resistivity properties) are sufficiently simlar to those
of sem conthsotianed pbayek sHierpgotagipracaating mayeeiapplsidyusing ednet@ksuallasaptayge

of the simlar electrical propert] is.that it is nat necessary to
change t he “PAtESSEEsISa X308 deROS1LGR rﬁ%&;) Of;sfrhé@é‘égﬁ'aﬁ@f depaeition CndDI ¥ay ar e
currently if} use,in sem conductor device fabrication. [0014] The
specialty g *magllp}gd ceramic material used to fabricate sem conductor
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mat eri al hermal / f1 afre” spr ng plrasma sprayi ng, physical
vapor deposirtdcosf %&U@b@siﬂé clbet aid dihghdde(éﬂ%@ed alrfhBls STHPhERBSs Rithihhe
specialty sintered ceramc nmaterial) or chem cal vapor deposition, by
way of exathglcbamben whivh reduirerariagh aoerosibh eesgtantearddnadatagipcopesy.cihiaal may
be used to fabricate a, soljd conmponent using a nolding process, for
exanpl e, wesEPRlaY apnlisationes bass prageriabof fae chambsr wawbs mecrapoonatqriph ALO;,

sintered cegram terials of interest. conprise ttrium oxi.de- based
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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.



ions of the other oxides have a different valence fromthe Y3+ ion,
to forma Y vacancy, |leading to a decrease of electrical resistivity.
Exanpl es of such ot her oxides include Ce02, Ti02, Zr02, H 02, and
Nb205, by way of exanple and not by way of limtation. In an
alternative exenplary enbodi ment techni que, other oxides are added to
the yttriumoxide and the mxture is sintered. The positive ions of

t he ot her oxide show the sane val ence as the 173+ ion, but possess a
significantfogizi fferent ion radius tEemiARY3* ion. The precursor
mxture is sintered in a reductive atnospheré. This results in an 0
vacancy, whilgi8]al scSmtealpsiserdetmmiamatatiale hsveSicer dévelopbkahioh asispf

oxi des which show the sane val ence as the Y3+ ion, but possess a

si gni f i cant4oyrogips Prdee ppmipeneuetaproeesiingtandisions 208h eBipky3: halkpen 3,

Yb203, Er203, Ho203 and 203, by way of exanple_and not by way of

i mitati on. SPGB Iﬁi‘?@aoflj% fgRec H}a*eelé\%gﬁﬁ%h% morlifiedda heedRRRYE D
processi ng . iLch ukres a. l.ower resistivity tr is typical
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t he diel ec?cr% fagﬁ%ﬁqﬁffég%:{gblgg E’?‘ﬁgﬂgdgg{s‘ré%st at ?%oiﬁﬁ%eﬁélﬁéﬂp%hﬁh:r# a range
f rom about el&&ichppré%érfiqsaﬁmetmﬂ@éd Se4Thi6 QAL OiavP bOGERfRIsRE sC AL | Ons,
to reduce the possibility of plasma arcing at the electrostatic
chuck. Thi sleceghistksistivity prapegies bithe quievialsévhichdade avsTtbocih apldsyawi t hi n
a range fromabout 104 to 104 S/m This is a considerably |ower

resi stivitypredessnghemnba) ge the wauitements| o critibdl chamben ctripanents. These
conductivity 10'3 S/ m._ For other, corrosion resistant surfaces where
pl asma ar ci%ﬁ“ﬁﬁb‘ﬁimtﬁ’étyé’rﬁﬂcﬁﬂeéwe’%%wﬁ@ Prevpquslyimet only by gagtesialspyhich j n
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forms the ragigivitiplopertite)afe siEfianediniRE aMhesd BHsehicBh®uc bflesding
useful as electrically nodified corrosion-resistant materials. Wen
there are tapparatxs presiousteusetlo Ohe ndmantagoodf ttle simdilar Eloctricdl pepertioxisdies it is
typically conprise yttriumoxide in conbination w th another oxide,
which is t 5t Ba&PIsery derhapgethe Prasessrerdpes op Bpnessd medcsssinggonditiotsvdaedi aren
oxi de, cerium 0f<i.de, .haf ni um O{(?i ﬁev,. r}.u obi um oxi de, and conbi nati ons
t her eof . USETEHIYJR Hefr it SEPIFRRIUSIOE ACVISE 18IGHPHmM oxi de, neodymi um oxi de,
samari um oxi ytt [, L [ I e i [ um.oxi.d and
ot her | ant ﬁggﬁ; e seﬁegé@m“gﬁ%%% elg a?%lagg%eg?‘gd]garbggm? genﬂ‘éondugor(
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oxi des used to formthe oné or nore solid solutions, these oxi

typi cal |y absmal/feneydptayingror labtie sprayig; @hiysical O¥pod depcaitien aduch eaphtai|
ot her oxide, which is typically selected fromthe group consisting of
haf ni um oxifthen a taegeh chimpmsek piibe speeially sifemdoeradee matepial) ontheriickbyapor
samari um oxj de, , ytterbi um oxi de, erbi um oxi de, .cerium oxi de, and
conbi nat | orEPEHINew N EHEBHeofin DERLFTREYR His it 67 TRE TATIbREE bf 5

al so possi bl e, i, Gl i n the sipntered.ceram.cs.
conpr oo mit) OZEFR® aMif o RhALEEE » mlFia PSR Bt BB B8 s
or three phagasvle lduRddhtbfgto the at |east one solid

sol uti on-phase, there may be ot her phases within the sintered ceramc
whi ch are JomisdundsThe sinedreherdingt naetialsof idiO@:tTpByrivey ytefuncxadPbaed and

not by way or limtation, with respect to sintered
solid solutions. In one embediment, 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



ceram cs which make use of two precursor oxides, experinents have
confirmed that a sintered ceram c conprising a solid solution, where
yttriumoxide is present over a range from about 40 nolar %to |ess
than 100 nolar % and zirconiumoxide is present over a range from
nore than O nolar %to about 60 nolar % produces a sintered oxide
having a resistivity which is in the range from about 10 to about
10ls .cmat roomtenperature. Resistivity over the sane range is

expected t hned. mbi.nat i on.of pregursor,. oxi des where
yttrium oxﬁagse?ﬁﬂ%o%%eoﬁ?c{eé%Qre%a&&%rﬁ@e‘%#epgﬁfr%rﬂge fhéoﬁl’ B e & ey,
| ess than ; % i1 dl [ . ¥ ar from
ar eater t han et RO RS (RaBbRe S RYEh il SRR 0T,
range from@@UTICLORrC, OHARANd NEX),, By mmdfgx@gﬁ@aﬂmaﬁs} &8y Qirktion. In
obt ai ned from a conbi nati on of precursor oxides where yttrium oxi de
i s present apadernativeasgmplanombodireent leahn Queyptiar oidésard @iged toBaythad
mol e % and hafni umoxide is present over a range fromnore than O
mol ar % upxids anddke mixine sgintered. aFheopositiva ians ofithe othanexidestionitht sane a
resistivity %ver a rﬁ‘a,ge f about 109,§o abo 101 Q:cmis alsp
YAFESOBET AedOP P8RS EHHBIERIEE erphtaQLindigs thar {heel™ er e

expected to
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not by way of limtation, with respect t I nter ceramcs IC

nmake use ofsamevelehdec e inebitpBesessXigificantl) dFRENEHAGSHI ABREIudS
sintered ceramic will exhibit a resistivity over a range of about 10

to about 1NGOQSemDunifsiD4 Mk, (i Bib@y, &, QGeanadDcOg bypny steampteadniddot by
sol ution, and where the sintered ceramc material is forned from
oxi des wherV&Y of{imftation.oxi de i s present over a range from about 40

nmolar %to br@féi thaﬁ 100, nol.ar % zirconium.oxide is present over a
range froml t hanP o hBt BROBERPORERIT IR S meAndpclen Progsasing Fiim
oxide is pr, § . : . u molar % up to
ess than’ 100CHepRER 1B ARG B RS AR oo e

ceram ¢ W lckraBidyiDite eRRUIARICHIGAITH 8RIEb i oh i ut
10" to abOL(I:tr 10151 Q :ecmrwhen the sintered cecr a%&éé&glgﬂn%%?cgggmgﬁqs%?fd
sol ution, abmdresibtivityioftierdideaie anface ofithe eleatrostasic bk ifsl bl RiEtn faraige @i e s

where: yttrium og<i deuis present over a range from about 40 nolar %to
| ess than RbowdOato W Gemawiergamisendistorpropessingronditiens, o redusgéhef r om

nore than 0 l.ar % to about 5 | ar % and hafni um oxide is present
over a rané’@%‘@%%-k@mﬁﬁréiwgébg’ﬁg})e@“?ﬁﬁ%ﬁh%lﬂp%Tq5§§§113t1}4§%f= 1300 nol ar
% [0022]1 A di.onen a sintered geram ¢ w.ll exhibit a
rest sti vi ty5SasRI8h SR RIS o BomARTI B B S isiEA ¢ pe
e q . : _ . . ' oiered .
e ol | SR R L Pt BB, b BB, oot

over a rangenducoinati?®s/mOF sttt cOfdsonl i@§istarktRarackORhee bREmYbrcing mith
zirconiumoxide is present over a range fromnore than 0 nolar % to
about 45 mbkamproienarsdch as lifbpinsre oosistizity &n fhe emgn vl batecquired frge from
nore than apout O, %})‘I r %u to about 80 polar % [0023]1n one
enbodi ment SlepRestaticsiuckds belpreh nf or cREPLIT Esistahuaierses SHqhras @TqsRessEamber

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



whi ch include: a first phase solid solution conprising

Y203- Zr 02- Nb205 whi ch makes up from about 60 nolar %to about 90
nolar % of the sintered ceramc material; a second phase of Y3Nb02
whi ch nakes up from about 5 nolar %to about 30 nolar % of the
sintered ceramic material; and, a third phase of Nb in el enental
form which makes up fromabout | nolar %to about 10 nolar % of the
sintered ceramc material. [0024] 1 n anot her enbodi nent of the
sintered ceramic material which contains three phases, yttrium oxide
i's present A¥Rm dkidARISmbhABNARRLNBE: whe%h‘]’/&ti&y?l%%s %tém% thed
zirconiumoxide is present over a range fromabout 15 nolar clo to
about 25 nudreup édnsisting of ziddinitm exidel @erien pRide AigY Okide, KiahER dxideMnd
about 5 nolar %to about 15 nolar % [0025]1n sintered ceramc test
speci mens fepmpingtipnsgherepfy 258 of oter@Rides djchys smnhdinnaixidsf neddgmiinnakide,
descri bed above, in _enbodinents where Mis scandi um_ hafni um ‘

ni obi um  orS2MEBR PR YIS BXIMe sThium exifssand epriim oxide &ndwithes kanthagide
0.16 p. Mhoslé!;x[i Kol Ie§s . aSter egeoé)gsure for éG.hours. to a

CFa/ CHF3p! aSHE TR R ifa! 1SEPBYTOH 1P AF 8°TRtaplR fR S nfARTSM i s ceri um

a1 or med o dn Enabrbeer are SPR ARG GAL LR PRI e B BT

avai | abl e fdobiloA) Hebskidda tyhidaly Sompride vtk ol RSAR SR H8dd) WES: | up
to 2000W the process cha&n)‘gﬁr %oreslgurgttvbas 10 - 580 mrorr, m;l étgﬁi

substrat e tewpdracxide which igdGpicallyldelested fsi tha gfoap eoniistig dBhaFmhMtideOr
| ess is equivalent to the erosion rate of pure Y203. Thus, the

erosi on r atseansiun peids npedymivm esidg riehiurn agids sremanwafokisict Btkriiym tohide,
nmodi fication.of the si.ntered ceramc to provide a |lower resistivity

sintered céf AHPOXIEUFIBPRIICe T TembBrimRsihserfe Mhapss ciotir idanidpove
known' i 1 ¢ etss el iSeEhBRc ih BRAILCRALUE, i (i Skl dmes 11°
Che sur { ace apHE SAIIRY QIR HEet S0 (Al e fud SRR & RERARE, T

but not | i rddtiidn toothe adlensi orgrsolidbdlationtiRagd, tRye ma&t B dth@$haset Qthin the
alumna, alumnumnitride and quartz, using a coating technique.

Such coat i reiptered tanangjo esdichracd eodapophdismelesentalagls. t her mal / f | ane

sprayi ng; physical vapor deposition froma sputtering target which is
formed by dPPRri nPit ey ofexemrle. agd notgyewsycalimitation, vilpsanee| tosintamd way
of exanpl e and.no imtation..  [0027].BRI EF DESCRI PTI ON OF
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recited emapl Pl snic Jol¥isng 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 %



particul ar description of specific enbodi mnents descri bed above may be
had by reference to the appended drawings. It is to be noted,

however, that the appended drawings illustrate only a portion of the
typi cal enbodi nents, and are not therefore considered to be limting
in scope of the invention which is described herein. The invention

I ncl udes other equally effective enbodi ments. [0029]Figure 1 is a
graph 100 illustrating the electrical resistivity as a function of
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[0031]Figure 3 is a phase di agram 300 of Y203 - Zr02 - Nb205. This

phase di agrane &98lw? melabrdy ot her conpositions, the conposition of a
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when the sintered ceramic comprises a solid solution, and where the sintered ceramic
material is formed 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 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 107 to about 10" Q ‘cm when the sintered ceramic
comprises a solid solution, and the sintered ceramic material is fabricated from oxides
where: yttriom oxide is present over a range from about 40 molar % to Jess than 10
molar %; zirconium oxide is present over a range from more than 0 molar % to about 50
molar %, and hafnium 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"  -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 § molar % up to about

80 molar %.



[0032] Figure 4 is a graph 400 illustrating electrical resistivity, as
a function of applied voltage, for a variety of materials, where the
nmeasur enment was made at roomtenperature (about 27 C) in an air
environnment. [0033]Figure 5 is a bar chart 500 which shows the
average exenplary erosion rate, normalized relative to that for pure
yttriumoxide, for a variety of sintered ceramc materials which were
exposed to a plasnma generated from CF4 and CHF3 source gases.
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[0025] In sintered ceramic test specimens formed from a Y,0, - ZrO, - M,O,
material of the kind described above, in embodiments where M is scandium, hafnium,
niobium, or neodymium, an erosion rate was demonstrated which was 0.16 pm/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
avatlable 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 variefy of metal and ceramic substrates, including, but not limited to,

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



whi ch m ght be doped to provide electrical properties. Wile this
material provided the desired electrical properties, the
corrosion/erosion rate was relatively rapid, limting the useful
lifetime of the particular conponent, and requiring nore down tine
for repairs and replacenent of conponent parts. [0038] Further, the
el ectrical properties of the various materials used as process
chanber liners and functional conponents within a plasma processing
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[ 0042] EXAMPLES: [0043] TABLE Sanpl e # Precursor Ml ar % Precursor
Wei ght % Precursor Wi ght Parts/ 100 Y203

plasmas, but which also exhibits a controlled, lower electrical resistivity than the type

“A” ceramic material, for example.

[0032] Figure 4 is a graph 400 illustrating electrical resistivity, as a function of
applied voltage, for a variety of materials, where the measurement was made at room

temperature (about 27 °C) 1n an air environment,
[0033] Figure 5 is a bar chart 500 which shows the average exemplary erosion rate,
normalized relative to that for pure yttrium oxide, for a variety of sintered ceramic

materials which were exposed to a plasma generated from CF, and CHF, source gases.

[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™ is used herein, this is intended to mean that the
nominal value presented is precise within = 10 %,

[0037] 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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Melting Point (C) Sintering Tenp. (C Phase Conp. Density (g / cm) 1
Y203: 75.0 H103: 20.0 zZr02:5.0

which might be doped to provide electrical properties. While this material provided the
desired electrical properties, the corrosion/erosion rate was relatively rapid, limiting the
useful lifetime of the particular component, and requiring more down time for repairs
and replacement of component parts.

[0038] Further, the electrical properties of the various materials used as process
chamber liners and functional components within a plasma processing semiconductor
apparatus affect the behavior of the plasma. Changes in the behavior of the plasma
affect the plasma processing characteristics, and when the effect is substantial, it is
necessary to change other process variables to accommodate the change in the plasma
behavior. Rather than rework processing variables for device fabrication, it is more
practical to develop erosion resistant ceramic materials which have acceptable electrical
properties. Only a 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
ceftain 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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Y205: 77.82 H102: 19.35 Zr02: 2.83 Y20,: 100.00 Hf02: 24.86 Zr02:
3.64 2800 >1800 c-ss single phase** 5.607 2 '1203: 60.0 Sc203: 20.0
Zr02: 20.0 Y203: 72.18 Se.203: 14.69 Zr02: 13.13 Y203: 100.00 Sc203:
20. 36 Zr02: 18.19 2360

[0040] As previously discussed, the sintered ceramic materials of interest comprise
yttrium oxide, The resistivity of the sintered, yttrium-comprising ceramic material may
be altered. In one exemplary technique, at least one other oxide is added to the yttrium
oxide and the mixture is sintered. The positive ions of the at least one other oxide have a
different valence from the Y** ion, to form a Y vacancy, leading to a decrease of
electrical resistivity. Examples of such oxides include CeQ,, TiO,, ZrQ,, HfO,, and
Nb,Os, by way of example and not by way of limitation. In another exemplary
technique, the at least one other oxide is added to yttrium oxide, and the mixture is
sintered in a reductive atmosphere; however, the positive ions of the at least one other
oxide show the same valence as the Y** ion, but possess a significantly different ion
radius than the Y** ion. This results in an O vacancy, which also decreases electrical
resistivity. Examples of oxides which show the same valence as the Y** ion, but possess
a significantly different ion radius include Nd,0,, Sm,0,, S¢,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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>1800 c-ss single phase** 4.936 3 Y20,:

Y20, : 59. 58 Nd203: 29.58 Zr02:10.84 Y203: 100.00 Nd203: 49.66

60. 0 Nc1203: 20.0 Zr02: 20.0

Zr02:18. 29
[0043] TABLE
Sample Precursor Precursor Precursor Melting | Sintering | Phase | Density
# Molar % Weight % Weight Point Temp. Comp. | (g/cm?)
Parts/100 {°C) *C)
Y203
1 Y,0;:75.0 Y.0,: 77.82 Y,0,: 100.00 2800 >1800 | c-ss 5.607
: single
Hf0;200 | HfO, 1935 |HfO,; 24.86 Phasons
Zroy; 50 | Zro; 2.83 | Zr0; 3.64
2 Y,0;: 600 |Y,0,:72.18 | Y,0,:10000 | 2360 | >1800 | c-ss 4.936
) . . single
8¢,0,:20.0 | S¢,05: 14.6% | Se,0,: 20.36 phase**
Zr0;: 200 | Zr0,: 13.13 Zr0,: 18.19
3 Y,0,: 600 | Y,0,: 59.58 | Y,0,: 100.00 N/AT >1800 | c-ss 5.555
single
Nd,0,:20.0 | Nd,0,:29.58 | Nd,0,: 49.66 o s
ZrO;: 200 { ZrO,: 10.84 | ZrO,: 18.19
4 Y, 0; 700 | Y,0, 7553 | ¥,0,: 10000 | WA* | >1800 [ c-ss** 5331
Y,NbO
Nb,0;: 10.0 | Nb,0O,: 127 | Nb,O,: 16.82 a; 1 Nb
Zr0,; 20.0 {20, 1177 | ZtO,; 15.59
*N/A = not available
*¥ ¢-s5 means cubic yttria 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

exemplary 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 1 is representative of the Nb,Q; -comprising

sintered ceramic material which is described as Sample #4 in the Table. With respect to
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N A* >1800 c-ss single phase** 5.555 4 Y203: 70.0 Nb205: 10.0
Zr02:20.0 YA: 75.53 Nb205: 12.7 Zr02: 11.77 Y20,: 100.00

sintered ceramic material comprising Nb,O;, acceptable electrical resistivity values are
expected to be obtained for additional compositions as well, as illustrated by the phase
diagram shown in Figure 3. The sintered ceramic material contains three phases, which
include a first phase solid solution comprising Y,0,-Zr0,-Nb,0 which may make up
about 60 molar % to about 90 molar % of the sintered ceramic materiai; a second phase
of Y;NbO, which may make up from about 5 molar % to about 30 molar % of the
sintered ceramic material; and, a third phase of Nb in elemental form, which may make
up from about 1 molar % to about 10 molar % of the sintered ceramic material. This
material is particularly useful when the resistivity needs to be low to prevent arcing. 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 1 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,0; -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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Nb, 05: 16.82 Zr02:15.59 N A* >1800 c-ss** Y3NbO and Nb 5.331 *NA =
not available ** c-ss neans cubic yttria type solid solution.

[ 0044] Exanpl e One [0045] Figure 1 shows a graph 100 illustrating

el ectrical resistivity of a variety of

[0050] Example Three

{0051] Curve 110 shown in Figure I is representative of the Sc,0, -comprising
sintered ceramic material, made in accordance with the present invention, which is also
described as Sample 2 in the Table. Again, this material may be used in applications
where the resistivity requirement is 10" Q -cm.

[0052] Example Four (Comparative Example)

[0053] Curve 112 shown in Figure 1 is representative of the Y,0, - Z10, - ALO,
material which is illustrated in the Figure 2 phase diagram . This material is described
for purposes of a comparative example only with respect to the controlled resistivity
ceramic materials. This sintered ceramic material comprises a solid solution which is
formed from Y,0; and ZrQ,, and a compound which is formed from Y,0, and ALO,
oxides. A typical sintered ceramic material is formed from Y,0, at a concentration
ranging from about 60 molar % to about 65 molar %; ZrO, at a concentration ranging
from about 20 molar % to about 25 molar %; and, Al,0, 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; - Zr0O, - AL,O; shown in Figure 1, contains: about 60
molar % solid solution with a cubic yttria type crystal structure, where c-Y,0, is a
solvent, with Zr,O, solute; about 2 molar % solid solution with a fluorite type crystal
structure, where Zr0O, is a solvent, with Y,0, solute; and about 38 molar % YAM
(Y,ALQ,) compound.

[0054] Example Five (Comparative Example)

[0055] Curve 114 of Figure 1 is representative of the Nd,O, -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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for fabricati sem - O ] [ ¢ nents wher e
arcing | s eee T L R 3 SO DR R
or a subst rgadph ik tof itindaft the differences in resistivity 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 ytirium 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 aluminurn nitride ceramic which is used to fabricate an

electrostatic chuck and other low resistivity components.
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[ 0050] Exanpl e Three [0051] Curve 110 shown in Figure 1 is
representative of the Sc203 -conprising sintered ceramc materi al,
made i n accordance with the present invention, which is al so
described as Sanple 2 in the Table. Again, this material may be used
in applications where the resistivity requirenent is | OhnU cm

[ 0052] Exanpl e Four (Conparative Exanple) [0053]Curve 112 shown in
Figure 1 is representative of the Y203 - Zr02 - Al 203 material which

is iIIustra@ﬁgglnth %52 ?se diagram This material is
descri bed f ur pos 'é”% ('ﬁ’rg% B FRIES@aip PEthe AibyOars arprisingsintered o
th trol Thi t d

mcer i al conprns oot Miiis BELAR e Rkl A & o Porde RO A USme TR
2r02, and acoepRRY Mhtapal whck ﬁasfbeémédlh&e@a }&?& @ﬁ%@%@ﬂftbm ASividy

typlcal sintered ceramic material 1s forne

concent r at i which angiyndost toothmtaifeietdoped stohiunYpitiicalautie S AN-8r v 1gr 02

at a concentration ranging fromabout 20 nolar %to about 25 molar %
and, Al 203 @!Toaoemﬁ&c@fﬁher@mpd)aiuman@ nityider i moadhatt 101 Ginexfaster thar the about
15 mol ar % e errbo nt, of a_centered ceramc material, which is
i |lustrat ecFOHVSIQ?B"éwAge e yisumHexidmeospriginggnatenal Hlustrajed by urveds, sehis ch

i's represerg;ng‘g%gﬁfhegﬁr%ﬁgaolfg Y203 - Zr02 - Al 203 shown in Figure

1, contains B Of sol ution WlthaCUbIC yttrlatype

tal st By 20,203
crystal strggd A) SO| @(g%s ﬁgﬁ? I}‘%Qﬁaw t&ﬁ@préﬁn}éﬁ%? Eq’clgmgr[lszlﬁg HiEed

about 2 nol ar uor i

structure, cehefiemétehll wiictas 3QcMBL as Mzﬁ%egpib!ét efhlsadlﬁmﬁp }
nmol ar % YAM ( Y4Al 209) conpound. [0054] Exanpl e Five (Conpar at |S:H\?/5em§18

Exanpl e) [ G8bBtCuhigher kasistivity fhiag thredNH,0} sconpising eatesinl, wed &froshe
Nd203-conprising sintered ceramc material which is described as
Sanpl e #3 iWPHEWELHhibits Wﬁlgtlwwérwfals optsideaf thedecommanded tange for

requi renents _whic ecessar vent arcing, and is considered
to be a corparaty %f(ea‘ﬁ?)sfr@ Ehg ELY fp e FHQWRY e At 9’ G ér ani ¢

material s iy eha iRKidiRs bidgent H'M'ﬁ{étéo&@ ‘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" Q ‘cm, when the
processing temperature is 200 °C. 7

[0065] For comparative purposes (with respect to a controlled electrical resistivity
ceramic containing a yttria-comprising solid solution), Curve 412 of Figure 4 shows a
ceramic type “A” material comprising Y,0,, ZrO,, 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
Zr,0, solute; about 2 molar % fluorite-type structure solid solution with ZrO, as a
solvent and with Y,0, 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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[ 0056] Exanpl e Si x (Conparative Exanple) [0057] Curve 116 of Figure 1
IS representative of the electrical resistivity characteristics
observed for a sintered ceramc of pure Y203. This material is also a
conparative exanple, which is useful as a baseline, since a nunber of
sem conduct or appar atus conponents have been fabricated from pure
Y203. A conparison of the resistivity of the pure Y203 shows the very
significant inprovenent in terns of electrical resistivity which is
achi eved by %He,present anenthpn. [ 0058] Al so shown in Figure 1 are
curves 120, heAsséRd rags wawmus H'dd ey Hids e thueasneveniat20007C, phdluktrate by

onr asent o Gt A MBS L IR elsted i et pefuSesk i s cabodimpatsidon e
fabri cat : QskAat | Co- ] duct '
appar at U W R S O R G BERLE T Uiy, | 0050) Exanpl e
Seven [006Qpssqur e %rhmgmgﬁ\@qﬂqﬂ,g& ek bt E{érgg&ﬁgw“ﬂgyﬁlé@qt rical

resistivity, as a function of the voltage app uring

resi stivi t yeonpsising giptefedreemnmicimberialofhich Rtdesceile CAr Rpfe 4398 theSRBRI MRNS -
The resistivity is shown on axis 404, with the voltage shown on axis
402. The t g8ateriabipailegtiomeet the ragoienentspehiah aracéakmyito @eveMarcidf)and is
pur pose of thi. aph is to illustrate the differences in resistivity
bet ween t heCOE%‘?"F %@P gﬁ-arce%li’%fﬁ%ﬁfﬁcxe@lﬂé hdcheisBeicaned the usique heramicasaserials

I nvention Wi%ﬂ%%%tggﬁ%rﬁ%ﬂ_t rolled to reduce resistivity

[0067} For comparative purposes, Curve 416 of figure 4 shows the electrical
resistivity characteristics observed for a sintered ceramic of pure Y,0;. This material is
also a comparative example, which is useful as a baseline, since a2 number of
semiconductor apparatus components have been fabricated from pwe Y,0, A
comparison of the resistivity of the pure Y,0, 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 materjals 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 ZrQ?2, 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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and the currently used doped alum numnitride ceramcs. Wile the
doped alum numnitride ceram cs have a sonewhat |ower resistivity,
their corrosion rate is at least 2 tinmes higher than that of the
yttrium oxi de-conprising ceram cs which have been nodified to reduce
resistivity. [0061]1n particular, Curve 422 of Figure 4 represents
doped alum numnitride ceramc of the kind currently used to
fabricate an el ectrostatic chuck. Curve 420 represents anot her doped
alumnumnitride ceramic which is used to fabricate an electrostatic

chuck and ot her .l.ow reﬁ_i stivi tc%/ conponent s. t{;OOGZ] Curve 406 of
Figure 4 i SOPRBTBRIAYhIEH 8 re5tied a3 Gopping caehhpfithase mptarjals &y erinnesipanmtc

terial i L: ' Sanpl.e #4,in the . Table. .This, . .
e el S LA S A R ot B e
o SN oS M ] B  L

of the dopes tif cuosioniaterfol puréhprivgn dEdee Fubifgy, #Q etdsiPSabastiae relib@igt he
corrosion rate of the yttriumoxide conprising material illustrated
by curve 40ddifzgs, yisriwh ovide-bympriserglsaerahearamicd Biersubstaginléy Eetter than the

[0063] Curve 408 in Figure 4 is representative of the H 02 -conprising
sintered c&FSHRIAREE é&%» AN 2 Qz»i@laﬂé W 4r5eB4@ endBit btherceramic tiaterials

Table. This ,ceram ¢ material exhibits hi gher resistivity than the
Nb205 - corrp‘?l]l% lﬁ’gle ﬁrﬁ‘:tneufﬁ?cg P aa}’talorg?)‘b r@%ﬁ%’F"é{%‘r Eesigip mpterdalyfor
resistivity.wWab&diet Y ] e r e for conponents
wher e pl asn% ar ci ﬁgﬁpgd%mirng%}]ﬁbgf f3;[(?etr5£)£gd((::)cur Hgﬁg\c}\%éﬁﬁfmcﬁmwg%?&g
tenperaturentwmrcbbﬂfgsn@ts_esent during some sen conductor processing,
the resistivity falls within an acceptable range, as illustrated by
Curve 108 i[@07M8] gur eBased ol GigAtGits vigaiddDdhaingfhgenperidhentatidnopigsgovidtd ve

of the Sc203 -corrgri sing sintered ceramc material which is described
as Sanpl e 3hqsxampies Fessribed ahgy, pnd datsi frorpather fefitrenee pouyees cabuilatinns have

D e e Bl RS Epro e Stmptes b € Dtkect SFER racfaidn in pfasma takage.
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 imradiation (which is
mployed in some semiconductor processing operations) on the leakage current in the
Nb,0; - 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
>rocessing apparatus which is in contact with a plasma include a lid, a liner, a nozzle, a
zas distribution plate, a shower head, an electrostatic chuck component, a shadow frame,
1 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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[ 0065] For conparative purposes (wth respect to a controlled
electrical resistivity ceramc containing a yttria-conprising solid
solution), Curve 412 of Figure 4 shows a ceramc type "A" materi al
conprising Y203, Zr02, and Al 203 which is illustrated in Figure 2.
One enbodi ment of such a type "A" material, which is shown in Figure
1, contains about 60 nolar %cubic yttria type structure with c-Y203
as a solvent and with Zr203 solute; about 2 nolar % fluorite-type
structure sqlid solutign with Zr02 as a solvent and with Y203 sol ute;
and, about 9BIRBITBCXDERYAMD(CTILARIPITD]s e seisemARH with Hesubiprs mRjtprROlAidHPM
material exhibits accep bIe corrosion-resi stant properties and
connendablerhﬁg%%ﬁi%gf % %ﬁertles the electrical resistivity is
consi derably higher that the desired range maxi mum 10" a -cm This
is the case even at 200 C, as illustrated by Curve 112 in Figure 1.
This material is not included anong the enbodi nents for the
electrical resistivity nodified corrosion resistant ceram cs.

[ 0066] For conparative purposes, Curve 414 of Figure 4 shows the
Nd203- conprising sintered ceramc material which is described as
Sample #3 in the Table. This material is failed to neet the

requi renents which are necessary to prevent arcing, and is considered
to be a conparative exanple which is not part of the unique ceramc
materi al s which nmake up the invention. [0067] For conparative

pur poses, Curve 416 of figure 4 shows the electrical resistivity
characteristics observed for a sintered ceramc of pure Y203. This
material is also a conparative exanple, which is useful as a
basel i ne, since a nunber of sem conductor apparatus conponents have
been fabricated from pure Y203. A conparison of the resistivity of
the pure Y203 shows the very significant inprovenent in terns of

el ectrical resistivity which is achieved by the present invention.

[ 0068] Exanpl e Eight [0069]Figure 5 illustrates a bar chart 500 which
shows the exenplary erosion rate, nornalized to pure Y203, for a
variety of sintered ceramc materials exposed to a plasma. The plasma
was generated from CF4 and CHF3 source gases. The plasma processing
chanber was an Enabler for Trench Etch available from Applied
Materials, Inc. The plasma source power was up to 2000 W the process
chanber pressure was 10 - 500 mforr, and the substrate tenperature
was about 40 C, for a tine period of 76 hours. The axis 502 shows a
variety of materials which were tested for erosion resistance. The
test specinen identified by a description Y203- 10 Zr02, represent a
sintered solid solution ceram c test speci nen which was forned by
sintering 100 parts by weight Y203 in conmbination with 10 parts by
wei ght of 1r02. The test specinens identified as containing Nb205 -,
or H102 -, or Nd203 -, or Sc203 - represent the TABLE
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conpositions which are recited as containing each of those materi als.
A conmparison of the erosion rates as shown on axis 504 shows that the
erosion rates of the resistivity nodified, yttrium oxide-conprising
sintered ceramic materials are essentially the sanme as the erosion
rate for pure yttriumoxide. Further, the erosion rates of the
resistivity nodified, yttrium oxide-conprising sintered ceramcs are
substantially better than the erosion rate of Al 203, AN, Zr02,
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 conduct or
processi ng appar at¥iatisgdlampdis: conponents. [ 0070] Based on the results
obt ai ned during the experinentation which provided the exanpl es
descri bed above, and data from ot her reference sources, calculations
have been made whiichA premaniicdeorasisingBbticle olvhithes efebieaht & dibéigna@iyati on

I I i at f th
nd used i n AaskeockRBing MatBls Bie ) SRl R AR Soehon
| eakage curr emhias ae¢0@tmii6d cHctricg gesidtivity in yhmdgé petD’ yo 107 Wem ata
oxi de- conpri Sie T&W&Q% g‘%ef n? R g\(}rél Q@I"Sn\é’ffs%"hgatl on

of the affect |rra|at|o Some
seni conduct or h@m@cfeasﬁamgcampmsag biags) onmscmdeolbmkmgiemmg Iyt odtide, t he

L1028 - TYPCay QhabR" Aeaf Al ch i@l torhdiBed 1 ltforT b 8is?

sintered ceramc nmaterial has indicate at t ;|
per f or mance of°3ssH oRR PEMPg Xideh sripctrdtom the grup serssing 9f Zraertiunuv

i rradiat i 03 o] 2afhiem C exidYi ScaR@nmT bmengmaw@m Chede, WahiAuAr sxld#sef ul
as sem conduct Lho appar at us is.in. co with a
pl asma i ncl ud%tperb"?m g)?gés% Lﬁ% phde c‘?ﬂﬁ'ﬂ?x\éh %{'dacgmaingtfc’r“?ﬂlﬁqo n plat e a

shower head, an el ectrostatic chuck conponent, a shadow frarre

subst r at e- hol di ngof £ aBRmicoRASAS SiAGinkck dmuﬂtmﬂm
way of exanpl gat;nd | ot ml vay ﬁ\gs ||m{atcl (gn 0073] T above g{escrl bed

exenpl ary enbBBPHER 15} é’erﬁﬁ% °?<'H?% Bégluges 'Plsﬂ'f’tce’taﬁ‘é’ IsFSUERCe he

present invention, as one skilled in the art can, in view of the
present 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 yttrium
oxide and an other oxide, and wherein said other oxide Iis selected from the
group consisting of zirconium oxide, cerium oxide, hafnium oxide, and niobium

oxide,

4. A ceramic-comprising article in accordance with Claim 3, wherein
scandium oxide, samarium oxide, yiterbium oxide, erbium oxide, or an other
lanthanide series element oxide is included in sald ceramic article surface.

5. A ceramic-comprising article in accordance with Claim 1, wherein more
than two precursor oxides are used to form said solid solution which comprises
yttrium oxide, and wherein said precursor oxides include zirconium oxide and
another oxide selected from the group consisting of hafnium oxide, scandium
oxide, niobium oxide, samarium oxide, ytterbium oxide, erbium oxide, cerium
oxide, and combinations thereof
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di scl osure, expand such enbodi ments to correspond with the subject
matter of the invention clained below. Wat is clainmed is: 1.
A ceram c-conprising article which is resistant to erosion by

hal ogen- cont ai ni ng pl asmas used i n sem conduct or processi ng and which
exhibits a controlled electrical resistivity in the range of 107 to
1015 O cmat a tenperature ranging from350 t to roomtenperature,
said ceramc article having a surface conprising at | east one solid
solution containing yttrium oxide, and wherein at |east one solid

sol ution which conprises yttrium oxide also contains at one or nore
oxi des selected fromthe group consisting of zirconium oxide, hafnium
oxi de, scandi um oxi de, ni obi um oxi de, samarium oxide, ytterbium

oxi de, erbi um oxi d&A EnieanXisidg artieln ¢h avoorbiamatit it bemﬁ-ﬁim other

2. A ceramc- qmn;dgl Qe ldd dan

ot her | ant hani g«? series el errrr\gelr?%Ps %H)%I@ g&grg ?aﬁ%}@a%%c ?prgﬂ?Qj aEtlQPam c
article surfaé 3. A ceramc-conprising article in accordance
with daim1, wherein tvvo oxides are used to formsaid at |east one
solid solution whi ' yitrium oxi de and an ot her oxide, and
wherein said ot herﬁc%xci% ” G%?[F'Xé?%'ﬁlefr}'%‘i‘f? AARCEGP Y fRIR S wherein sgid of

zi rconi um oxi §eld ‘i’:’é‘r"%fﬁf@&ﬁeﬂefmﬂhaﬂrmmmmmtcheconamﬂi‘amrnbhglﬁg forh de.

4. A ceranic- WIt@le@ch@ﬁﬁO@H@!aF’)&' a?ﬁ%?ééﬁﬁﬂ?&dc‘ﬂ étr&or%eﬁf rp&w wher ei n

scandi um oxi d? {h um gﬁgg %t terbl Um oxi erp F8"90r an
ot her | ant hani 8L Bl SQ%PIgee-i s i ncl uded in said ceranic
article surface 5. A ceramc-conprising article in accordance

with Caim1l, whegehnR ecur gs are used to form
said solid SOlffgtl on wﬁr:g@ Ceco iéﬂ‘t?clé)narcF% 'Eﬁlwéb% & WhrEeies#d sai d

precursor oxi ged SP'HE‘MJ@éO"EF’? cffé’ﬁ‘i ﬂﬁﬂ@)ﬁxde ahacoasrotrition rangirgefrcpekect ed
f ro(T the groupoladhnss s m@nofoohﬁém}w fﬁh@ébl‘ﬂﬁn oﬁ&@@gb%#ﬂérﬂ?éh&era m&h%'? bldum
oxi de, samari er bi bi um oxi de, ceri U i

W Bliéhgﬁha%( M’n olar zﬁ%%(? mﬁ\ak/ér am

and conbi nati ons er eo c-conprising article in
accordance with Caimb5, wherein other | anthanide series elenents are

included in said g6 adthhiceempPlidid! S#6biAh bb&rGnce with Claim 3, wherein said
solid solution is formed from ytrium oxide at a concentration ranging from 40

molar% to less than 100 molat%, and hafrium oxide at concentration ranging
from greater than 0 molar% to 60 molar%.

10. A ceramic-comprising article in accordance with Claim 3, wherein said
solid solution is formed from yttrium oxide at a concentration ranging from 40
molar% to less than 100 molar%, and niobium oxide at concentration ranging
from greater than 0 molar% to 80 molar%.

11. A ceramic-comprising article in accordance with Claim 5, wherein said
solid solution is formed from yitrium oxide present at a concentration ranging
from 40 molar% to less than 100 molar%, zirconium oxide is present over a
range from more than 0 molar% to 50 molar%, and scandium oxide is present
over a range from more than 0 molar% up to less than 100 molar%.

12. A ceramic-comprising article in accordance with Claim 3, wherein said
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surface. 7. A ceram c-conprising article in accordance with

Claim3, wherein said solid solution is formed fromyttrium oxi de at
a concentration ranging from40 nolar%to |ess than 100 nol ar% and
zi rconi um oxi de at concentration ranging fromnore than O nolar%to
60 nol ar % 8. A ceramc-conprising article in accordance with
Claim3, wherein said solid solution is formed fromyttrium oxi de at
a concentration ranging from40 nolar%to |ess than 100 nol ar% and
cerium oxi de at concentration ranging fromgreater than O nolar%to
60 nol ar % 9. A ceramc-conprising article in accordance wth

Claim 3, wher i d Iut onis forned fromyttrium oxide at
a concentrati génpdr gﬁlﬁﬁpﬁs #Orrg?ﬁg r¥h”uz§? OKIPHPIeSYY o A LRNCEMRteRIrANOMY and

haf ni um oxi de &M 40onelerti to dest Sranrl@nglarty, Araiung bEad € brésBR BV} AN % t 0
60 nol ar % from mdf@. tha‘n @%Pa?‘%% 860 M) %]%r ﬁarﬂgurﬁ oﬁ.ﬁé&ﬁgﬁ%ﬁwance wi th

Claim 3, wherejn solid solution IS 6k Pde at
a concentrati 6%”9?3H6'|rﬂ‘§ef"\3891”2ﬁ?’%d4959 s han é&kmelath 100 nol ar % and

ni obi um oxi de at concent ration rangl ng fromgreater than O nmolar%to

60 | ar % n rticle in accordance th
cl almr)n gr (\)A/ner ein sal Céarﬁ% gﬁ%ﬁ? BI'EIE“I" gfq%ﬂ‘éé ViR Wh‘éfﬁ'ﬂéétiﬁdew

present at a CBledndoramed dieny an@emghdsemntet@d roetaani@avhioh |nﬁ£ﬁae§ B&’ﬁstloo
mol ar% zi rcomhwd’éb‘mesdﬁwwﬁﬁmng%ég 2,'NDd wf-u ma!?? 5

nmol ar% to 50 o|ar t% ‘jglumom eis re en over gfrom
more than 0 nBI°SF % up?%t Holplee OF thgasinteige %F"H‘F spaterigh a Wcond phase of

cer ami c- conpr h’d\lhﬁg veichi iodkes up framcmolans & 30 iblalSh af e SintdMiEsRi e sai d
solid solutio f aoxi de

concentr at i onmfgﬁ;l Q%E?QHBBQS}!%} WF'S”‘F% lsfg a"ﬁ‘%"%ﬁéfp%om1

zi rconi um oxi 8% rto ﬁ&f@rs'fﬁefﬁéﬂg@mﬁmere than 0 molar%to 50

nol ar% and haf ni um oxide is present over a range fromnore than O
nmol ar% up to Iess ceram c-conpri sing

90 AE co33,
article in accor dance Wit ‘&EF%{FWP8“’°Rﬁﬁb¢°&?fﬂa%vﬁfhmmda\eheren $aif med
froma three PHEe® igithg frredf er clesirastathichicki orcd sdeBata lift IprnSﬂgul%h%ﬁe of

solid sol uti oghoBRBiLIS WAGH Yl f7r0 1$0
mol ar% to 90 gﬁl ar%lof t he %@n?%ér e%eéy%%pémmng{” tﬁarﬁnge ﬂ(]h phase

of Y3NDO7 whi TR BERGHRYE YACK rangesifan 329 ?,Dtmfnbtaﬁ%mfatmrbe si nt er ed
ceramic material; and, a third phase of Nb in elenental form which

makes up from1 npg%r% 0 10 nolar% of the sintered ceramc material .
- A ceramic-comprising article in accordance with Claim 1, wherein said

article is in the form of an internal compoenent or a liner used in the interior of a
semiconductor processing chamber, and wherein the resistivity of said ceramic
article is in the range of 107 to 10" Q-cm at a temperature which ranges from

350 C to room temperature.

18. A ceramic-comprising article in accordance with Claim 1, wherein said
article is a solid sintered ceramic article.

17. A ceramic-comprising article in accordance with Claim 1 , wherein said
article is selected from the group consisting of an electrostatic chuck, a lid, a
liner, a nozzle, a gas distribution plate, a shower head, an electrostatic chuck
component, a shadow frame, a substrate holding frame, a processing kit, and a
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14. A ceram c-conprising article in accordance with Caim1l, wherein
said article is in the formof an electrostatic chuck or a substrate
lift pin figure, or another article which requires an electrical
resistivity in the range of 107 to 1015 &tm at a tenperature which
ranges from350 t to roomtenperature. 15. A

ceram c-conprising article in accordance with Caim1l1, wherein said
article is in the formof an internal conponent or a liner used in
the interior of a sem conductor processing chanber, and wherein the
resistivity of said ceramc article is in the range of 107 to 1015
52-cm at a teppghihitg which ranges from350 t to roomtenperature.
16. A ceramc-conprising article in accordance wwth Caim1, wherein
said article is a solid sintered ceramc article. 17. A

cerani c- conpri si ngsaAbérﬁhi@-cbmpmcahfiﬁﬂﬁsccw&ahce%ﬁfcEI%nEh1 Wh&ER LAy Sail d
article is sele tcedf rdo%?ﬁt]]eo 8 &J‘g consi sting of an el éctrostatic

chuck, a lid,?® aI?ﬁe ! 5 gpated Withsaid ogfadlie- but i on pl ate, a shower
head, an el ectrostatic chuck conponent a shadow frane, a substrate

hol di ng frane, a REOOCHRUA, B veauBRf) Moot QTR Whhil®) - sopioopaefi?s o

ceram c-conprising article in accor
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20. A method In accordance with Claim 19, wherein said oxide having
said different valance from said Y** ion is selected from the group consisting of
CeOy, TiOz, ZrO,, HO;, NbyOs, and combinations thereof.

21. 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 contacting a plasma, said surface comprising a
ceramic material, said method comprising:

a) selecting oxides to comprise said ceramic material from yitrium 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 Y3 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.
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20. A nethod in accordance with Caim 19, wherein said oxide having
said different valance fromsaid Y5+ ion is selected fromthe group
consisting of Ce02, Ti02, Zr02, frif02, Nb205, and conbi nations

t her eof . 21. A method of reducing plasna arcing within a

sem conduct or processi ng chanber which enpl oys an electrostatic
chuck, a liner or an internal conponent having a surface contacting a
pl asma, said surface conprising a ceramc material, said nmethod
conpri si ng: a) selecting oxides to conprise said ceramc
material fromyttriumoxide and at |east one other oxide, where a
positive ion of s d ot q?er oxi de shows the same val ence as the Y34

i on, but possess 1qd 8 Resordagee f”é'? SRMiInWPaN eI e Ramiag 14+

i on, |eading sad algdnemnﬁ\asle‘emht -h eaxnmsomlselectes if@tn thetgyoupf copgistihgar am ¢
mat eri al ; XI here
nmet hod i n accor dance wth CI al m 21, wher e| n sal d OXI de haV| ng sai d
significantly different ion radius is selected fromthe group

consi sting of Nd203, Sn203, 8c203, Yb203, Er202, Ho203, Dy203, and
conbi nati ons thereof.
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