21 SEP 7006 -1 LOW CONTAM NATI ON COMPONENTS FOR SEM CONDUCTOR PROCESSI NG
APPARATUS AND METHODS FOR MAKI NG COVPONENTS BACKGROUND OF THE | NVENTION 5
1. Field of the Invention [0001] The invention relates to conponents for
sem conductor material processing equipnment. The conponents are fornmed of
materials that can reduce contam nation during sem conduct { materi a
processing. The invention also relates to nethods of nakiﬁg EH%HMBnponents.
10 2. Description of the Related Art [0002] In the field of sem conduct or
mat eri al processing, vacuum processing chanbers are used for -etching and
chem cal vapor deposition (CVD) of materials on substrates. Process gases
are flowed into the processing chanber while a radio frequency (RF) field is
applied to the process gases to generate'é‘plasna of the 15 process gases.
The plasma perforns_the desired etching or degosition of selected materials

on wafers. Exanpl'éQVbLCONFAMINATION €OMPQ SHECRSEMICONDUCEOR (TCPTM)
whi ch | | |1 ' el a -
bycl ot on r esonance TR SSINE APrFASUERES ANBMRrUONS PORNUKATG (07 | |

commonly owned U.S. Patents Nos. 4, 3dOMEANENT®48, 458; 5, 200,232 and 20
5,820, 723. [0003] During processing of sem conductor substrates, the
substrates are typically held in place within the vacuum chanber by
substrate hol ders, as di sclpsefoEINDGER 1[&9E%ﬁoﬁatent Nos. 5, 262, 029
and 5, 838,529. Process gas“Canlm DE SUppfrTead toO ttie chnamber by vari ous gas

supply sysfensi, 25 [ (éldlof kiie Boehtiorpn t 0 t he pl asma chanber equi pnent, ot her
equi pnent used_in processing sem conductor substrates includes transport
mechani sms, | i HOPL]  ‘Thednventomegtatesi compenenisdeksemiepadpctapBMERRL ms, r obot i ¢

arns, fastener ﬁroc%ﬂlgteﬂﬁiplﬂehﬁ' The components are formed of materials that can reduce

contamination during semiconductor material processing. 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 etching 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.



21 SEP 200F -2 [0005] Plasnmas are used to renove materials by etching or for
deposition of materials on substrates. The plasma etch conditions create
significant ion Il bonbardnment of the surfaces of the processing chanber that
are exposed to the plasma. This ion bonbardnment, conbined with plasma

chemi stries and/or etch 5 byproducts, can produce signiffcﬁ%ﬁE%ﬂﬂﬁion,
corrosi on and corrosion-erosion of the plasna-exposed surfaces of the
processi ng chanber. As a result, the surface materials are renoved by

physi cal and/or chem cal attack, including erosion, corrosion and/or
corrosion-erosion. This attack causes problens including short part
lifetimes, increased consumabl e costs, parficulate contamn nation, on-wafer 10
transition nmetal contamination and process drift. [0006] In |ight of these

probl ens, plas ocgssing ch ers have be desi gned to inclu parts,
such as, di sks@pﬁgsﬁm‘ﬁP&%F@m{%ﬁﬁqm%%ﬁw ﬁtgﬁlpgé)r?%%gﬂséu% r the wafer
bei ng pr ocessednatklgNe ¥R bubsirites e TR plasmAEEh E6HaitioRl CHateysigndfidaatioad by the

pl asma and, consequently, ultimte %/ erode or accurul ate pol yrmer 15 buil dup.

Eventual | y, théwal ent of the surfangs b the processing champersthat are ekpnsgkto theabl e.

Those parts with relatively short |ifetinmes are.co nly referred to as
“consumabl es. " _HH?S‘%Z{*B%W gk,tco lbfqeég‘fl rR!JaS m@ﬁ’ﬁ ,lestaﬂg}r‘?rFﬁ cost of
owner shi p i5  highrodate St produce QpaERR! cpskioh) dorRbdieH arndPddrfosHRREGSTIEST _
contam nation in plasm processing chanbers. 20 [0007] Because of the erosive

and corrosive rihe plaemaexposed piréasersofdhe proesssing chamber s Jsta reselt tthg gurfagaid t he
need to mnimze articleﬁ,{) m.nat i.0 desirabl e for

conmponent s of Jo laéﬁﬁﬁeﬁﬁ@ %/?%'L@%%%#@E@ghgm ﬁétg&%rilxia‘ctl%ciiﬁ%?romgg,rts, to have

suitably hi gh ejo@®kien add/dr E6rrésRsi-a0sioe STk AR califed bmamtﬁlcmmg shéeen forned
of alum num based materials. However, the high ion bonbardnent 25 by the

pl asma can er odurtdifetimes, iesgessecheonsumatieedsts, partipnlaie coniaglinationst dnswaler or y

evel s O Pt ARLbh bt SoSfarminR bt rikes §9A1 am nation and metallic
[0006] In light of these problems, plasma processing chambers have been
designed to include parts, such as, disks, rings, and cylinders, that cpnfme 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
"consurnables.” 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 unsaﬁsfactqi'y
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



cont am nation). [0008] In view of the high purity requirements for processing
sem conductor materials there is a need for conponents of sem conductor
processi ng apparatus 21 SEP 2006 -3 conposed of naterials that provide

I nproved resi stance to physical and chem cal attack, incluqnn%§5ﬂﬁ$ion,
corrosion and/or erosion-corrosion, to mnimze the associated contam nation
of sem conductor materials during their processing. Materials that can

i ncrease-the service life of conponents of the equipnment and 5 thus reduce
the down tinme of the apparatus, would contribute to reducing the cost of
processi ng sem conductor materials. SUMVARY OF THE | NVENTI ON [ 0009] The

i nvention can satisfy the above-descri bed_qneeds, as well as other needs, by
provi di ng conponents of sem conductor processi ng apparatus conposed 10 of

ceram c nmateri t [ | [0Sl on, .COrrosion
and/ or corrosi %n %’%@log%qa%ﬁaﬁjﬁemh 5§¥§E"e@§%d rreggtﬁ e%ﬂ%@ﬁﬁ galgxlcﬁgh ?ﬁ&onent S
can provide | %ﬂ@fﬂchmmgiéﬂo@iﬁnw&fbsioﬁ%ﬁﬂ@i efofioiRbaAbSioANd nliaimiizetheat e. [ 0010]
I n accordance with exenplary enbodi nents of the invention, the ceramc

material s can HESOSisHicontamENMion Of pRyRCeIuGior matsEials dring Hasin proesssing.n conponent s
15 utilized in | npl e, the
component s can BACT S o iibfociSRle e Snibf RTINS HRE LRl SETE D 1 o
can providé i nmwveduceahd ﬁwmﬁmewmra@pmnﬂs, waild 0sntfibute A6l Fedzcing the cost

corrosi on-erosi on when exposed to plasmas during processing. f0011] In

accor dance wi t I ETOfEssingaemItaRAyCtBYETi#Ent s of the invention, such 20
conponents can be bulk parts forned entirely of the protective materi al s.

That is, the conmponents can be nonolithic. [0012] An exenpl ary enbodi nent of
a process of nmaking a comoneer__mc&y ng appar at us

according to the invention conprises formng east a portion of a
conmponent of suUB#% quTmiasentionsan aﬂt@@rﬁw@vﬁﬁ@%}ﬂb&d neerlyeas well as other

needs, by providing components of semiconductor processing apparatus composed

10 of ceramic materials that provide improved wear 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 is,
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



25 portion conprises an outernost surface of the conponent. The ceramc
material conprises (i) at |east one oxide, nitride, boride, carbide and/or
fluoride of (ii) strontium |anthanum and dysprosium and/or at |east one
nitride, boride, carbide and/or fluoride of hafnium Preferably, the ceramc
materi al conprises, one of 21 SEP 2006 -4 strontiun1oxide,z¢$§prﬁ§iun1oxide
and | ant hanum oxi de as the single |argest constituent of the cg m c
material coating. The ceram c material can be applied as a coating, or it
can be forned into a nonolithic body. [0013] Another exenplary enbodi nent of
the invention conprises applying a 5 coating of a ceramic¢ material over a
nmetal containing or polyneric surface of a conponent of a sem conductor
processi ng apparatus. The ceram c material4- conpri ses hafni um oxi de, haf ni um
nitride, hafniumboride, hafniumcarbide or hafniumfluoride as the single

| argest consti tsu@ntiubfoxidegd@prddiiing oxiad sid lahthema bxige as (e Qinple I¥dagr exenpl ary
enbodi ment of mnethods according to the invention 10 conprise forning a
conponent of a asiteashalitheseragpe matesiahepating aThe cafamis materialican he afplis

nmonol i t hi ¢ body,, The. [i.ses haf ni.um oxide, hafnium nitride,
haf ni um bori de,asﬁacg%?ﬁﬁrggg%ﬁg’g%g&qqﬁf iaﬁ?@%ﬁ ‘as the single |argest
constituent. [(QO0E] Aanekenddetiblarg eRbstiimEmtiof He véttios ompritesAPHlyitg a2
conponent of a sem conduct or processing apparatus according to the

t of 15 duct var at d to th

i nventi on Gonprdostéag ofp egsairicrpgrterial joyerra/m [asing ompolymerie surfce of ar gest

constituent (i) at leas ne. ide, _nitride. bori carbide and/or fluoride
of (ii) stronti‘i?ﬁ%WP Pﬁﬁﬁﬂﬁlcg’ﬁaé“%a%%?%gtﬁ??“&?ﬂay g[%ézﬁ TG ARl i tri de,
bori de, car bi deogipeika hafhithardate, ahfniviehifkdehatbRinTbéteded hafmaRRcaBRARAEt from the
slurry in the desired shape; and 20 sintering the green conpact to forma

conponent . The hefiremifiionige as thglsinglsrlatgestabnsfitucahph the eeramic makritlegatingne of
haf ni um oxi de, ntj oxi de y 0S| um oxi de and. | ant.hanum..oxi de as the
singl e | argest @@)%@t i pﬂ’?ﬁ?’“‘f‘“ jir"é’oeﬁ%% ng%f%?tﬁgtgssagggrgggﬁto&e AP, form

nmonol i t hi c10conRRHHES forming a component of a semiconductor processing apparatus in the

form of a monolithic body. The component comprises hafnium oxide, hafnium
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 shurry in the desired shape; and

20 sintering the green compact to form a component. The ceramic maierial
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,



[ 0016] An exenplary enbodi nent of a conponent of a sem conductor 25
processing apparatus according to the invention conprises at |east a portion
conprising a ceramic material. The portion conprises an outernost surface of
the conponent. The ceramc material conprises as the single 1agrPeENs
constituent (i) at® |east one oxide, nitride, boride, carbide and/or fluoride
of (ii) strontium Z 1 SEP 2006 .5 |anthanum and dysprosium and/or at | east
one nitride, boride, carbide and/or fluoride of hafnium [0017] Another
exenpl ary enbodi nrent of a conponent of a sem conductor processing apparatus
according to the invention conprises a substrate having a 5 netal containing
or polymeric surface; and a coating of a geramic material over the surface,
where the ceramic material conprises hafnium oxide, hafniumnitride, hafnium
bori de, haf ni unygRiROedysprdkitin) dhd/bHA A oRSitrlHR, Bbridd, %aﬂbﬁregﬁaior
constituent of the ceran1c material coating. [0018] Anofher exenplary

enbodi nent of dlusoidpohbafnivgl. a seni conductor 10 proceSS|ng apparatus

di to t t
ot i um oxi de. O cAnbRe: PRElS FRpRHTRR At asomparar e ebeptuERE 1afni um
fluoride as theqyrsécfheapratARSiccaantith M%mbﬂ@éﬁhdé@% PR haQthgal SO

provi des sem conductor processing apparatus that " includes at Ieast one of
above- descri bednetalrmoptaining ot polpmenid shafaog; sand e eoitingaf@eceramis rpiirEFoBESCRI PTI ON

ol 1 o . ot ot ik, et b RO ol e it B8 et BOGE Tofein BYfE®

draw ngs. [ 002¥;efihdebodidé, |ﬂa‘ﬂ1§ﬁﬁ1%ﬁﬁdeaor%ﬂi{ﬁﬁtﬂu9ﬂ§é aPth@SBleSRigBy Process.
[0022] FIG 2 shows a cross-sectional view of a gas ring for a plasma etching

20 appar at us amuﬂﬂuengofthea;nraamnpteaaycoamdl ment of the invention. [0023]
Z::Sor gi ﬁgo;/vg ? Hgﬁisﬁ\r/]e%h%g%%’mmﬁ%l erﬁ'lbrc]) imen gp a chXponent q"a sem1con8ucto component s

10 processing apparatus according to the invention comprises a monolithic body,

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 compenents according to the invention.
25 [0025] FIG. 5 shows an exemplary embodiment of a protective ceramic coating
according to the invention.
[0026] TFIG. 6 shows another exemplary embodiment of a protective ceramic

coating according to the invention.



[0024] FIG 4 shows another etch chanber containing exenplary enbodi nents of
conponents according to the invention. 25 [0025] FIG 5 shows an exenplary
enbodi ment of a protective ceramc coating according to the invention.
[0026] FIG 6 shows another exenplary embodi nent of a prot e& bR 288 ani ¢
coating according to the invention. 21 SEP 2006 -6 [0027] FIG 7 shows an
exenpl ary enbodi nent of a nonolithic conponent according to the invention.
DETAI LED DESCRI PTI ON OF Tl RE PREFERRED EMBODI MENTS [0028] The invention
provi des conponents that have wear resistance with 5 respect to physical and
chem cal attack by plasmas generated in sem conductor nmaterial processing
apparatuses. As used herein, the term"weg resistant” includes, but is not
limted to, erosion, corrosion and/or corrosion-erosion resistance. The
conponents ar e [GERTPOSENS. of shokabn bR RinbeSiRAl 6f PRLASIB TompbAQ9] | n sone
exenpl ary enbodi nents, the conponents I nclude coatings 10 conposed of erosion
resi stant cer artFeordigg &¢ thelisvengemed on substrates. For exanple, the
conponents can include substrates and one or nore erosion resistant ceranmc
coatings forned on the substrates. The coatings resist erosion and, being
non-netal | i ¢ nat eDEFATLED BESCRIPTION R THE PREFEREED EMB NT
corrosion-erosion. [0030] In other exenplary enbodinents of the T nvention,

t he conponent s [8@28] 1Bheciorention prayides cpmponentsithaidaye weari resistatcevdthani c

mat eri al s. .For _exannl the c onent n_be bul k r{s of .a sem conduct or
mat erial pPoc e§§¢ﬁ@%§%@fﬁ%€%%§ i%cgi’g é’%@ﬁﬁg?@%ﬁ mﬁ%%ﬁ?flﬁ%?f t he
conponent's conmpgathl fockRim sratub@S | A4 @8l heRin McCteR ' ReArdleSista@n be
conponent s of apparatuses for processing semniconductors. 20 [0032] The

i nvention al so iptlusigs day iseotilisgied te.tesesipy, cowesiomapdippeormsionsgosiomt i ncl ude

one or nore of the co nents conposed, at.|gegast partially, of a wear
res1s?ance .n%e components'are composed ote wear resistant cerafic materials,

[0029] In some 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 motre 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



resistant material. [0033] In addition, the invention provides nethods of
maki ng conponents, at least in part, of the wear resistant nmaterials. 25

[ 0034] As stated above, the invention is applicable to any suitable type of
conponent. The invention provides effective wear resistance to the surfaces
of components of sem conductor material processing appar at/us#$.700fhose
skilled in the art will appreciate that the wear resistant materials
according to the invention 21 SEP 2006 -7 can be applied to different
processi ng appar atuses useful for processing different sem conductor
materials. In addition, the wear resistant materials can be applied to

di fferent conponents in the processing apparatuses. Such exenplary conponents
i nclude, but are not limted to, parts of a plasna and/or vacuum 5 chanber,
such as, for eyay splied @ @iekretbplotessiy BfiarAhRs RUTRNOF Proce@mpdiiféreatout i on
systens includi ng shower heads, baffles, rings, nozzles, etc., fasteners,
heating el enepamiconsiugtommatasialse s, additionrthe wearagsigiantt matedials earcomapplieht s, such
as robotic ar fasteners, inner and outer chanbe |Is..and the like.

[ 0035] Accor di ﬂo’édlﬁgrep}]gor%quﬂtﬁil% Fp{qggsg}&gaqppﬂr@&sgs(a%{cwa%@magi s can conprise
at 10 | east oBempdnehRfifditds, bt 48 Mbi [iHitedty SPArRSIFAPlLAN dpaniriasim These

el ements have a relatively large nol ecular mass and are relatively inert
with respeét t ehamhsrcsuch astiohexagnple chambar svallphsubbiraie supiperts.cgae distribuionvi de a

reduced erosion rate i.n.plasma ,envirannments. Preferabl t he.wear resistant
material s compriLasnERe Rt Herhimds Satike: DUt piviatn Gy Hcnel LEBE L oxi de
or |anthanum o¥ef@n@Splhfifa Sdréh Slinedd, #RBipokMERNSEdnhpinhts Ofuch BerdbBhi@M C
material. Exenplary enbodi nents of the Ceramic naterials can conprise any

one or nore of amhfe$astaneisdinner ducharterchambirn wallst and thadikecan be i ncluded in the

ceram c materi re, described in detail bel ow. 036]. .The haf ni.um
cont ai ni ng cer mﬂaéfnﬁ%%f’f(ﬁ?gsg&g%wﬁ&}?& @SW%WSH@%@H&%&&%F‘?' B2 cont ai n
haf ni um oxpde (dagfohic BF hagivioh SsuShidtth Sdysprodiafd adaMstharduee NThesk Rlenats HAME

enbodi nents, the hafniumcontaining ceramc materials can consi st
a relatively large molecular mass and are relatively inert with respect to typical

etching chemicals, which are believed 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
naterials 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 hafninm 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 nbt limited to, at least one hafnium boride, hafnium fluoride, hafafum 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
hafpium 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 TIA, IIIA, IVA, VA,



essential ly of hafnium oxide. The hafniumcontaining ceramc materials can
al so contain other hafniumcontaining ceramc materials other than oxides,
including, but not limted to, at |east one hafnium boride, hafnium
fluoride, hafniumnitride and/or hafniumcarbide, or mxtures thereof. 25
[ 0037] According to the invention, the hafniumcontaining ceram.c rmaterials
can contain other ceramic materials other than, or in additrpp %pﬂmﬁhe
above-descri bed hafnium oxide, boride, fluoride and carbi de materrals. These
other ceramic materials can include, but are not limted to, at |east one
oxide, nitride, boride, fluoride and/or carbide of elenments selected from
Goups I1A HA IVA VA |1l SEP 2006 -8gVIA VILA VIVA 1B, 1I1B, 1I1IB,1VB
and VB of the periodic table; and/or one or nore oxide, nitride, boride,
fluoride or cavbAdwIm, |AMA, €BeIBNIE VB ¥dAR bihd erid@it tfhke; GhdBr onebeneENt S
havi ng an atom c nunber of 58-71). For exanple, hafnium containing ceramc

materi al s (andmereexide.wiside beridsn flaetiderny cathjdepefaay ¢lengnt oftha aetinide and

| ant h t ai_ni ' . | bed_bel be mxed with. yttri
oxi e (yttr 1 a) o T B FeS bauE 5 ploBlc mitibe th 270 Bl oS wibieg) et or
cerium oxi de (c@tiifhg cERABRS mateiigls Yhddodd stFOnBRRA lcahRinhtly, @9§bligmMat eri al s

according to the invention preferably contain strontium'oxide (strontia) as
t he singl ed| ar geHainagAsd lanthapum CoRIning meatemale desetibedebelow) candepixehwitim

St ont | um cont SR GG Gfbed. FRRRRLPLI GRROAM: stmhebiontbi AR, ot fum |

contai ni ng cer agd/6r ¢oRtual d:ElS(cetilber than oxides, including, but not limted
to, at least one strontiumboride, strontiumfluoride, strontiumnitride,
strontium car b[A988] orTheisirontiuas comaipiagfceranic maggals apeording it dretiaventien i nvent i on,

the strontium DI er.am:. r.i.al in other, ceranc
materi al s ot heﬁ&?‘%’%ﬁ? c:glirilc‘r“ll nmz'i’:%ﬂ"{l i%gltrqgt(éou% ea%%eo@ggﬁ% gaég%sff:@gdtugqtr g[ﬂt ium
oxi de, bounde, sdrhe/@nibstimanns, e kpbriRm @inGinifd Corantiaife@iNedn coagikam ¢ material s

can include, but are not limted to, one or nore oxides, nitrides,
essentially of strontium oxide. The strontium containing ceramic materials can

=

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, IIA, IVA,

20 VA, VIA, VIIA, VIIIA, IB, 1IB, 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 abave.

[0040] The dysprosium containing ceramic materjals according to the invention
preferably contain dysprosium oxide (dysprosia) as the single largest'consﬁtuent.

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,

dysprosivm nitride, dysprosium carbide, or mixtures thereof.



bori des, fluorides and carbides of elenments selected fromGoups I1A TIIA

| VA, 20 VA, VIA VITA VLIIA TB, 1IB, 111B, 1VB, and VB of the periodic
table; and/or one or nore oxide, nitride, boride, fluoride or carbide of any
el ement of the actinide series, as described above. [0040]235FP2¥ pr osi um
containing ceramc nmaterials according to the invention preféra UE contain
dysprosi um oxi de (dysprosia) as the single |argest constituent. 25 In sone
enbodi ments, the dysprosium containing ceranmic naterials can consi st
essentially of dysprosium oxide. The dysprosium containing ceramc naterials
can also contain other dysprosiumcontaining ceramc materials other than
oxides, including, but not limted to, apb-l|east one dysprosi um bori de,
dysprosium fl uoride, dysprosiumnitride, dysprosium carbide, or m xtures
thereof. 2 1 SHR4EPOGccoRifgl04Ad indettivnlihe dyipRodilg contuiiviy @famit gateHasPr 0Si um
containing ceramc materials can contain other ceramc naterials other than
or in additi onCakcontaipothgt casamiganzierisieether, By, oF iy pdditionie, tispbpwrs, fl uori de

and carbi de majer.i. her .ceran . ' ' but are
ot | i ted 1 ol SeliBiaspliEh GBEborhE ole B bRy bty "ok Gy o,
carbi de of el ecarhink BakAds eth inclde, Buowieot lihited td, At lehdfdne oXile, Mirfe, VI LA,
VIIlA 18, IM I11B, I'VB.and VB of the periodic table; and/or one or nore

oxi de, nit?i deDbotidss flyeride andder caebide ofelerpmisesedscted dyome Gapunst L kA d VAact i ni de
i es, d i The. | t i T an terial
Socordi ng t ot Nds ik, VIV R e bitn, VH ARNVE G ARt fET A, T8 )

as the single by geRbrecoXidd, nittidd) thoritie] fluoide of cdrbide € Biip eleinbar df alid hanum
containing ceram ¢ _materials can consist essentially of |anthanum oxi de. The
| ant hanum cont agtidsgeries, afidescribedkatoyPs can  al so contain other |anthanum

cont ai ni ng cer &y nl a4.S Al ] o1l ' , limted
to, at |east o@#lamgr]]%ﬂuﬁ‘gr ‘g’g‘?’l d ﬁ]@ﬁﬁ%ﬁ?%a%i{hgé%ﬁ%&I%%%gnu% nitride
and/ or | ano hanprefeatilp icoetaindanthandinioxide (etia8) as thOS4PE 1Ages costighentd Tnhe

i nvention, the |anthanum containing ceramic materials .
some embodiments, the lanthanum containing ceramic materials can consist

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 A, IIIA, IVA,
VA, VIA, VIIA, VIIA, IB, IIB, 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 hafninm, strontium, dysprosivm 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,
flnorides and carbides of elements selected from Groups A, IITA, IVA, VA,



can contain other ceramic nmaterials other than, or in addition to, the above-
descri bed | ant hanum oxi de, boride, fluoride and carbide materials. These
other ceramic materials can include, but are not limted to, at |east one
oxide, nitride, 20 boride, fluoride and/or carbide of elene?t§g§§@,cted from
Goups IIA ILIA VA VA VIA VIIA VIVA 1B UB IIIB, : VB of the
periodic table; and/or at |east one oxide, nitride, boride, fluoride and/or
carbide of any elenment of the actinide series, as described above. [0044]
According to the invention, the ceramc materials can conprise mxtures 25
of the above-described hafnium strontium dysprosium and | anthanum
containing materials. In addition, the cagamc materials can conprise

m xtures of hafnium strontium dysprosium and/ or. | ant hanum cont ai ni ng

mat eri al s, and VAR VIANYIIIA IR, 1B, I8, IVBCdnddVB:gandiiton @ mdribkide, di@ideone or
more oxides, nitrides, borides, fluorides and carbides of elenents selected
from Groups | | Aoride; fluorjdgmr cerbideof agrplepgnicof the actipide sexies, As degexiped | B, JI B,

MB, |VB, and VB; d/ or one or nore oxide, nitride, boride, fluoride or
car bi de of any épeﬁent of the actinide series, as described above. [0045] In
order to try tqoo43)i nizerdeh® tepmtamimiaé thertofhmdla€ch bOBleCirstid Mhaleshls 5
processed in equi pnent incorporating one or nore hafnium strontium

dyspr osi um?d andiresessedin GEWDRERIOACUPOTRERE @5 aREA hafnitr ovkpntgn  dysprasium

invention, it i ' e for . er am Er | . S I S
possible, e.g. ,ﬁpﬁgﬁ%{@#mnﬁor%%%oul X3 Eﬁ{%%{ C‘%E .“é%toﬁé? I“&/"%E@r%’ ztrﬁs ﬁgﬁul%R%
el ements, such fas tercarieiit nRkeriaBitabs as plrsal pod¥itile | eSg.0 inchide@nihinke® amberits exanpl e,
the hafnium strontiu dysprosium and | ant hanum 10 containing ceramc

material s can b POtRDipldy eqntamingfingcelqnaenisy sch 26 frapgitien mepdy alkall metalver of 1010
atons/ cn? or hi .2l 0 g | r Preferably, these
ceram c materi atﬁgﬂ%%vgslgé%&@? ,&%@?%1 rgtgésnt ﬂ%‘bgg%ﬂ%%&;ﬁ ag%ém nore.

e preferably
f rom about1(99. QHeaitingbathickfilsialf AR sulfiviadd iputoon, avbidorkaifer um strontium
dysprosi um and | ant hanum

contamination of 10 atoms/cm? or higher, preferably 10° atoms/cm? or higher,

OaD

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 hafniun, strontium, dysprosium and lanthanum

15 containing ceramic materials according to thé 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 3 to about 400 pinch,
and more preferably less than abbut 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
undérlying 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 leveis,

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.



15 containing ceramc materials according to the invention have a snooth
surface finish. Preferably, these materials, applied as coatings or forned
into nmonolithic components, have a surface roughness (RA) of fromabout 5 to
about 400 inch, and nore preferably |ess than about 200 inzni%#0047] The
haf ni um strontium dysprosium and | ant hanum cont ai ni ng cer am B naterial s
according to the invention can al so provide a high bond strength to the
under|lyi ng substrate. Preferably, these naterials applied as coatings have a
tensile bond strength of from about 2000 psi to about 7000 psi. [0048] Al so,
t he hafnium strontium dysprosium and | anthanum containing ceramc
materials according to the invention can -pr-ovide |ow porosity |levels, 25

whi ch i s advantageous to mninze contact of aggressive atnospheres (e.g.,

HC  cont ai ni nqogd9fosIahmtRivh, il thafmitie, suodih ydyigrosiasid@hathagmg t hus
subsequent corrosjon, erosion and/or corrosion-erosion of the substrate by

t he aggressi ve COBRRIMZAGEIMIC materialy apppRlingta sheciayention camprovidel ashiglave a porosity

Vol une. 21 Sep MR to Yt ot brEREEE o AR A iR AR AR,
dysprosi um and (Ha D heffroin abowdX00ns agoug 80BN ¢ material s according to the

i nvention can provide a high hardness to resist erosion. Preferably, the
cerani ¢ nareri dP&0havEeahe¥e-dessribed qopnpaig maisrialy eampaovide desireble sveabout 800. 5

[ 0050] The abovgs ' . ] ef | vid sl rabl e wear
resi stance pro\ggsruﬁ‘?gg%k%g%egggﬁ%geg%%géndgg{%@o l%g?%@gsagﬁaﬂ ’psﬁlgﬁgﬁ’ﬁgr, such as,
for exanple, rkaspie, pihaha el oieiters. |1 gasdciiae Mafinm) sfrontiem, dysgrogidum
dysprosium and | ant hanum contai ni ng ceram c materials can provide surfaces
that can reduc@td {agHhanyg coriniteotsrashic murrialcaniraedde sufeessthagrcapaeduceul at e

cont ari nat i on g BTl SACHLEAAINR! G pal L DSBS asyoPr 051 U

and | ant hanum contalrning ceram c materials “can yi ng
subst r at ed0agairagtorehimberby Haféhm, atdntiak, apprashmihedlanthids Koltyinkasmas.

ceramic materials can also protect underlying subsirates against both physical

-

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
_ BCl,; bromine containing gases including, but not limited to, bromine and HBr;
oxygen containing gases including, but not limited to, O,, 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:
terperature 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 scem 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 methbds known in the
art. A preferred coating method is thermal spraying (e.g., plasma spraying). In



[ 0051] The wear resistant ceramc nmaterials according to the invention can be
used in various different plasma at nospheres for etching and deposition 15
applications, as well as other uses. For exanple, typical etch chem stries

i nclude, for exanple, chlorine containing gases including, but not [imted
to, A2, HO and BCl3; brom ne containing gases including,sgupgot [imted
to, bromne and HBr; oxygen containing gases including, but not limted to,
02, HZO and SO2; fluorine containing gases including, but not limted to,
CF4, CHZF2,, NP31 CH3F, CHF3 and 20 SF6; and inert and ot her gases including,
but not limted to He, Ar and N2. These and other gases nmay be used in any
sui tabl e conbi nati on, depending on the degired plasma. Exenplary plasma
reactor etching operating conditions are as follows: tenperature of from
about 25C to alygsineBd; cath@iS owliePls thél@Mand aiebrpdrdidPma §8 sredio WyhidPe nrorr;
gas flow rate of from about 10 seemto about 1000 sccm and 25 plasma power
of from about @ipgied 8t the cengpenentiiug ywan epateflo PFpadviantageokthermsal sprpyipg ef er r ed

enmbodi nent of i nventd t he fo i roskum and

| ant hanum cont g&ﬁpﬁg&p@&%ﬂ%ﬂg e p@?&él‘%&gﬁ‘eg 0p o%ggﬂg%&\é%%ég%ﬁgw?on a
substrate. Thesprag@ah] AdSmakihgttan & pkddagd phtedTRilR dfeak NCVAventondd Grer@sll . A
preferred coating method is thermal spraying (e.g., plasma spraying). In 21

SEP 2066 S12 tpiayingdechaiques; drciydieg plavieriprayangrare descrbrd inddesSpigteetadd in a gas

of chot mal spr ARV RN TheRta SO CAROP BR e RSB BRRENARTLEE, A0 0"t R

sides facing tlaesckipeonil heréhiyringorgothted By defofRadd iMGis@atirdde USed to protect other
areas. Conventional thermal 5 spraying techniques, including plasma spraying,

are described i[#053he Appeisularlypeetenad beraal sprayiog methwdris plagpa sgrayisat i ng by

Pawl owski (Joh /] e 199 Thi scription 4s here | ncorpar ated by
reference in i ,'[i‘éas tsﬁa&,[?g' c%%l%é%dgtg ngtret%f%ﬁﬁhéﬁafvngeflgf 3#%83 ?ﬁcz?%é?rsspr ayi ng
net hod i s 1pl asmfd sihepyiaitber chhpsbisS FIGY 1 Mbis&aBs » eypitabplabfa RaYinLVen
intricate interior surfaces of chanbers 10 and other chanber conponents.

FIG 1 illustr@essa Thanostne prigsiah usystizjn thg form of a powder 112, is injected
into a high temperature plasma flame 114 usually via an external powder port 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-sofiened 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



process. The coating material, usually in the formof a powder 112, is
injected into a high tenperature plasma flanme 114 usually via an externa
powder port 132 The powder is rapidly heated and accelerated to a high
velocity. The hot material inpacts on the substrate surfzﬁe 116 and rapidly
cools to forma coating 118. 15 [00541 The plasnma spray ¢ Sfﬁdmﬁonprises 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 nozzle
of the anode. The plasma is initiated by a high voltage di scharge, which
causes |l ocalized ionization and a conduct-iye path for a 20 DC arc to form
bet ween the cathode 124 and the anode 122. Resistance heating fromthe arc

causes the gas atfivd surfvérfoplboadiig. Phibr ) sz, @b dusfabd16f MBQGiRwAREg! € portion
as a free or neutral plasma flame (plasm i ch does not carry electric

current). Wien Peeferaplybegoughly sleaped o removecundgsirable syplags/maigrial, Buchgdsect ric arc

extends down t T e i | ccel erated
That the 25 opraenpEEisis, RRHECkue e aaehPh it ARADEIERR. FFET
surface can be a@mrit blastingy, Peidr @f codiip. t Dhid béughening Inefoabes I Qitede 6RAt i Ngs are
produced by nolten or heat-softened particles caused to i%act on the

substrate surf &vailablesfor powting, whielbingieatys the coniéng bapdritrength. Jhewonsh treati ng

t echni ques, su | i (Ll I n n . provi de a
nor e chenicalI%ng%%I%ﬂg@?%@?ﬁ?%HgTﬁggﬁa%%gﬁpéiﬁg(ggF%agdgﬁﬁ?@@gcéﬁgﬁbonding.
Prior to coati Rgith thBgulsttaleace of the substrate is preferably thoroughly

cl eaned to renove undesirable surface nmaterial, such as oxides or grease.

The surface cal0@§6do Ber alwnigherearioncomppnents, itib Preferabla del anadigertbe swrfagei t

avar | able For  hih aon et @ b dR8e BBP S PR G T ougn

surface profi | en6difcddusfachr TH®ibdiRe Naei pavidkesi Alliwinal birgiet, 9@king of the
coating wth the substrate. [0056] For alum numreactor conponents, it is

preferabl e to R48EpR & pretecyon pryided by the coating, against corrosive attack of the
underlying aluminum. The anodized 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] Hafnjum 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
hafninm 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, cbmpacting 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-



of the conmponent that is to be coated prior to coating, but not roughen the
10 anodi zed surface. The anodi zed | ayer provides an additional barrier, i.e.
in addition to protection provided by the coating, against corrosive attack
of the underlying alum num The anodi zed al umi num | ayer formed on al um num
substrates, such as 6061-T6 al um num can have any suitabuﬁ &%i@k ess. For
exanpl e, the thickness can be typically be from about 2 mA ut 10 ml.
The 15 anodi zed surface can have any suitable finish. For exanple, the
surface finish can have an RA val ue of about 20 pinch to about 100 /G nch.
The anodi zed | ayer can be seal ed by any suitable technique, such as by using
boi I i ng deioni zed water. [0057] Haf ni um_gxi de, strontium oxide, dysprosium
oxi de and/or | anthanum oxide containing ceramic naterials according to the

i nvention are il Mdma 28kie PAh eRerkiir) Feddid?| of IR (PR} Sihe P (IS 6™ Hovever ,
any other coating nethod suitable for Use with ceramc materials may al so be
enpl oyed. For &®tasmaletch epeior svailiiile fromdiae Rescarchiidrporation afFredwshr osi um oxi de

and/ or | ant hanym,.oxi de nt.abni RgCer am ¢ _coati ngs can. al a i ed by

3 put t _e{i ng, sptﬁyt‘“é‘f? e%gﬁgqighig&m{ﬁcz rogglg?s_é’t:; ??Séﬂﬁhiaééz:jz’ %ﬁﬂ,
eposition, evarFAlOOMN,2A SP LY higlt ed A3 Firfg 18EHECH eeam

evaporation and czg%deznsazt i on), physiS?:aI \(/)ap(;:r I Otl'tlg;gpos}lt%i on, hot isostatic

pressing, ol d togoatditheeteh ehambeyandanmpreaguidsd troligh gy, holasdsipitigyreactonpact i ng

d sintering, and th | i ng.. [ 005 f dj ments of
The Trventi oy Eodrndntha SBbF Y oiing BrAICH SRR et adtor. SR Sl > ©
cont ai ni ng cer FGE 2COBRLILBOSy ¥ tBe g@gt@@@ﬁ&ﬁ& ZdubSteate 48Rt 44l 4igensi ty

pl asma reactor. An exenplary reacto this type is the 9400TM pl asma
etch reactor avbgipasueace ofithe gas ipsHbeoniinsey g-shapeshgastguidingrtrench 60Cal i f or ni a.

In the TCP 94001M ' h .Cl , CF4, CH2F2,
02, Mo, A, sro b REeytoned BEORIG Rt R SR Pl ac the 5
bott om of fghe E[OMDF__C'"'E@QJS 1t 0AE ypidagy c%ﬁif:é%@&iof ﬁlﬁﬂﬁiﬂiﬁl.g_@pgﬂuﬁﬁcéswo the

reactor chanber. FIG 2 shows a gas rin or a TCP 9400 etch reactor. As
shown in the gas ring are directly exposed to the plasma and thus subject to erosion,

corrosion and corrosion-erosion. 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 2 coating 42 of a hafnium, strontium,
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 hafnjum, strontium,



FIG 2, the main body of the gas ring 40 surrounds a substrate support 44.
The bottom surface of the gas ring 40 contains a ring-shaped gas-guidi ng
trench 60. The aforenentioned gas holes 50 extend into the gas-guiding
trench 60. 10 [0059] The gas ring 40 is typically conposed of al um num Upper
surfaces of the gas ring are directly exposed to the plasma and thus subject
to erosion, corrosion and corrosion-erosion. To protect t HelsBEPsi0F aces, the
gas ring is typically covered with an al um num oxide |ayer. This layer is,
however, relatively brittle and can crack during repeated thermal cycling of
the reactor during use. 15 Cracks that formin the anodi zed | ayer can allow
the corrosive process gases to attack thesunderlying alum num | ayer,
reducing part life and contributing to netallic and particle contam nation
of processed sulgsprosiimsandfordintatuitedoatating deddmic pedietial dbcupdiay tothest rat es and
the Iike. [006Q] According to exenplary enbodi ments of the I'nvention, the
exposed 20 sur fiBteatonf These cmponsniyinelude, for examdles ghabey wallsodhamber 42 of a

haf ni um st ronty r 0S| t Lenl amc nmaterial.
The ceram c mtligg#péfg&@n&giecgc oan@éa%lnelcgﬂb‘gsrﬂ@é{?\?ﬁ ﬁ%itglrt& ngﬁg ?1“8‘13' a native
oxi de surface fBrbvifinglagvatibgraccofiigy toQke DReiftiondauhe Myper exifshe of a\Ricki J. .
al um num havi ng. an anodi zed surface). Wen coating the gas ring, the coating

can be al | dwed dewicpasich aF piy elserastatia clucknprovitss pditional pricaian EQ)tthB‘ﬂCkand

protect the in fom: | r ' pngs. For
exanpl e, the g?ﬁéﬁ%@%ﬁ%@ﬁé@%%hd%g%wge} #a%ggﬁ%r#%tgk{‘%g& @’3’%@?%&‘%0%55.
[0061] O her cahpekisning difectly expbeéd ©4hOplbmes.ch reactor that can be exposed to
the plasnma durin rocessing can also be coated with a hafnjum_strontium Z

1 SEP 2006 - 190084 pr A8other erempbry pelysiicon pshcsriton hatRandustede the hafnium, 5|

according to t ovent L on.. T, e : . hanber
wal | s, chanber %alo{ﬂrﬁ@r{swsé%é [ %?ﬁé(%g&a%ﬁuhggé#gﬁ%cc%%%gﬁn (%@vn%%posi te
t he substrit e. théinvemtibnrig tee Veasis™Rplyadivon Wtohgr 61023008 didhée ko avnilablet he upper

surface of a chucki ng . o .
from Lam Research Corporation of Fremont, California, as shown in FIG. 3. The

reactor comprises 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, SF, 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 imjector 168 is typically
made of quartz or a ceramic material such as alwmina. As shown, an inductivie
coil 158 can be powered by a suitable RF source (not shown) {o provide a hlgh
density (e.g., 10" - 10 jons/cm’) plasma. The inductive coil 158 couples RE
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



5 device, such as an electrostatic chuck, provides additional protection to
the chuck during cleaning cycles in which a wafer is not present and the
upper surface of the chuck is thus directly exposed to the plasna. [0062]
Anot her exenplary polysilicon etch reactor that can include the hafnium
strontium dysprosium and/or | anthanum contai ning ceramc pp§g?b@hs accordi ng
to 10 the invention is the VersysTM Pol ysilicon Etcher or 2300 et cher al so
avai |l abl e from Lam Research Corporation of Frenont, California, as shown in
FIG 3. The reactor conprises a reactor chanber 150 that includes a
substrate support 152 including an electrostatic chuck 154, which provides a
clanping force to a substrate (not shown).jgrounted thereon. A focus ring 170
is mounted on the 15 substrate support 152 around the el ectrostatic chuck
154. The substrasz THOBR4hber 158 cﬁﬁﬂs@inamd@miusmramp@wm%@p at@é @t t 0 the
substrate. The substrate can also be back-cool ed using a heat transfer gas
such as hel i um shownHer neitniniag Sisdnteriopefishe ehambgr gadesingé prgssurel ., HBr, CF4,

CH2F2, 02, N1, F NE3) .ate . introduced dnto the chanber ,150, via a gas
i nj ector 168 !o&qﬁgﬁ gﬁq{Iﬁ_eEt e&ec&eﬁ %rn@L £ of JBACIOT FOMBRR ’é‘ﬂdﬁf e gas f eed
156. The gas i njpeilarmédfer 192! diRlesigic wWindoWR 860, @ﬁbsﬁwsﬁ:ﬁ%&f 152, cBA@BardingAt er i al
such as alum na. As shown, an inductive coil 158 can be powered by a

sui t abl e RP5sourdéé gaadnjespnldd) focws ping 7@ andithh ielghtrodiativothugk 184, gre shown - 1011
ions/cm ) plasma, The.inductive coil 158 cqoupl.es RF _ener t hr ough
dielectric wi nggwti‘g?f“tlﬁtc atflfgefﬁlﬁrﬂ(}élrl}aé}m%fb e ysf’ﬁ?fmrﬂ’%éd/ ﬁ%{a&&!‘g’f“&t ric

wi ndow 160 is t ypitaidinplcefiaie nikeriiliadchbdiny todhd fivadion] s $ho®nas FIGC3, W ndow 160
i's shown nmounted on an annul ar nmenber 162. The annul ar nenber 162 spaces

di el ectri c wi ndéelectgbinteripmsuifaces obthe Chamheri 89 andenbatate isepposl Brrhelow e as a
"gas distributig | ate" . h r liner, 164 surr S ~substrate support
Z 1 SEP 2006 -fg &ﬁﬁééc%g%ﬁ)eﬁﬂv@gpw%§8°E}t’r?§?i§§é)fé3’$ tabe vacuum

punpi ng apper at Ygodtied, dyspre¥in dndfor NBiRind ToRGinittecdrithid ohAérid hedofding anber  at
a desired pressure. [0063] In FIG 3, selected internal surfaces of reactor
conponent s, suclthedgvention. Amny or all of these surfaces, as well as any other internal reactor

-

surface, can be provided with a coating according to the invention. As described
below, any or all of these components can alternatively be mannfactured 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
thé 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 exiend 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 eiched, e.g., & photoresist layer, a silicon dioxide



annul ar nmenber 162, dielectric window 160, substrate support 152, chanber
liner 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 | anthanum containing ceramc material according to Qqegwnmﬁ tion. As
shown in FIG 3, selected interior surfaces of the chanber 150 aftt’ substrate
support 152 below the chanber liner 164 can also be provided with a coating
166 of a hafnium 10 strontium dysprosium and/or | anthanum contai ni ng
ceramic material according to the invention. Any or all of these surfaces,
as well as any other internal reactor surface, can be provided with a
coating according to the invention. As desgyd bed below, any or all of these
conponents can alternatively be manufactured from nonolithic bodies of a

haf ni um stront ilayer agly spamietyer aaériul oh @ikt e Mhé2rése-RecoNAINEafesfate Sas
material according to the invention. [0064] According to the invention, the
conponents can IS4 niplatecay bervagied &0 mgnipeaiedee discibuperotRE power issceihpl ar y

oxi de etch reac ' SO0 ch.r Qr avail abl e from Lam
Research Cor portanﬁsgh%%%gre%;%ht, (%afidﬁﬁﬁgppﬁﬁe lgtaﬁﬁ&%&’c@f%&d%' 1Eact or,
the gas di stri bebiplingpifaiiie RiFspowee itiroudhethe phsadigribatidneglae 10 i regatbd.y bel ow t he
TCPTm wi ndow, which is also the vacuum sealing surface at the top of the

reactor in & pl diethethdhis desicabledpn ibe aratqrisl af the gas dismibution platertebe highty gas
distributi | ' . i Is ' ' | d at .th
er 1t phery of ¢ havsitil o5 AL b 08l LR, Fichi s pRERIR alyatelc i s

froma source i fluordchdon\gad plasingab avdd biedkddv #RShel r&tAdd phitiork gehéhion an
i nside surface of a wi ndow 25 underlying an antenna in the formof a flat

spiral coil suppppridipdiierewithgy into the reactor, and the gas distribution
ing. Th di i D Ut - | | If.1 ed di ter,
Whi ch extend t niOUSSh "G dhdtefes ihlalteacht (F T dtpreneBiBen i) BAATEL "

ol es
t hr ough t hd0gas relicairrcotnptibearn rehdbdrechamberb. VA rshestratethodddriliigcud@ksah uni formty
of the layers to be etched, e. a photoresist |ayer, a silicon dioxide 21

g... { L .
SEP 2006 -17 | &lefrogans dmckbieviielyarovidas & clampingfoiggandan&F bigyie a
cross-sectional ghang A TS8Rt can be back-cooled using a heat transfer gas such as

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



distribution plate can be varied to manipulate the distribution of RF power
into the plasma in the reactor. The gas distribution plate is a dielectric
material to enable coupling of this RF power through the gas distribution
plate into the reactor. 5 Further, it is desirable for the material of the
gas distribution plate to be highly resistant to chem calf isgaptfygy -etching in
envi ronnents, such as oxygen or a hydro- fluorocarbon gas plasma, to avoid
breakdown and the resultant particle generation associated therewith. [0065]
FIG 4 illustrates a plasma reactor of the aforenentioned type. The 10
reactor conprises a reactor chanber 10. A substrate holder 12 includes an

el ectrostatic chuck 34, which provides a gBanping force and an RF bias to a
substrate 13. The substrate can be back-cool ed using a heat transfer gas such

as helium A fggwser the gniédncamdivingsw Mlassnda cobling fRGH hlowbian h8g substrate.
A source of energ%_/afor mai_ntai ning a high density (e.,g., 1010-1012 ions/cnB)
pl asnma 15 in t hsanskes spriact withcthe sandow and/os gas disgihgEor plate, 8- a suitabl e RF

source to provi @%.,-]a_rﬁle %F%go(@tsgg%sﬁg%gg{fmag 3 s%%.técf}ﬂ&%%r%afé%b gs %ﬁiﬁ%‘i §dre

react or chanber or ¢ i'ncl S a vacuu g appar at us

for mai ntai ni ngtht bgbsirateaiider 12 aid hdle i Plagsiey arbéle@rodREt cREtkB4esomee (e. 9.,
bel ow 50 nTorr, typically 1-20 nfTorr). 20 [0066] A substantially planar

di el ectri ¢ Wi ndJempipg Mmeais, sowaesd. Bishaeanechanical ing merhagigmcAdalseber i or of

or ocessi g charbr Tgudkigl e Bhek (0 KE LR ctfoyedth B B flakF

wi ndow 20 and i tgwetsahe QubBRhtOQad tinickdFrooesy gRgs e sqFtied &sthefvaaiind he gas
supply 23 to the chanber 10. A conical liner 30 extends fromthe gas 25

di stribution plproeessing ghamben 1P by passingnbe proasetsigas drenghiegapietwemndhant enna 18
ot oned via PRy 2050 ST ith 8L bl SRR piE 2
and/ or w notpw 2&rfi@edents gtq.,bﬁloweﬂie@d;,arfah%&@dﬂ_w:hrbais@médeﬁ domntinlieswad t abl e
technique, suc thaSS. Ptz)i%gn'P ll\‘f(‘ggyI 5?324%6015; 25)38,27%8? and 51,363,376, each of which is
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 eich 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.



gas over the antenna and wi ndow, passing a cooling fluid through or in heat
transfer contact with the window and/or gas distribution plate, etc. [0067]
In operation, a substrate, such as a sen conductor wafer, is positioned on
the substrate holder 12 and held in place by an electrostatic chuck 34. O her
5 clanpi ng neans, however, such as a nechanical clanping nechapd sgggcan al so
be used. Additionally, helium back-cooling can be enpl oyed to i nprove heat
transfer between the substrate and chuck. Process gas is then supplied to
t he vacuum processing chanber 10 by passing the process gas through a gap
between the w ndow 20 and the gas distribution plate 22. Suitable gas
distribution plate 10 arrangenents (i.e.,-18howerhead) arrangenents are

di sclosed in commonly owned U.S. Patent Nos. 5,824, 605; 6,048, 798; and
5,863, 376, eac06f0]whFethesatpld, dtef pafygingtts et einbdiprovidbe wehGecoatin dfSa
entirety, A high density plasma is ignited in the space between the
substrate and th@@lvmnéfmfuhsm, dyspsesivn gud/or laglprunReondiRig ceramic pategiat enna 18.

15 [0068] In FI . | - nal f r t h as the
gas distribut ia?%“é?&?@%z‘?*"?%‘@ﬁi‘%%‘r%@ﬁﬁfen%@t 1@‘@@%@@"@?“@@?&%& SsHAEL ok 34
and the focus holdegs, Tsteness, eRatEirsepdry ate gpRblilyNMade frof Mmetabfely. Um strontium

dysprosi um_and/ or, | ant hanum contai ni ng ceram c material according to the
i nventi on. J Hovdainumy AF geramice(@Secaliping). oThasp gxpellin plaspabEcactan enIenoneRth e

surfaces, can h . ' [ | [ OSl: or
| ant hanum cont aﬁﬁ?}%&ﬁ@%ﬁ&#@@ﬁb&%@% ?"Ia oelg%}(l:grc%‘lg %35% %ﬂ%giﬁcygﬁ%lﬁ%m%%g]
Those skill ed idariobien@idsiot. | Othappirechaicen bdedatdd it abicgtlande Rthithe ROEdtRl | con

and dielectric etch chanbers descri bed above are only exenpl ary enbodi nents
of plasma et cHiepdaetherdirechnexnosed forilasiige buiteayciaparshmexposadcio carmagve o t he

of _pl asm 6 _ HerpORICBCIRg e o t
| anthanum  contaA AR AR et o POt B wfeR e o Te XRBRBH RACT 0

used in any) et cdyuiph@actsed if pra@essing semicohdueto? Bubistra®h 0fin ale boplowidet Wity Of
sem conduct or processing = apparatus where the reduction of plasma induced

er osi on, cor r odiafHuEnsrtiung gy snsesiyn 28d/ ok lapthanie Coptaiping seramie wiead nation i s
desi r ed.

surfaces and coatings according to 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 [0671] 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;),



Z 1 SEP 2006 -19 [0070] For exanple, other conmponents that can be provided
wth a coating of a hafnium strontium dysprosium and/or | anthanum
containing ceramic material according to the invention include, but are not
limted to, chanber walls, substrate holders, fasteners, etc. These parts
are typically made fromnetal (e.g., 5 alumnun) or ceram/c §&. 1805 al um na).
These netallic plasma reactor conponents are typically exposed to plasnma and
of ten show signs of erosion, corrosion and/or corrosion-erosion. her parts
that can be coated in accordance with the invention need not be directly
exposed to plasma, but may instead be exposed to corrosive gases, such as
gases emtted from processed wafers or thaolike. Therefore, other 10

equi pnent used in processing sem conductor substrates can al so be provided
with hafnium sliconrvarbide (S piiiesn wimide@i,d), baifvnlvarbide (B)C) adibrtsbreer ani ¢
material surfaces and coatings according to the invention, Such equi pnent

can include t raidsdBN) ndohyamarsFaaterilsthal Gap by cagted arereferaply those thatcan
mechani sns, | oag: : Qar : ' steners, and the
ke 15 oovay  ciiieh G RE AMARS prosBitdh sl Waerf° COPLS T &
haf ni um  stroni00wWh DfdepitalionsoandtoOintermbdiine tayerscefhateridl vgn beprovided mat er i al

according to the inventiaon include alum numand al um num al |l oys, stainless
steel s and 2 r ef behwes e prriface of the sybstragrybat is-goaged and thehafplus GiroaiHEn.3 16

stai nl ess steel BREPLRE ARk %i"ﬁ | '

| ant hanum cont aclfyr?Prng ceran?rf:lg% rra'l%drﬁl a séf’éc%?ﬁr#c;tm&ggérﬁpé@%tan '%g%lg |sng over
t he conponent, 4 beatadnmaipoyiemaccording ananéxeiplapy prefartaikedivodimetit b€ dfe exposure to
the plasma. Accordingly, the netallic substrate can be protected agai nst

erosi on, cor r osO¥FNLeRd /A first Sxtermerisss coatings$Qis optienadly cgjted Ra 2 spbsinaie 70Ny 5
result, metalli ' h Ao . : Mt hout
regard to all oy%%%ﬁgﬁzﬂn?il %%%I,ﬁd{%f a?n% @k’l ?@é%ntgﬂpﬂegﬁaﬁ %@gﬂg gg lﬁ%ﬁgﬁlﬁﬂgns.

[0072] I n wdi tihivk, to wdlidre wsthe sulsiae and g firtherallow iraé be pricsssedpriad oo be coat ed

with a hafnium strontium dysprosium and/or | ant hanum containing ceranic
forming an optional second intermediate coating 90, or the hafnium, strontinum,

dysprosium and/or 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 thickuess 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 hafnjum, 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



mat eri-al ~according to the invention. In particular, the reactor conponents
can be nmade fromceramc materials, including, but not limted to, alum na
(A1203), 11 SEP 2006 -20 silicon carbide (SiC), silicon nitride (Si 3N4),
boron carbide (B4,C) and/or boron nitride (BN). Polyneric materials that can
be coated are preferably those that can w thstand high tenpgr gtupmg
conditions present in plasma reactors. [0073] If desired, one or nore
intermedi ate | ayers of material can be provided 5 between the surface of the
substrate that is coated and the hafnium strontium dysprosium and/ or

| ant hanum contai ning ceramc material coating. FIG 5 shows a coated
conponent according to an exenplary preferred enbodi nent of the invention. A
first internmediate coating 80 is optionalif-coated on a substrate 70 by a
conventional technique. The optional first internediate coating 80 is

suf ficiently 10andfirdimthanuai¢nstaining cerhmicsudsetial zbatingnid0t dTHemecdradlr al low it to

Che hat nium ot PETERIE ORI R ReaRaR s SEE AR A e g SEaM e
mat eri al coati ngtek@Bdiaté RBattdor ot canihﬁﬁidWitﬁl@ﬁﬂﬁEgs%atgﬂoﬁ&& thée segrand

i nternedi ate coating 90 can have any suitable thickness that provides these
desi red proper tprepertigheueh asonthickgess ofiat lbasy sbous0 H04 limchis) geefemblyfromeast about

0. 001 inches, f f 0.001 0. 25 inches,
or of er ably Tt orABED0byepoot b3S Bahes sooke prefenad romab o0 AR oy ¢ om
about 0. 001 i nchigs idefes? 304 ind3: feferbhR8m abBR (A0 P inkRs 168PAR bldNGctiehe opti onal

first internediate coating 80 onto tthe reactor conponent 70, the first
i nter medi ate co@076lg The fie and ewordiintegmediatsoting? 0an begiadnohayusetaliicany

sui tabl e techni que,. and then coate ith the optional secon I nfermedi ate
coati ng 90, or SHFENCARS PRATRT GHErel Behars AHaes Do G thAaropPor PUSER anum
contai ni ng cer agfoestiy ShaAbers OPartiB@arkP Besirdble Aiee1€ MRl HeSdsed wRiuAE"RAl at e
coating 80 provides a Eart|cularly good bond to subsequently applied

coatings. Dksi rabmyt limhed e cefragtory metals avhithecan ethistand Bighiprpeessing a hi gh

mechani cal 25 conpresslomysirength to hey ! sk, 0} ELABFIRLG, 8K ne 80 and

Si;N,, BC, AIN, 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 interiediate 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.



fissures in the second internediate coating 90. [0075] The second

I nternmedi ate coating 90 is sufficiently thick to adhere to the first

i ntermedi ate coating 80 and to allow it to be processed prior to form ng any
additional internmediate coatings, or the outer hafnium strontium dysprosium
Z 1 SEP 2006 -21 and/or |anthanum containing ceram c nate}ti &P ¢ggati ng 100.
The second internediate coating 90 also can be treated, such as by
rougheni ng. The second internediate coating 90 can have any suitable

t hi ckness 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,
nore preferably from about 0.001 and aboutz- 0. 15 inches, and nost preferably
from about 0.001 inches to about 0.05 inches. [0076] The first and second

internedi ate COomriidlily Mk RAGAR UG @ AR 2 WREI@ELH if the ﬁuﬁ?@ﬁf £bodd.00p! ymrer
materials that are suitable for use in sem conductor plasma processing

chanbers. Part iiochieato gbayied iinchb preferably from dhout 6801 nchesstocabonid). hdweh, md 10 are
not limted to, refractory. nmetal i.ch can. Wt and hi f pcessi.ng

Cenperat ures. _PeRarAauoE S paut o e Blaoohe OO Stbes P BHEESRE G s
Si3N4, BC, AN, ke E&aﬁﬂﬂa}’r‘éf@hﬂ b8 Seledi&l tggfe-coﬁbﬁﬁlﬂé Whd (ROpMERS envifdhiedte but are

not limted to, fluoropolyners, such pol yt et raf | uoroet hyl ene and
pol yi mi des.5 [ O@7Eneomiered it de neagton (@ g stehingg E€Vahrethby appl i ed by any suitable

deposition 15 t i gye ,such lating,(e.qa...electrol.ess i ng.or

el ectropl at i ng)[‘,aﬁilgut ggﬂsH&sef%ﬁb?wh g@ﬁﬁ“&lzf,a &Hegafpe%‘gjp%ﬁprﬂ ition,
physi cal vapor @@aRppftdt Biving @affif SHRREY REbMiEE A fnv&ition Woveves lodlek C _
pressing, cold isostatic pressing, conpression nolding, casting, conpacting
and sintering, coating methodd canmlsayhernged fneluding, filr &zamplepothyt dappsiticl® [ 00781 The
optional first jinternedi alie coat.ng.80 and second. iniernediate ..coatjng 90
can have the sd i PF ALY JUmErsiphcoang,, chemical yapar depogign A ng on

their desifed pympieiltvags: detﬁdﬂﬁ&ﬂ;%aisog'tmcegrea%ﬁig%ﬁd%@ﬁaﬁ@g&sﬁh@h as a third,
fourth or fifth internedi ate coating of the same or different materials can
compression molding; casting; and compaction and sintering techniques.

[0081] As mentioned above, components of semiconductor processing apparatus
can also be manufactured as monolithic bodies from hafnium, strontjum,
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,



al so be provided between the coating and the substrate if desired. 25 [0079]
FIG 6 shows another exenplary enbodi nent of the hafnium strontium
dysprosi um and/ or | ant hanum contai ning ceram ¢ naterial coatings according to
the invention. The coating 100 can be deposited directly onto a substrate,
which is an outer surface of the conponent 70. The coati nd Ic$tR 18 have any
suitable thickness that provides the desired | evel of wear resistance to the
conponent. L 1 SEP 2006 -22 Particularly, the coating 100 can have a

t hi ckness in the range of about 0.001 inches to about 1 inch, preferably
from about 0.001 inches to about 0.5 inch, and nost preferably from about
0.001 inches to about 0.05 inches. The thiagkness of the ceram c |ayer can be
selected to be conpatible with the plasma environnent to 5 be encountered in
the reactor (e.gysprestudhioRide afd/Br lagithanym okidOFOImiAg adirsclcoagfActil QuRsirddher mal
spraying is a preferred nethod of providing conponents having coating

surfaces accor dFiRge aed sine from the slugy; andoiikicang the compact ¢ frmmysinereddedy.can al so

surf aces accor gt &
cputtoring. | it pah cERPHEELE ophhik BS08 st fEanl B BHERs 19YEE, 7 oo

vapor deposi ti opomjiient. SDsthik dfccefuneis proeessingabdiniquesiréigivenih &@fddagion to
conpressi on_nol dj ng; casting;, and conpaction and sintering techni ques. [0081]
As nentionedl ab&gEMiESoHp Hig bW B gt &t 3% Bavele 884 By Rapidpaand. can

Gyspr osi um and S1iep kSRR, A ARBNER i ol iR WrBBkE s 1o 15

bodi es can be segiente bodies or coverings for other conponents. For exanple,

the hafnium stronti u(r;r[\ dyspr.osi um and/ or | ant hanum cont ai ni ng ceram c

mat eri al s accor {0831 + dhemeonolthis\¢anpnonentihans dreferaplyplasmacexpetedrGORpeneuch as

i ners, constr er r o These
HEBEdd Rab8He S RERRS6HpSHAEAGS Socle! RRCKRNNIEOTRORENY Suy

coverings can to surrace n reactor Ny sui tabl e

f ast eni ng t@chnswhstrate 2Qppons] gdi digriiftion sestanincluding showsrbedio BN, Singd)y
mechani cal fasteners. Wen fasteners are used, the fasteners thenselves, if
exposed to the PPZeFaiasienessy heating elements, plasma screens, liners, transport module

comporents, such as robotic arms, fasteners, inner and outer chamber walls, 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
hafnjum 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 sputtbr ion energies).
[0085] By either applying a hafnium, strontium, dysprosium and/or lanthanum
containing ceramic coating or covering, or by constructing a monolithic hafnium,
strontivm, dysprosium and/or lanthanum containing ceramic component, in

accordance with the invention, advantages are realized. Namely, lower erosion



preferably al so be made from an erosion resistant material to enhance their
service life. Additionally, the hafnium strontium dysprosium and/or

| ant hanum containing ceram c material coverings may be constructed to
interlock with the 25 underlying reactor conponent. Monoli :J;'é coverings can
be provided over any suitable substrate, such as, for exa EP der wall s
and ot her surfaces. [0082] An exenplary nmethod of manufacturing nonolithic
bodi es from hafnium strontium dysprosium and/ or | ant hanum cont ai ni ng
ceramic materials may include preparing a slurry containing, for exanple,
haf ni um oxi de, strontiumoxide, Z | SEP 2006 -23 dysprosium oxi de and/or

| ant hanum oxi de; formng a green conpact ijj-a desired shape and size from
the slurry; and sintering the conpact to forma sintered body. The green
conpact can be fimRdadnevali ik PRRGa RlacBRY AeS risaf, @b 3Rk S&Ghfiim, COMPONent .
Details of ceramc processing techniques are given in Introduction to 5
Cerami cs, 21 Eddyspomsjunpgnd/er Buthifumg eonpainibg cétamBotoatingsa wdvadingRandh! mann (J.
Wley & Sons, 1976). This description j.s incorporate &erein y reference in
s ont i rory. pORBsET REoRRGH Bh itentih i AR eels Aot R oxposed
conponents  of  glSHRatRARWr TostSHY tRRlaSing AEFOSAL 8f SiHRumAby dored@r exanpl e,
chanber walls, 10 substrate supports, gasS distribution systens including
shower headsy baprocess drifis agd reduoe the develsfaficorotionof dhanbenparts asdwsnbsiratepl asnma
screens, liners nsgport . nodul e .conponent s Cc roboti ¢ .arns,
fasteners, i nnemo&ﬁ@ 2‘3‘?@?%%@?‘“%1 Msprogpupd ?I‘%%Eﬂﬁ“a}ﬁ?@n} FREAINIAE s peci fi ¢
exanpl e of suchcg, &R SohPsnehBAELRIinE WRRMERhtod &h OB b FIG 7.
The reactor conponent 110 is a nonolithic body 15 manufactured froma hafnium
oxi de, stronti uextrenieliehardy wparassistantsnifate. sfudii ovating an chmpomanoisidisivabhynt ai ni ng

ceramic material. 084]. .The haf ni oxi de, strontium oxjde, dysprpsium oxide
and/ or | ant halnuh:Fe E@‘&Lﬁ‘#ﬁ&%@&#@@%@%éﬁﬂ%ﬁ% ﬁlﬁ‘gespf‘x ’rsd:@.?)m% %WF}tgr p)z;Irt
of the reagjor QRATREherd Mok UTRBTRRIE confinfindtof! Bk @ n6EBROLAE Nhile b€

coating or nonolithic body is
no metal contamnination and/or little or no volatile etch products.

[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.



20 provided on'the regions of the reactor chanber that are exposed to the

pl asma environnment, such as those parts in direct contact with the plasng,

or parts | ocated behind chanber conponents (e.g., liners). Additionally, it
is preferred that the hafnium oxide, strontium oxide, dysprosium oxide

and/ or | ant hanum containing coating or nonolithic body be provided at
regions of the reactor chanber that are 25 subjected to relatively high bias
voltages (i.e. relatively high sputter ion energies). [0035E[ﬁ i ther
applying a hafnium strontium dysprosium and/or |anthanum contalnlng
ceram c coating or covering, or by constructing a nonolithic hafnium
strontium dysprosi um and/ or | ant hanum contai ni ng ceram c conponent, in
accordance with the invention, advantageséére realized. Nanely, |ower erosion
21 SEP 2006 -24 rates are achlevable in plasnma reactors. As a result, the
haf ni um stront Whig A DI | ant hanum cont ai ni ng ceram c coatlngs
coverings and conponents accordlng to the invention can decrease |evels of
metal and particulate contam nation, |lower costs by increasing the lifetine
of consumabl es, decrgase ﬁcﬁﬁlﬁ&ﬂﬁ%ﬂdé&ﬂléonaﬂ&of eé‘sﬁmgfaﬁpérﬁed@'c%u@fnsﬁgrros on
of chanber parts and substrates. [0086] The hafnium “strontium rosi um
and/ or | ant hanumlcashaaomongzorwasmga@emm matgsiala it potepoeemrisitgcaor di ng to t he
i nvention can provide an %rene har d, ar resistant surfgce. Such

coating or conpSHEROSt @’rﬁ'@gi" the | coubpreat, 3¢ BTG \MAtGTL COMBLISIRE B ¢

processing §hanﬁﬁfens1as%fe%ted%m% ggagﬂ%glkﬁag émﬁfﬁmﬁ%&fdehm{fﬁa&l BoMaee is low
or no part|cle contamnat|on NO COrr osi on |Itt e or no met al

cont am nat i on ahaffimm ¢arbidé eharﬁmumdlumutlatstﬂonum oRidpy sichntinm, m{rtd@BsZ:]onﬂbml e the
i nventi on has bgen descrl bed det aj reference t, cificg
enbodi ment s t heP@He, SFrentigng ¢ar E@ J‘éq“lﬂ d‘? ﬁ%fgéa’%‘ﬂ %'d mpridey pat

vari ous Chan9681aﬁﬂﬂmfﬁ%bﬁa@qmﬁmﬁnp@a9b1@@ 18R A h RBU BB AinS o B! Oyed, 15
wi t hout departing fromthe scope of the appended clains. 21 SEP /006 -25

dysprosium nitride, dysprosium boride, dysprosium carbide and dysprosium

10 fluoride as a single largest constituent of the ceramic material,

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 6f Claim 3, wherein the coating consists essentially

of the ceramic material.

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

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



VAT IS CLAWED IS: 1. A conponent of a sem conductor processing apparatus,
conprising at least a portion conprising a ceramc material, the portion
conprising an outernost surface of the conmponent, and the ceram c naterial
conprising a. 5 material selected fromthe group consisting qf hafnium
nitride, hafniumboride, hafniumcarbide, hafniumfluoride, ESHbHMBun1oxide,
strontiumnitride, strontium boride, strontiumcarbide, strontiumfluoride,
| ant hanum oxi de, | anthanumnitride, |anthanum boride, |anthanum carbi de,

| ant hanum f | uori de, dysprosium oxide, dysprosiumnitride, dysprosium boride,
dysprosi um car bi de and dysprosium 10 fluoride as a single | argest constituent
of the ceramc material, 2. The conponent g Caim1l, wherein the ceramc

mat erial conprises one of strontium oxide, |anthanum oxi de and dysprosium

oxide as the single 7|ar g'fﬁéccﬁlﬁiibﬁéﬁttdf@ﬂmﬁwhEP&nﬂﬁ%Piﬁ%ﬂEna@éma%
wherein the conponent conprises a 15 substrate, and ceramc naterl aI is a

coating over t heorgpnms ﬂaleg?ot one niAtegiabsetnoted drom thie gflbup cnnSJ,stmg]eﬁ(ey oxiddsg coati ng

of Gl m 3, whoPBiHps: REES-irigen B Pt B ests o o ath SR,

material. 20 6. Vﬂwmmmevm@fmﬂrm T8, IVE!4nl /B SPiEBE;bﬁb&lStablé‘fanc?]gLBSt one

i nternedi ate Iayer on the substrafe; wherein the coati I's over t | east
one i nt er nedi at exidesy gitrides] berites2 Boarides aad Q’arbiﬂbsaoiiibﬂpbmms oftheGictiide 1, wher ei n
the ceramic material g%erther %ITDI‘ISES at | east one material selected from
t he group consi fﬂeﬁﬁ Qeflf’dlfi)ﬁ nitrides, borides, fluorides and

carbi des of the elenents of Groups BA, IIIA VA VA VIA VILA VIVA 1B,

. 11B, BIB, 1VB, and VB of the periodic table, and (ii) 5 oxides, nitrides,
borides, fluorides ahd caFis enseponentof € lainclovitich iekeletted &otm the geoup

consisting of a chamber wall, a chamber liner, a gas disiribution plate, a gas ring,

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

10 9. A plasma efch 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,



series of the periodic table. 8 The conponent of daim1l, which is selected
fromthe group consisting of a chanber wall, a chanber |iner, a gas
distribution plate, a gas ring, a pedestal, a dielectric w ndow, an

el ectrostatic chuck and a plasma focus ring. 10 9. A plasma etch reactor
conprising at |east one conponent according to Claima1l. %q.g? @& cess of
manuf acturing a conponent of a sem conductor processing appara accordi ng
to Claim1, conprising applying the ceramic mnmaterial as a coating over a
substrate, the coating conprising an outernost surface 15 of the conponent.
11. The process of Caim 10, wherein the ceramc material conprises one of
stronti um oxi de, dysprosi um oxi de and | antdranum oxi de as the single |argest
constituent. 12. The process of Caim 10, further conprising roughening a

surface 20 of the sust rHieproeds oty i10gfutdier eefpiding: material on the
roughened surface to enhance adhesion of the ceramc material on the

substrate. 13. The pipbdrgaideastpng infermedigipdaver on tgsubsepts; 98d consi st s
tiall f th ] i al ; - . Th f
essentially o eoérf@;@gg ﬁ’S%z‘@{é}) (ﬁlytlhen él&@?@aé&%edm%a?y]eﬁ e process o

Claim10, further c g a one 1 ntermedi ate | ayer on
the substrate; and applying the coating on the at |east one internediate
| ayer. 15. The process of Claim 14, further conprising at |east one of 5

treating the substral® beFlriroessyps Claun | hefugthen @mprismgat laasteonewdi at e | ayer to
h d i f i i . te; d
Croating tho a1 eastondthe B85t bRbE TR UEHAATYE blimb B RIS S O 2

mat eri al to enhenbaacecadhesioof thé at ldast 08¢ MerMedibic ¢4yedbn @i subsirAé; dngast one
i nternedi ate | ayer. ) ) ) .
treating the at least one intermediate layer before applying the ceramic
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 ITIA, IIA, 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



10 16. The process of Claim 10, wherein the ceramc material is applied on
the substrate by thermal spraying. 17. The process of Caim 10, wherein the
ceramic material further conprises at |least one naterial selected fromthe
group consisting of (1) oxides, nitrides, borides, fluorides and carbi des of
the elenments of Groups IIA |HA VA 15 VA VIA VILA VHIg@ m@g 1B, IlIB,
I VB, and VB of the periodic table, and (ii) oxides, nitrid rides,
fluorides and carbides of the el ements of the actinide series of the
periodic table. 18. A process of manufacturing a conponent of a sem conductor
processi ng apparatus according to Caim1, conprising formng the conponent
as 20 a nmonolithic part which consists eggentially of the ceramc material.
19. A conmponent of a sem conductor processing apparatus, conprising: (a) a
nonol i thic par tcaf&dﬁ)ﬂﬁieﬂhfﬁﬁinlﬂlﬁhﬂe%a&nﬁl@ﬂﬁﬁt@c@ﬁh&(ehﬁéffh@@éﬂﬁﬁ&' ng one of
haf ni um oxi de, hafniumnitride, hafniumboride, hafnium2zZ 1 SEP 2006 -28
car bi de and haﬂWMﬁﬂHOMorlde as a single |argest constltuent of the ceramc

material; or (b) a osit ri.sing . a cont ai or polyneric
substrate and a coat &COW(ESI%&agtrﬁngmﬁ]ﬁ%%%?m ‘I{"P?e"fswﬂ %é t he
coating 5 for rBuBQ:ra@dWaxﬂLﬁ €0afRs bf &Y cERffic ﬂﬁtehﬁl&w‘é@fﬂé%ﬁﬁéﬁate 26k coh corrponent
of Caim19, wherein the ceramic material consists essentially of hafnium
oxi de. 21. The formipe e wutesmostisuifaae g thagosipenentt he ceranic material further
conprises at |east one material selected fromthe group consisting of (i)
oxides,. 10 nitrides, borides, fluorides and carbides of the el enents of
Goups I1A I11A 1'¢d,  he chinfonedt bACIaM 19 AvhdrBin ¢ ErrarhickBateriiBonsiitsl VB of

the periodic table, and (ii) oxides, nitrides, borides, fluorides and
carbi des of t heessentiatisnefchafpinmingidect i ni de series of the periodic table.

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 IA, 1A, IVA,
VA, VIA, VIIA, VIIA, 1B, 1IB, 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.



22. The conponent of Caim 19, wherein the conposite part further 15
conprises: at |east one internediate |ayer on the substrate; and the ceramc
material coating on the at |east one internediate |ayer. 23. The conponent
of Caim19, which is selected fromthe group consisting of a chanber wall,
a chanber |iner, a gas distribution plate, a gas ring, 20 a pedestal, a
dielectric window, an electrostatic chuck and a plasma focus ring. 24. The
conmponent of Claim 19, wherein the nmonolithic part and thel jEogpi ng consi st
essentially of the ceramic material. 1 SEP 2006 -29 25. A sem conduct or
processi ng apparatus conprising at | east one conponent according to Caim
19. 26. A process of manufacturing a conponent of a sem conductor processing
apparatus according to Claim19, conprisi2@g: 5 (a) formng the monolithic
part entirely of the ceramc material; or (b) applying the coating of the
ceram c material o2& t he saniostduatoe pricedsingtappiratul eompsising g leas oBe t he v
outernost surface of the ,orrpo%i te part. 27. The process of Caim26, wherein
t he coating ha%OI%POPﬁ‘i‘t@IQngé@gé? l@md$ about 0.001 in. to about 0.050 in. 10

28. The process of Claim26, further conprising: applying at |east one
internedi ate | ayer on the substrate; and applying the coating on the at

| east one internedi2ite chatdcass.of n2ufatineing neompsnent ofh semic@@iucoher ei n: t he
substrate is a netallic substrate; @ngg 15 the process further conprises at

| east one of: RIPEESHInR GPRAAIVS fAcerding _ FbED COpRriSingy t he at | east one
internediagge | ayer(ai 0 %gﬁ%&%@ﬂ@ﬁﬁfﬂﬁ@pﬂ{ ehtliBlydf thEQFHhmRark Bl S5, TE1 at

| ayer on the substrate;
(b)  applying the coating of the ceramic material over the substrate such

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

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, furtber comprising:
applying at least one iniermediate 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 oft
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.



treating the at | east one internediate | ayer before applying the 20 ceramc
material to enhance adhesion of the ceramc material on the at |east one
internedi ate | ayer. 30. The process of Caim 26, wherein: the substrate is a
metallic substrate; and the coating is applied over the substrate by thernal
spraying. L i SEP 2006 -30 31. The process of O aim 26, wherein the ceramc
material further conprises at |east one material selected fromthe group
consisting of (i) oxides, nitrides, borides, fluorides ané! &kl Bildes of the
el ements of Groups IIA ITIIA VA VA VIA VIIA VIIIA 1B, 1B, 111B, VB,
and VB of the periodic table, and (ii) 5 oxides, nitrides, borides, fluorides
and carbides of the elenents of the actinjgde series of the periodic table.
32. The process of Caim26, wherein the conponent is selected from the

group consisting of3a chamberbcasbl Clan 28 2WR&E ! th8ramft BaASrslifikthd oUt | ON
plate, a gas ring, a pedestal, a dielectric window, an electrostatic chuck

and a pl asna f eeoRfises ot least gne Baterial scleatod from thefgreuppioasisting ef{taxidesnuf act ur ed

by the process_of LN 286, . r.aces f manuyf aciuring ,a ent of a
seni conduct or m?o{l%eé &%ﬂ&r{;& @lboﬁéé%?@scpar%@?ﬁ)oilt@q ?}apeli{% Oé{:'é‘fﬁ? g%g Iﬁ-ﬁs ry
conprising at WVeqsiAQNHIA EVAIA, ABVHBES 1B, TV 86 Vaslof the ReriddiSwBleO W GHNSI Sti ng

of hafnium oxi de, hafni umnitride, hafnium boride, hafnium carbide, hafnium
fluoride, 3trop¥ifeprnbsifese bordasofiuarides and earbides efithoelements o6 thedetinidst r ont i um

car bi de, st rongérfégnogth%i%rgigg&f:é%gt hanum oxi de, | anthanum nitride, | anthanum

bori de, |anthanum ¢ anum fl uori de, dysprosium oxide, 20
dysprosiumnitride, dysprosium boride, dysprosium carbide and dysprosi um
fluoride as a single | ar%lest constituent of the slurry;

2. e process of Claim 26, wherein the component is selected from

the group comsisting 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

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:
i5 preparing a slurry comprising at least one ceramic material selected from
the group consisting of hafnium oxide, hafnium nitride, hafnium boride, hafninm
carbide, hafoium fluoride, sirontium 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.



formng a green conpact fromthe slurry; and sintering the green conpact to
formthe conponent. Z 1 SEP 2006 -31 35. The process of Caim 34, wherein
the slurry conprises one of hafnium oxide, strontium oxide, |anthanum oxide
and dysprosiumoxide as the single |largest constituent of the slurry. 36.
The process of Caim 34, wherein the conponent consists 5 essentially of the
at | east one ceramic material. 37. The process of C aim 34, lmﬁpegmthe
conponent conprises hafniumoxide as the single |argest constitu . 38. The
process of Claim 34, wherein the ceramc material further 10 conprises at

| east one material selected fromthe group consisting of (i) oxides,

nitrides, borides, fluorides and carbides gfl-the elenments of Goups IIA M,
VA, VA VIA VILA VIIIA 1B, 1113, I11B, 1VB, and VB of the periodic
table, and (ii) oxi 5, rTHerproess ofClaintis4, whdreif ihedderrposmphdchiogest of the

el ements of the actinide series of the periodic table. 15 39. The process of
d ai m 34, wher ei pIRIB® QXida, sEemium Qxide lamhanyy ¢xida andiiysprosion eidesisdhe ng of a
chanber wall, a g L ek istribution plate, a gas ring, a
pedestal, a dielectri céﬁ%da%év?mg;r?ge esg{rr?%stati ¢ chuck and a plasma focus
ring. 40. A conponent of a plasma etch reactor manufactured by the process

20 of Cl aim 34.

36.  The process 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, ITIA, 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.



