WD 03/ 080892 PCT/ US03/ 04061 -1 LOW CONTAM NATI ON COVPONENTS FOR

SEM CONDUCTOR PROCESSI NG APPARATUS AND METHODS FOR MAKI NG COVPONENTS
BACKGROUNDOGR/086482 | NVENTION 5 1. Field of the Invention [FRO0IS03/ks1
invention relates to conponents for sem conductor material processing

equi prent. The conponents are formed of materials that can reduce

contam nation during sem conductor material processing. The invention also
rel ates to nethods of naking the conponents. 10 2. Description of the

Rel ated Art [0002] In the field of sem conductor material processing,
vacuum processi ng chanbers are used for-Btching and chem cal vapor
deposition (CVD) of materials on substrates. Process gases are flowed into

the processing qhawoeONDAMINATEIONCOMEONENTS FOR SEVHGONPUGSPORed t 0

the process gases to generate a plasma of the 15 2 ocess ases. The plasna

perforns the desi r PRGCESSENGAPRABATUS AN MET KNG on

waf ers. Exanples of parallel plate, coupl ed plasma (TCPTM,
which is also called inductively cod%(pmggﬁré (ICP), and el ectron-
cyclotron resonance (ECR) reactors and conponents thereof are disclosed in
commonly owned U.S. Patents Nos. 4, 340,462; 4,948, 458; 5,200,232 and 20
5,820, 723. [0003] During prBACHKGROUNDOHTHRINVENTHINSt rates, the

substrates are typically held in place within the vacuum chanber by
substrat & hol bers, dJdeldgifdhe dayemtionsr exanple, in U S. Patent Nos.

5,262,029 and 8,-529. Pr nmber b
various gas S@Bﬁj ’Jabe 18}11%1&2)%%31?@88@?0@@6}162%‘ ft%?gér%hftcgﬁ% %rtrpggﬁ%lac h::me?/
equi pment , otﬁ%tc ;ﬁg enid'S Glhe icBmppfic@tLs®i fogn&rof mal&dulsttmt canbeducat es

i ncludes transport mechani sns, liners, |lift mechanisns, |oad | ocks, door
mechani snms, r ommammaammdurlmgsm@ln@i@ctoamwmpé progessing. The invention also

relates to methods of making the components.

10 2. Description of the Related Art

[0002] In the field of semiconductor material processing, vacuum processing
chambers are used for etching and chemical vapor deposition (CVD) of materials
on substrates. Process gases are flowed into the processing chamber while a radio
frequency (RF) field is applied to the process gases to generate a plasma of the

15 process gases. The plasma performs the desired eiching or deposition of selected
materials on wafers. Examples of parallel plate, transformer coupled plasma
(TCP™), which is also called inductively coupled plasma (ICP), and electron-
cyclotron resonance (ECR) reactors and components thereof are disclosed in
commonly owned U.S. Patents Nos. 4,340,462; 4,948,458; 5,200,232 and

20 5,820,723.
[0003] During processing of semiconductor substrates, the substrates are
typically held in place within the vacuum chamber by substrate holders, as
disclosed, for example, in U.S. Patent Nos. 5,262,029 and 5,838,529. Process
gas can be supplied to the chamber by various gas supply systems.

25 [0004] In addition to the plasma chamber equipment, other equipment used in
processing semiconductor substrates includes transport mechanisms, liners, lift

mechanisms, load locks, door mechanisms, robotic arms, fasteners, and the like.



WO 03/080892 PCT/ US03/ 04061 -2 [0005] Plasnmas are used to renove materials
by etching or for deposition of materials on substrates. The plasma etch
condi ti onwomsesatse2 si gni ficant ion bombardnment of the surfrazasosbiobhe
processi ng chanber that are exposed to the plasma. This ion bonbardnent,
combi ned wi th plasma chem stries and/or etch 5 byproducts, can produce
significant erosion, corrosion and corrosion-erosion of the plasma-exposed
surfaces of the processing chanber. As a result, the surface materials are
removed by physical and/or chem cal attack, including erosion, corrosion
and/or corrosion-erosion. This attack causes problens including short part
lifetinmes, increased consumabl e costs, particul ate contam nation, on-wafer

10 transition [6€05| Phsmarreaistdt AAbVEMRASSHs BY ifching H08FHepdRitldndfit Of
these problens, plasma processing chanmbers have been ™ designed to include
parts, such adnatgfialgen spbsirgies. e psamanetelr eqnditiens crenté sigaifichit iopl asma over

[ [ | ttacked
by the pl asm RO AR Oh e U AR DR e i Sudiogy L rinpares ok mor 15
bui | dup. Eventpiaiday , THif &eb R ar§meit! E&fﬁbﬁ?& Pvii t{isntxah@}{en{iglﬁ)és QﬁcﬁP{)&cﬁonger

usabl e. Those parts with relatively shor I Mmes are conmon referred

to as " cdnsupptodycts, canfprothececsigsticamb bmsipar togodivd gid s@réSosE@Eion dFhen t he
cost of ovvnershiFE i s hi %h Erosi on of consumabl es and ot her parts

generates  cofMSaRIRHRFERPSed, syfacer, o @Pd’é‘éfﬁﬁiﬂ% chepbierds E@u{t?@l_@ ﬁ}lrfam:ﬁuse
i L vi.rgnpent in _suc
Ceactors: and TROAEALHOR0YE BELHY ol bod OF dR AR R hANR erdfomc 1 on, i

i's desirabl ecomosicoapdoeodsosidn-stosione dRtiiPameitk cahds prstiiags eRNsMBEHes and
other parts, to_ have sui tablaj hi gh erosion and corrosion resistance. Known

parts have b8 lifeiimesd insreage ﬁ@nﬁumawswaznmré?gzﬂewfﬁlgggmg&;)Iilgﬁiéﬂ gh ion
g?ggﬁgg@Ejngg@f}és{?%lgﬁig%%3%’3}@%@0%%8@%@5%‘ﬁ%‘i on (e.g., particul at e
contam nat i on[god] Mehalght 6f iHeRproblemsC BRSATPRAELGRY chambers have been

designed to include parts, such as, disks, rings, and cylinders, that confine the

plasma over the wafer being processed. However, these parts are continuously

attacked by the plasma and, consequently, ultimately erode or accumulate polymer

15 buildup. Eventually, these parts suffer such wear that they are no longer usable.
Those parts with relatively short lifetimes are commonly referred to as
"consumables.” If the consumable part's lifetime is short, then the cost of
ownership is high. Erosion of consumables and other parts generates
contamination in plasma processing chambers.

20 [0007] Because of the erosive and corrosive nature of the plasma environment in
such reactors, and the need to minimize particle and/or metal contamination, it is
desirable for components of such equipment, including consumables and other
parts, to have suitably high erosion and corrosion resistance. Known parts have
been formed of aluminum-based materials. However, the high ion bombardment

25 by the plasma can erode and corrode these materials, producing unsatisfactory
levels of contamination (e.g., particulate contamination and metallic impurity
contamination).

[0008] In view of the high purity requirements for processing semiconductor

materials there is a need for components of semiconductor processing apparatus



[0008] In view of the high purity requirements for processing sem conductor
materials there is a need for conponents of sem conductor processing

appar at uswo@30%8980892 PCT/ US03/ 04061 -3 conposed of nat @ciralsss/odeat

provi de inproved resistance to physical and chem cal attack, including
erosion, corrosion and/or erosion-corrosion, to mnimze the associated
contam nation of sem conductor materials during their processing.

Materials that can increase the service |ife of conmponents of the equi pnent
and 5 thus reduce the down tinme of the apparatus, would contribute to
reduci ng the cost of processing sem condstor materials. SUMVARY OF THE

| NVENTI ON [ 0009] The invention can satisfy the above-descri bed needs, as
vel | as ot her compests, oftyatprialy it PEOVGQRB R EredistaBBMCHMANGT Hd HBEEFSI NY
apparatus conposed 10 of ceram c materials that provide inpr oveé3 wear

resi st ance t o s iiaHudiag eresifing gornsivn and/or csionrcoerasiing o ininiplizestia

processi ng enyj nts. The.conmponents can royi de | ow contam nation with
respect to ne;égﬁrogﬁgegoc % aﬂ’flp?:tﬂﬁna(%%? W%B‘Ttoﬁ ﬁla‘%&’@_ r‘g%H’tgethWﬂ)ﬁocéﬁsé‘?ﬁ)l ary
enbodi ment s ofM4tBiGals Mg 0Ad BlRreabd ieGRIVAKE fKfe df‘?:t)ﬁlﬁ)bﬂéf@s Sf‘ﬂxle%gugﬁféﬁ S 2s
coatings on surfaces of substrates, in conponents utrlized n

seni condu?t or thustreducel thpdows sisienef thejapymems,. wédd cen@itateso rfefieing SIFROKENT S

can be used in EI asnar&procesqsdigntg chanbers. The coated conponents can
provi de i mpr oPEBTICESIE SEHUEORAYCIOF SFRIS. cor r 0si on and/ or corr osi on- er osi on

when exposed to plasmas during processing. [0011] In accordance with other
exenpl ary enbodi nents of the invention, such 20 conponents can be bul k

parts forned entirely of the SUMMARY OF I INVENTION IS, the conponents
can be nonolithic. [0012] An exenplary enbodinent of a process of nmking a

conponent of 0009k Einiayention qanseis idmpheoppdestribed aiceds; ds wglltas otiee

i nvention co [Se at | east. a portion of a conponent of such
equi pnent f r(r)r%; éeclﬁ c@? éﬁ‘{lzﬁlﬁgP%?P%ﬂ??n?Weseﬂﬁwﬂg}"ftPf)ﬂmém T3l OmROsebst
surface 10 thef eamR@RerialbiRat GR6AEE FnpROVES Wakr resistance to erosion, corrosion

and/or corrosion-erosion in plasma processing environments. The components can

provide low contamination with respect to metals and particulate.
[0010] In accordance with exemplary embodiments of the invention, the ceramic
materials can be applied as coatings on surfaces of substrates, in components
15 utilized in semiconductor material processing equipment. For example, the
components can be used in plasma processing chambers. The coated components
can provide improved resistance to erosion, corrosion and/or corrosion-erosion
when exposed to plasmas during processing.
[0011] In accordance with other exemplary embodiments of the invention, such
20 components can be bulk parts formed entirely of the protective materials. That s,
the components can be monolithic.
[0012] An exemplary embodiment of a process of making a component of a
semiconductor processing apparatus according to the invention comprises forming
at least a portion of a component of such equipment from a ceramic material. The
25 portion comprises an outermost surface of the component. The ceramic material
comprises (i) at least one oxide, nitride, boride, carbide and/or fluoride of (ii)
strontium, lanthanum and dysprosium, and/or at least one nitride, boride, carbide

and/or fluoride of hafnium. Preferably, the ceramic material comprises one of



conprises (i) at |east one oxide, nitride, boride, carbide and/or fluoride
of (ii) strontium |anthanum and dysprosium and/or at |east one nitride,
bori de, caplBagosdand/ or fluoride of hafnium Preferably, Pog/uses/evsr

mat eri al conprises one of WD 03/080892 PCT/ US03/ 04061 -4 strontium oxi de,
dysprosi um oxi de and | ant hanum oxi de as the single | argest constituent of
the ceramc material coating. The ceramic material can be applied as a
coating, or it can be forned into a nonolithic body. [0013] Another

exenpl ary enbodi rent of the invention conprises applying a 5 coating of a
ceramic material over a netal containing e polyneric surface of a
conponent of a sem conductor processing apparatus. The ceram c materi al
conpri ses haf stromiwmnictéde, dgsprosinanixide £, lahahiin Gkl e siﬁ%fe rl‘éh’é@%tcar bi de
or hafniumfluorjde as the single |argest constituent of the cé&ramc

mat eri al coat iABStIUGNY Of Hle craBic axteriy| corting nibel ceremic mitemiat badkse Fptied di ng
to the inventi . rjse formng.a conponent of a sem conductor
processi ng apggraézg)g%&é)’rr&tlkéan]?eoti()WS‘?Hgoﬁﬁ%"?ﬁﬂ?@o dy. The conponent
conpri ses haf noe1®] ox Adethep efemnd ok i ride,.. i ar bi de
or haf nium fl Eor {3‘<]1Ie as the sﬁ%iﬂg %%gg‘fqn Oggﬁlé;ftlﬁv%g)%td&mﬁ?%ﬂyﬁﬂg%errpI ary
enbodi men? of ceatpgofesecrahiomiterigl @vec anpaalenvintariing or HolyERFHCGRANLCHOL

processi ng apparatus according.to the invention conprises preparing a
slurry conpri PWBO%“P?]@ S%‘F‘F?Qﬁ@“qt%ifrlb@%‘?ss@éﬁﬁp@rﬂ%nt hejcpraamic regierial one
oxide, nitride i car hi r..fd I ay t.rontiu

| ant hanum and Qrgggéérsggiﬁgﬁqﬁ (ger%%?glra a lﬁlnétfggP ’Of(’l)AnfgﬁrIﬁo ﬁ?ﬁ(l%ee?haﬁgwld@fb@%?lbi de

and/ or fl uori Hefnnfm fluafidé ashefsiiglt REgdRt WIREMAONMAE befah@Mulaigiad bodny i N the
desi red shape nd 20 sintering the green conpact to forma conponent. The

ceram c mater Mﬁ“] pr@thsr ﬁ’éﬁn}dﬂé’a’rﬁmb@g@elﬁto’ft ¢dszastording tofthéafvention oxi de,
t ti i : | i d d lanth id th i ngl

ar gest  onst Fomeife RRAR RSB oo BBt e ud apregr e e

monol i thi ¢ cofmaned fonbB@kSodd) PRESHMA¥NETRGHEEMmfin BxB0 "REAGAT ©f 2

sem conductor ) )
nitride, hafnium boride, bafnium carbide or hafnium fluoride as the single largest

constituent.
[0015] An exemplary embodiment of a process of making a component of a

15 semiconductor processing apparatus according to the invention comprises
preparing a slurry comprising as the single largest constituent (i) at least one
oxide, nitride, boride, carbide and/or fluoride of (ii) strontium, lanthanum and
dysprosium, and/or at least one nitride, boride, carbide and/or fluoride of
hafnium; forming a green compact from the slurry in the desired shape; and

20 sintering the green compact to form a component. The ceramic material
preferably comprises at the least one of hafnium oxide, strontium oxide,
dysprosium oxide and lanthanum oxide as the single largest constituent thereof,
These processes can be used to form monolithic components.
[0016] An exemplary embodiment of a component of a semiconductor

25 processing apparatus according to the invention comprises at least a portion
comprising a ceramic material. The portion comprises an outermost surface of the
component. The ceramic material comprises as the single largest constituent (i) at

least one oxide, nitride, boride, carbide and/or fluoride of (ii) strontium,



25 processing apparatus according to the invention conprises at |east a
portion conprising a ceramc material. The portion conprises an outernpst
surface oWotohmsosepnponent. The ceram c material conpri ses Pa3/ush&o®sngl e

| argest constituent (i) at |east one oxide, nitride, boride, carbide
and/or fluoride of (ii) strontium WD 03/080892 PCT/US03/04061 -5

| ant hanum and dysprosium and/or at |east one nitride, boride, carbide
and/or fluoride of hafnium [0017] Another exenplary enbodi nent of a
conponent of a sem conductor processing apparatus according to the
invention conprises a substrate having a -% netal containing or polyneric
surface; and a coating of a ceramc material over the surface, where the
cerani ¢ mat er ilaithawnpandéysphaiun vmdoos £l dsashafamitide) ibbfiie arbilabad/gm bor i de,
haf ni um car bin&ﬁ‘é)qr hﬂ?ni umfluoride as the single |argest constituent of
the ceramic Fifgof bafafumhg. [0018] Another exenpl ary enbodi nent of a

t of ' ' t di to th
mventton_ comtTes. Agtet Bomplity R BRI RBRhHE o€ SBrihaSS o

haf ni um ni t ri geocebsfignbppariros h&@rdiﬁ%fd“ih!éfﬂnﬁ‘e%!ﬁl@h d8mpASeshedims L fhb%ﬁﬁg i,de as
the single |argest constituent. [0019] The invention al so provide

sem condut or Nt ceB@iniag appelymetic sutfate; ande lcugter afta teamic mmerial over
above-describ onents to provide ar resistfance. 15 BRIEF
DESCRI PTI ON oﬁ%‘(ﬁ%@e{ 6’8%]0 Hjferip rﬁPé‘?’Hr}SB%lt’%ﬁq“Fn pEide chgdniugn pittdds; st ood

by the fol | owhg@if&bat [ie3ey ¥ P I i he._acconpanyi ng
drawi ngs. [0021] FI ga 1?&?}#%21?1?%?@2& gf‘g%fﬁ%}@gﬂlgﬁg% 588{1113\5%{}& esfﬂF%ﬁ??pr ocess.
[0022] FIG 2cemtivenaolihessramec miavsraal cydtizgy. of a gas ring for a plasma
etching 20 aﬁgﬁ ]altu accordi ngl to an exenpl ary enbodi nent of the
invention. [0 ? FI GRORICE FXGiRPlary enbodimpmiser Comnonantnofrigseaxermduatoy

embodi meqy s OfrocE ' I he.invention. [0024]. FI 4 shows
anot her etch Igr}‘gg n% gﬂlgo %ﬁ%@?ﬁ%&g{@gﬁﬁbg %&QI @Eﬂ@bﬁqlﬂ%rﬁ%eé a ’LOHO%I%LC IEO%”

which comprises hafnium oxide, hafnium nitride, hafnium boride, hafnium carbide

or hafnium fluoride as the single largest constituent.

[0019] The invention also provides semiconductor processing apparatus that

includes at least one of above-described components to provide wear resistance.

15 BRIEF DESCRIPTION OF THE DRAWINGS
[0020]  The invention will be readily understood by the following detailed

description in conjunction with the accompanying drawings.
[0021] FIG. 1 illustrates a conventional plasma spray process.
[0022] FIG. 2 shows a cross-sectional view of a gas ring for a plasma etching
20 apparatus according to an exemplary embodiment of the invention.
[0023] FIG. 3 shows an etch chamber containing exemplary embodiments of
components according to the invention.
[0024] FIG. 4 shows another etch chamber containing exemplary embodiments
of components according to the invention.
25 [0025] FIG. 5 shows an exemplary embodiment of a protective ceramic coating
according to the invention.
[0026] FIG. 6 shows another exemplary embodiment of a protective ceramic

coating according to the invention.



of conponents according to the invention. 25 [0025] FIG 5 shows an

exenpl ary embodi ment of a protective ceramc coating according to the

i nventi orwo[lB02Bp2 FI G 6 shows anot her exenpl ary enbodi neRCTAS030495Dt ecti ve
cerami ¢ coating according to the invention. WO 03/080892 PCT/ US03/ 04061

-6 [0027] FIG 7 shows an exenplary enbodi ment of a nonolithic conponent
according to the invention. DETAILED DESCRI PTI ON OF THE PREFERRED

EMBCDI MENTS [0028] The invention provides conponents that have wear
resistance with 5 respect to physical and chem cal attack by plasmas
generated in sem conductor material processing apparatuses. As used
herein, the term"wear resistant” includes, but is not limted to,

erosion, corrd80%H akliGo? stows aséxempligsntivdihatiofhanelitfibRofBoRAAENt s are
conposed of wear resistant ceramc materials. [0029] In some exenplary
enbodi ment s, (RECTEBIEIOBA YN ude coatings 10 conposed of erosion
resistant ceramc materials formed on substrates. For exanple, the
conmponents can include substrates and one or nore erosion resistant

ceramic coat i ngs DEFAHMID DESEREMPRONWE THE PRIGERREISEMEODIMIEQEEON and.
being non-netallic materials, are also resistant 10 COrrosi dror
corrosi on- er o30@8]  The doEntien provisdes emmpprentsytheirtave iweantesisdnct vt nvent i on,

15 i st essenti al of wear resistant ceramc
mator a0 For®BRaBPLY S cBRBEAL Mk by plasgng gereraid i somicanductor

sem conduct or I : I . rding to the

i nvention, t hgﬂé&rﬁdlpcﬁdécnet@%ﬂ%() %@gﬁg?ﬁ%&“%&#’qﬁgﬁmﬁf5g§1§?ﬁtc materi al s
can be conpondmiulesf butripaoalimiedtd, erosivm eeaskidg andRATERBLEEERIsin 20 [ 0032]
The invention al.so pr QI\/i des sem conductor processing apparatuses that

i ncl ude one oftSRNCHf W@Wﬁ%ﬁéﬁ@Hﬁlﬂ&?ﬁg@%‘d?araﬁSlB@atsQermaMmabngds. of a

wear  resistaggopdRt el @lme exemplary embodiments, the components include coatings

10 composed of erosion resistant ceramic materials formed on substrates. For
example, the components can include substrates and one or more erosion resistant
ceramic coatings formed on the substrates. The coatings resist erosion and, being
non-metallic materials, are also resistant to corrosion and/or corrosion-erosion.
[0030] In other exemplary embodiments of the invention, the components can

15 consist essentially of wear resistant ceramic materials. For example, the
components can be bulk parts of a semiconductor material processing apparatus,
[0031] According to the invention, the components composed of the wear
resistant ceramic materials can be components of apparatuses for processing
semiconductors.

20 [0032] The invention also provides semiconductor processing apparatuses that
include one or more of the components composed, at least partially, of a wear
resistant material.

[0033] In addition, the invention provides methods of making components, at
least in part, of the wear resistant materials.

25 [0034]  As stated above, the invention is applicable to any suitable type of
component. The invention provides effective wear resistance to the surfaces of
components of semiconductor material processing apparatuses. Those skilled in

the art will appreciate that the wear resistant materials according to the invention



[0033] In addition, the invention provides nmethods of making conponents, at
|l east in part, of the wear resistant materials. 25 [0034] As stated above,

t he i nvenwoma/os@sappl i cable to any suitable type of conp®eanisos/i4eel
invention provides effective wear resistance to the surfaces of conponents
of sem conductor material processing apparatuses. Those skilled in the art
will appreciate that the wear resistant materials according to the
invention WO 03/080892 PCT/ US03/ 04061 -7 can be applied to different
processing apparatuses useful for processing different sem conductor
materials. In addition, the wear resistant7-materials can be applied to
different conponents in the processing apparatuses. Such exenpl ary
conponent s i nchode applied @r diffarent piotkdstg dpparapaes Sse@il Br ?f@%éﬁl@ﬁ@f’eﬁiﬂt vacuum
5 chanber, such as, for exanple, chanber walls, substrate supports, gas
distribution SEYNGOBRECIPTERlsHRNy laradditione hesveas aedistans materials cambe appied et c. |

component s, saehuazeR BRIt s B B TaGSHAE ARt 4RS! S GBRBR namper
val |'s, and t heonplssentf BRARL, BeCAE BbMEmie i) Pat@¥EA IR dliforVaBlph st Stant

material s_can conprise at 10 | east one of hafnium strontium dysprosium
and | ant hanumchambeye sughedse orsetample, chambérawals Isybstategeppotte,caak distridgonand

' ' ] i cal t hem cal s, which are
et eved to pr oV el MERRERh dintls fter, Soalherlc o iessroriminins
Preferably, tBRmiR! plfiaSARhs, TR, tdhSd RIS SofBEndhs NALR LM, X! de.

eor la 0h Ay él]%f“%{:ﬂé’

1
stronti um oxi de, dysprosium oxl . anum oxi . Fargest
15 const i t uentrms, fagtenarsrianércandetuteri chhmbEx@alN, any tesiiasi ments of the

ceramic materials can conprise any one or nore of these oxides. O her
constituents H{gﬁsf chFOEgmgﬁ‘é hsgiayention; fe wear apsigantanasetials samcempiscati bed

' I ko bel | | ainin eram c terials according
| detarhobe! o GRCHsfe, VAR SN AL AEEARS, TRt HEhRRR IR
| ar gest const atreletitely large 2dlEame b asd m%%ﬁtivélPQnéﬁmﬁ%eﬁeef;ﬁ%ﬂfc _

ni um oxi de. e“haf ni um

cerami c materials can consist essentially of ha ( .
cont ai ni ng cef&hing chemigaisa whighaaredieeved to provide a reduced erosion rate in plasma

environments. Preferably, the wear resistant materials comprise one of hafnium

oxide, strontium oxide, dysprosium oxide or lanthanum oxide as the single largest
15 constituent of the ceramic material. Exemplary embodiments of the ceramic

materials can comprise any one or more of these oxides. Other constituents that

can be included in the ceramic materials are described in detail below.

[0036] The hafnium containing ceramic materials according to the invention

preferably contain hafnium oxide (hafnia) as the single largest constituent. In

20 some embodiments, the hafnium containing ceramic materials can consist
essentially of hafnium oxide. The hafnium containing ceramic materials can also
contain other hafnium containing ceramic materials other than oxides, including,
but not limited to, at least one hafnium boride, hafnium fluoride, hafnium nitride
and/or hafnium carbide, or mixtures thereof.

25 [0037] According to the invention, the hafnium containing ceramic materials can
contain other ceramic materials other than, or in addition to, the above-described
hafnium oxide, boride, fluoride and carbide materials. These other ceramic
materials can include, but are not limited to, at least one oxide, nitride, boride,

fluoride and/or carbide of elements selected from Groups IIA, IIIA, IVA, VA,



contain other hafniumcontaining ceramic materials other than oxides,
including, but not limted to, at |east one hafnium boride, hafnium
fluoride,wbaBnsugm nitri de and/or hafni um carbide, or m xtarasos/®seof. 25
[ 0037] According to the invention, the hafniumcontaining ceramc materials
can contain other ceramc materials other than, or in addition to, the
above-descri bed hafnium oxide, boride, fluoride and carbide materi al s.
These other ceramic materials can include, but are not limted to, at

| east one oxide, nitride, boride, fluoride and/or carbide of elenents
selected fromGoups I1A I1IIA VA VA VO 03/080892 PCT/US03/04061 -8
VIA, VIIA VIIIA 1B, 1IB, 111B, 1VB and VB of the periodic table; and/or
one or nore oXiAdeVIIA; (Villlde [BbHB| KB, fVBiand %8 of the peHbdR Hie.ami/& Glept of
the actinide series (i.e el epent s having an atom ¢ nunber of 58-71). For

exanpl e, haf niBPHe QL tRidpgberides fugride prearhide of anyl clemsnt of thoractinide
il . At o tori al

Gescri bed bel Sepeofieremeag Ay 3 ARe wiEgE BHI-G0 Boreithal? st oxi de

(zirconia), alcomiaining oethahéc fateriaisNand alBd SrbHitiHE EoHHne, q?ﬁ(ersﬁﬁﬁla) . [0038]

The strontium cont ai nirgﬁ ceram c nmaterials according t0 I'nvention
preferably cofPRiaiIRg ashlanthanenicostaining materia)s descritved twlovg) @nl tergBet with

constituent. . 10 odi ments, the strontiumcontajning ceramc
material s can Iy@g}lﬂsnl %;?18%@5@-% i 4FGOMUmR 0%ide S7FGaniA) odlipdnuny gsider(plgminalm
contai ni ng cenadioe coMifloxileSc6ad). al so contain other strontium containing
ceramc materials other than oxi'des, including, but not limted to, at

| east one st r &038im Blag stoetivet candining cbtangit ntteerialSAdcodihs @ BetifivBon

strontium car biege g{r m xtures, thereof. 15 ;0039] _According to the
i nvention, th8'CE1AB FUMAR Strenitm AYide éstenntie) anthe singleslargeshcanstitient It her

ceranic teri ; i-n_addit.i.on to, .the above- descri bed
stronti u?n@oxi (hj%%lé S%E)P%&ﬁ’il%er ﬁfd)éllt lgrr?d‘g) gl ar‘%‘f’%éeﬁ?ﬁ’c‘%}i}am@% ARLOBSISk her
cerani ¢ mat er bsbstialigrofl snohtice, oxidd. BestRftiubd EOrtARink RerA0 n?a‘[ergﬁ?% GurOx1 des,

nitrides, borjdes, fluorides and carbides of elenments selected trom G oups
1A TIIA | v,also contain other strontium containing ceramic materials other than oxides,

including, but not limited to, at least one strontium boride, strontium fluoride,
strontium nitride, strontium carbide, or mixtures thereof.

15 [0039] According to the invention, the strontium containing ceramic materials
can contain other ceramic materials other than, or in addition to, the above-
described strontium oxide, boride, fluoride and carbide materials. These other
ceramic materials can include, but are not limited to, one or more oxides, nitrides,
borides, fluorides and carbides of elements selected from Groups IIA, IIIA, IVA,

20 VA, VIA, VIIA, VIIIA, IB, IIB, IIIB, IVB, and VB of the periodic table; and/or
one or more oxide, nitride, boride, fluoride or carbide of any element of the
actinide series, as described above.

[0040] The dysprosium containing ceramic materials according to the invention
preferably contain dysprosium oxide (dysprosia) as the single largest constituent.
25 In some embodiments, the dysprosium containing ceramic materials can consist
essentially of dysprosium oxide. The dysprosium containing ceramic materials can
also contain other dysprosium containing ceramic materials other than oxides,
including, but not limited to, at least one dysprosium boride, dysprosium fluoride,

dysprosium nitride, dysprosium carbide, or mixtures thereof.



20 VA, VIA, VIIA VIIIA IB, IIB, I1IB, 1VB, and VB of the periodic table;
and/or one or nore oxide, nitride, boride, fluoride or carbide of any

el enent oWwotodmsosarti ni de series, as descri bed above. [004@CTAIse3/04p8Pr 0OSi UM
containing ceramc materials according to the invention preferably contain
dysprosi um oxi de (dysprosia) as the single |largest constituent. 25 In sone
enbodi nents, the dysprosiumcontaining ceramc materials can consi st
essentially of dysprosium oxide. The dysprosi um contai ning ceramc
materials can also contain other dysprosiumcontaining ceramic materials
ot her than oxides, including, but not li#¥ted to, at |east one dysprosium
bori de, dysprosiumfluoride, dysprosiumnitride, dysprosium carbide, or

m xt ures ther #41] W@M%@S@ﬂld’lﬁfémﬁﬁ%ﬁlt@ﬁﬂmsmﬁl EAfidihgAeemnidinideris t he

i nvention, the dyspr.osium containing ceram c materials can contain other
ceram ¢ mat er F&} gorg’i‘lﬁ Sthericsramie materakgether HAnL ¢, mtﬂdélt@bd()eﬂled’bsvﬁ-l bed

dysprosi um OXligﬁ%nbé’@ays‘i)‘%oiﬁ%‘b%%u%oﬁ@é’ fﬁ%rﬁf‘%ﬁiitc%t? e'l%a%{la Bea ees%h]gl%{‘)m de,

ceram c materi can Inc t aré not

nitride, 5 bocérdmjc fnhtedinlsctandndady, b@aﬁﬂélrﬁ)@hﬁﬁte@'t@”ﬁﬂéa%t Sl Gﬁﬁé’dm{rﬁd%m Gr oups
[TA 11 I VA, . VA, VIA VIIA V|||A IB, IIB B, VB and VB of

peri odi ¢ 1 abl Beridg, dJusride gnd/op carhistecofpteraents sﬁlmteddﬁrpmtfamupe TLA, I Tic, mm or
carbi de of an eI f C escr,i ed above. [0042]
The | ant hanumxlcdn\tﬁar‘&:aﬁ g, Vtﬁg‘m@ hﬁt g?]?’aﬁgé ﬁ%‘i})’ n‘gef’ﬁn? ie iemdiasn 10
preferably COGﬁ@bInmbﬂﬁéﬂé@Lkﬁirﬁfé' Heridd, EHHO%Q%} cAdidd s ﬁlb’@élﬁedt%li‘%?ét
constituent. In sone enbodi nents, tRe | anthanum cont arni ng ceramc

mat eri al s canaciiidsi &crlea%eie'sardjethabo% | ant hanum oxi de. The | ant hanum

cont ai ni ng Ce{@&f rxlﬁj(g | s can also contain other |anthanum containing
cerani c mater ot HeriaRtRanyng coRfalgung GegpaniG ngerialp aecording to thetiavention at

B bk e s I U e
t he | ant hanunsonen¢mbaodimgnis pthe MuthdREEdridifing GRG0 ML R aM C
materials other than, or in addition to, the above-
essentially of lanthanum oxide. The lanthanum containing ceramic materials can
also contain other lanthanum containing ceramic materials other than oxides,
including, but not limited to, at least one lanthanum boride, lanthanum fluoride,
15 lanthanum nitride and/or lanthanum carbide, or mixtures thereof.
[0043] According to the invention, the lanthanum containing ceramic materials
can contain other ceramic materials other than, or in addition to, the above-
described lanthanum oxide, boride, fluoride and carbide materials. These other
ceramic materials can include, but are not limited to, at least one oxide, nitride,
20 boride, fluoride and/or carbide of elements selected from Groups IIA, IIIA, IVA,
VA, VIA, VIIA, VIIIA, IB, 1IB, IIIB, IVB, and VB of the periodic table; and/or
at least one oxide, nitride, boride, fluoride and/or carbide of any element of the
actinide series, as described above.
[0044] According to the invention, the ceramic materials can comprise mixtures
25 of the above-described hafnium, strontium, dysprosium and lanthanum containing
materials. In addition, the ceramic materials can comprise mixtures of hafnium,
strontium, dysprosium and/or lanthanum containing materials, and additional
materials, including, but not limited to, one or more oxides, nitrides, borides,

fluorides and carbides of elements selected from Groups IIA, ITIA, IVA, VA,



descri bed | ant hanum oxi de, boride, fluoride and carbide materials. These
other ceramc materials can include, but are not limted to, at |east one
oxi de, niwpiodesos2D bori de, fluoride and/or carbide of el eremtisoyeloect ed
fromGoups II1A [IIA VA VA VIA VIIA VIIIA 1B 11B, 11IB, VB, and
VB of the periodic table; and/or at |east one oxide, nitride, boride,
fluoride and/ or carbide of any elenent of the actinide series, as

descri bed above. [0044] According to the invention, the ceramc materials
can conprise mxtures 25 of the above-descri bed hafnium strontium
dysprosi um and | ant hanum containing matedDals. In addition, the ceramc
materials can conprise m xtures of hafnium strontium dysprosium and/ or

| ant hanum cont\éitni VIGANMIEA;, 3B sITBAHIB AVE tdndVB; afiibiesicddsSmotd \Giddifigidebut
not limted to, F'iane or.nore oxides, nitrides, borides, fluorides anél’
carbi des of el’9REht Quridecer capbide gfuy eJeipent afAhe potinide sevias, asAlesaihed3/ 080892
PCT/ US03/ 04064p5ycl0 VIA, VITA, VIITA, TB, IIB, 111B, 1VB, and VB, and/or
one or nore oxide, nitride, boride, fluoride or carbide of any el enent of

the actini de $@045s, iasrddesctiy kefinighRViBle cﬁﬂ%ﬁlaltibﬁ 50? efiehohil n]idé't%(riaﬁé)

mnimze fhe contami nation of electronic materials processe n equi pnment
i ncor por afi ng PERESSSH IREARPIgRhinoenporAting e wmmady dpfodai Lsaroming, sprefiianum

containing co cecording to the invention, it is desirable for the
cerani c mater %&QF@ télﬁha%u CONH NG §OmBARTEY AeCoRding to the dpveationy ihisdesirabtount s

of potenti al | Yorahetardhfiedtiafgia@l s transition netals, alkali
metals or the |ike. For e;g&ngﬁeér?%%ﬁﬁm nsﬂgl%lset’re%}t ?ﬁ&%&é&gwgﬁw%d
| ant hanum 100€pefentialiyrepntaninating claments,aush aatrafeticifikiald, Qi m@Yk St O
avoi d on-waf ebﬂ ﬁ%ﬂt m nat i fn of 1010 atons/cn? or higher, prefer ablry 105
atoms/ cn2 or eg1 r . FOTpapptes the hatpiyay stropfivmi dyspreséym and landhasum purity of
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contai ni ng cecamiminatidreof #0'S apasmnd dhiiRr! PRI TP MU & rpRat h
surface Preferably, these ceramic materials have a purity of at least about 99%, and more

preferably from about 99.99% to about 100%.

[0046] In addition, the hafnium, strontium, dysprosium and lanthanum

15 containing ceramic materials according to the invention have a smooth surface

finish. Preferably, these materials, applied as coatings or formed into monolithic

components, have a surface roughness (RA) of from about 5 to about 400 pinch,

and more preferably less than about 200 pinch.

[0047] The hafnium, strontium, dysprosium and lanthanum containing ceramic

20 materials according to the invention can also provide a high bond strength to the
underlying substrate. Preferably, these materials applied as coatings have a tensile
bond strength of from about 2000 psi to about 7000 psi.

[0048] Also, the hafnium, strontium, dysprosium and lanthanum containing
ceramic materials according to the invention can provide low porosity levels,

25 which is advantageous to minimize contact of aggressive atmospheres (e.g., HCI
containing atmospheres) with the underlying substrate, and thus subsequent
corrosion, erosion and/or corrosion-erosion of the substrate by the aggressive
atmosphere. Preferably, the ceramic materials have a porosity of less than 15% by

volume, and more preferably less than about 3 % by volume.



finish. Preferably, these materials, applied as coatings or forned into
nmonolithic conponents, have a surface roughness (RA) of fromabout 5 to
about 400wbpruciogosomand nore preferably | ess than about 200 ipaahuso/@ddi7r] The
haf ni um strontium dysprosium and | ant hanum contai ning ceramc 20
materials according to the invention can also provide a high bond strength
to the wunderlying substrate. Preferably, these materials applied as
coatings have a tensile bond strength of from about 2000 psi to about 7000
psi. [0048] Al so, the hafnium strontium dysprosium and | anthanum
containing ceramc materials according tdithe invention can provide | ow
porosity levels, 25 which is advantageous to m nim ze contact of aggressive

at mospheres (08491 HOL addition,ahe ha@ivat, eptiene a8y sprbdiimt e HRESUYI NY
substrate, and tpus subsequent . corrosion, erosion and/or corrosion-erosion

of the subst r &8N FEraBygPetsialsaccendinssiorbe ivemiiest eangproyidetaisgiter ani ¢

mat eri al s hav ik 1es % by .vol une, .and re preferably
| ess than abog}a?%&og/g @;ﬂe%/%ﬁ ﬁfongl_t)ﬁv@r%ﬂg%géggezc %fﬁ&@é@f%d@ie aﬁﬁdIFéﬁMQ] I n
addi tion, the (HMQy) ofifrost sisuut 2000 howp8OSI um and | ant hanum cont ai ni ng

ceramc ngt erials according to the invention can provide a high hardness
to resist>erodD®¥W] prhe abeierdescrilied Ceeamaigimatenitle carmpovivevdesizatla@aes s

(HV®) of fro 0. t.0 about.800.. 5 [0050] The above-described ceramc
material s can %@%@%&ﬁg%%h?saﬁlr HSBRFCIICIENEIOn REQCeR R RINATaS, fSieh as doi n

sem conduct or epifpRSplaila RAFhEYSrs. f : | pl.asma .et ch
chanbers. In particular, ahaf ni um t%}psst r%i(;i tft%%ﬂarﬁgéfg}uglg%nﬁgﬁ%dysi’ﬁ?%‘érﬁum
cont ai ni ng cepadlantmatier ¢olizniog cemnmy ideraly daqREvIIB I fERE KR IME BedubON

i nduced erosion agd ssociated |l evel s of particulate contam nation 1n
pl asma 10 realtbiCl af1en apg asspeiated devielsnafi nasticwate wowgininatiandn pasihanum

conta 18, C88leyRb! Al B S HBBRIASET e
wear resi st anteramiamiatriaht @hiadopraeeQittieNgirGubifarts WAttt H5th HRYsilA
attack and chemical attack by plasmas.
[0051] The wear resistant ceramic materials according to the invention can be
used in various different plasma atmospheres for etching and deposition
15 applications, as well as other uses. For example, typical etch chemistries include,
for example, chlorine containing gases including, but not limited to, Cl,, HCI and
A BCl,; bromine containing gases including, but not limited to, bromine and HBr;
Oxygen containing gases including, but not limited to, 0,, H,0 and SO,; fluorine
containing gases including, but not limited to, CF,, CH,F,, NF;, CH,F, CHF, and
20 SFg; and inert and other gases including, but not limited to He, Ar and N,. These
and other gases may be used in any suitable combination, depending on the desired
plasma. Exemplary plasma reactor etching operating conditions are as follows:
temperature of from about 25°C to about 90°C; pressure of from about 0 mTorr to
about 100 mTorr; gas flow rate of from about 10 sccm to about 1000 sccm; and
25 plasma power of from about 0 Watts to about 1500 Watts.
[0052] In an exemplary preferred embodiment of the invention, the hafnium,
strontium, dysprosium and lanthanum containing ceramic materials are provided as
a coating on a substrate. These coatings can be applied by methods known in the

art. A preferred coating method is thermal spraying (e.g., plasma spraying). In
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i rious different plasma atnospheres for etching and deposition
;Zgﬁi Lgt;/gns, as well as oltoher uses. For exanple, typical etch chetrsn ISU!?Zd
i ncl ude, wbaws/ogngarpl e, chlorine containing gases includi n@CTHSO3/OMO61 | im ted
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to’ br o’m' ne and HBr; oxygen containing gases including, but not ||m_t_et o
to1 02, H20 and SQ2; fluorine containing gases including, but not |im
to, CF4 CH2F2, NF3, CH3F, CHF3 and 20 SF6; and inert and other gases e
iné:l uding, but not limted to He, Ar and N2. These and other gases may
used in any suitable conbination, dependi r-on the desired p:c aislrrg\.NS_
Exenpl ary plasma reactor etching operating conditions are as fo X .
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spraying techisdiyrdniis hélesy iﬁcﬁgpﬁggtg]ggggggerén%e%ggge .only on the sides

facing the thermal spray gun, sking can % o pr ot ect .ot her

100531 Atmartiaila faydd@eined RptGuRSmethbe sl 1391
2|roreg3s/i ngoma/lreg Qeﬁjgri brelgﬂri n 'Igﬁlemgci ence and_?égglgneer.! ng%?%glf %glﬂgspr ay
Coating by Pa\ﬁ?%mépfftyd%?@wq wipd tq go®)everT fritgcatel éteniominirBoes of dhemdby

in _j ' icularl ferred
thormal - opr ayi g P K8 GrisbRgfE FIG: 1 gulsteas mEgmammppessinbe used to
e ;
coat even i nt pracatse Thd ejadtiag Mﬁa@?@@afg irgﬁl%’fgﬁﬁ%f ai%m%@p%?%ggi@gcq%ﬂg er

. FIG 1. illustrates a typic llasma spraying proe
ggg}[) iozgntnit er %‘5‘]’ a high temppratgretasntaoiiameo 1 4upovigeia dilSxterins] PRI RE RS 132

The powder is rapidly heated and accelerated to a high velocity. The hot material

impacts on the substrate surface 116 and rapidly cools to form a coating 118.

15 [0054] The plasma spray gun 120 comprises an anode 122 and a cathode 124,
both of which are water cooled. Plasma gas 126 (e.g., argon, nitrogen, hydrogen,
helium) flows around the cathode in the direction generally indicated by arrow 128
and through a constricting nozzle of the anode. The ‘plasma is initiated by a high
voltage discharge, which causes localized ionization and a conductive path for a

20 DC arc to form between the cathode 124 and the anode 122. Resistance heating
from the arc causes the gas to form a plasma. The plasma exits the anode nozzle
portion as a free or neutral plasma flame (plasma which does not carry electric
current). When the plasma is stabilized ready for spraying, the electric arc extends
down the nozzle. The powder 112 is so rapidly heated and accelerated that the

25 spray distance 136 between the nozzle tip and the substrate surface can be on the
order of 125 to 150 mm. Plasma sprayed coatings are produced by molten or
heat-softened particles caused to impact on the substrate surface 116.

[0055]  According to the invention, surface treating techniques, such as cleaning

and particle blasting can be used to provide a more chemically and physically



into a high tenperature plasma flanme 114 usually via an external powder
port 132 The powder is rapidly heated and accelerated to a high velocity.
The hot maDeBiosis92 i npacts on the substrate surface 116 anecmagsosth4p6rool s to
forma coating 118. 15 [0054] The plasma spray gun 120 conprises an anode
122 and a cathode 124, both of which are water cool ed. Plasma gas 126
(e.g., argon, nitrogen, hydrogen, heliun) flows around the cathode in the
direction generally indicated by arrow 128 and through a constricting
nozzl e of the anode. The plasma is initiated by a high voltage discharge,
whi ch causes | ocalized ionization and a corsductive path for a 20 DC arc to
form between the cathode 124 and the anode 122. Resistance heating from

the arc causesadtive sgefscet for bonding. Priag idcoaling, BleasfMcEf the shfgragRde nozzle
portion as a fre neutral plasma flane (pi asma whi ch does not carry

or
electric cur rlél}?f%r?blmowmy §leaBedhtoj remove bhddsizable serfdge materiaprsayh ag, t he
electric arc exl; e zzle. .Th owder 112 is so rapidly heated
and accel erat eﬁhfgﬁgﬁ %rﬁée%gsrf l{s%ps}l g@ced#a\@t %}ﬁocge g@@ et Sr‘ﬂétaWSﬁthbOC{iSpdand
the substrate suritatetiaa pher ©Eohiie. Phideh i RlLasma sprayed
coatings are produced b%nprrpl ten .odr’wg heat - S%ﬂegﬁégn%%?%?@r@rgagégge& to
i mpact on >t he &aHahle frdbonditiga sdidiBerep@B3Eq codting bohd gtrémth NS hi R¥ESH | on,

surface treati echni ques,, such as cleaning and particle blasting can be
used to provi dgglgfgéengrrozﬂecﬁaémlﬁoapﬁ?‘%%Hleﬁ?ﬁpé‘iaé g%rlyg POUTGI G080 the coating

PCT/ US03/ 0406 kyith 4 sapitiate surface for bonding. Prior to coating, the
surface of the substrate is preferably thoroughly cleaned to renove

undesi rabl e sUff3de Fet elnimhym sexctora®mpoxtlesi RprofeeAdCio AMRIAYRLE aGgacgan

al so be roughened by any suitable method, such as grit blasting, prior to
coating. This Q?E]Ef‘g?féﬂ?(}%nﬁ t 184 bg cpated pripr tcewating,2b\6 nav eiughkih ehef or

orofi 16 oo Al e e Aol b ¥ideS PR bairom oRI0T 1 n. coat i ng
\;,)Mr tep e£ 2§| Zu? zugﬁlgglil, ;@eﬁ?ﬁ?ﬁg E??%‘?gw%}? H{@ﬁ@@%ﬁ%&%@ﬁ{@? a?} eisastta{:%otglec oat ed
prior to coat URgerlHNg alwgtingray Jeranpieed aluminum layer formed on alyminum
substrates, such as 6061-T6 aluminum, can have any suitable thickness. For
example, the thickness can be typically be from about 2 mil to about 10 mil. The
15 anodized surface can have any suitable finish. For example, the surface finish can
have an RA value of about 20 pinch to about 100 pinch. The anodized layer can
be sealed by any suitable technique, such as by using boiling deionized water.
[0057] Hafnium oxide, strontium oxide, dysprosium oxide and/or lanthanum '
oxide containing ceramic materials according to the invention are preferably
20 applied using a plasma spray process. However, any other coating method
suitable for use with ceramic materials may also be employed. For example, the
hafnium oxide, strontium oxide, dysprosium oxide and/or lanthanum oxide
containing ceramic coatings can also be applied by sputtering, sputter deposition,
immersion coating, chemical vapor deposition, evaporation and condensation
25 (including electron beam evaporation and condensation), physical vapor
deposition, hot isostatic pressing, cold isostatic pressing, compression molding,
casting, compacting and sintering, and thermal spraying.
[0058] In some preferred embodiments of the invention, the hafnium, strontium

?

dysprosium and/or lanthanum containing ceramic components are used in a high-
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Pher mal spr ay ae  EGOLRT £ AUgia B35 Bne et T Baaan e stch wHCDhe Asnkowh ion
the haf ni um sFiG rﬁ,itpmnairﬂ?@ﬁﬁ%h% g}/isggg%gg s@@mgﬁ%ﬁ SUDDPAC 4 Ihe y
ol a5 T react {afbol@#%j@;tgﬁﬁ!gloéﬂgﬁ gasaticod0 aontdite £ rinyRRaicd daiuidihs BERGTEH. P! asma
et c_hf react or | ﬁf@%@%@%@fao Lg%ﬁf@?&%&&i@g& %;s'g;ggg ttaubls0as C12, HBr, .
CE G, SB0DP. i 85 A, L ORI e, e L o
?tnt E)hte hg ngzt?g; gam?giregﬂﬁfﬁ%osﬁdg ?:&r’]\ﬁlg?é%%%fdr{dﬁgu% Stbjets gog'&&)gﬁggjy Oﬁﬁ,gg a
gﬁggt ?; t eAz u;gg%sﬂgﬂ _ane}rﬁgrrosibmerosion. To protect these surfaces, the gas ring is
typically covered with an aluminum oxide layer. This layer is, however, relatively
brittle and can crack during repeated thermal cycling of the reactor during use.
15 Cracks that form in the anodized layer can allow the corrosive process gases to
attack the underlying aluminum layer, reducing part life and contributing to
metallic and particle contamination of processed substrates, such as wafers, flat
panel display substrates and the like.
[0060] According to exemplary embodiments of the invention, the exposed
20 surfaces of the gas ring can be covered with a coating 42 of a hafnium, strontiumn,
dysprosium and/or lanthanum containing ceramic material. The ceramic materials
can be coated on a bare (with or without a native oxide surface film) aluminum
layer or on an aluminum oxide layer (e.g., aluminum having an anodized surface).
When coating the gas ring, the coating can be allowed to partially penetrate into
25 the gas holes to coat and protect the inside walls thereof, but without obstructing
the openings. For example, the gas holes can be plugged or masked during the
coating process.
[0061] Other components of the TCP 9400™ etch reactor that can be exposed to

the plasma during processing can also be coated with a hafojum, strontium,



e of the gas ring 40 contains a ring-shaped gas-guiding trench
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all ow the corrosive process gases to attatk the underlying alum num a¥$0h
reducing part life and contributing to netallic and particle contam na

dspros inf | 1O a@dridi rates and
Phe’l ke [0060 Accorl n6 Lo ool i oD A e B P he
exposed 20 sur]f‘é(‘caf%éonof fﬂ‘ﬁg cgawopsniyyinghide bior caappled cuimber availsathiamghed 2 of a

i i SRIAS] Lar lant hanum cont ai ni ng_ceram c
Tt or i al . The et chuelBR d S RO Hsic B oS Sepesi derbter wi t hout

native oxi de sRuokities é changaicanidminto haRenin 09 02 REHEAN P GRcliRY

1 havi ng an anodi zed surface). Wen ating the'g
gﬁégéba? : 9 CaIPVERE: WG elertynstatic shick, peoadesaidditiont Dprdtectibe (s JAQLES t O

| NS] i t hout obstructing the
coat and prot : nside.wall g.thereof, but wt (
openi ngs. For e@ﬁ%?%%m% Csdn Wiﬁlfé‘sa WAPT B gy nigtsatianst theeppedsudtace g thehe

[ M etch reactor
roce i & 8 1 the TCP 9400T
fﬁ:tl (r:]gnpbe e>57<‘$lgg]£eg;qtﬁoa dﬁe%ﬁ@sﬁqgﬁﬁaﬁ%?ocesm ng can al so be coated

wi th a haf ni urtP0&r oAmother exnpI3YORIRIRORGHHISAGHO 46 2an inuah ¥ELhARH

l'ant hanum contai ni ng ceram ¢ material according to the 1nvention.
?Rg/sgrco?rgoneﬁﬁgn e PTosiyp aadionnshany maeaining (cemymic mzatdials adcordng to

Provi di ng . comt Mnerers () TERGLT RO RARROE S fek Soctmaiave of a
chucking 5 deviome LasuRéscarchaTorpbaibh 66 Fathdnt COMGSrmiRy SWhd6s 339kt 5Pl
protection to réarc]:?orccr(])um%léises a reactor chamber 150 that includes a substrate support 152
including an electrostatic chuck 154, which provides a clamping force to a
substrate (not shown) mounted thereon. A focus ring 170 is mounted on the
15 substrate support 152 around the electrostatic chuck 154. The substrate support
152 can also be used to apply an RF bias to the substrate. The substrate can also
be back-cooled using a heat transfer gas such as helium. In the 2300™ etcher,
processing gases (e.g., Cl,, HBr, CF,, CH,F,, O,, N,, Ar, SF6 or NF,) are
introduced into the chamber 150 via a gas injector 168 located on the top of
20 chamber 150 and connected to a gas feed 156. The gas injector 168 is typically
made of quartz or a ceramic material such as alumina. As shown, an inductive
coil 158 can be powered by a suitable RF source (not shown) to provide a high
density (e.g., 10" - 10 ions/cm®) plasma. The inductive coil 158 couples RF
energy through dielectric window 160 into the interior of chamber 150. The
25 dielectric window 160 is typically made of quartz or alumina. The dielectric
window 160 is shown mounted on an annular member 162. The annular member
162 spaces dielectric window 160 from the top of chamber 150 and is referred to

as a "gas distribution plate". A chamber liner 164 surrounds the substrate support



during cleaning cycles in which a wafer is not present and the upper
surface of the <chuck is thus directly exposed to the plasnma. [0062]

Anot her ewermplosasy2 pol ysilicon etch reactor that can inclu@eTtuses/abni um
strontium dysprosium and/or | anthanum containing ceramc nmaterials
according to 10 the invention is the VersysTM Polysilicon Etcher or 2300TM
etcher also available from Lam Research Corporation of Frenont, California,
as shown in FIG 3. The reactor conprises a reactor chanber 150 that

i ncl udes a substrate support 152 including an electrostatic chuck 154,

whi ch provides a clanping force to a substg-ate (not shown) nounted
thereon. A focus ring 170 is nounted on the 15 substrate support 152 around

the el ectrostai’% @hechambet. 15Than alsbshdladeEssdBRVak: Iﬁi&n@ edsed to
apply an RF bigs to the substrate, The substrateac%% I's %ko@p%aag%-@§ | ed
usi ng a heat tgﬁ’ﬁ‘gﬁé‘i’r Hamntayan thesingesior winthe chattver 260 0ddiledtpebisiive. Pr ocessi ng

gases (e.g., Br, 4 F2, . N2,. Ar, SF6 or NF3) are introduced
Phto the chambiP6ibo i@asggggﬁt?ﬁ BT Seiace 56 AeAcPTomneaentspsuch ag the
chanber 150 anshnolinmeshieg 160, dickegic $Rdow %0 I#lﬁtﬁéssugg&gﬁgg qég;%ﬁé ﬁgﬁovm

typically _made of quartz or a ceramc material suUCh

an i nduct Pve & 18as BEecteI] G8e fonuaeingdl 70yand thelblbetbbseaiBReLSOkI S£ #OknGeWn) to
provi de a hi gl"!c 1012 ions/cnB) plasnma. The I nductive

nS.i,t e.q.,,..1011-
coil 158 coupl' @ ﬁﬁ‘%ﬁ&&ﬂy&%ﬁ&f&ﬁlmme@tmm@m Hckovesie0 andrfoo lankteniimt er i or
of chanber 15Qonikiag i | i 160.i s t.ypi cal made _of quartz or
al um na. The di (Ialf ec?%?%ﬁh% ﬁ%ﬁ)ﬁag%%vbﬂgﬂévhoo@% lmhgﬁ'd%rﬁlhéwndﬂh@aﬁ, menber
162. The annulsalecied ititerior Gifificepais cHuRbECIIV HdWuBALMNE gtg)%o;trﬁ?%ﬂﬁ%gﬁ% of
ate". C er

chanber 150 ang ig referred to as a "gas distribution
liner 164 sur rOURBE Wi 194153 alsp bepupyided willDa0Da0RHBSR oPCHAMISAS/ 04061 - 16

(ot shoun) Fapat, SRR ol a6 Bl Giaings Grame MR b aobing e
R e T e T L e
substrate supp#iaces sam be Reavided Wine coating according to the invention. As described
below, any or all of these components can alternatively be manufactured from
monolithic bodies of a hafnium, strontium, dysprosium and/or lanthanum
15 containing ceramic material according to the invention.
[0064]  According to the invention, the components can be used in a high-density
oxide etch process. An exemplary oxide etch reactor is the TCP 9100™ plasma
etch reactor available from Lam Research Corporation of Fremont, California. In
the TCP 9100™ reactor, the gas distribution plate is a circular plate situated
20 directly below the TCP™ window, which is also the vacuum sealing surface at the
top of the reactor in a plane above and parallel to a semiconductor wafer. The gas
distribution plate is sealed to a gas distribution ring located at the periphery of the
gas distribution plate. The gas distribution ring feeds gas from a source into the
volume defined by the gas distribution plate, an inside surface of a window
25 underlying an antenna in the form of a flat spiral coil supplying RF energy into the
reactor, and the gas distribution ring. The gas distribution plate contains holes of
a specified diameter, which extend through the plate. The spatial distribution of
the holes through the gas distribution plate can be varied to optimize etch

uniformity of the layers to be etched, e.g., a photoresist layer, a silicon dioxide



5 164, gas injector 168, focus ring 170 and the el ectrostatic chuck 154,
are shown coated with a coating 166 of a hafnium strontium dysprosium
and/ or | awpDlvafsnsp2 cont ai ni ng ceram ¢ material accordi ng t @crhsos/moent i on.
As shown in FIG 3, selected interior surfaces of the chanmber 150 and
substrate support 152 below the chanber |iner 164 can al so be provided
wth a coating 166 of a hafnium 10 strontium dysprosium and/or | anthanum
containing ceramic material according to the invention. Any or all of

t hese surfaces, as well as any other internal reactor surface, can be
provided with a coating according to the ihxention. As described below,
any or all of these conponents can alternatively be manufactured from

monol i t hi ¢ bodfa¥er 1d an adeniayen matriodri ey TR HRRA ALl QLR AR 1
cont ai ni ng ceranhﬁ) material according to the invention. cC dgalsig to
the invention, ' PHEESHBUHR FAtsbe ¥ariadeo peanipulate shendigtibiéos of RE $oies enigtiEd

process. An exg@Epha ' t tor s the TCP 9100TM pl asma etch
reactor avail agll e fg%%ﬁﬁg%%%gsglger é%acﬁf)tfl BHon Plaie is@ dislestein matezial its enabiler. | n
the TCP 9100TMouptiog of thit RE s dinstsh Biel daQMidd; i Lireular. plate
si tuat ed L2?0 directly, hel ow the TCPTI\/%wi na%l\?v?hﬁ%?%ﬁ)%pzatglugﬂg ‘?15639@Euum

rfa

sealing s uriher; j{ds desigblstfor e maerislarf theges dikteibetiaPpMe: Ry Iﬁgﬁlgl lel to
a gas

a sem conduct . e gas distribution plate is sealed to

di stribution ?Lfeﬁfggﬁ ﬁ@a‘ihgguc SE‘H@“}S@&’}D&H&WVEPH@%S, ek aslosygenhurta lopdrp! at e.
The gas di st rifhudro@bdi 286 19350ifl | r inta the volunme defined
by the gas distributi onQ%IIgte, "an ?%éibgéﬁkgaﬁﬁggg%reéu I BRRkCEszensEiony i ng
an ant enna i n a$EiR} thergwith.f | at spiral coil supplying RF energy into the

reactor, and t as_distribution ring. The gas distribution plate contains
hol es of a s&@@? ie’éﬁ?}i %ﬁﬂb{sg?t,esWﬂl@ﬁlaefﬁ@@mmﬁtﬂm@ﬁgbmbm&an)mﬂay@, The spati al

L P S S B B LT Dl o 2
Syer o 51 | S dockODURSEET USROS ot RN 01
distribution fY2@tchkh Bbe suhsirat can bewntipubale@using adiest tridiei £a8 sfh K- power
into the helium. A focus ring 14 confines plasma in a region above the substrate. A
source of energy for maintaining a high density (e.g., 10°°-10" ions/cm®) plasma

15 in the chamber, such as an antenna 18 powered by a suitable RF source to provide

a high density plasma, is disposed at the top of the reactor chamber 10. The
reactor chamber includes a vacuum pumping apparatus for maintaining the interior
of the chamber at a desired pressure (e.g., below 50 mTorr, typically 1-20
mTorr).

20 [0066] A substantially planar dielectric window 20 is provided between the
antenna 18 and the interior of the processing chamber 10 and forms the vacuum
wall at the top of the processing chamber 10. A gas distribution plate 22 is
provided beneath window 20 and includes openings for delivering process gas
from the gas supply 23 to the chamber 10, A conical liner 30 extends from the gas

25 distribution plate 22 and surrounds the substrate holder 12. The antenna 18 can be
provided with a channel 24 through which a temperature control fluid is flowed via
inlet and outlet conduit 25, 26. However, the antenna 18 and/or window 20 need

not be cooled, or could be cooled by other suitable technique, such as by blowing



in the reactor. The gas distribution plate is a dielectric material
ltol)angl e coupling of thi ngF power through the gas distribution plate
into the weastemss25 Further, it is desirable for the matercaluses/o4ohe gas
distribution plate to be highly resistant to chem cal sputter-etching in
environnments, such as oxygen or a hydro- fluorocarbon gas plasma, to avoid
breakdown and the resultant particle generation associated therew th.
[0065] FIG 4 illustrates a plasma reactor of the aforenentioned type. The
10 reactor conprises a reactor chamber 10. A substrate holder 12 includes
an electrostatic chuck 34, which providesl& clanping force and an RF bias
to a substrate 13. The substrate can be back-cool ed using a heat transfer
gas such as h&#s eier e mieue andwindew cpasting escopling Waid reughediighegbove the

te. A source of ene for. maintaining a high density (e.g.,
ig?gt rlglg ions?ré?fsé?r ‘iﬂ%ﬁﬁ@gﬁ? Wigdoay %Wé%&%,‘gﬂubﬁl%lﬂaw, gist enna 18 power ed

i tabl r ‘Ar oVi i ensi.t |l asma,. i s di sposed at
The top of i he H0o7 IESpLARANY B, Ml A BMibdncRbBF Waren RusatBRednam

h : . . ired
unpi ng appar athesubsiratetholdéral Dimihdld én pREEDHY Qh eledfrodthis: Eﬁiﬁl?}?@r eft desire

Br ggsu?e (pp. g.,, below 50 mrorr, typi ca%)l y 1-20 nvorr). 20 _006%h A

subst ant i aﬁe |y PFEAME 1Heads ReWevEr. il égva 20echenips] olinsidg echessm tchg alsabeenna

i i . SSi chanmber, 10 and forps the vacuum wal l
2t the top of Heb° ARy PRARGE BASBRARE ve BrBltbed i Haprops hed tmstee

rovi ded beneatdwedne WuB@ragshd dHekk d 960 RRBEPANS: od Hht D9eRPCEss gas
Promthe gas supply 23 to the chanmber 10. Agé:onl C%H%Ppﬁer % eXtends from

the gas 25 di SRTPP%Wg@haIpb@tH)meﬂlﬁshc p@gﬁaﬁhﬁo&%ﬁ%@gﬁ@gﬁ?gdﬁﬁ r;tzijr-erhe
ided with a channe hrough which
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heat

incorporated herein by reference in its entirety. A high density plasma is ignited
in the space between the substrate and the window by supplying suitable RF power
to the antenna 18.

15 [0068] In FIG. 4, the internal surfaces of reactor components, such as the gas
distribution plate 22, the chamber liner 30, the electrostatic chuck 34, and the
focus ring 14 are coated with a coating 32 of a hafnium, strontium, dysprosium
and/or lanthanum containing ceramic material according to the invention.
However, only selected ones of these surfaces, and/or other surfaces, can be

20 coated with a hafnium, strontium, dysprosium and/or lanthanum containing
ceramic material according to the invention.

[0069]  Those skilled in the art will appreciate that the high density polysilicon
and dielectric etch chambers described above are only exemplary embodiments of
plasma etch reactors that can incorporate components according to the invention.
25 Components containing hafnium, strontium, dysprosium and/or lanthanum
containing ceramic materials according to the invention can be used in any etch
reactor (e.g., a metal etch reactor) or other type of semiconductor processing
apparatus where the reduction of plasma induced erosion, corrosion and/or

corrosion-erosion and associated contamination is desired,



transfer contact with the wi ndow and/or gas distribution plate, etc. [0067]
In operation, a substrate, such as a sem conductor wafer, is positioned on
t he substwatog/obsbzier 12 and held in place by an el ectrost CTaSosrouvkl 34.

O her 5 cl anpi ng nmeans, however, such as a mechani cal cl anpi ng mechani sm
can also be wused. Additionally, helium back-cooling can be enpl oyed to

i nprove heat transfer between the substrate and chuck. Process gas is then
supplied to the vacuum processing chanber 10 by passing the process gas

t hrough a gap between the w ndow 20 and the gas distribution plate 22.

Sui tabl e gas distribution plate 10 arrangdfents (i.e., showerhead)
arrangenents are disclosed in conmmonly owned U.S. Patent Nos. 5,824, 605;

6,048, 798; and087@63 F87 6xareplehothér whrimdnens thitran bp Prati@s Wah Qiddatiye of a
reference in itsg entirety. A high density plasma is ignited in the space
bet ween the s Py SUGRHR LY SRTQsHEG 2R/ OF lagBiapumgontainiag Ceramric paeeial to t he

antenna 18. 1 I 4. internal. surfaces, of. react or
conponents, s 3‘1((:: h&ggﬁ tf?etﬁ% gdsvgh%oﬁls trcihglﬁ’t lig\%tr’?r% Pétt lgméeé{:itot, ﬁ]émghgr?ﬁéi‘s FbsERte3 0,
the el ectr ost dfolders, fastknedd, et@nThefepard @i pidally e dfdin GRMIGE M th a
coating 32 of a hafnium strontium dysprosium and/or |ant har%um cont ai ni ng

ceram c At er iAMiRgEY odicargmio (¢.Be alumioa. i These nioaltiv piasmantyctaratcagiondnones

of these surf ce@ .aﬂglor otl%er surfaces, can be 20 _coated with a hafnium
strontium dy%‘? SIGHY SXRPSH P RIASHaR0hOLER SGW S1egS OF g50siene chrmpsien and/or
accordi ng to tfrokioHRbHQN. oY | o Ml 1. reciate
that the high der?sli ty pé(lggsi I cg’%}tsgﬁgéﬁ}g%(gé:#‘%?@ E{él'f:(?:]ﬁ C a‘gwljbdgrﬂ{se lgggrg}opbed

above are onl yeeksotheadiyectiyteaposed o plasina, bhiasapinsicad be eagdsed o thabsiGan
i ncor porate con?onen S accor di_ng@to the invention. 25 Conponents

cont ai ni ng hafArEnPiSt SREFSURILIEY Sorpricgessethwatrs priet ey i heseford, witreg

eactor (. g, APrERERled ri @ E UL AR sGEalS ohf BB teaiife i

processing ahpfiahusirotiant dybgrosieiald/Giafthain SoRainiUSE Sn R ASkEAR

corrosion and/or_ corrosion-erosi on and associ ated contam nation IS

desired. WO 03rigaws9nd peatingseeyaydms 1o the invention. Such equipment can include
transport mechanisms, gas supply systems, liners, lift mechanisms, load locks,
door mechanisms, robotic arms, fasteners, and the like.

15 [0071] Examples of metallic materials that can be coated with a hafnium,
strontium, dysprosium and/or lanthanum containing ceramic material according to
the invention include aluminum and aluminum alloys, stainless steels and
refractory metals, e.g., 6061-T6 aluminum and 304 and 316 stainless steels.
Because the hafnium, strontium, dysprosium and/or lanthanum containing ceramic

20 materials form a wear resistant coating over the component, the underlying
component is protected from direct exposure to the plasma. Accordingly, the
metallic substrate can be protected against erosion, corrosion and/or corrosion-
erosion attack by the plasma. As a result, metallic materials, such as aluminum
alloys, can be used without regard to alloying additions, grain structure or surface

25 conditions.

[0072] In addition, various ceramic or polymeric materials can also be coated
with a hafnium, strontium, dysprosium and/or lanthanum containing ceramic
material according to the invention. In particular, the reactor components can be

made from ceramic materials, including, but not limited to, alumina (ALO,),



-19 [0070] For exanple, other conponents that can be provided with a
coating of a hafnium strontium dysprosium and/or |anthanum cont ai ni ng
ceram c rwDaBiosl892 according to the invention include, but ParaiSa®o40ki m t ed
to, chanber walls, substrate holders, fasteners, etc. These parts are
typically nmade fromnetal (e.g., 5 alumnum or ceramc (e.g., alumna).
These netallic plasma reactor conponents are typically exposed to plasna
and often show signs of erosion, corrosion and/or corrosion-erosion. O her
parts that can be coated in accordance with the invention need not be
directly exposed to plasma, but may inste&f-be exposed to corrosive gases,
such as gases enmitted from processed wafers or the like. Therefore, other
10 equi prent uskebn carpide ¢8i€Y) sifjcareniirdden@idl, R bosebsdrbile €8, Cpthddrsbrbe
provided with .ha({ nj strontium dysprosium and/or | ant hanum cont ai ni ng
ceram ¢ mat er i # %Wac%%lylé‘ﬁﬂc wéﬁflaxﬁgfgafa@@d?ecﬁoﬂ@dtam pregeriablyghoseahat Buch

ani ¢ 1 . _ . | yahesedtat dac!
P11t “rechant o et difihigh i fisRakte CRANRNL FRR IR BIRERRER . T ast ener s and
the like. 15 [[0073] ExaesiceSof orMbR) ihiebmBBhRNARLS of RalerGRRaPS: GR3ILE W th

a hafnium_ strontium dysprosium and/or |anthanum contai ning ceramc
mat eri al accorketwepn e spifece ofitha substrateribatisl comedimdimhafdum| stomiwm,al | oy's,

st ai nl ess stee nd refractgry netals, e.g.,.6061-T6 alum num and 304 and
316 stainl ess dﬁ%@ﬁ?@ mféé@éf@ﬂmﬁ% CRERHI eq%‘ﬂ“f‘%‘i‘??‘ieﬁ?r{ CQ#iBgr 46U mshas or

| ant hanum contaaddatddh s8I oRBhCAcAS IR B4 i.st ating
over the conponent, toﬁlgj undercl yi % cdgzép)%ﬁg%mgef%ﬁo %cﬁé@fﬁ}erﬁgﬁﬁgrect
exposure to theventiesned fisgt doternedidty codthng 80 toplibhiatlysedattr ot £subaitale0 by
protected agai nst eropsion, corrosjon and/Qr corrosion- erosion attack by

the plasma. A SPuveriigopl teghnigye.j Thegptéiguahfisst injeraediate gpaiivigrRonis safficiondy can
be used wnt hoyi; [.Owi | tions rai tructure or surface
25 condi }tyioons %lfgggg?&lr%?oa@gisﬁ ?égﬂﬂe %gﬂiooﬂﬂgﬂ%reéf]g?ﬁ gr%%ﬁe BEISTAEFPEIOR &R er i al s
can al so be cdatreidlg anidpfiogallvaédtidueratdieicoatifg W%ﬁrt_ﬁéhﬂﬁhﬁﬁ‘,ds/n%ui{lﬁ]f‘t hanum

containing ceramic material according to the invention. In particular, the
react or conpof¥FRIgsiEENANgéor lanthanum containing ceramic material coating 100. The first

intermediate coating 80 and the second intermediate coating 90 can have any
suitable thickness that provides these desired properties. These coatings can have
15 a thickness of at least about 0.001 inches, preferably from about 0.001 to about
0.25 inches, more preferably from about 0.001 to about 0.15 inches, and most
preferably from about 0.001 inches to about 0.05 inches.
[0074] After depositing the optional first intermediate coating 80 onto the
reactor component 70, the first intermediate coating can be treated, such as by
20 roughening using any suitable technique, and then coated with the optional second
intermediate coating 90, or with the hafnium, strontium, dysprosium and/or
lanthanum containing ceramic material coating 100. A roughened first
intermediate coating 80 provides a particularly good bond to subsequently applied
coatings. Desirably, the second intermediate coating 90 imparts a high mechanical
25 compression strength to the first intermediate coating 80 and reduces formation of
fissures in the second intermediate coating 90.
[0075] The second intermediate coating 90 is sufficiently thick to adhere to the
first intermediate coating 80 and to allow it to be processed prior to forming any

additional intermediate coatings, or the outer hafnium, strontium, dysprosium



made fromceram c materials, including, but not limted to, alumna

(Al 2G8), WD 03/080892 PCT/ US03/04061 -20 silicon carbide (SiC), silicon
nitride (OIBKWIG89Doron carbi de (B4C) and/or boron nitride@CrBNp3/o4el yrmeric
materials that can be coated are preferably those that can wthstand high
tenperature conditions present in plasma reactors. [0073] If desired, one
or nore internediate |ayers of material can be provided 5 between the
surface of the substrate that is coated and the hafnium strontium
dysprosi um and/ or | ant hanum contai ning ceram c material coating. FIG 5
shows a coated conponent according to an2dxenplary preferred enbodi nent of
the invention. Afirst internediate coating 80 is optionally coated on a
substrate 70 bmdkaImmhmmnnbommmﬁmﬁmmmhmUﬂm£ﬂhﬁm9ﬂm%Qﬂﬁ'Thé@&bnﬁnter”Ediate
coating 80 is sufficiently 10 thick to adhere to the substrate and to

further allow ETPEAIRE GonEReSQatio san be teaied ; wichian gy aaughsningn aThesrrond!
| anthanur cont At i g Eararie LR g it oo el SR B et 0 ac o

I ant hanum cont ai ni ng ceram<tT” nateri al _ _
coating 80 ancropertiescacidad AtaClRN & £ 168R4B0UY 0D 1GAChS ¥Ry rRith t abl e
t hi ckness _that provides these desired properties. These coatings can have

15 a t hi cRnes<bgrt P01 éxrahous DAk inche30 moraprederablyriedme mbbiity0. 00 Damdtsut 0. 001
to about 0.25 inches re preferably from agbout 0,001 to about 0.15

i nches, and rrg)sk "’55%%QEIEB’PVPPF%?FP@%%@@!?%W@%%@%@ ahpBiLe-00 imwes.nches.

[0074] After qe@myiti i i i i i 8 nto the
react or corrpogent 70?H?ﬁzﬁ1%?§§%doﬁigﬁgtﬁrdéél%?58%%{ i%ﬂégrha%%g)tftaﬁgéqeg%ﬁc’such

as by 20 rougleersimig and polymen ynaeridlathaearteentiable ey userid sthRBnGAsSsladthd h t he
optional second internediate _coatin , .or with the hafnium strontium

g 90
dyspr osi um an@FeeSSINg RAEbAIR Baricularly flgsEahle metalnthabeanbe wwsdtindlgdeldat A
roughenedqnfir e i | 8 i des a rticularly good bond
to subs eggent I%e %%:Buﬁfécgi%é oaﬁ?cn%g%@gi &g@{lf; il W@S@a@}%‘ RIRESSHBdi at e
coating 90 i mpanpesatardsi gPrefeRrdartaaits 2RLdLBIRSS h@ﬂiﬁh&@ﬂﬂtﬁhhéo sifie first

internmedi ate coating 80 and reduces formation of fissures Ih the second
i nter medi at e SbAki BE, @dN, TiO, and mixtures thereof. Preferred polymers include, but are

not limited to, fluoropolymers, such as polytetrafluoroethylene and polyimides.
[0077] The intermediate coatings can be applied by any suitable deposition

15 technique such as plating (e.g., electroless plating or electroplating), sputtering,
immersion coating, chemical vapor deposition, physical vapor deposition,
electrophoretic deposition, hot isostatic pressing, cold isostatic pressing,
compression molding, casting, compacting and sintering, and thermal spraying
(e.g., plasma spraying).

20 [0078] The optional first intermediate coating 80 and second intermediate
coating 90 can have the same or different compositions from each other,
depending on their desired properties. Additional intermediate coatings such as a
third, fourth or fifth intermediate coating of the same or different materials can
also be provided between the coating and the substrate if desired.

25 [0079] FIG. 6 shows another exemplary embodiment of the hafnium, strontium,
dysprosium and/or lanthanum containing ceramic material coatings according to
the invention. The coating 100 can be deposited directly onto a substrate, which is
an outer surface of the component 70. The coating can be have any suitable

thickness that provides the desired level of wear resistance to the component.



[0075] The second intermediate coating 90 is sufficiently thick to adhere
to the first internediate coating 80 and to allow it to be processed prior
to form mgoaaysosazidi ti onal internedi ate coatings, or the @ararsosredoni um
strontium dysprosium WO 03/080892 PCT/US03/ 04061 -21 and/or |anthanum
containing ceramc material coating 100. The second intermediate coating
90 al so can be treated, such as by roughening. The second internediate
coating 90 can have any suitable thickness that provides these desired
properties, such as a thickness of at |east about 0.001 inches, preferably
from5 about 0.001 to about 0.25 inches, mpre preferably from about 0.001
and about 0.15 inches, and nobst preferably from about 0.001 inches to
about 0.05 i ncPasiculaflpOfiekodtig 00 &in HaRE 2 IEERNGs i BaBE ¢ HofPGYS can
be made of any netallic, ceramc and polymer materials that are suitable
for use in senielidaabeit lpingkrprefosatdy deomi abput B einshes Rambowtl. Siitch, and

desi rabl e net t n.be used_ incl.ude, but 0O are not limted to,

r :fs ractory nef&lgﬁ%t,plg%fagﬁ’ from #ﬂoflﬂgtogﬁdm%?@w %?%és@i 1Rehese nfdter thickness of o
Preferred cer afe ¢srahfi€ la?@ﬁ‘eanb&ét s@éc%d%tbelfomgﬁﬁgle%th e 2 ma ncv‘grog%:ggt'\!ﬁ’ ’
AIN, TiO2 and m xtures thereof. Preferred polyners 1nclfude,” bu ~Tiot
limted t8, flheomepwityrediis thesipattonée.poleichatgr &WMosE9! hyl ene and pol yi ni des.

0077] The int di gte.coatings can be applied by any suitable deposition
[15 te]chni que s@@ﬂaasiﬁld{ﬁcﬁlﬁﬁﬁd@g%@ thexmak spigyiag 4s ppafeited sethadetproyitimgi ng) |

: i i i nQ. i or ositi.on, .physi cal vapor
Soutieri g STBOBLARLEORS eSSl RPN e
i sostatic pressatigy methodpasss®be (RdGhIgding 2 &l éigmpfé?%ﬁﬁé??gﬂ%b%d}g] The

sintering, and thermal spraying (e.g., plasma sprayi pg). ( / _
opt i onal gf i r stteGhRiguesech ee spigring gingoersing coeting) chiemicat wepbraleposigomandig 90

h | f Nt ositions fromeach ofher, depending on
thei 1 dedlr ed 1oy B PRt A RS p: BN e aF Fistiea e dmttigessiien as. a
third, fourth c@fnlpfésf;ﬂoh nhdliRE MBAiRL CartORi g a d‘ﬁnéﬁgg t%gﬂ%lé%er ent

materials can_ also be provided béetween the coating a strate if
desired. [0081] As mentioned above, components of semiconductor processing apparatus

can also be manufactured as monolithic bodies from hafnium, strontium,
dysprosium and/or lanthanum containing ceramic material. These monolithic

15 bodies can be separate bodies or coverings for other components. For example,
the hafnium, strontium, dysprosium and/or lanthanum containing ceramic
materials according to the invention can be formed into coverings, such as liners,
constructed to cover exposed surfaces of reactor components. These coverings can
be attached to surfaces in reactor chambers by any suitable fastening technique,

20 including, for example, adhesive bonding or by mechanical fasteners. When
fasteners are used, the fasteners themselves, if exposed to the plasma, should
preferably also be made from an erosion resistant material to enhance their service
life. Additionally, the hafnium, strontium, dysprosium and/or lanthanum
containing ceramic material coverings may be constructed to interlock with the

25 underlying reactor component. Monolithic coverings can be provided over any
suitable substrate, such as, for example, over walls and other surfaces.

[0082]  An exemplary method of manufacturing monolithic bodies from hafnium,
strontium, dysprosium and/or lanthanum containing ceramic materials may include

preparing a slurry containing, for example, hafnium oxide, strontium oxide,



25 [0079] FIG 6 shows another exenplary enbodi nent of the hafnium
strontium dysprosium and/ or | anthanum containing ceramc materi al

coat i ngs woaas/sispyy to the invention. The coating 100 canPog/usepesst ed
directly onto a substrate, which is an outer surface of the component 70.
The coating can be have any suitable thickness that provides the desired

| evel of wear resistance to the conponent. WD 03/080892 PCT/US03/ 04061 -22
Particularly, the coating 100 can have a thickness in the range of about
0.001 inches to about 1 inch, preferably fromabout 0.001 inches to about
0.5 inch, and nost preferably from about 03001 i nches to about 0.05

i nches. The thickness of the ceramc |ayer can be selected to be

conpati bl e wi t ldysiresipiastide and/or antimmim okideD fdreniRN s PrinioBhatint ctor
(e.g., etching,, CVD, etc.d%. 0080] As discussed ]g%ove, tt?ggﬁal ns%‘?eas{/r?%g IS
a preferred methBS B SFePRithgsueynprsheiniesing sd enpaotitd fogmsasifieoedshody.

according to thgeignueniy Y/ r .coatin t hods can al so be
used i ncl udi ng, ?o_r exa#m gt o}tltﬁe@haee%y;i&?is gpe q#@@grdgg‘ﬂ@gﬁa%%ﬁaﬁ@f _
sputtering, inuenpomemt.cDRiRGSf cehlit pﬁice%ﬁfgoﬂéclﬁﬁ@fé%'a}é gﬂeﬁlﬁ&gliﬁpoa‘?tpt)'gﬁ £A
vapor depgil ti %g; hot |sostatic 5&658' ng; cold isostatTc pressing,
conpressi oh ol AIHECS casEditgn. bnd.cBnfSingeyo H akdBeivat earidri. ReThhaMEeg.

[ 0081] As nent i d e nent s.of sem conductor processing apparatus
can al so be rnallr"lxﬁp3 glc%g’?)glgc/f 5957%?{0%}% HITPUH IS HeorRasafed Aereinhy referenee inuity
dyspr osi um andémfretyant hanum cont ai ning ceramic material. These nonolithic
15 bodi es can be separate bodies or coverings for other conponents. For

exampl e, the K483l urkhesneaniithia m@ymm&km@f@lpﬁlakﬁ%ﬁﬁ&@@h&ﬁﬁ&ﬁn@ ng
ceram c mat erifalls accordi ng.to the invention can be forned into coverings,
such as |iner s PRYUPRTREOrS IS HRbIGcRP e pis sal inplirdea dersexafples abamber walls,

t Th | . hed. t i tor
Chanbor s by any PSue XEbldiS efau g LARNint Dahie o hathends, paRentingn o

chanbers by any suita tening B
adhesi ve bondimygzles, fagteners saiing elehaise PRkma sWReH i‘n]@1§t, HRiDrehGayged, the
u p

I
fasteners thensel ves, if exposed to the plasm, sho r eragﬁiy al so be
made from an eOS¥IOBANE cBICB 28 Aebatistasmis afastenereninaacand tweer claeibet Galls, etc.,

and the like. A specific example of such a component is the reactor component
110 shown in FIG. 7. The reactor component 110 is a monolithic body

15 manufactured from a hafnium oxide, strontium oxide, dysprosium oxide and/or
lanthanum oxide containing ceramic material.
[0084] The hafnium oxide, strontium oxide, dysprosium oxide and/or lanthanum
containing ceramic material can be provided on all or part of the reactor chamber
and components. In a preferred embodiment, the coating or monolithic body is

20 provided on the regions of the reactor chamber that are exposed to the plasma
environment, such as those parts in direct contact with the plasma, or parts located
behind chamber components (e.g., liners). Additionally, it is preferred that the
hafnium oxide, strontium oxide, dysprosium oxide and/or lanthanum containing
coating or monolithic body be provided at regions of the reactor chamber that are

25 subjected to relatively high bias voltages (i.e. relatively high sputter ion energies).
[0085] By either applying a hafnium, strontium, dysprosium and/or lanthanum
containing ceramic coating or covering, or by constructing a monolithic hafnium,
strontium, dysprosium and/or lanthanum containing ceramic component, in

accordance with the invention, advantages are realized. N amely, lower erosion



life. Additionally, the hafnium strontium dysprosium and/or |anthanum
containing ceram c material coverings may be constructed to interlock with
t he 25 uraero3psesg2 react or conponent. Monolithic coveringsPcarushgo4rovi ded
over any suitable substrate, such as, for exanple, over walls and other
surfaces. [0082] An exenplary nethod of manufacturing nonolithic bodies
fromhafnium strontium dysprosium and/or | anthanum containing ceramc
materials may include preparing a slurry containing, for exanple, hafnium
oxi de, strontium oxide, WO 03/080892 PCT/US03/ 04061 -23 dysprosium oxide
and/ or | anthanum oxi de; formng a green caypact in a desired shape and
size fromthe slurry; and sintering the conpact to forma sintered body.
The green conpeatds aranchievably imgdadnin teheofhane a FbsudN YhedRShied sRHASIR, ' eact or
conponent. Details of ceram c processing techniques are given in ~

| ntroduction t%YSBrasaHRAnd/er lanthpngay ¢angining genami©coatingsevoyeribs 46d Bowen, and
D. R Unhl mann y Sons,., 1976). This description is_incorporated
herein by ref eéroénrﬁzoél@flﬂrsl%l}é%o?dmgﬁf’i eew.el)‘ttoé'd@\‘%]de?’f’?éserﬁﬁﬂﬁ Pt Aictal aadrpariisntate ar e
preferably pl asmmExpOsedowe RR i - - i.tabl e
conponents can include, for exa%p%@c%g%%?q&%uﬁgﬁ%@glﬁgﬁg%éeagﬁpports,
gas di st ridbut | ACESY driivend nedueditinglestio b coreasion obefaites parts MIBsuRREES S,

fasteners, heat e nts, plasma screens, liners, transport nodul e
conmponent s, sﬁ@hggs hglgg’?h{‘hﬁr Sheontugy (dysRrpsiung #déer lanthawun spnigininger wal | s,
etc., and theekddi® -coht Hid . c o onent is.the reactor
conponent 110 “shovn 0@%@?&%& Ck?ﬁlp?ﬁ%ﬁgr)é%g?@r@ Ebo@rlﬁgﬂ‘éeﬁf%ﬂ £8 POVedhol i t hi ¢

body 15 nanuf axtremely liardnwearh@iisianigueficele Sush Esyinl ! f um
uch £d glé)'f“cgﬁ'}plgﬁen[tgé’o§§f19§l'ﬂe

oxi de and/ or tJrant anum oxi de containing ceram c nmaterial .

haf ni um oxi de, Tt ¥FRFIETIHS HIat deact wyibprecsssing olambeer passoand ndheaiealiy inert

cont ai ni cer@am i C be provided.on all or part of the reactor
chanber and canmaBleE Islw e SRR Ho R RAE e oR B0 soreFiAg. Bite o
monol i thi ¢ body m&taPEbnpmdivibtistamior 1tele b8 9b YBRiRS et BrddfRt OF chanber that
are exposed tcE t he pl asma

0087] ~ While the invention has been described in detail with reference to
specific embodiments thereof, it will be apparent to those skilled in the art that
various changes and modifications can be made, and equivalents employed,

15 without departing from the scope of the appended claims.



envi ronment, such as those parts in direct contact wwth the plasm, or
parts | ocated behind chanber conponents (e.g., liners). Additionally, it

i s preferwod3pdmp2t he hafnium oxide, strontium oxide, dy®pramsoooeki de
and/ or | ant hanum containing coating or nonolithic body be provided at
regions of the reactor chanber that are 25 subjected to relatively high

bi as voltages (i.e. relatively high sputter ion energies). [0085] By

ei ther applying a hafnium strontium dysprosium and/ or | anthanum

contai ning ceram c coating or covering, or by constructing a nonolithic
hafnium strontium dysprosium and/or | amShanum cont ai ning ceramc
conponent, in accordance with the invention, advantages are realized.
Nanely, | ower WHATJS QDATMEBFSOS2 PCT/ US03/ 04061 -24 rates are achievabl e
in plasnma reactors. As a result, the hafnium strontium dysprosium and/ or
| ant hanum cont ai ni ng ceram ¢ coati ngs, coverings and conponents accordi ng
to the invention can deqée §& Ievels of .netal and artlculate

cont ani nation, | ower cos OPFREOL A SPICORARCtPE prog Wgﬁppéﬁ%suﬁﬁ%lp@émg
decrease 5 pragesst ﬂpbxftio‘h RRDrisRBUCrhfif heKRAS o %&HB% Spﬁﬂsﬂ afinanber
y

parts and substrates. 0086] The hafnium stronti osi am and/ or
| ant hanum contutermegt sug amfdlecamtpmgw, andl theaepaiie thsiedd CofirREhgt 0 t he
i nvention canr}ﬁrow de, an xt remel ﬁphard wear resistant surface Such

coating of colBHFed:sel e§teE} TR 411 group capsiging i thafiwmaitridg: hafaien boidd
rocessi ng chappg n uch t there is |ow
gr no par '? icle coﬁﬁng%‘lﬁﬁg% |lgd2ﬁiu ﬂ'ﬁ}g@b%@é\%ﬁ% )%gé’i %tﬁon ?I%Ié‘?o SUOR et 4

cont am nat i on benidé pstrdntinid earbide ngiro@iat fhatidy Mhitmadustige, lﬁﬁ)cﬁmn Witibe the
i nvention has been described in detail with reference to specl

enbodi nent s t HeFREmm peridg, lanthanuapearbide: lanthanwmsoside) deprosium erider t ¢ hat

vari ous chang C Qns ¢ and nts enpl oyed, 15
wi t hout depart n%% gr om %de %&%prgslg q?oﬁ’gle a@@ﬁ@é@@?&?‘%aﬂ SPHSHBD892
PCT/ US03/10406 Fluoridsas WeiE1d ﬁréé'st“éd@uér?t of the ceramic material coating.

2. The component of Claim 1, wherein the ceramic material comprises
one of strontium oxide, lanthanum oxide and dysprosium oxide as the single

largest constituent.

3. The component of Claim 1, wherein the component comprises a
15 substrate, and ceramic material is a coating over the substrate.
4, The component of Claim 3, wherein the coating has a thickness of

from about 0.001 in. to about 0.050 in.

5. The component of Claim 3, wherein the coating consists essentially

of the ceramic material.

20 6. The component of Claim 3, further comprising:
at Jeast one intermediate layer on the substrate;

wherein the coating is over the at least one intermediate layer.



1. A conponent of a sem conductor processing apparatus, conprising at

| east a portion conprising a ceramc material, the portion conprising an
out er nostwouwssise2 of t he conponent, and the ceram c mat er PEII/USOIPIOSEI Ng a 5
material selected fromthe group consisting of hafniumnitride, hafnium
bori de, hafnium carbide, hafniumfluoride, strontiumoxide, strontium
nitride, strontium boride, strontiumcarbide, strontiumfluoride,

| ant hanum oxi de, | anthanum nitride, | anthanum boride, |anthanum carbi de,

| ant hanum f | uori de, dysprosium oxide, dysprosiumnitride, dysprosium

bori de, dysprosium carbide and dysprosi um2g0 fluoride as a single |argest
constituent of the ceramic material coating. 2. The conponent of Claiml,

wherein the cerani c7.mat eThatomwsuiehi 6ESlairRNe wikreih fﬂé‘”@e&éiﬂ?c%ét@ﬁaléﬂf}#‘anum
oxi de and dysprosiumoxide as the single [argest constituent

conponent of cgoamﬂsgs aﬁ/\]ﬁ@&’f@nﬁ mamwé@ﬂp@niaﬁmmthmmmmmsuﬂg of (ibekides,e, and
ceram c materi atjn ver .th trate . The conponent of C aim
3, wherein therﬁc ?’llﬁoﬁnﬁé %&fﬁﬁéﬂﬁgé ﬂ%ﬂ?@%ﬁf’ Groips i, I, Bodut
0.050 in. 5 Thg, ¥O %ﬁ@tVHiAQ@'IIB 11

essentially of themger am c nateri al % Bﬂhg@e?ﬁ%%%@% {lgdﬁq%% r%%S(u)
further conpr ioxides; niteides baﬂdeso fleorid¢semirdithdes dfaieeletRnishe (BdIRR I €;
wherein the coat.in ) oveé at | east one internedi ate |ayer. WO

03/ 080892 PCT/SEKR®3 er1odiogabe. The conmponent of Claim 1, wherein the

ceramic material further conprises at |least one material selected fromthe
group consisting of (i) oxides, nitrides, borides, fluorides and carbi des

of the el ements of 83 oupEhel dofapohbhtAdf G 1, Mﬁlch\(é Selecred fhomMihklefoyd B: 11 B,
I11B, 1VB, and VB of the periodic table, and (ii) 5 oxides, nitrides,

bor i des_ f | uorcPBESngef a-ehaphge svab a&h@ﬂb&mltr@n,t&gasfdlstnbuam p]ateda gas einiges . of
the periodic ta% gsml, a dielectric window, an electrostatic chuck and a plasma focus ring.

10 9. A plasma etch reactor comprising at least one component according

to Claim 1.

10. A process of manufacturing a component of a semiconductor
processing apparatus according to Claim 1, comprising applying the ceramic
material as a coating over a substrate, the coating comprising an outermost surface

15 of the component.

11.  The process of Claim 10, wherein the ceramic material comprises
one of strontium oxide, dysprosium oxide and lanthanum oxide as the single

largest constituent.

12. The process of Claim 10, further comprising roughening a surface
20 of the substrate, and applying the ceramic material on the roughened surface to

enhance adhesion of the ceramic material on the substrate.

13. The process of Claim 10, wherein the coating consists essentially of

the ceramic material.



8. The component of Caim1, which is selected fromthe group consisting
of a chanber wall, a chanber liner, a gas distribution plate, a gas ring,
a pedest aWwp oa/osliset ectri ¢ wi ndow, an el ectrostatic chuck amdTaspd/esmen focus
ring. 10 9. A plasna etch reactor conprising at | east one conponent
according to Caim1l. 10. A process of manufacturing a conponent of a
sem conduct or processing apparatus according to Claim1, conprising
applying the ceramic material as a coating over a substrate, the coating
conprising an outernost surface 15 of the conponent. 11. The process of
Claim 10, wherein the ceramc material conpr-ises one of strontium oxide,
dysprosi um oxi de and | ant hanum oxi de as the single |argest constituent.

12. The process of Gkai nThe préaess SECIaGRTD! fiined chapaliaRi ng a surface 20 of
the substrate, and applying the ceramc material on the roughened surface

to enhance adhesi oAPRIYINEEleash ongiintepmedinte dayep ontthesubstrater ahd. 13. The
process of Caim 10 i n . the coating consists essentially of the
ceram c material . V@%@ﬁg%@f@%ﬂl%%%gﬂe miermegliate ipyer. pr ocess of C aim
10, further conprising: applying at |east one internediate |ayer on the
substrate; and applying the coating on the at |east one internedi ate

layer. 15. The prockds ofhe&pricasslof,Clhim thefurthenpumsisigy atlchadnt opne of . 5

treating the substrate. before applying the at |east one internediate |ayer
to enhancsle1 adhesi o‘i‘ieag’fngt %s%strﬁtgg{eforg ABPLy igdheratlieast ©nE agtermestiate bayer to

substrate; andephhh@aidhBdot iBgFrétat h&@ﬁéneolﬂﬁenié\%%ig{e Wgei(g]%trfthé% @Er&%?ggﬁﬁrgt eri al

applying the ceramc mater o0 enhance a

on the at |east onereatingehemdeast en¢ ayeinedkl hfer DetSreRippEass il cer@m 10,
wherein the ceram.c material is applied on
material to enhance adhesion of the ceramic material on the at least one

intermediate layer.

10 16.  The process of Claim 10, wherein the ceramic material is applied on

the substrate by thermal spraying.

17.  The process of Claim 10, wherein the ceramic material further
comprises at least one material selected from the group consisting of (i) oxides,
nitrides, borides, fluorides and carbides of the elements of Groups IIA, IITA, IVA,

15 VA, VIA, VIIA, VIIIA, IB, IIB, IIIB, IVB, and VB of the periodic table, and (ii)

oxides, nitrides, borides, fluorides and carbides of the elements of the actinide

series of the periodic table.

18. A process of manufacturing a component of a semiconductor
processing apparatus according to Claim 1, comprising forming the component as

20 a monolithic part which consists essentially of the ceramic material.

19. A component of a semiconductor processing apparatus, comprising:
(@) a monolithic part composed entirely of a ceramic material

comprising one of hafnium oxide, hafnium nitride, hafnium boride, hafnium



the substrate by thermal spraying. 17. The process of C aim 10, wherein the
ceramic material further conprises at |east one naterial selected fromthe
group comaDIBiosgIDf (i) oxides, nitrides, borides, fl uoripdeasandioear bi des
of the elenments of Groups IIA [IIIA |IVA 15 VA VIA VIIA VIIIA IB IIB
[11B, 1VB, and VB of the periodic table, and (ii) oxides, nitrides,

bori des, fluorides and carbides of the elenents of the actinide series of
the periodic table. 18. A process of manufacturing a conponent of a

sem conductor processing apparatus according to Claim1, conprising

form ng the conmponent as 20 a nonolithic-part which consists essentially
of the ceramic material. 19. A conponent of a sem conductor processing
appar at us, compmbidengd hafishmalere i bhiGIOREesPOTRAREM AL CElIiOf 2
ceramic material conprising one of hafniumoxide, hatniumnrtrirde, hafnium
bori de, haf ni ulRBABIT080892 PCT/ US03/ 04061 - 28 carbi de and haf ni um
fluoride as a singl )Iargest constituent,  of the ceramic material; or (b) a

conposite part conprYsi n) “SPREYS PALTHLATHINER Bictab spytaimingor polpmeriat e and a
coating of thesubefr@siatd AROEHAAHF @Y Rbrahl 5 [2) e.coating .5 formng
an outernost surface of the cggbrrponenﬁa. §8ﬁ@%252%r %%ﬁ}?ﬁrager, d&ﬁ%?aﬁpﬁg,
wherei n tRe cefoaming ameweinaist eufmicstfshe @amgiienal | y of haf ni um oxi de. 21,
The conponent of Claim 19, wherein the ceramic material further conprises
at least one material selected fromthe group consisting of (i) oxides, 10

nitrides, borides, uor } f _the.elenents of G oups |IA,
I1IA VA VA VI Ai,d'w ng@ ?ﬂlﬁé%,eﬁ\a@?tﬁﬁ%}% Wﬁl%f,e“f %,Cemcwt@ﬂaltcgéﬂists
peri odi ¢ tabl essseafidlly bf hafntwm ggide. ni tri des, borides, fluorides and carbi des

of the elenents of the actinide series of the periodic table. 22. The
component of C aim 19, wherein the conposite part further

21. The component of Claim 19, wherein the ceramic material further
comprises at least one material selected from the group consisting of (i) oxides,
10 nitrides, borides, fluorides and carbides of the elements of Groups IIA, IIIA, IVA,
VA, VIA, VIIA, VIIIA, IB, IIB, IIIB, IVB, and VB of the periodic table, and (ii)

oxides, nitrides, borides, fluorides and carbides of the elements of the actinide

series of the periodic table.

22.  The component of Claim 19, wherein the composite part further
15 comprises:

at least one intermediate layer on the substrate; and

the ceramic material coating on the at least one intermediate layer.

23.  The component of Claim 19, which is selected from the group
consisting of a chamber wall, a chamber liner, a gas distribution plate, a gas ring,

20 a pedestal, a dielectric window, an electrostatic chuck and a plasma focus ring,.

24.  The component of Claim 19, wherein the monolithic part and the

coating consist essentially of the ceramic material.



15 conprises: at |least one internediate | ayer on the substrate; and the
ceramc material coating on the at |east one internediate |ayer. 23. The
conponentwofo3@B@pn 19, which is selected fromthe group ®cm4iSes/d40g1 of a
chanber wall, a chanber liner, a gas distribution plate, a gas ring, 20 a
pedestal, a dielectric window, an electrostatic chuck and a plasma focus
ring. 24. The conponent of Caim 19, wherein the nonolithic part and the
coating consist essentially of the ceramc material. WO 03/080892

PCT/ US03/ 04061 -29 25. A sem conductor processing apparatus conprising at
| east one conponent according to Caim 199-26. A process of manufacturing
a conponent of a sem conductor processing apparatus according to Caim19,
conprising: 5 (a) f25.nm ng densicominoot pRicessaay dppardniy @n¥prifind HG&ELA C
material; or (bg appl ying the coating of the ceramic material over the
substrate such® I’E‘PFQF“?@F@"EB%& fhlaimrl®s t he out ernmpst surface of the
conposite part. 27. The process of Claim 26, wherein the coating has a

t hi ckness of fromabout 0.001 in. to about 0.050 in. 10 28. The process of
Claim 26, further cpspri aigigeessdp ' I [0t ' | ayer on
the substrate; and appl yipgg thg giggitl?ﬁ%ﬁg% aﬁﬁ,g{pg?%edgs%t&g{n%&ld%tg medi at e
coating. 29. Preecsgmgcpperadis aCbaidmg28 Clainei 2i compiriséngsubstrate is a netallic
substrate;5 and 15 t@? prpcess urtheE, conprises at |east one of:. treating
the substrPate befor%® appi&Hg faropolifhic pert gparelyhelthasaraatie materipdyont o

h dhesi feph h ; | | | t h trate;
and treating the at] casiPnEe M QAL Bt FETRRLAL BT B peind it ©

that the coating forms the outermost surface of the composite part.

27.  The process of Claim 26, wherein the coating has a thickness of
from about 0.001 in. to about 0.050 in,

10 28.  The process of Claim 26, further comprising:
applying at least one intermediate layer on the substrate; and

applying the coating on the at least one intermediate coating.

29. The process of Claim 28, wherein:
the substrate is a metallic substrate; and
15 the process further comprises at least one of:
treating the substrate before applying the at least one intermediate
layer to enhance adhesion of the at least one intermediate layer on the substrate;
and
treating the at least one intermediate layer before applying the
20 ceramic material to enhance adhesion of the ceramic material on the at least one

intermediate layer.

30.  The process of Claim 26, wherein:
the substrate is a metallic substrate; and

the coating is applied over the substrate by thermal spraying.



20 ceramc material to enhance adhesion of the ceramc material on the at

| east one internediate |ayer. 30. The process of Caim26, wherein: the
substrat ewpD93@s80mset al | i ¢ substrate; and the coating is applPcedsovetst he
substrate by thermal spraying. WO 03/080892 PCT/ US03/ 04061 -30 31. The
process of Cl aim 26, wherein the ceramc material further conprises at

| east one material selected fromthe group consisting of (i) oxides,
nitrides, borides, fluorides and carbides of the elenments of G oups IIA,
[TTA TVA VA VIA VIIA VIIIA 1B 11B, 111B, VB, and VB of the
periodic table, and (ii) 5 oxides, nitride3)- borides, fluorides and
carbides of the elenents of the actinide series of the periodic table. 32.

The process of C ai B126, Theraiess ofElatn2BpbBiein theS@logit eshtéhATurthdie 9r oup
consisting of a chanber wall, a chanber liner, a gas distribution plate, a
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pl asma focus n na re manuf act ured by
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conprising at |east one ceramc material selected from

consi st i n& of W&fi‘?ﬁ’ RS, deridpg ffhiopidenand ¢atkideshaf thie whanieis dethe B@fﬁrﬂdélm
car bi de, haf ni Oya{ebtgg dstr ntium oxi de, strontiumnitride, strontium
boride, stron U car ié’ 8nt| um fluoride, |anthanum oxide, |anthanum
nitride, |anthanum boride, | ant hanum car bi de, | ant hanum fl uori de,

dysprosi um oxi de, 20 dysprosiumnitride, dysprosium boride, dysprosium

car bi de and dyspros33dm Theiprocess odﬁlansﬁ@gxhl@erbmrtg@%mpmg it deRBtedqf ok Ne
slurry; formn‘g 0queen conpact fromthe slurr and
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gas ring, a pedestal, a dielectric window, an electrostatic chuck and a plasma focus

10 ring.

33. A component of a plasma reactor manufactured by the process of
Claim 26.

34. A process of manufacturing a component of a semiconductor
processing apparatus, comprising:

15 preparing a slurry comprising at least one ceramic material selected from
the group consisting of hafnium oxide, hafnium nitride, hafnium boride, hafnium
carbide, hafnium fluoride, strontium oxide, strontium nitride, strontium boride,
strontium carbide, strontium fluoride, lanthanum oxide, lanthanum nitride,
lanthanum boride, lanthanum carbide, lanthanum fluoride, dysprosium oxide,

20 dysprosium nitride, dysprosium boride, dysprosium carbide and dysprosium
fluoride as a single largest constituent of the slurry;

forming a green compact from the slurry; and

sintering the green compact to form the component.



sintering the green conpact to formthe conponent. WO 03/ 080892

PCT/ US03/ 04061 -31 35. The process of Claim 34, wherein the slurry

conpri seswong/ 08892 haf ni um oxi de, strontium oxi de, | ant han@crasosieioand
dysprosi um oxi de as the single |argest constituent of the slurry. 36. The
process of Cl aim 34, wherein the conponent consists 5 essentially of the
at |l east one ceramc material. 37. The process of Caim 34, wherein the
conmponent conprises hafniumoxide as the single |argest constituent. 38.
The process of Claim34, wherein the ceramic material further 10 conprises
at | east one material selected fromthe gr8lp consisting of (i) oxides,
nitrides, borides, fluorides and carbides of the elenments of Goups IIA
LLIA VA VA VIA35VI | Aheirodess of Bfaih!38, whetdda tHe\dRirr @@mb/ﬁsé%fonre

periodic table %ﬁld ﬁ?i idg oxi des, nitrides, borides, fluorides and carbi des
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process of C aisilir;gﬁqarg\@gte&ﬁ%t?}u&ﬂ%fqgﬁ nt is selected from the group
, er

consi sting of a chanber wa a cha liner, a gas distribution plate, a
gas ring, a pedestal, a dielectric window, an electrostatic chuck and a

pl asma focus ring. 40. A conponent of a plasma etch reactor manufactured
by the process 20 8f- O dbapserpess of Claim 34, wherein the component consists

5 essentially of the at least one ceramic material.

37.  The process of Claim 34, wherein the component comprises

hafnium oxide as the single largest constituent.

38.  The process of Claim 34, wherein the ceramic material further
10 comprises at least one material selected from the group consisting of (i) oxides,
nitrides, borides, fluorides and carbides of the elements of Groups IIA, IIIA, IVA,
VA, VIA, VIIA, VIIIA, IB, IIB, IIIB, IVB, and VB of the periodic table, and (ii)
oxides, nitrides, borides, fluorides and carbides of the elements of the actinide

series of the periodic table.

15 39.  The process of Claim 34, wherein the component is selected from
the group consisting of a chamber wall, a chamber liner, a gas distribution plate, a

gas ring, a pedestal, a dielectric window, an electrostatic chuck and a plasma focus

ring.

40. A component of a plasma etch reactor manufactured by the process
20 of Claim 34.



