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THE INVENTION Field of the Invention 5 [0001] The invention relate

conponent onductor material processing appar The conponents
are for rrezwg)?{)(@tﬁgrﬁ?al s that can reduce contam nation g.'%r gﬁﬂ:”@bﬁé%ct or
materials during sem conductor material processing. The invention also

rel ates to nethods of naking the conponents. Description of the Related Art
10 [0002] In the field of sem conductor material 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) fi-&éid is applied to the process gases
to generate a plasma of the rocess gases. The plasma perforns the desired
et chi ng or deposi PRODUGETENTS: ERHANCHHE SHERM AJN SRRAMED YBRERIA-es of

paral l el plate, transf s also called
i nductively coupl ed p@éﬁf‘m é(g‘ﬁﬁhgé@#%im %ﬁgGﬁjbltsonance (ECR)
reactors and conponents thereof are disclosed in comonly owned U S. Patents

Nos. 4, 340, 462; 4,948, 458; 5, 200, 232 and 5, 820 723 20 [0003] During
processi ng of sem conduct orB IK€ p ili B N are typically

support ed vmtEplil Eﬁ— ﬁgcuiim chanber by substrate hoI ders, as disclosed, for
exanple, in U d Il 5 262,029 and 5, 838,529. Process gas can be
suppl ed 5o phoiarmielimhided Mg éﬁbﬂﬁ'fb!r SAtafRcror el |0 addition to
t he pl asna chanber equi pnent, er | pnent used processi ng :

sem conduct or psatbsingatpparaiusesl UHescompanm]mme foreecd af margialsl thateas reducd t
nmechani sns, | oad | ocks, door chani sns, robotic arns, fasteners, and the
like. 1 4 D E€OBRBEALSRPiRsmigosdurie materaly ipmgsemieadyctor material

processing. The invention also relates to methods of making the components.

Description of the Related Art

10 [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
process gases. The plasma performs the desired etching or deposition of selected

15 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
5,820,723.

20 [0003] During processing of semiconductor substrates, the substrates are
typically supported 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,

[0004] In addition to the plasma chamber equipment, other equipment used in

25 processing semiconductor substrates includes transport mechanisms, liners, lift

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



4

-2- [0005] Plasmas are used to renove materials by etching or to deposit
materials on substrates. The plasma etch conditions create significantFpms
bonmbardnent of the surfaces of the processing chanber that are exposed to

t he pl as IS ] bonbar dnment, conbined with plas ] ' and/ or
etch byp??ﬁ?@@@@w%ﬁg 5 produce significant erosion, Cgﬁ?%@ﬁgﬂﬁ@%%&?

corrosi on-erosion of the plasnma-exposed surfaces of the processing chanber.
As a result, the surface materials are renoved by physical and/or chem ca
attack, including erosion, corrosion and/or corrosion- erosion. This attack
causes problens including short part lifetines, increased consumable costs,
particul ate contam nation, on-wafer transition netal 10 contam nation and
process drift. [0006] In light of these ﬁ?oblens, pl asma processi ng chanbers
have been designed to include parts, such as, disks, rings, and cylinders,
that confine t[ﬂ&)s] pl Blagmpasye psed fe retagve masEiakigbypeteing ok, depesicpaterials hese parts

are conti nuou C i ely erode
or accunul at e%ﬁ%ﬁugﬁn{é?égl?q%ﬁ ﬁ\g{i{‘j‘%&h ygﬁﬂgﬁsﬁ?y,eﬁglgggﬁggﬁé&%bu##%rﬂgtch wear
that they are thosdrtweest ths plokessing lCharitser \that brerexbadeld e the pdsaral Thid ®hi nes are

commonly referred to as "consumables.” |If_the consumable part's lifetine is
short, then tHombgeimest, combaied wyifh plasmy; Gamisiries 38d/encteh bypredusialsaes and ot her

par ts gengy at og G LANIAA AN Bl ASHPad AESS AL ATRY 500 20,00907)

Because o er osi corroésrve nature o e plas

such react ors, supfagkstoli e ocksdity Sanibet.z As BassultCihe safgheQhattRilfhreGab@@ nNat i on,
it is desirable for conponents of such equi pnent, including consumabl es and
other parts, hyophiysiod agdior ghanjicaliagcke inshidéng capdon soFesipe ANYEEEWTMMINEe. Part s
have been forpned fr.am rial hat prqvi.de resis Q._correosion and
erosion in pl Aaiorsst T oK calied ptobBun RGHE ARR! RGeS i@tk (00

S5, 798, 016; 5, Lbhsiteble cdbis] gatidifldte abtaRindfich, O vafdrdrdakitida meP 2004/ 003962

PCT/ US2003/ 018502 - 3- SUMVARY OF THE | NVENTI ON
10 contamination and process drift.

[0006] In light of these problems, plasma processing chambers have been
designed to include parts, such as, disks, rings, and cylinders, that confine the
plasma over the wafer being processed. However, these parts are continuously
attacked by the plasma and, consequently, ultimately erode or accumulate polymer

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

20 [0007] Because of the erosive and corrosive nature of the plasma environment in
such reactors, and the need to minimize particle and/or metal contamination, it is
desirable for components of such equipment, including consumables and other
parts, to have suiiably high erosion and corrosion resistance. Parts have been
formed from materials that provide resistance to corrosion and erosion in plasma

25 environments, See, for example, U.S. Patents Nos. 5,798,016; 5,911,852;
6,123,791 and 6,352,611.



[0008] The invention provides conponents of sem conductor processing
apparatus nade of materials that can provide inproved wear resistanceitjgf jp
physical and/or chenmical attack in plasma processing environnents. The
conponent ovide low | evel s of contam nation to nmetal s
and parti ?ﬁfiﬂ{ﬂgﬁosﬁ’&[ 0009] An exenpl ary enbodi nent of ‘2%%%@%@?\%@?%2 a

sem conduct or processi ng apparatus according to the invention conprises a
substrate including a surface and a thermal -sprayed yttrium oxi de
(yttria)-containing coating on the surface. The coating conprises an

out ernost surface of the conponent. 10 [0010] An exenpl ary enbodi nent of a
process of meking a conponent of a sem gonductor processing apparatus
according to the invention conprises form ng a yttria-containing coating on
a surface of the component by  oiPhA Q e _coating conprises an
out ernost surface of the conpore ref-erred enbodi nent, the
thermal spray tr |rectly on
substrate surmgg]; T[hgé%% ﬁ%ﬁﬂgggfes“ Onﬁﬂétﬁ]tgﬂ?%\?g%dgﬁo{) (())VI gmg sem conduct or
processi ng appppasdtussmade dﬂrMenmmaU@nqirom@amtprmmd wdar adsisvmcel Rephykibad
yttria-containi onents. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0013] The

i nvention wil Fm‘ﬂgr &@%4 gtiack 4 P1a§1a? Brogessing SNy EIImERLSy o Lhfetomporents ¢y ]
descriptign i g a0l AmbA i 14] FIG 1
illustrat gs aBrconvelﬁ‘?ﬁ%‘}r?grb%gsrra E‘B‘?g’f}ﬁ %g@&eﬁl&%’}ﬂﬁt}c&a shows a
cross-secti onf009] emméxempgaaﬁ embodimenirofa qoimsmmt ef g kémigondappar at us accor di ng
to an exenplary enpodi nent of the invention. [0016] FIG 3 shows an etch
chanber cont aPFﬂcﬁﬁn’éﬁ@HﬁP@WC‘én foBR nyepifon @@%ﬁ%ﬁ@ﬁt{@e%@g%%g to the

invention. [0Q1fl. Eha g 1?1?10 &H nyﬁliaﬁ}%% 0‘3{ xenpl ary

enbodi nents 0 corrponen S a ng o e’ 1 nven 006 WO

2004/ 003962 Pﬁiﬁ/fddszG&Bk@altﬂ@%rrgxﬁses[aﬂ%&]rm&dt@rfﬁeﬁi%cmo@mmI ary enbodi nent
r

of a protective coating acco to the invention
10 [001 An €xemplary embodiment of a process of making a component of a

semiconductor processing apparatus according to the invention comprises forming
a yttria-containing coating on a surface of the component by thermal spraying.
The coating comprises an outermost surface of the component.
[0011] In a preferred embodiment, the thermal sprayed yttria-containing

15 coatings can be formed directly on substrate surfaces,
[0012] In addition, the invention provides semiconductor processing apparatuses

that include at least one of above-described yttria-containing components.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The invention will be readily understood by the following detailed
20 description in conjunction with the accompanying drawings.

[0014] FIG. 1 illustrates a conventional plasma spray process.

[0015] FIG. 2 shows a cross-sectional view of a gas ring for a plasma eiching

apparatus according to an exemplary embodiment of the invention.

[0016] FIG. 3 shows an etch chamber containing exemplary embodiments of
25 components according to the invention.

[0017] FIG. 4 shows another etch chamber containing exemplary embodiments

of components according to the invention.



[0019] FIG 6 shows another exenplary enbodi nent of a protective coating
according to the invention. 5 [0020] FIG 7 shows the |evel of contaniq 1,0n
of oxide and bare silicon wafers coated with a yttria-contai ning coaﬂiﬁ&hzmﬁ
accordi ng 4y Jobfedssryention and also left uncoated. DETALLED DESCRI PTI ON OF
THE PREFERRED EMBODI MENTS [0021] The invention provi deSCUBHSHERYE suitabl e
for use in sem conductor 10 naterial processing apparatuses. The conponents
can provide wear resistance wth respect to physical and chem cal attack by
pl asmas generated in sem conductor material processing apparatuses during
processing. As used herein, the term"wear resistant” includes, but is not
limted to, resistance to erosion, corrosion and/or corrosion-erosion. 15

[ 0022] The conponents conprise a yttriunfoxide (yttria)-containing coating.
The yttria-contai ning coating provides an outer surface resistant to chem cal
and/ or physi ¢¥18ht ek Sthows asenesplaty ambedimentada protectrecveting ng

sem conduct Or%'coLc@Q&%gJ I nnvadtdoi tion, the invention provides nethods of mnaking
conponent s t hat rtPEé AL rS‘/ttri a-contai ning coatings to enhance the wear

resi stance of [419] 20IGOBRASA xR RUAMTY AIBSHRRRIEN SrordA02daffose Skil | ed
inthe art will appreciate that the wear resistant nmaterials cah be applied

to different peoocdissioige appnticn uses useful for processing different

sem condugt or @hfr:fﬁbs n addi tiﬁn the wear resistant materials can be
applied tfo df e cgr‘?b%‘ﬁ% devehof qoatanyination of pyde aahbase siisen waggesn
exenpl ary 25 ¢oiRe® LRGhMS&in : 1k i 1 : f a plasma
and/ or vacuume chan%lgé,%’u'hgﬁcéh as,g%%?@é%ﬁgﬁg,tb%éa@g?&l Baﬁaﬁfél?élseu strate
supports, gasudémtedi buti on systens includi ng showerheads, baffles, rings,
nozzles, etc., fasteners, heating | b DEC 2006 WD 2004/ 003962

PCTI US20031018502 -5- el ements, plasma screens, liners, tranSport nodule
conponents, suchppg ATPRBIHESCRIPFION 8 PR PREFERREPRINSYDRIERARTDEr val |'s,
and the like; [ e yttrla-contaln materrai s _prereranty consi st

essential |y of0021} r iThe ihvention provides components suitable for use in semiconductor

10 material processing apparatuses. The components can provide wear resistance
with respect to physical and chemical attack by plasmas generated in
semiconductor material processing apparatuses during processing. As used herein,
the term "wear resistant” includes, but is not limited to, resistance to erosion,
corrosion and/or corrosion-erosion,

15 [0022] The components comprise a yttrium oxide (yttria)-containing coating.
The yttria-containing coating provides an outer surface resistant to chemical and/or
physical attack by plasmas in apparatuses for processing semiconductors.

[0023] In addition, the invention provides methods of making components that
comprise the yttria-containing coatings to enhance the wear resistance of the

20 components in plasma environments.

[0024] Those skilled in the art will appreciate that the wear resistant materials

can be applied to different processing apparatuses useful for processing different
semiconductor materials. In addition, the wear resistant materials can be applied
to different components in the processing apparatuses. Such exemplary

25 components include, but are not limited to, parts of a plasma and/or vacuum
chamber, such as, for example, chamber walls, substrate supports, gas distribution

systems including showerheads, baffles, rings, nozzles, etc., fasteners, heating



order to try to mnimze the contam nation of sem conductor materials
processed in 5 apparatuses incorporating one or nore conponents conp. ;%i{;p%op
yttria-containing materials, it is desirable that the yttria-containing ~**%
materi al s as possible, e.g., include m ninmal amunts of

potenti al | ;ﬁ%ﬁ%’%ﬁati ng el ements, such as transition?GRUSHENIER, i netal s
and the |like. For exanple, the yttria-containing coatings can be
sufficiently pure to avoid on-wafer contam nation of 1010 10 atons/cnR or

hi gher, preferably 105 atons/cnR2 or higher. Preferably, the yttria-
containing materials have a high purity of at |east about 99 % and nore
preferably from about 99.95 % to about 100 % [0026] The yttria-contai ning
coatings can provide a high bond strengt-b-to the underlying substrate.
Preferably, the yttria-containing coatings have a tensile bond 15 strength
of from about eleGBnts pplasmanscatens,t lineex) Grapsport fh@MRompoaents, tsutlaaci@bodi ni ng

coatings can provide | ow,porosjty levels, which is__advantageous to mnim ze
contact of aggﬁ'ﬂé%é?%e%ﬁ H@‘%P@r@éﬂﬁﬁfﬁi’?ﬁ@uﬁn’l‘}@rq‘?i%' substrate, and thus
subsequent phygjepl L e : I - 1Er9Ssi d/ or
corrosion-er og?do?\fofﬁita gf?i sﬁgglﬁ%@%@& %ﬁﬁégeg%brl}ggﬁs\%gb%?n %a%lgﬁgﬁlg%zgp
Preferably, theleytd ry & mimtiverihagpntaminitiog of banieomiupore asitdrialsgirodegsd ihhan 15%
by volune, nore preferably | ess than about 3 % by vol une, and_ nost

pr ef er abl vy I e RPATIYER IR ANISANE PT (O FASIPOP BT IRETd-Gtaining _
yttria-contai ij,pgi,Ogti B53a01R P R ﬁ&nﬁ%ﬂ&éﬁ@%% BlgFragﬁgsﬁblfgrSOZ Lo

Preferably, the ceramic nmateria ave a ess
200 to about 8Q0, inflALAlnimakayditnts ¢f-poentislyndon@mieaing RisicRRY Such agr yst al
structure that is preferably fromabout 10 %to about 100 % cubic, and nore

pref er abl y nof@nsitigimetglsyalkale mpgalscangitie likeq Forexampleyibe y0oacouaiose

PCT/ US2003/ 01§§%g%g%%0&?@&?a?ﬁm¥é {Ora}’gidgog‘k%ﬁ%ﬂéorﬁ%ﬁﬁﬁoinnﬁﬁoﬁan have a col or

rangi ng from pure grey € coatings preferably are

whi te. [Q031] afbhs/cxri*tor ihdghesHreferabio10 @kris/eas® of Algher. OPict@akle Sihe ahtie wear
resi st ance

containing materials have a high purity of at least about 99%, and more preferably
from about 99.95% to about 100%.
[0026] The yttria-containing coatings can provide a high bond strength to the
underlying substrate. Preferably, the yttria-containing coatings have a tensile bond
15 strength of from about 2000 psi to about 7000 psi.
[0027] The yttria-containing coatings can provide low porosity levels, which is
advantageous to minimize contact of aggressive atmospheres with the underlying
substrate, and thus subsequent physical and/or chemical attack by corrosion,
erosion and/or corrosion-erosion of the substrate by the aggressive atmosphere.
20 Preferably, the yttria-containing coatings have a porosity of less than 15% by
volume, more preferably less than about 3% by volume, and most preferably less
' than about 1% by volume.
[0028] In addition, the yttria-containing coatings can provide a high hardness to
resist erosion. Preferably, the ceramic materials have a hardness (HVG,) of from
25 about 200 to about 800.
[0029] The yttria-containing coatings have a crystal structure that is preferably
from about 10% to about 100% cubic, and more preferably more than about 95%

.

cubic.



properties for use in sem conductor processing apparatus, such as, e.g.,
plasma 5 etch chanbers. In particular, the yttria-containing coating -
provi de surfaces that can reduce ion induced erosion and associ at ed |£(f/§|t§ 246
parti cul at apjation in plasnma reactor chanbers. The yttria-containing
coati ngs cgvrfp%%@g%:@ underlying substrates against botﬁcﬂﬁ%f’:’é‘ﬁpso&ttack and
chem cal attack by plasnmas. [0032] The wear resistant coatings can be used in
various different plasma 10 atnospheres for etching, deposition, as well as
ot her applications. Typical etch chemstries include, for exanple, chlorine
cont ai ni ng gases including, but not limted to, C12, HO and Bd 3; brom ne
contai ni ng gases including, but not limted to, Br2 and HBr; oxygen

contai ni ng gases including, but not lim-fed to, 2, H2O and S2; fluorine
cont ai ni ng gases including, but not limted to, CF4, CH2F2, NF3, 15 CH3F,
C2F6, CHF3 an®8Pbi Thedtirlaeontaming ewatiegs cgmbas a coddrudngigg flont purewhite mi ted to
He, Ar and N2. These d .ot her ses e used in any suitabl e conbination,
dependi ng on th afg&qyma%&%w%gﬁwfgfg{abﬁﬁ? Wgﬁ?'flow rates for the etch
chem stries afsy31£1%nh ] i i Bfedifa r, 200 sccm
5520, scom EBRLE) hedttiataR g Jonriddl bak B Ao WA SEREEE 1 10 scom | 20
CH3F, 100 seepropegies forh(e is smmyorCiidr prbodsing eppar&i6 .sBciDass eq) pldama 200 seem
Ar, 200 sccn and. N2, 20§§scqm Suitabl e flow rates of the various process
gases can be &BIcBupRES.H Fy Ry ticHar; gletyé‘i”é'cpﬂté!n&f@i Gogtngs rroyige syrfages W t o, the

type of plasma,, (AaGI Bh ,mdﬁ%%@émﬁ@ﬁ Eﬁ@%ociﬁé@l@p§§ oﬁéa&ﬁ&%&@ cofthifidBon .
di ssociation rates, etch chemstries, materials ched, an e particular
step of the etiwplaphorasir cimmbers Theftriahwninbgpesatiggscan protse dindérBHE3]
Exenpl ary plasma etch reactor etching operati nq conditions for a high

i

density pl asmaubsEaeEs %3W80@§hﬂ8ﬁlé@g‘* ag(l sheonigg] @ttack peplasiase of from about 0OC
t ibout  70CsRanbe Sk ; ; ol ) 100 niforr;
f?owar g'ltje of 119on?aboﬁt\g%ﬁsccﬁl]t'?%at%g%%%lau%lg@ glccm%%%%@fﬁ%g@%% gene;nat(:)ir Flg 9%

power 1 40DECagfiéipher¥¥Toz @RATHZ0 3&faiti0K; Tds WhQQ 3t 8pflitations. Ofypldabercor e than 0
Watts to about 1500 Watts, and typically from about 200 Watts to about 800
Watts. The powkemistigs incindgofor exynplemhioring coatpiaingessesdacludiag, but not

limited to, Cl,, HCI and BCl,; bromine containing gases including, but not limited

=

to, Br, and HBr; oxygen containing gases including, but not limited to, O,, H,O
and SO,; fluorine containing gases including, but not limited to, CF,, CH,F,, NF;,
15 CH,F, CZFG, CHF; and SF,; 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. Typical maximum flow rates for the etch
chemistries are: Cl,, 200 sccm; HCI, 100 sccm; BCl; 200 scem; HBr, 200 scem;
0,, 20 sccm; H,0, 100 sccm; SO, 200 scem; CF,, 260 sccm; CH,F,, 100 sccm;
20 CH,F, 100 sccm; C,F;, 100 scem; CHF;, 100 scem; SFy 200 scem; He, 200 scem;
Ar, 200 sccm; and N, 200 sccm. Suitable flow rates of the various process gases
can be selected based on factors including, but not limited to, the type of plasma
reactor, power settings, chamber pressure, plasma dissociation rates, etch
chemistries, materials etched, and the particular step of the etch process in which
25 the process gas is used.
[0033] Exemplary plasma etch reactor etching operating conditions for a high
density plasma reactor are as follows: substrate temperature of from about 0°C to
about 70°C; chamber pressure of from about 0 mTorr to about 100 mTorr; gas

flow rate of from about 10 sccm to about 1000 sccm; and plasma generating power



type of wafer that is etched in the plasma reactor. [0034] Conponents
including a yttria-containing coating can be used in etch 5 chanbera pjg€7mﬁ
sem conduct or processing equi pnent for etching silicon-containing a & VEL A0y
met al - contwpRd@oss erial s in sem conductor plasnma etching processes. For
exanpl e, silicon-containing materials that can be etchdd TH23H#5et ch
chanbers include, but are not limted to, single-crystal silicon,

pol ycrystalline silicon, anorphous silicon, silicon nitride, silicon
oxynitride, silicides, silicon dioxide, 10 lowk materials, and high-k
materials. The silicon-containing materials can doped or un-doped and/or
anneal ed or un-anneal ed. [0035] Conductive or sem conductive netal -containing
materials that can be etched include, but are not linmited to, alum num

al um num al | oys, tungsten, _tungsten alloys, titanium titanium alloys,

tantal um t arffdrammers Bys 0 Wetsy ©mbewyt 1580 B‘%laétsi andrtypicallyyfsomrabow@d0um r ut heni um

al l oys, chro r I won. iron. alloy ni ckel .. ni ckel all oys,
cobal t, CobaWaﬁt{%@)@’ﬁt %’I\%@’enf p%%ﬂ@ﬁﬂ?ﬁt séﬁbm%e%qnpf:rgioa of titanium
tungsten, chrgpeef wabathht i8Rebhed hm&pﬁgﬁngmr,f erroelectric nmaterials, such as
platinumsilicide and ruthenium oxide, and GVR materials, such as tantal um

nitride, chrdf34i| Cempencatsdneldiage yitis-ogrgaining cp@@aian haerssd inrekch- cont ai ni ng

coatings are pr |y for on substrates by a . thermal spraying

t echni queﬁ(.’j1 In&?ﬁ%&ﬁg’ﬁséﬁpgﬂ{ﬁ@ Preocgﬁsfﬂn&L‘f@él?mglétrféﬁft&hlﬂg\ﬁﬂ'épn'?%rﬁa fted and

i ncor por at ed n nietdlaeniriQaMhEHAIe & fehidndhdis: AMFROASE: PRIBYesS @Y — coat ed.
An advant age of thernmal spraying techniques i's that the conponent is coated

only on the sixgaplej sificorycantaining araregialsdhat agn brietchelnid snetsétcnghanbersbe used to 25
protect other, areas. Conventional fhermal spraying techni ques, including
plasma  spr aﬁﬂ&‘%i’}‘&“&é@gﬁ?ﬁgﬁ% ! ﬁé:fgfﬁl éﬁ‘&%‘y’&‘?ﬁf%ﬁ&l Y4598 of Ther nal
Spray Coat i NGymd¥hdtd W1y kiilidod QAN diR¥n oiky%ﬁé?ge, éliﬁéiﬁesg?ﬁi%ﬁ #bkge 1 s hereby
incorporated by reference inits entirety. The thermal spraye

yttri a- cdht ailowrdgmetsselisngysl lighnk esterfatse fie silivonicyntsinhgt materals tanedopad e sui t abl y

shaped to enabl e he@ tcg be c%a ed. é@egE 2 005 W 2004/003962
PCT/ US2003/ 0183BFPES apdyghiqne e‘iﬁrr - ff-y preferred thermal spraying

techni que is PHFEIMCERERYIOS semiconductive metal-containing materials that can be
etched include, but are not limited to, aluminum, aluminum alloys, tungsten,
tungsten alloys, titanium, titanium alloys, tantalum, tantalum alloys, platinum,

15 platinum alloys, ruthenium, ruthenium alloys, chrome, chrome alloys, iron, iron
alloys, nickel, nickel alloys, cobalt, cobalt alloys, molybdenum, molybdenum
alloys, silicides of titanium, fungsten, chrome, cobalt and/or molybdenum,
ferroelectric materials, such as platinum silicide and ruthenium oxide, and GMR
materials, such as tantzlum nitride, chrome silicide and NiFeCo alloys.

20 [0036] The yttria-containing coatings are preferably formed on substrates by a
thermal spraying technique. In thermal spraying techniques, ceramic powder is
melted and incorporated in a gas stream directed at the component being spray
coated. An advantage of thermal spraying techniques is that the component is
coated only on the sides facing the thermal spray gun, and masking can be used fo

25 protect other areas. Conventional thermal spraying techniques, including plasma
spraying, are described in The Science and Engineering of Thermal Spray Coating
by Pawlowski (John Wiley, 1995). This description is hereby incorporated by
reference in its entirety. The thermal sprayed yttria-containing coatings can be

formed on any substrates that are suitably shaped to enable them to be coated.



Pl asma spraying can coat even intricate interior surfaces of chanmbers and
ot her chanber conponents. FIG 1 illustrates a typical plasma sprayi ?g DET 9
process. The coating material, usually in the formof a powder 112, i tL 2006

i njected iWoOz:g i 5 tenperature plasma flanme 114 usually_ via an external
powder port 1 %‘I&?ﬂ% powder is rapidly heated and accglla(é RGP YEHOL i gh

vel ocity. The hot material inpacts on the substrate surface 116 and rapidly
cools to forma coating 118. [0038] The plasna spray gun 120 conprises an
anode 122 and a cat hode 124, both of which are water cooled. Plasnma gas 126
(e.g., argon, nitrogen, hydrogen, 10 heliunm) flows around the cathode in the
direction generally indicated by arrow 128 and through a constricting nozzle
of the anode. The plasma is initiated by8a high voltage discharge, which
causes localized ionization and a conductive path for a DC are to form

bet ween t he c#003Glie A partignldrly pecfemestiberb@l spriRdsg sachmiqee sgddsimgprayiogm t he are
causes the gas,to forma plasma. The.p|asma exits the anpde npzzle 15 portion
as a free or %éﬁf“ﬂéprag%‘%ﬁ CP‘I‘%H%“ F&?%*e,mtﬁp%ﬂ#af:??aq C(]}Blé‘gerﬁaPé)EéPrry electric
current). \WephifirRbapbRentsS BICGAA ilthsh@hs 3M¢hicA Dhimh Qpra§RbF¥odass, Tiee el ectric
arc extends down theﬁfr‘rl’ozzl e. The powder ?’?Lbzl i? slg ?g%?d??%eat e’gm:and

accel erated ftchatingtthgtersgdy nspallly st the feemlFa: fwetdee 12, tihmjeveeizine 4 high and t he
substrate surface can he on the ord qQf 125 to 150, nm Pl asnma sprayed
coatings are [FBRAGIRE FB?HWD@%?WSB Yhed gl %P%Wdﬁéi’?ﬁtéf’zsmﬁpacti ng on

t he substrate 5256 8ankdif nehiBP 3R ackhEr HRkon d htind a- t ai ni ng
coatings can Sgw?orne%ﬁdl?r gct?y ozrl1C pra{eeélg(lrsreog :‘%@%@at%%nl’{ao%%ﬁég s wth or

wi t hout havi ngmpacs/omths|sybstmaeadnefidca 1@ and wigsdly @bels sefdracecdadngd tBrot e adhesi on

of the coatin nd/or with or withqout having previously forned
i nternedi ate 3@@@@@4%@&%% &opprigas HE rede Y2 anddqaliede {24, he coat i ngs

on the substr e (=1 j nj : [N be

appl i ed di rec?’fogls?fo\ﬁgﬁ%glr&%éﬁoafﬁphE}rgs}nglggsm naéegér" %qlggrrl’t@ éu g?drrg e$ wit hout
treating I0he Swheh)y fidws swufidite cathodd inl the dirgtion pereralyi indieated by hrrgw.1281 n a
preferred enbodi nent, the yttria-containing coatings provide suitable
adherence to tHd thrgpsh 3 sensHicling Rede ert@%%qog@- The Plasma ds iaitiated by/adegh or mi ng 14

J EC 2006 VDV%RQg‘E/ cﬁ&:ﬁg&%, @ﬁ;ﬂ] Uﬁ%@@l%{:zﬁljzgé RArizatlon and a conductive path for a

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

15 portion as a free or neutral plasma flame (i.e., plasma that does not carry electric
current). When the plasma is stabilized and ready for spraying, the electric arc
extends down the nozzle. The powder 112 is so rapidly heated and accelerated
that the 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

20 or heat-softened particles impacting on the substrate surface 116.
[0039] The thermal sprayed ytiria-containing coatings can be formed directly on.
preferred substrate materials with or without having previously treated the
substrate surface to promote adhesion of the coatings, and/or with or without
having previously formed intermediate coatings on the substrate to enhance

25 adhesion of the coatings on the substrates. For example, the ytiria-containing
coatings can be applied directly to anodized aluminum, alumina or quartz
substrates without treating the substrate surface or utilizing intermediate coatings.
In a preferred embodiment, the yitria-containing coatings provide suitable

adherence to the substrates without treating the substrate and/or forming



internedi ate | ayers. Accordingly, because the yttria-containing coatings can
be applied to substrates w thout perform ng such additional prior process
steps, the increased cost, conplexity and/or conpletion time of the ¢édthlings
process ¢ t*%ﬁ@%% to such additional process steps can be avoided. 5

[ 0040] Pri OF r'ffing the yttria-containing coatings ¥n/YBYHE02s, the
substrate surface to be coated is preferably cleaned to renove undesirable
surface substances, such as oxides or grease. In sone enbodinments, surface
treating techniques, such as cleaning and particle blasting, can be used to
provide a nore chemcally and physically active surface for bonding of the
coating. Wiile less 10 preferred, the surface of substrate can be roughened
by any suitable nethod, such as grit bl-&sting, prior to coating. Roughening
of the substrate increases the surface area available for bonding of the
coating, whi cintemmedasslegert.héccadinglygblvanst the yittngdtainiip @oddngy basshdst r at e
surface profile can also pronote nmechanical keying or interlocking of the
coating with epdiedipsyhsgates without peviayming, puch addifinahprion prasessesppdhents, it is
preferable to, i : 0 i 0 be coated
prior to coaifﬁ%&gﬁﬁgmﬁgﬁﬁﬁﬁ&?gﬁgﬁ%ﬁ&) gﬁmg%@%éﬁﬁgg%ﬁ éggie he anodi zed

| ayer provi desotfibiedid suehaliditienal pkessistePs cani Bt aveiidilt i on to the protection
provi ded by the coating, against corrosive attack of the wunderlying alum num

mat eri al . 3The [¥M8Li Auipr 40 {FFvngihe {Eiz-consrping corings onsusiTaAiGs BeFtsiiees, such

as 6061-T6 al ym : t@i}f | For anpl e, the

anodi zed al umglﬁmlg%éF%)?g?ngt%fl\éﬁ)ﬁ%%éb@g# ypﬁ%gélf]{)@e%gd%@ag}ﬁ a 3u%< 2 ml| to about
10 nil. The syilise@eespbudhhs oditleslbzgdase! UisatbénehByRme@s subRYEIrediy Sui tabl e
finish. For exanple, the surface finish can have a surface roughness of

about 20 to atieshniqueo syabors slaapipg andrpastielp bltstingd cimbenseddn phwidegalnext by any 25
sui tabl e technj que,., such.as usin Qi Li ei opj,zed wat .[10042] The

t hermal spr ayfgbélylﬁlm @g&?ﬁfﬁ@ﬁi 3!?_ Ve gg‘fﬁh X %gﬁ‘ﬁl‘%af)ﬁ‘e&&%ge&e‘%’&% E’éﬁce _
roughnesggchanagt@éd, thd fefa6d besubitvee A RIBAgHBed MEaRINREbIe MeflodCQRRham nant s
to the coatings. The contam nants can include pol yrrer deposits, which result

fromthe use apgripolastingr pfior toicngfingp dtdugkeningsefahé subistraie inpeeastsche yurthge i ng

pl st etching 4 & DA 20060 20041 003967 PCT| US29031 018502

strength. The rough substrate surface profile can also promote mechanical keying
or interlocking of the coating with the substrate. '

15 [0041] For aluminum reactor components, it is preferable to anodize the surface
of the component that is to be coated prior to coating, but to not roughen the
anodized surface. The anodized layer provides an additional barrier, i.e., in
addition to the protection provided by the coating, against corrosive attack of the
underlying aluminum material. The anodized aluminum layer formed on

20 aluminum substrates, such as 6061-T6 aluminum, can have any suitable thickness.
For example, the anodized aluminum layer thickness can typically be from about 2
mil to about 10 mil. The surface of the anodized aluminum layer can have any
suitable finish. For example, the surface finish can have a surface roughness of
about 20 to about 100 micro-inch. The anodized layer can be sealed by any

25 suitable technique, such as by using boiling deionized water.

[0042] The thermal sprayed yttria-containing coatings can have desired surface
roughness characteristics cffective to promote the adhesion of contaminants to the
coatings. The contaminants can include polymer deposits, which result from the

use of polymer forming species (usually fluorocarbons) during plasma etching



-1 o- processes, such as netal etching processes. As described in co-pending
U.S. Patent Application No. 09/749,917, which is incorporated herein ,béy e
reference in its entirety, such polyner deposits can flake or peel of!f-’gF'“’ 2006
chanber supf ing etching processes and contam nate substrates within
t he chanbg{rvpaﬁ%zm%ér mal 5 cycling that occurs during r&péet2eW 088543 ma

processi ng cycles exacerbates this problem [0043] The thermal sprayed
yttria-containing coatings can have surface roughness values (Ra) suitable
for enhanci ng adhesi on of pol yner byproducts produced during processing of
substrates in the plasma reactor. For exanple, the 10 arithnetic nean surface
roughness (Ra) of the thermal sprayed yttria-containing coatings can range
fromabout 5 to about 400 micro-inches, -#Whd preferably from about 120 to
about 250 micro-inches. Surface roughness values in this range pronote the
adhesi on of poptogesses, degioas mesal echingprecdsses. Ssrdesaried i co-pendimgadtd.on  chanber
during a plas etch _process, .metal etch. Accordingly, fhe 15
thermal spr ayggte%“ﬁmlg@té(lﬁ%i Qﬂ?ﬁ%’?%@;f”l%ﬁgss PG ArPOFASTdRAZEIR Y rﬁ%ﬁ%’@‘? Bn of such
pol ymer deposi C . Qﬁﬂ?

cont am nat i onllt%)gmﬁﬁtg’ %E@W%ggg%ﬁ% gﬂp?%gfz?gﬂﬁg%fte@gmﬁﬂ%ggﬁn%gpre %rred
enbodi nment s, eiekiog ipevarsses sl eoptohipdte subatrateowithinthachaotbat.i Thsthemamalbe snoot h.
For exanple, in siljicon etching processes, 20 significant deposits tend to
form on cRanb&ycliag that eggurs &Eﬂngs’iﬁE‘F?t%‘r@%%@s%%?eSWg f%édqiicﬁ‘a"&ﬁbaéﬁﬁﬁ able for the
t her mal sprayﬁgobzérﬁ_ri a-contai ning coatings to have rough surfaces to pronote
adhesi on of the deposits on the coatings. In addition, snoother surfaces are
relatively ea$g048p cIheahernfaD&pébjed lytriaeomainingfooatied canmrhad swefates, t he
conponents including a yttria-, 25 containing _coating are used in a

hi gh- densi ty PPugsRes valies gt syiibledeneahapgng sdbgeion of BRIYmET BYIFOBKSSi s the TCP
Fromont | cal i Poriry Sttt Sifyah RaReaa SEAMIE 8 Couch as
C12, HBr ,10CF4 ariffin#kie meaa suffite réuighn&sGRayuf ihd-Briadt 8pragahvhtid-emtainih@ a gas ring
| ocated at the bottom of the etch chanber and are then WD 20041003962
PCT] US200310188®ings can range from about 5 to about 400 micro-inches, and preferably from
about 120 to about 250 micro-inches. Surface roughness values in this range
promote the adhesion of polymer deposited on interior surfaces of the reaction
chamber during a plasma etch process, such as a metal etch. Accordingly, the
15 thermal sprayed yttria-containing coatings can improve the adhesion of such
polymer deposits on components, and thereby reduce the occurrence of
contamination by the polymer deposits.
[0044] However, in some preferred embodiments, the thermal sprayed yitria-
containing coatings can be smooth. For example, in silicon etching processes,
20 significant deposits tend to form on chamber surfaces. For such processes, it is
not as desirable for the thermal sprayed yttria-containing coatings to have rough
surfaces to promote adhesion of the deposits on the coatings. In addition,
smoother surfaces are relatively easy to clean.
[0045] In some preferred embodiments, the components including a yttria-
25 containing coating are used in a high-density plasma reactor. An exemplary
reactor of this type is the TCP 9400™ plasma etch reactor available from Lam
Research Corporation of Fremont, California. In the TCP 9400™ reactor,
processing gases (such as Cl,, HBr, CF,, CH,F,, O,, N,, Ar, SF; and NF;) are

conducted into a gas ring located at the bottom of the eich chamber and are then



-11 guided through gas holes into the reactor chanber. FIG 2 shows a gas
ring for a TCP 9400TM etch reactor. As shown in FIG 2, the main body of .the
gas ring 40 surrounds a substrate support 44. The bottom surface of the i§adif
ring 40 co I ri ng- shaped gas-guiding trench 60. The aforenenti oned gas
hol es 50 eﬁg?\@%{)ﬁ?(g 5 the gas-gui ding trench 60. [0046FCT¥&2093(@18502ng 40 i s
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 these surfaces, the gas ring is typically
covered with an al um num oxi de | ayer. For exanple, in silicon etch 10
applications, fluorine-containing atnospheres can produce al um num fl uoride
"brown dust" by attacking anodi zed al unm-hiim I n netal etch applications,
boron trichloride (BO2) can etch away t he anodi zed al um num surf ace,
resulting in gobleddgoegh gis holesyimsa et reactdrrchamitiert i K6, 2ashowts 2 @ds dhgifaraum i s

relatively bri an crac urin peated thermal_ cycling of the
reactor duri n&t@sg()%gge?é CAGOR %S}OSVMR,F.&& _%H@H}m qfdhcosas 118 49, | ow t he
corrosi ve pr oggasus ARG 44 " The YA WP 0P Tl Wk @ YB ink £AUCT N0

part life and contributing to netallic and partic nt af nati1 on of
processed subgingashaxed gasrghiding twatke 68, The aforqyamebnedi gap hales 56 ekishd akes and t he

like. [0047] In exenplary e di ments, the exposed surfaces of the gas ring
can be 28 co @d‘%ﬁ‘{‘%ée@gbéﬁi ng 42 of a yttria-containing material. The

coatings can or : 1 A : I ] urface
film alum nui\ms“u stﬁ%?gg%%? 4?2§ ggﬁ‘gl%%o%o%%éﬁgﬁ}ng%?U‘{)%e?gsﬁfﬂcg%% num

havi ng an anodhegd ringraradiegetly epesed codt ipligmh laed gas sibjeg o éfesiogoat i ng can be
allowed to partially penetrate into the gas holes to coat and protect the

i nsi de wal | s tCREPESR andAITQHONHFERMOL HES PIPEICT thgsexwyrfapes, 15345 Bige is Al t er nati vel y,

h hol : h be.,. d ked
ur i g the codtyy soRaEaRhfly sy ARedAR PPt ERAHBE0T Cron

reactor tigat cpplidatomyMosek-taniaiting atalogstveesdbaf pRdube SlaRSRinhflusc@e al so be
coated with a%ttri a-contai ning coating. These conponents include; for
exanpl e, chanberowiadust bycHtasliag anodired alunypya k im geted efrepplgtions, boron

trichloride (BCl,) can etch away the anodized aluminum surface, resulting in

corrosion of components. In addition, anodized aluminum is relatively brittle and
can crack during repeated thermal cycling of the reactor during use. Cracks that
15 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.
[0047] TInexemplary embodiments, the exposed surfaces of the gas ring can be
20 covered with a coating 42 of a yttria-containing material. The coatings can be
formed on a bare (with or without a native oxide surface film) alumimum substrate
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
the gas holes to coat and protect the inside walls thereof, but without obstructing
25 the openings. Alternatively, the gas holes can be uncoated, e.g., the gas holes can
be plugged or masked during the coating process.
[0048] Other components of the TCP 9400™ etch reactor that can be exposed to
the plasma during processing can also be coated with a yttria-containing coating.

These components include, for example, chamber walls, chamber liners, chucking



WO 2004/ 003962 PCT/ US2003/ 018502 -12- devices and the dielectric w ndow
opposite the substrate. Providing a yttria- containing coating on th?é%ﬂﬁﬁiﬁgg
surface of a chucking device, such as an electrostatic chuck, provides i
addi ti onal waf abs6ds6@n to the chuck during cleaning cyc (gfmlzn which a wafer
is not present and the upper surface of the chuck is th Oqulg@lzly exposed
to the plasna. [0049] Anot her exenplary polysilicon etch reactor that can
include the yttria- containing coatings according to the invention is the

Ver sysTM Pol ysilicon Etcher or 2300"" etcher also available from Lam
Research Corporation of Frenont, California, as shown in FIG 3. The reactor
conprises a reactor chanber 150 that 10 includes a substrate support 152

i ncluding an el ectrostatic chuck 154, whi%h provides a clanping force to a
substrate (not, shown). nmounted thereon. A focus ring 170 is nounted on the

substrat e supgéyiesagd thg diglsetric andaveernosids the sebsiage Providing apiisiasubst r at e
support 152 c ‘ i .1 h S trate. The
substrate can%g @gﬁf %e(ggté@&gg%ﬁlgga &gﬁﬁ%%ggﬁggé@?%gﬁé érgucglglaaglg'éuch as 15

hel ium | n thele2@0fakic cuch @rovigesad@sion praesion td teGhuclomgingclémming of Cl2,

HBr, CF4, CH2F2, 02, N2, At, SF6 or NF3) are introduced into the chanber 150
via a gas i njcEeleoin vilgeh p sakar dynes prespet ang thegippenaises of e chyrk is8Waected to a

gas feed :156.;. iNj. ect 68 is typically nade of quartz or a ceramc
mat eri al guchdlr-aggﬁ'a%%séggb a%sﬂésr%a\im, an inductive coil 158 can be powered by

a sui tabl e RF [@04950ukr®hdritatmplasyolysilion e@H iretor thit @hn BRIGEE Be t@iag. , 1011-
1012 ions/cnB) plasma. The inductive coil 158 coupl es RF energy through

di el ectric wi EBAINIEFORLNgS aceding fe Beiimrenton isHbar¥ersysibBolysiliconditehes ot ri ¢

wi ndow 160 is i V. . It @'Q . Th ' ctric wi ndow 160
is shown rmuntztgg@g%t@ﬂéér{ aééﬁﬁa&?%aﬁbflengb' e]'fa%n @%s&aﬁ},h a?{%q-lﬁao&}%éﬁ%rgr 162 spaces

diel ectric W riiordiaOad showntil FIGOP. The 2Zdaclehashysised BQearttd chambeefigofped to as a
"gas distribution plate". A chanber |iner 164 surrounds the substrate

support 192, Tadudehasplstraesupperh 13 weluding lan glecetatistahuck 346 whishpunpi ng
appar atus (not shown) Lot 7l & 11 A0 Gl D) ool iSeort RTRES 2 2

ring 170 is mounted on the 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

15 helium. In the 2300™ etcher, processing gases (e.g., one or more of 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 chamber 150 and connected to a gas feed
156. The gas injector 168 is typically made of quariz or a ceramic material such
as alumina. As shown, an inductive coil 158 can be powered by a suitable RF

20  source (not shown) to provide a high density (e.g., 10" - 10** ions/cm’) plasiua.
The induétive coil 158 couples RF energy through dielectric window 160 into the
interior of chamber 150. The 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

25 chamber 150 and is referred to as a "gas distribution plate". A chamber liner 164

" surrounds the substrate support 152. The chamber 150 can also include suitable

vacuum pumping apparatus (not shown) for maintaining the interior of the

chamber at a desired pressure.



WO 2004/ 003962 PCT/ US2003/ 018502 -13- [0050] In FIG 3, selected internal
surfaces of reactor conponents, such as the annular nenber 162, diel 2C4tEEP7UBG
wi ndow 160, substrate support 152, chanber liner 164, gas injector 168, B
focus ringyls he el ectrostatic chuck 154, are showy coated with a
yttri a-con@%?ﬁ@g%gati ng 166 according to the inventiohs "REHs in FIG
3, selected interior surfaces of the chanber 150 and substrate support 152
bel ow t he chanber |iner 164 can al so be provided with a yttria-containing
coating 166. Any or all of these surfaces, as well as any other internal
reactor surface, can be provided with a yttria-containing coating. [0051]
The conponents can be used in a high-densjty oxide etch process. An 10
exenpl ary oxide etch reactor is the TCP™9X00' M pl asnma etch reactor avail abl e
from Lam Research Corporation of Frenpnt, California. In the TCP 9100TM
reactor, the ¢8OSO slrlfIGud; salecidanternal sustases Qfupagtorsompenents, saeheds ¢ r ect | v

el ow the TR AR L BByl ol 10 SPAUHIL ASRHE 8, SURARBRH Lo 0P

of the reactor ane above an

gas distributilen, glsdhjectdb16s foadirig 170 afd B 2ledirddtitidahutionsd, i @sHoagat ed at the
peri phery of thg‘égas_ distribution plate. The gas distribution ring feeds gas
froma gas sowpaled Wifh@ ¥ihia-Goslaimee caating Hevacegrdingdodagsingension; b\ shewnpl at e, an

i nsi de surfac ] . rl.vd i f or m of | at
apirar cor  oab SR e iPAS e offhe AIRERTS0 g MIRRRR I B Bt on
ring. The gas wdic the RHAhBS? 1R B @ARIsIbE privadeasyial a pisPeeithinRg caftingl amet er,
whi ch extend through the plate. The spatial distribution of the holes

t hrough t he gd$6di/surartalk ofdhesp surfases 48 wisB ay any eldier intespnl iredctos senfads, uni formity
of the layers to be etched, e.g. .phot or.esi st layer, a silicon dioxide
layer and an _%ﬂﬁéPF%&iﬁ%W&{w‘i“gﬁ'ﬁ Y CORLPy | The cross-sectional shape of
the gas di strifhed1) ONThdtRhRNERS chifoeiRtd 80 high ABANit Wxfe@tdhGots$t Abbuti on of

RF power into the plasma in 25 the reactor. "The gas distribution plate is a
di el ectrild mateseinplaryt oxidnetbl ecactou 5l theFCBO108Hiasem qichwenactohaailgifle t he gas

G oL 11 DUt on k5 bk Qekl chEREL O o BRI b 1 IBPTERBRT L0
sput ter - et chi ngadid}, %Véaﬁ QRIS pﬁkécig aQfcHiyHae ’sitﬁ@éd)&?ééﬂ? fheldwdhe 14 270(6
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
15 is sealed to a gas distribution ring located at the periphery of the gas distribution
plate. The gas distribution ring feeds gas from a gas source into the volume
defined by the gas distribution plate, an inside surface of a window 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
20  diameter, which extend through the plate. The spatial distribution of the holes
through the gas distribution plate can be varied to optimize etch uniformity of the
layers to be etched, e.g., a photoresist layer, a silicon dioxide layer and an
underlayer material on the wafer. The cross-sectional shape of the gas distribution
plate can be varied to manipulate the distribution of RF power into the plasma in
25 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. Further, it is
desirable for the material of the gas distribution plate to be highly resistant to

chemical sputter-etching in environments, such as oxygen, halogen or hydro-



WD 2004/ 003962 PCTI US2003/ 018502 -14- fluorocarbon gas plasma, to avoid

breakdown and the resultant particle generation associated therewith. [0052]
FIG 4 illustrates a plasma reactor of the aforenentioned type. The [ eact.or
conprises a reactor chanber 10. A substrate holder 12 includes an 5 PauEL 2006

el ectr ost aw2000008%6234, whi ch provides a clanping force @.ﬂg ias to a
substrate 13. The substrate can be back-cool ed using a %eatsﬁgbédr?g?ogr 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., 1010-1012 ions/cm)
plasma in the chanber, such as an antenna 18 powered by a suitable RP source
to provide 10 a high density plasma, is disposed at the top of the reactor
chanber 10. The 'reactor chanber i ncl udeIs a vacuum punpi ng apparatus for

mai ntaining the interior of the chanber 4t a desired pressure (e.g., below
50 niforr, typically 1-20 mlorr). [00531 A substantially planar dielectric

wi ndow 20 is PBRBIPE ansa%w’tt%.év&ggr Wr?é‘?lf@e Kaeltank Barfiple @eRegRtiont ¢ he

processi ng ch af orms the vacuum wall at the top of the processing
chanber 10. Aagggglaﬁlaggé%ﬁ'i on plate 22 is provided beneath w ndow 20 and
i ncl udes openi@42] f FIGI &l illwstraies @ phasow aswtqyad thefafaremehorgd sypeupfley 23 to the
chanber 10. A liner 30, such as a conical or. cylindrical liner, extends from
the gas di st r FEASHr SAMpTises @ roacior fhamher, By ngy substratediglder 43 dnciudes pB| der 12. The

antenna 18 ca Vi i : } tenperature
control frlui d@}egﬂ?sﬁ%f\%eégq@?%ty‘,?\%ﬁl{él?pt%ﬂi?@%ﬂ:lﬁéﬁmggéﬁgi dsam%s.am wever, the
antenna 18 angulssrawi 13d oTheXbstegelcandie Back-Codddathingal headtrhfkfiresas e@ublagd by ot her

sui tabl e techni que, such as by bl owi ng gas over the antenna and w ndow,
passi ng a coolEhyns Aufoguy ARg ddyRomdines plagiahin 3 feaioarbevecibasestraigi th t he 25

assing a PO G MRS HaRe.: | _ k.
Such as 5 seneuna bt EErb K bBh b & Cnst B3 10D QD RBR oadic, 1 e

(O] one

hel d i n pl ace ibheahaBbers buchsds atiagtesiUIEpawered b e fuitabledRIP kdi@ea @ PRSviddoVever ,
such as a nmechani cal clanpi ng nechani smcan al so be used. Additionally,

hel i um ba@k- c @dighéensithplsemernplispesad aiothe rapraf\lkee Feaeior ehaziber 9. 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).
[0053] A substantially planar dielectric window 20 is provided between the

15 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 liner 30, such as a conical or
cylindrical liner, extends from the gas distribution plate 22 and surrounds the

20 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 conduits 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 gas over the antenna and
window, passing a cooling fluid through or in heat transfer contact with the

25 window and/or gas distribution plate, etc.
[0054] In operation, a substrate, such as a semiconductor wafer, is positioned on
the substrate holder 12 and held in place by an electrostatic chuck 34. Other
clamping means, however, such as a mechanical clamping mechanism can also be

used. Additionally, helium back-cooling can be employed to improve heat transfer



14 K E 2006 WD 2004/003962 PCT/ US2003/018502 -15- between the substrate and
chuck. Process gas is then supplied to the vacuum processing chanber 10 by
passi ng the process gas through a gap between the w ndow 20 and the gas
distribution plate 22. Suitable gas distribution plate arrangenments (ii4 BEG 2006
shower headyw@dighgseaent s are di scl osed in commonly ovvn %Ué%ﬂ(%ﬂl?ﬁ%%ent Nos.
5,824,605; 6,048,798; and 5,863,376, each of which is 1ncorpora herei n by
reference in its entirety. A high density plasnma is ignited in the space

bet ween the substrate and the w ndow by supplying suitable RF power to the
antenna 18. [0055] In FIG 4, the exposed internal surfaces of reactor
conponents, such as 10 the gas distribution plate 22, the chanber |iner 30,
the electrostatic chuck 34, and the foc ring 14 are coated with a
yttria-containing coating 32. However, oOohly selected ones of these surfaces,

and/ or ot her zurfac gan be C%Wt:ed with a yttria- containing coating.
[0056] Those SREFR & sy ’ttﬁ’ée*gldt Progess @as ’élt@ntsﬁal’hqdﬁéﬂl*ﬁwmﬁénsmy

pol ysi licon onl
exenpl ary en‘oéggc%\sﬂﬂl h%fn%&t rTE& 5 &{éﬁﬂp gag%{élkl?ggn& P‘%ﬁ@?‘ﬁ@r@at e %/he
conponent s. Cawvipduwe2d snd melguddmbuﬂoryplauelza Sohitde paddsteibadidngatean be used in

any etch reactor (e.g.,.a netal_etch reactor) or other type of sem conductor
processi ng ap agﬁ%&easenw{epe sheygerheady amrangRIucH$ aig) discleseqd Hyepyaraonly gWpesh,

corrosi onsand 0 i tion is

dosi red. | Po05 T P DS R o a5 5 e 3 B S 1
yttria- cont aimiongraedhérsin byneferehee ibiy emirery nof high deisttgl pladmadhigaher wal | s,
substrate hol ders, fasteners, etc. These conmponents are typically nade from
netal (e.g., l%ﬂ@@m@“ﬁeﬂd@r%lﬁftéati andgthe Wéﬂdﬁﬁﬁ taguppying itable ] poder y exposed
to plasma and,2p.af t.en, soiow si gns of erosion, corrosion and/ or

corrosi on-erosi on. er ‘parts that can be coated with a yttria-containing
coati ng need 1gosspe Idlmectil the @xpa3ed® thidral spH@&BEBS rdattor B®ipdrestk eadh e exposed

to corrosive gases, such as_gases emtted from processed wafers or the |ike.
Ther ef or d0 ot e gas distision Nﬁg@%ﬂ..theﬁraatbé@bmﬁ@ the electrostatic cluck 34, and

the focus ring 14 are coated'with a yttria-containing coating 32. However, only

G

selected ones of these surfaces, and/or other surfaces, can be coated with a yitria-
containing coating.
[0056] Those skilled in the art will appreciate that the high density polysilicon
15 and dielectric etch chambers described above are only exemplary embodiments of
plasma etch reactors that can incorporate the components. Components including
a ytiria-containing coating can be used in any etch reactor (e.g., a metal etch
reactor) or other type of semiconductor processing apparatus where the reduction
of plasma induced erosion, corrosion and/or corrosion-erosion and associated
20 contamination is desired.
[0057] Other exemplary components that can be provided with a yttria-
containing coating include, but are not limited to, chamber walls, substrate
holders, fasteners, etc. These components are typically made from metal (e.g.,
aluminum) or ceramic (e.g., alumina), and are typically exposed to plasma and
25 often show signs of erosion, corrosion and/or corrosion-erosion. Other paris that
can be coated with a yttria-containing coating need not be directly exposed to
plasma, but may instead be exposed to corrosive gases, such as gases emitted from
processed wafers or the like. Therefore, other equipment used in processing

semiconductor substrates can also be provided with yttria-containing coatings.



sem conductor substrates can also be provided with yttria-containing
coatings. 14 [,f' C 20a6 WD 2004/003962 PCT/ US2003/018502 -16- Such

equi pment can include transport nechanisnms, gas supply systens, liners, |ift
mechani sms, | oad | ocks, door mechanisms, robotic arns, fasteners, and!th&l 006
l'ike. [ 00GR20bdh0306pT €f €rred enbodi ment, a yttria-contajai O&%ﬂgopg i's
provided on a netallic conponent. As described above, anodized or

non- anodi zed al um num 5 based materials, including alum num and al um num

all oys, e.g., 6061-T6 alum num can be coated with yttria-containing
coatings. OQther exenplary netallic materials that can be coated include, but
are not limted to, stainless steels and refractory netals, e.g., 304 and
316 stainless steels. Because the yttri%é cont ai ning coatings forma wear
resi stant coating over the conponent, the"10 underlying conponent is

protected fro irect exposure to the plasma. Accordingly, the netallic
conponent can @B&‘ SUERIRRT S BEl% Tansper Seghanisgsy gassiupply sypEmey Lners, 1ift

corrosion-er pﬂe%n?s?ﬁs??&dtié/c]é hfooP e fiBisnfS rébofi€ Stthd. o S%Efkl, bifnBRker i als,
such as alum num alloys, can be used w t hbut regard '8 P oyl hg addi ti ons,
grain struct (8058pr Isurfreferred embodimenmsa ytSa-fa&i8he lcoathgds provided\vami ous

ceramic or polyneric materials can he coated with a yttria-containing
coating. |n partliqsomponeie Asdeseriied abisoarnlized On ROWANGHIZE Ayt er ani ¢

materialsg in [ but  pot | 1m , ﬁ!-Hﬂj 3)xnc1SHd 1 con car bi de
(SIC, si |co§5§éﬁt¢¥e&éﬁ%§l@%é él%bgﬂl%:ngra})l e %@%‘}‘S&?ﬁgr%?éli%ér on nitride
(BN).  Pol ynenlutningh etandeobtbd tvith mrikeom@iaing Cottings P IOth&Texbiplaiyhose that can
wi t hstand 20 el evated tenperature conditions present in plasm reactors.

[0060] |f desimeidlic paErias thapeen begoaterdeniudee bitare pat lgpitedep e ptpiglesscgelhe

provi ded bet ce of t ol .and the
yttria-contai ﬁ?‘ﬁ%ﬂa@@ﬁ#{ﬁ%ﬁgl% 3@@%%\?5@%%%%?%%}%9 aggegﬁ’t%?g@%ordi ng to an
exenpl ary pr elgditaiathg coniqdifomnt wedr fekibtaht doming svefl tRtcdnpondnt/ e 80 i s

optional |y coated on a substrate 70 25 by a conventional technique. The
opti onal 1Pi r sndetyéresomnenentdbprofestyd dom direct prFoeiedp theplasmisck to adhere to
the substrate ,and to,.fuyrther.allowit r to formng an

optional seco AP 2 tg.lh((lzézg{npﬂrben@%f% b(% fp‘r{j)t%(gt(é@ ﬁgaﬁlgsé £ £s {0%’ COTToSIOoN

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 conditions.

15 [0059] In addition, various ceramic or polymeric materials can be coated with a
yttria-containing coating. In particular, the reactor components can be made from
ceramic materials, including, but not limited to, alumina (Al,O,), silicon carbide
(SiC), silicon nitride (Si;N,), boron carbide (B,C) and/or boron nitride (BN).
Polymeric materials that can be coated are preferably those that can withstand

20 elevated temperature conditions present in plasma reactors.

[0060] If desired, one or more intermediate layers of material can be provided
between the surface of the component that is coated and the yttria-containing
coating. FIG. 5 shows a coated component according to an exemplary preferred
embodiment. A first intermediate coating 80 is optionally coated on a substrate 70

25 by a conventional technique. The optional first intermediate coating 80 is
sufficiently thick to adhere to the substrate and to further allow it to be processed
prior to forming an optional second intermediate coating 90, or the yttria-
containing coating 100. The first intermediate coating 80 and the second

intermediate coating 90 can bave any suitable thickness that provides these desired



contai ning coating 100. The first internediate coating 80 and the second
internmedi ate coating 90 can have any suitable thickness that provides these
desired 4 DEC 2006 WD 2004/ 003962 PCTI US20031018502 -17- properties. {ThasHis
coatings c t hi ckness of at |east about 0.001 ipgch referably from
about 0.00?ﬂ%%ﬁﬁ gﬂ? 0.25 inch, more preferably fron1ab§§VU%mgﬂ%sﬂ¥o about
0.15 inch, and nost preferably from about 0.001 inch to about 0.05 inch.

[ 0061] After depositing the optional first internmediate coating 80 onto the 5
reactor conponent 70, the first intermedi ate coating can be treated, such as
by roughening using any suitable technique, and then coated with the

opti onal second internediate coating 90, or with the yttria-containing
coating 100. A roughened first i nter nedi’at e coating 80 provides a

particul arly good bond to subsequently applied coatings. Desirably, the
second i nt er mPEAPSELES ¢ dAESefQaRESiCAD BFESR tthEmgﬁOf;LU lpast kot 8401 dnshpr ession
strength to t I | i i 0_and_reduce fqr i of
fiseures in t RETadbB el AR RRGAT aaEh 2B oo BB Rrom SRy o6

intermedi ate e®aidung.13Gndhs afdfdobiGirefeiably fedth Glso: ©.G0dNBEIELol Mok TE05 fich St
intermedi ate coating 80 and to allowit to be processedo%{lor to form ng any

addi ti onal i nf@6kbdiAdies depesitingghe opsionalfirsiigicamediate cpatingdit eutomihag coat i ng 100.

h , d_j ' .ng. . b , h b
Coughon g Theke LR 70 AL BB R Bn pe BBl B BT i o
t hi ckness thatrm%’h@ﬂh@ﬁﬁné RS Suitable HchRidud) 200 @lehicBited SHBNASptRAnilNesdmiess of at

| east about 0.001 inch, preferably fromabout 0.001 to about 0.25 inch, nore
preferably frdiempdizte @atiog 9@nat vetolie yitda-¢ontainiop coating 100stA prughenedbl y from

about 0.001 inch.to about 0..05,inch., 20 0 The.first d second

i ntermedi at e Egsgf?tﬁﬁlée%&ai%c%gp%ﬁgBrogfqeﬁﬁyg%gﬁéﬁlly i5eod E%‘Eftgﬁaﬁsegmﬁﬁol ymer
material s t habpgied cohtired P esirly, UBE sdcBndarmedistd CbngdPpifarts Ph@messi ng
chanbers. Particularly desirable netals that can be used include, but are
not |im tl@d t enechasficahcoroprgssing sitesgthwhibeHirstantenmadiae avatingi8frang ralvesssi ng
tenperatures. _Preferr ceram.cs ingl.ude, but ar.e t limted to, A1203, SiC,
25 Si 3\, MC,f°%9n?§g§uﬁfﬁdnme @%W@d@gqqoaﬁp%p@rred pol yners i ncl ude,

gglt yﬂn e onot 002§ ©drieQecdndUnkARiHESaBing 585 SuftfifttlyMhik ithdndry Behdy! ene and

first intermediate coating 80 and to allow it to be processed prior to forming any
additional intermediate coatings, or the outer yttria-containing coating 100. The

15 second intermediaie coating 90 also can be treated, such as by roughening. The
second intermediate coating 90 can have any suitable thickness that provides these
desired properties, such as a thickness of at least about 0.001 inch, preferably
from about 0.001 to about 0.25 inch, more preferably from about 0.001 and about
0.15 inch, and most preferably from about 0.001 inch to about 0.05 inch.

20 [0063] The first and second intermediate coatings can be made of any metallic,
ceramic and polymer materials that are suitable for use in semiconductor plasma
processing chambers. Particularly desirable metals that can be used include, but
are not limited to, refractory metals, which can withstand high processing
temperatures. Preferred ceramics include, but are not limited to, Al,O,, SiC,

25 SiyN,, B,C, AIN, TiO, and mixtures thereof. Preferred polymers include, but are
not limited to, fluoropolymers, such as polytetrafluoroethylene and polyimides.
[0064] The intermediate coatings can be applied by any suitable deposition
technique such as plating (e.g., electroless plating or electroplating), sputtering,

immersion coating, chemical vapor deposition, physical vapor deposition,



[ 0064] The internedi ate coati ngs can be applied by any suitable deposition
techni que such as plating (e.g., electroless plating or electroplati nq{) 2008
sputtering, inmersion coating, " cheni cal vapor deposition, physical @r“
deposi ti onw({fg,b‘% 16306 WO 2004/ 003962 PCT/ US2003/ 018502 - 18 el ectrophoretic
deposition, hot Isostatic pressing, cold isostatic pr esg?T{H %Qiﬁ???esm on

nol di ng, casting, conpacting and sintering, and thermal spraying (e.g.

pl asma spraying). [0065] The optional first internediate coating 80 and
second internmediate 5 coating 90 can have the same or different conpositions
fromeach other, depending on their desired properties. If desired,

addi ti onal |nterrred| ate coatings such as a third, fourth or fifth

i nternedi ate coating of the same or di ftBrent materials can al so be provi ded
bet ween t he yt ria-contajning coating and the substrate. 10 [0066] FIG 6
shows anot her EXEMRYOEIF dERUHENTBR IsQsfatic REcssipg.rGoll Bovietis MPHES. coati ngs. |n

ont o a subst r SPEP e HOIKRE ERE, Qi AR A, Wi BB g or ) ¥

which is an oy¢.gr, plasmhapeypig).t he conponent 70. In this and in other
enbodi nents, the coating 100 can have any suitable thickness. The
yttria-contai IWWQ] cé[gﬁwgoﬁ%@f%@tﬁ%d@ﬁe ¢aating 8Q and seconthintaminedintess t hat

provi des uffl surface .t rovi de wear

resi stance an& gtg(e)c%t%%e ungIm {;/f%lgg%gfre 0%8%36 rﬂ%’teabbn%gcal and chem cal
attack, when ubpenamgruﬂaha@nésae@ bigetioat IMBsir@l, Qi@iased intérencllaiSdhatRismospher es.
Parti cuI arly, the coatlgtg) 100 can have a thickness in the range of about

0. 001 inch t o SEghoasta third Hrthﬁféftbma@m}edfatwammﬁth@smqm dicheest t o 20 about
0.5 inch, nor abou nch, and nost
prefer abI y frgnr#eg%j e{aﬁgﬁs p?wh(?etlagdég“éobl?@e@'tkla'c i?“n%f’%tupﬁla@k gss can al so be

used in otheguwirbed nents. The thickness of the yttria-containing coating
can be selected to be conpatible with the plasna environnment to be

encount ed8d i H046hk Fﬂ@aétsbﬁwi @anleT exqrepliry gmbodiment ot thy m&cplﬂ@eih}; The
yttria-contai mozgglgé: Of‘r} h)nsgésmt?o%unen? He 9&1&&911&&113 lcé)atmg 1%8 is dep051 ela

directly onto a substrate (i.e., without the formation any intermediate layers),

which is an outer surface of the component 70. In this and in other embodiments,
the coating 100 can have any suitable thickness. The yttria-containing coating 100

15 has at least a minimum thickness that provides sufficient coverage of the
underlying surface to provide wear resistance and protect the underlying surface
against physical and chemical attack, when the yttria-containing coating is exposed
to plasma atmospheres. Particularly, the coating 100 can have a thickness in the
range of about 0.001 inch to about 1 inch, preferably from about 0.001 inches to

20 about 0.5 inch, more preferably from about 0.001 inch to about 0.1 inch, and most
preferably from about 0.01 inch to about 0.1 inch. This thickness can'also be used
in other embodiments. The thickness of the yitria-containing coating can be
selected to be compatible with the plasma environment to be encountered in the
reactor (e.g., etching, CVD, etc.).

25 [0067] The ytiria-containing coatings can be provided on ail or part of the
reactor chamber and components. In a preferred embodiment, the coatings are
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, such as liners. Additionally, it is preferred that the



react or chanber and conponents. In a preferred enbodi nent, the coatings are
provided on the regions of the reactor chanmber that are exposed to the ﬂig_lﬂasnta
environment, such as those parts in direct contact with the plasma, bf HOENTLS

| ocated  bedy fifdas er conponents, such as liners. Addjtionall it is
preferred that tﬁg%%b4 [ ?EC 20106 WD 2004/ 003962 PCT/ u%‘éHH%?“M%‘%‘% -10-

yttria-containing coating be provided at regions of the reactor chanber that
are subjected to relatively high bias voltages (i.e. relatively high sputter
ion energies). [0068] By applying a yttria-containing coating, advantages
are realized. Nanely, the yttria-containing coatings can be used for al

pl asma chem stries. The 5 coatings are gdvantageous for use in

fl uori ne-contai ning and BCl 3 cont ai ni ng=*“dt nospheres, which are highly
erosive to anodi.zed alum num By using the yttria- containing coatings in

such at mosphe?B82-CeRyAING 2ing RF pravidedd regipds &iihe kaeler ehaanbentint &abl e in
D 2o re et o bitjed DR Hhiafnts Righ iR VERAMY L Sobl AP RN IR forl BBr L1001 | VOness

of the yttria- cont al ni ng t1ngs 1 n prov r'osi on t ant

surface in a [p0EShe Beapplyinnagitia-ciiiisiag aoniy 7 &iaf@gek-aft6 ralizsd, num coupons and
t hree coupons_each rrade%l_:'i)é/ formng a thernal s%med yttria-containing
coating on a Lo dhepytirincontaining seatingioes beaised dlasiea epomnistiisse The t ached to

hamb | lood | . ' i nj ti
had & comiosi raneg R R TeeshRRCt fe G IRRRELcon I A BEAMBIALTY 125 0"
i nch di anet er ammsépkerts)iwtictess highlyOerdsite tol anedizedTdEmERLN OB uMBy Meditiached to

the chanber wall. A plasma was generated froma process gas conprising 2
and BC13 at e§ORRINNESRALNGS di suchagmespherps tsignjfisentlf reduded expromygies wees set to a

pressure of 6 . il wafers were etched in the reactor chanber.
The coupons még%&{aégetlgﬁiaggl?r%dcfoggal of about 90 RF-hours. 20 [0070] Foll ow ng

the testing, YeU69PW Thsstwepetormiatied d dignoneRat e cfleaieasss of AR yteidst was
anal yzed using EDS anal ysis and found to contain prinmarily boron, oxygen and

chl ori ne 10[ 00 Paptaining coaiifes is PrIidingarsgrogien eesisinywr Begrinmeplswpon mass | oss
using an analyt 6ale,PATARE Gnofd f0bF %6 WilSinGH btiihs dnd %rgeecto%f)&sne%ches“ mat ed

erosi on rates.
made by forming a thermal sprayed yttria-containing coating on a surface of an

anodized 6061-T6 aluminum coupon were attached to a chamber wall in a pliasma
reactor chamber. The ytiria-containing coatings had a composition of about 99.95
15 wt. % yitria. The coupons each had a 1 inch diameter and a thickness of 0.375
inch. The coupons were attached to the chamber wall. A plasma was generated
from a process gas comprising Cl, and BCl, at equal flow rates, and the interior of
the chamber was set to a pressure of 6 mTorr. Bare silicon wafers were etched in
the reactor chamber. The coupons were tested for a total of about 90 RE-hours.
20 [0070] Following the testing, yellow dust permeated the reactor chamber. The
dust was analyzed using EDS analysis and found to contain primarily boron,
oxygen and chlorine.
[0071] The coupons were evaluated to determine coupon mass loss using an
analytical balance, and also were evaluated to determine estimated erosion rates.
25 The anodized 6061-T6 aluminum coupons without a ytiria-containing coating were
determined to have lost from about 15 to 20 mg. Accordingly, the process gas
was highly erosive with respect to these un-coated coupons.
[0072] In coantrast, the three coupons having a yttria-containing coating each

gained weight due to the accumulation of dust on the coatings. The weight gain of



25 The anodi zed 6061-T6 al um num coupons w thout a yttria-containing coating
were determ ned to have | ost fromabout 15 to 20 ng. Accordingly, the process
gas was highly erosive with respect to these un-coated coupons. [0072] In
contrast, the three coupons having a yttria-containing coating each gaiingd (s
wei ght  duewd®obpszsecunul ati on of dust on the coatings.P%ﬂgsﬁﬁk g%zgain of WO
2004/ 003962 PCTI US2003/018502 -20 the three coated coup @’ from about
0.8 ng to about 1.2 ng. The weight gain rate of the three coated coupons
ranged from about 0.009 ng/RF-hr to about 0.013 ng/RF-hr. [0073] Regarding
the estimated erosion rate, the anodi zed 6061-T6 al um num 5 coupons w t hout
a yttria-containing coating significantly eroded, as evidenced by the
significant weight |oss. These coupons were deternmned to have an esti mat ed
average erosion rate of from about 20 tg297 A/RF-nin. In contrast, the three
coupons having_a yttria-containing coating were not eroded. [0074] In

addi ti on, becab&ires crricd FRPRUSHIEEA SO ThFhoUH).§ e toctbont bmag.1 B weight 10
P orine. the vErrlas 3 . TR cn
formation of SAEorf R bl Bl Setafiol doll 8808 e MER B BORLT '

f 1 uori ne-cont a).013wmg/RF-bess gas atnosphere in a plasma reactor. [0075] Tests
were al so perforned to denonstrate the reduction of contam nation of wafers

during et chi ng00Pla Bezasding teastimated prosiosvata; the apetized f9a1-6 alumingm15 pl asma

t mb t i .2 _t harapl | a- cont ai.ni ting,
Whch condt ot SCoubaR it £ 95 RiTE oodk BB b BAG0 A Bt B0
pl asma 1 eact ofe Wighific#nt GReagH @sss) These chubdny weRCdRsHiRIdad hwid ih estimated

yttria-containing coating, a_ ground ring cpated with a yttria-containing
coating, gr ourRYCraggrosiondafecd fromeawued) tod 7 AYRE-pin. r Incogyastatbaitirge coat i ng, and

a quartz wi ndow in the. r r rber . .20 [ 007 he reactor chanber was
prepared by a %ngﬁg&gfggﬁﬁgﬁﬁ&oﬁgﬁﬁ%qmﬁ ‘gé “"g}‘i"ﬁe‘g% H20 + isopropyl

al cohol wipe dperd] anfadditivl bedaBRMEREAMROMPBHREERY hfdtedis ﬁ&n%uifck\%y de wafers
and the foll owm ng process paraneters: 15mI' chanber ~pressure/ 800 tts top

coi | powel 0 Whissing oiie ¢tteiaconaigingenetings t@0minimine SF@VI0present thedoanBdnsccm 02/ 8

Tort He back c I1 /300 sec. .et %h tinme, Conditioning .of frlhe. ..
of aluminum fluoride when coated components are used in a fluorine-containing

-
b

process gas atmosphere in a plasma reactor.
[0075] Tests were also performed to demonstrate the reduction of contamination
of wafers during etching in a plasma reactor by providing components in the

15 plasma reactor chamber that include a thermal sprayed ymia—contajnmg coating,
which consists essentially of yttria. Tests were performed on a 9400DFM plasma
reactor with a charnber liner fully encapsulated with a yttria-containing coating, a
ground ring coated with a yttria-containing coating, ground ring screw caps coated
with a yttria-containing coating, and a quartz window in the reactor chamber.

20 [0076] The reactor chamber was prepared by a procedure including a wet clean
with 6% H,0 + isopropyl alcohol wipe down, and a wet clean recovery procedure
using six oxide wafers and the following process parameters: 15mT chamber
pressure/800 Watts top coil power/C W bottom electrode power/100 sccm SF/20
sccm Cl,/50 scem O,/8 Torr He back cool /300 sec etch time. Conditioning of the

25 reactor chamber was performed using ten bare silicon wafers with the following
process parameters: break through etch: 4 mTorr chamber pressure/600 Watts
top coil power/65 Watts bottom electrode power/100 sccm HB1/10 sec etch time;
main etch; 6 mTorr chamber pressure/350 Watts top coil power/20 Watts bottom

electrode power/180 sccm HB1/65 sec etch time; and over etch: 80 mT chamber



25 reactor chanber was perforned using ten bare silicon wafers with the
follow ng process paraneters: break through etch: 4 niforr chanber
pressure/ 600 Watts top coil power/65 Watts bottom el ectrode pomer/lq% @gggm
HBr/ 10 sec vah Sddebdz9® nain etch: 6 niTorr chanber pressure/ 350 Watts top ¢ 1ﬁ
power/20 Watts bottom el ectrode power/180 sccm HBr/ 65 SEUUSHOHOBMe: and
over etch: 80 mrl chanber '14 )Et 2006 WD 20041003962 PCTI US2003/ 018502 -21-
pressure/ 350 Watts top coil power/75 Watts bottom el ectrode power/ 150 sccm
HBr/ 150 seem He/5 sccm 02/ 90 sec etch tine. Hi gh pressure waferless

aut ocl eani ng was used after every wafer. [0077] Contam nation of the wafers
was neasured by the follow ng procedures.. 5 A 1 kA thermal oxide wafer was
etched with the follow ng process paranE@éTs: break through etch: 4 nilorr

chanber pressure/ 600 Watts top coil power/65 Watts bottom el ectrode power/
100 sccm HBr / 10resBes/ 330 Watls top; cofwper 7T Watts botiana electsodermnaver 5@ seaur e/ 350 WAt t s

top coil power t t . ) sccm /| 65 sec etch

time; and overﬁgﬂéﬁ&g%él ﬁ]%rs(ra&%?&%)esr&?%gh Bﬁ%ﬁ%ﬁ%ﬁ%ﬁﬂﬂ? gﬁ'f_éc%%ﬁ power/ 75 Watts

bot t om el ect r osleocieawtp/ viised after Béry Waler,. Sccm Hel5 seem 02/ 90 sec etch time.

The silicon wafers were etched using the follow ng process paraneters: 5 nT

chanber pr essut087%50 Cogtamsnatign of Hie| wafess ey mesurendyt the follawing proseduresde

power /50 sgem C i | 1.ow tchin t he t hermal oxi.de
1%1214& ﬁ%niﬁlcox%e atbt Whs etcﬂ:eg “&@Vﬁéﬁ gql@mﬁ pl%tr‘esg Pzt

wafers and the prime silicon warers Wwer ati on usi ng

| CP- M5. [ 0078] bréflethimlghaxdhe e webof chambet fResreRH001 W Sif M%fcﬁﬂ Pow&65 pl aced in
the reactor chanber and etched using the above-descri bed process paraneters

with and wi t h¥ats besinse aleeiradei posier/dPhsecm HBr/ 16 seceotolt tieri mgjnetsht ibng bei ng
present in the teactor chanber ring the testjy wi [ h conponents not

Mo udi ng a yt EPPE Suabg R ENAE 0 YAt Hetrhpe FE A0 aith boteiBeF oo

substanti al anpuw/ 18D séRQWBEAT sed bidtifld Mkl oveP BRPN 80 W8T d P chdifbef €act or chanber
was exposed to the plasma during testing. Follow ng etching, the surface
concent r al® on presspfe/330 top coil ppeer/ N Wakibotmnudelactwels powas i5GestcmHBrili6s of 1010

ng for th [S. ntral .oxi oy .
atons/c ° §CCI%. ﬁ‘e’a}g SCem 0998 %ect &ch time. q‘ﬁe silicon wafers were etched using the

following process parameters: 5 mT chamber pressure/250 Watts top coil
power/150 Watts bottom electrode power/50 sccm C1,/120 sec etch time.
Following etching, the thermal oxide wafers and the prime silicon wafers were

15 analyzed for contamination using ICP-MS.

[0078] Thermal oxide wafers and bare silicon wafers were placed in the reactor
chamber and etched using the above-described process parameters with and
without components including a ytiria-containing coating being present in the
reactor chamber. During the testing with components not including a yttria-

20 containing coating in the reactor chamber, a substantial amount of anodized
aluminum of components in the reactor chamber was exposed to the plasma during
testing. Following etching, the surface concentration of Al, Cr, Cu, Fe, Ni, Na
and Y was measured in units of 10'® atoms/cm? for the wafers. A control oxide
wafer, which had not been put into the reactor chamber, was also analyzed to

25 confirm that the contamination levels measured for the etched wafers originated
from the reactor chamber.

[0079] FIG. 7 shows the results for the contamination analysis of the wafers.
"Coated"” means yttria-coated components were present in the reactor chamber and

"uncoated" means yttria-coated components were not present. Comparing the test

i



waf er, which had not been put into the reactor chanber, was al so anal yzed to
25 confirmthat the contam nation |evels neasured for the etched wafers
originated fromthe reactor chanber. [0079] FIG 7 shows the results@ﬂdﬂﬂkm%
cont am nat is of the wafers. "Coated" means yitria-coate
conponentsvﬁgggngkﬁéent in the reactor chamber and %é %@muﬂgyﬁs
yttria-coated conponents were not present. Conparing the test '1G DEC 20066
WO 2004/ 003962 PCTI U520031018502 -22- results for the sanme wafer type, i.e.,
t hermal oxide wafers and bare silicon wafers, the test results show that on
an el enent - by-el enment basis, the results for reactor chanber including
yttria-coated conponents was significant%% | ower than for the reactor
chanber containing plasna exposed anodi Z al um num surfaces on 5 conponents.

For exanpl e, the_alum num concentration nmeasured for the "uncoated" bare
si |icon waf er TS gl sane wafenpe o onipan oxidpiwagers prd bargsilisomivafers,

concent rat| on fIeaste Sfts|sRlw AP o GRBLAGN RS LAS T Lot HRRBRRUT 12 X

1010 atons/c romum conc on r?easu & "uncoat ed"
bare silicon chaiber mﬁﬁdm@wﬁa-zoaxedl@i@oﬂéméscﬁ@uﬁwﬁﬂy o étahANoP EeUm
concentration 10 neasured for the "coated" bare silicon wafer was about 109
atons/ cn2, whireacterghamberecogainies plasing ¢xppsedgnodired sleaium svgfaeaguitprent . For t he
t her mal 0|de f fol]o esul t s r.e obtain unlts of 1010
oo o coRpfieis U cxbBpls: oMol b e dBlondRb Al Sl e

"coated", 4; Fﬁncdhtéﬁﬁ‘ﬂaﬂees‘ﬂmon%fer W aba 87 x ﬂ)gﬁatoﬁé)@m” whﬂétﬂ@@lﬁﬁﬁﬂﬁ:n 10,
“coated", 2. Following testing, it was determ ned 15 t’hat an Fe contani nation

source had be@ﬁﬂfpﬁﬂ@@ﬂm@lﬁﬁﬂteﬁgfotés "caatpd " Watecsilicon svagerseas abowid 2Fel0®vel s in the
waf ers. [0080] alzso ho n ttria,l.ev wer e jnsignificant

for all of thd XMy s {%8’5%81" mtcﬂ%deﬂtﬁ’%]’é’nél?ais‘g% tﬁ%rgnooﬂgd Y5 a was

det ect ed abOV%ﬂicBﬁwaPe‘i‘tv@ﬁtabQﬁl’Hmm &oﬂﬁlchﬁ%ﬁﬁﬁaﬁéEhﬂ?o%u%ﬁ‘ébﬂdéﬁﬁ&tmn-rhe results

demonstrate the robust 20 nature of the yttria-containing coatings in the

pl asma enddi r ormaasyred mrrthedmtedl' pare silicen yafer iwas ebout dDhitogscodtwhigs wean achi eve

very |low | evel f on er.yttria _  contan na
y tﬁe 8eteCUOn\fam1t of ﬁie measuring equipment., t’r"or ﬂle thermal oxide wafers, the
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following results were obtained in units of 10' atoms/cm?: Al: "uncoated”, 2000,
"coated”, 480; Cu: "uncoated", 15, "coated", 4; Fe: "uncoated", 72, "coated",
280; and Ni: "uncoated", 10, "coated", 2. Following testing, it was determined
15 that an Fe contamination source had been present during testing, which increased
the Fe levels in the wafers.
[0080] As also shown in FIG, 7, the yttria levels were insignificant for all of the
wafers tested. For the bare silicon wafers, no yttria was detected above the
detection limits of the measuring equipment. The results demonstrate the robust
20 nature of the yttria-containing coatings in the plasma environment. Consequently,
the yttria-containing coatings can achieve very low levels of on-wafer yttria
contamination.
[0081] Accordingly, the above-described test results demonstrate that a
significant reduction in the erosion rate of components exposed to plasma
25 environments can be achieved by the yttria-containing coatings. As a result, the
yitria-containing coatings can minimize contamination of semiconductor substrates
contained in plasma etch reactors by yttria, as well as other elements from which

the ytiria-coated parts are formed.



[ 0081] Accordingly, the above-described test results denonstrate that a
significant reduction in the erosion rate of conponents exposed to pl-asf@r 2
envi ronnments can be achieved by the yttria-containing coatings. As a result,
the yttri Lfh,Ng coatings can mnimze contam natj f sem conduct or
substr at eswﬁigﬁt{/@?%d in plasma etch reactors by yttri af,’éz'z'éé)’\%?e’?‘ﬁlggﬁi ot her

el ements fromwhich the yttria-coated parts are fornmed. 14 DEC 2006 WO
2004/ 003962 PCT/ U52003/ 018502 -23- [0082] The yttria-containing coatings can
provi de an extrenely hard, wear resistant surface. Such coatings are
desirably free of materials that react with processing chanber gases, and
are chemcally inert such that there is low or no particle contam nation,
mnimal or no corrosion, mnimal or no Mfal 5 contam nation and/or mi ni mal
or no volatile etch products. Thus, the yttria- containing coatings can
decrease | evell8083] At rRNHING @NIBESCAB Pravade aveantgaely hestheveatost s by

i ing the Lifetj f b .d ift d d
the Tovel's of Teuig smdiees suER BRBE HE R SR FRT P ETIE Bl fentfi ol o The
i nvention has phagssisleafniber shsed) af@hi dhetichlly fnefi@hehat therelif Icwechd | C

enbodi nents thereof, it will be apparent to those skilled in the art that
vari ous chang@srtigledcortrainationt mansalermoperiesige, minialeguiovattant s enpl oyed,

wi t hout departing framthe scope .of the ded.claing. |. ~ DEC 20136 34.
WHAT 1S CoA MepRrmInato s iR og oSl S ogics DR SEs{ B appar at us,
conpri sing: anofhinifgdsatisgsah dad@aselieval of hisfil BhpArBE Rk @bnih@Miafish, an anodi zed
surface; and a thermal sprayed coating consisting essentially of yttria

di sposed over lower castsdy 2raeasingfibe kifetinge oficensumables; tdeemnasd ipaocesy drjftsrandf  anot her

mat eri al di sposed hetween the coati nd the anodi zed surface of the
substrate, thée‘gﬁﬁl%?erﬂﬁvﬁ%? 'Q%)SJQHOSEI?@? BTSN SURRIES. ¢ he conponent. 2. The

conponent  of %@83}71“ mm‘l’@iﬂferin*}ﬁti@ﬁ hasS5eeh dQRAL&PIRRBAN IS R&GEiRYo f rOm the group
consi sting of "a chanber liner, a gas distribution plate, a gas ring, a
pedest al ,10an ebenific esbatiments thecdof,anhwilbbe apparent to those skilled in the art that

various changes and modifications can be made, and equivalents employed,

without departing from the scope of the appended claims.



pl asma focus ring. 3. The conponent of Claim1, wherein the coating has a

t hi ckness of from about 0.001 inch to 0.1 |nch 4. The conponent of Caim1,
wherein the coating has an arithmetic mean surface roughness (Ra) &ffbtlile’
to pronote adhesion of polyner deposi t@on the coating. S. The conponent of
Claim4, wherein the coating has an arithnetic nean surface roughness (Ra)
from M&l@ 250 mcro-inch. 6. A chanber wall of a sem conductor
processi ng apparatus, conprising: an anodi zed al um num substrate of an

al umi num mat eri al an anodi zed surface; and a thermal sprayed coating

consi sting eSAepinbahdnY off settifchiductr pRIRERhetH %Edsﬁc Rpristhy: anodi zed surf ace,
the coat mfnm O s@l OF élﬁﬂ?ﬂuﬁﬁ{a{t:ﬁﬁ?hﬂfm Birtafeld nd 7. The chanber
f

?ﬁhﬁﬁ%@mmgﬁ B T R

rea
ag¢ ohiha lﬁHI?SFFﬁTLeeﬁhFéPatHﬁ/ﬂoﬁgmﬁr@né’HEEPQFéé“@%ﬁefo@? CWRH’IIC‘& t hermal sprayed

of
coating consisting essentially of yttria disposed directly on the anodized
surface it holle empontetraf€taiat B whigheis ableastiont hemporentseleateddroap Heegtolet ween

t hecomitingof @ctdnibeelnano gaszdistribuidngslae of pdshiings wpadesal, an elebeostaitdhingk hd 41 ng
an gldéms faeas rigglr f ace of the conponent. 9. The plasma etch reactor of C aim 8,
wherein the conponent is a chamber wall and the plasna etch reactor includes

2 Pl asrmg generil iR o el £ el KBk BAUNRENE 0 Aol BIRT mefer OV

[ nt{) 418 eac reac al wherein

coa MWlds an arithmetic mean surface roughness (Ra) effectlve to pronote
adhesi on of pal ynmer deposits on the coating. 11. A ;t)rocess of rranuf acturing a
conponent- of BhcmnroBaah L (drimp} dﬂ@ﬁ%ﬁlﬂﬁ‘:@ﬁ%}éﬁsﬁm herstis megnsyriagspl yi ng a

- coafougbness () sffeetiycds pramatandiesion of polyimgr deposiss pythersoatinganodi zed surface of
an 1 4 DEC 2CC6 al um num substrate of an alum num material by thernal

sprayi ngs. t heTlgoampgestaf|@laigi 4ovirrein teaomiss haswnfadmeaic nidwa sodfagronent . 12.
TheroppRees R4 froed bowm 130 todRae23D thiterfieRt i ng is forned to have an arithnetic
mean surface roughness (Ra) effective to pronote adhesi on of pol yner
deposi t sg, A chamber wall of a semiconductor processing apparatus, comprising:
an anodized aluminum substrate of an aluminum material an anodized surface; and
a thermal sprayed coating consisting essentially of yitria disposed directly on the anodized
surface, the coating forming an outermost surface of the chamber wall.

7. - The chamber wall of Claim 6, wherein the coating has an arithmetic mean surface
roughness (Ra) that promotes adhesion of polymer deposits.

8. A plasma etch reactor, comprising:
. at least one component including:
an aluminum substrate of an alummum material having an enodized surface; and
a thermal sprayed coating consisting essentially of yttria disposed directly on the
anodized surface without an intermediate layer of another material disposed between the coating and the
anodized surface of the substrate, the coating forming an outermost surface of the component.

9. The plasma etch reactor of Claim 8, wherein the component is a chamber wall and the
plasma etch reactor includes a plasma generating source which inductively couples radio frequency
energy into the reactor. . . '

10.  The plasma etch reaction of Claim 8, wherein the coating has an arithmetic mean surface
roughness (Re) effective to promote adhesion of polymer deposits on the coating.

11. A process of manufacturing a component of a semiconductor processing apparatus,
comprising applying a coating consisting ¢ssentially of yttria directly on an anodized surface of an



13. A process of etching a sem conductor substrate, conprising: placing a
sem conduct or substrate in a chanber of a plasma etch reactor, the plasna
etch reactor conprising at |east one conponent including an aluninunpéﬂfggmg
substrate of an alum num material havimg an anodi zed surface and a thernmal
sprayed coating consisting essentially of yttria disposed directly on the
anodi zed surface, the coating form ng an outernost surface of the conponent;
| ntAl@d i a@ibarié 8EasHutiafun Matrial ey GBEd) epraying oMe caitinpGomppikiag 48 olifetibéihe

Pr oGS se ¢ cdbnegt.chi ng the sem conductor substrate with the plasnma
wherein the coating is exposed to the plasma during the etching. 14. The

process cl.gim 13 ein the pl F S .generated by i L ve coupling

a0 e eﬂa;i@%gg %ﬁm b re"rmﬁa%%@%t‘fngf%?orgw SRt o
whePERFF TONEBRESS {RA) R E6E{YS 10 BTATRA'F AdREIoB, o PPIBier dkPasiSict one |

- silicon-containing material selected fromtheée group consisting of

si ngl e- ckdyst ah prickssed siching assmicondnetonsubsisate. compriskgbr phous silicon, silicon

ni tri de,pladiibg z semiconduictor sulsstrateiih achateber of aiplasma ettihorader, theplasknaretthereaetbs  and

hi glonpriziigat leabione tompdinent pichekrsarodlum iratm3ubstratebarealomiten fatsriableligd o

submbiRb& s\@EIER ahd 8 thefhall PAied CHRIngMBhAIERREeARIYSf Vi Ldispdse B @Ry o the om t he

97 O4HBA0d fkrflck Ml BdatRbYEiIHEhn Bludrh N Mrplch BY fhe chiifpdRGRN.  tungsten all oys,

titanium .t UTcﬂ% o@és %ssim t%@tcﬁmh'ﬁ@r' tantalum al ' 0ys, platinum platinum

al l oys, _ruthe {:ﬁ‘é A eﬁrﬂl um al ] o Sy dchroms, chronme alloys, iron, iron

al | oys, SERERHE @ Raspa froky {hg Process ga3,40d o opait a1 | oys, nol ybdenum nol ybdenum

al | oys, eighingthgsemiconductorsibsivats WHh hedlasman, one, cobalt and/or  nol ybdenum

f erroel e¥herein thagaahing [sexppsedtptheplases diriag theetchin® process of claim 13,

wherein the coating has an arithmetic nmean surface roughness (Ra) that :

pr onot esldadheBieqroaess pdlgimel 3, ddposn the plasntalie gemattedby thdnetivgly doampling idigy.  18.

A fiqmensy @fergyddiachaichadthiek.an nati on of a sem conductor wafer by erosion of a

conponent in a chanber of a plasma etch reactor during etching of the

semi conduct OrTHGiredest B dliigh 13 vieFEn BeGEmiRAGRQE subSRERE Ethities BY 1843k Be 2
RIS e R Gl B R e
o Ty ﬁ'@%ﬁgﬁs b PR R A BRI T T
coa"‘r‘\dﬂbg}ﬁ H’Sﬁteé-ia{fsng essentially of yttria disposed directly on the anodized
surface, the coating formng an outernost surface of the conponent;
i ntroducifag alhsrpseesssofelaim hi: ovhermn thssaminondedier sybyrate comprisep al lagft endysi ve
W thetaleegndaning anatérial selected from the group consisting of aluminum, aluminum alloys, tungsten,
tungsten alloys, titanium, titanium alloys, tantalum, tantalum alloys, platinum, platinum alloys,
ruthenium, ruthenium alloys, chrome, chrome alloys, iron, iron alloys, nickel, nickel alloys, cobalt,
cobalt alloys, molybdenum, molybdenum alloys, silicides of titanium, tungsten, chrome, cobalt and/or
molybdenum, ferroelectric materials and GMR materials.

_ 17.  The process of claim 13, wherein the coating has an arithmetic mean surface roughness
(Ra) that promotes adhesion of polymer deposits on the coating during the étching.

18. A process of reducing contamination of a semiconductor wafer by erosion of a
component in a chamber of a plasma etch reactor during etching of the semiconductor wafer in the
plasma etch reactor, comprising:

placing a semiconductor wafer in a chamber of a plasma etch reactor, the plasma etch reactor
comprising at ]east one component including an aluminum substrate of an aluminum material having an
anodized surface and a thermal sprayed coating consisting essentially of yttria disposed directly on the
anodized surface, the coating forming an outermost surface of the component;

introducing a process gas into the chamber, the process gas being erosive with respect to the
aluminwm;

generating a plasma from the process gas; and

etching the semiconductor wafer with the plasma while exposing the coating to the plasma,



al um num generating a plasma fromthe process gas; and etching the

sem conductor wafer with the plasma whil e exposing the coating to the pl asng,
14 DEE 2006 wherein the coating minimzes contam nation of the senmc =t o
waf er by the alum numand yttria during e etching. 19. The process of claim
18, wherein the |level of contam nation of the sem conductor wafer by yttria

is | ess than 1010 atoms/cnR. 20. The process of claim 18, wherein the

sem condwindrein theécating oripinizassontamintion of the ssinkdopdwstorowaferbythe @luminemiaad and

t heytpiaatusing tigastcldogpri ses fluorine. 21. The process of claim20, wherein the

silicon-containing material is selected fromthe group consisting of

singl e- cygy/st ai‘héﬂrbéé&?ﬁiclﬁ?iﬁi Y&, W&féfﬁ {Hien6vet bf&&ﬁ’é}mnﬁt’i@f SR Sendibbhdiibr wiikdrl CON
ni tl??’ﬂfﬁ"“ $dsk hﬁﬁqomWE e, I cl des, l'icon dioxide, Towk materials and

tgerl a pr ocess of clai m 18, wherein the sem conduct or
wafer (o]0 s at | east onﬁ g&t contai ning material and the grOCFSS gas
conpris BCl e g

e procesy REClaim, I8 Abepin e SemiconduceryafFT cqmRriseS pidpast Brg sifich

mat @nfaung @agfélaéé‘!de@epf%ﬁﬁst%é%fﬂbmﬁs flugHas-sting of al umi num al uni num al | oys,
tungsten, tungsten alloys, titanium titaniumalloys, tantalum tantalum
al | oys, 4l at i Theprogdsaof claim 20, véhesein thetsilmontcontaimimgwaaicrin ia kélogtsd frotnrthere,
chrg@ogp eddsipyig of single-crystad 8iliabh, Pobycrydtathd silidonc ktbrphblsikcong sitiedsd nitridepal t
al | géon d@hm&@ @Mdemhmﬁmmeald\amatéﬂaw #iddesh-Rmatdrad@ni um tungsten,
chrone, coba t "and/ or nol ybdenum ferroelectric materials and GVR materi al s.

24. The py p%ce%_L 8t Qhikys, ‘%h%?re% the s@%xc%ﬁ%&gp\g%g} %]meﬂmf SaPs?B{xe! BEdl- o

| ,
\7\/|heclrocf(‘)ew1 Pﬁ&‘%ﬁ’@b%&‘%&&“&%ﬁﬁ Fglgg %&%lhnd the coating |srﬁgtsse(r)oded by the

pl asma dur i ng_etching The conponent of Claim 1, which consists of the

al um num%subs heeRf@C“éﬁ af Qlﬁ'él 2havhesain thepnetglecpninining materiabis stiseted Sopuihe groupr

C sfopsistingwicrarninumh eluaringh aldyss bingsien thegsteazlloys, tizgiuTHisanivmadloph tanplud) ai n
1, tamehgi alldyaeplativanh, pdingor flmys, rhthenino, ridkenium allgyse clerdmiey chrpme talleyseirbh,ast i ng.
29. irdihaloyhatitied, nielel altdys @obhin ddbalvhile/, molybdatusn, eiolyiiznamullions silisides bf at e and
t herjthiiemaingste, chydisle, e84l &@/or molybdenum, ferroelectric materials and GMR materials.

24.  The process of claim 18, wherein the semiconductor wafer comprises silicon and the
process gas comprises bromine,

25.  The process of claim 18, wherein the process gas comprises BCly and the coating is not
eroded by the plasma during etching.

26,  The component of Claim 1, which consists of the aluminum substrate and the thermal
sprayed coating,.

27.  The component of Claim 1, wherein the anodized surface is sealed.

28.  The component of Claim'1, wherein the anodized surface has not been roughened by -
particle blasting.

29.  The chamber wall of Claim 6, which consists of the aluminum substrate and the thermal
sprayed coating.

30.  The chamber wall of Claim 6, wherein the anodized surface is sealed.

31.  The chamber wall of Claim 6, wherein the anodized surface has not been roughened by
particle blasting.



30. The chanber wall of Claim®6, wherein the anodi zed surface is seal ed. 31.
The chanber wall of Claim6, wherein the anodi zed surface has not been
roughened by particle blasting. 2 1 1 4 DEC 2006 32. The plasma etch
reactor of Claim8, wherein the corrpoTnﬁnt consi sts of the al um num sylstgaie:;
and the thermal sprayed coating. 33. e plasma etch reactor of ClaimS8,
wherein the anodi zed surface is sealed. 34. The plasma etch reactor of Caim
8, wherein the anodi zed surface has not been roughened by particle blasting.
TOTAL P322  The plasma etch reactor of Claim 8, wherein the component consists of the aluminum

substrate and the thermal sprayed coating.
33.  The plasma etch reactor of Claim 8, wherein the anodized surface is sealed.

34.  The plasma etch reactor of Claim 8, wherein the anodized surface has not been
~ roughened by particle blasting.

TOTAL P.12



