3 0 SEP 2005 WO 02/ 079538 PCT/ US02/ 06651 -1 CERI UM OXI DE CONTAI NI ERAM C
COVPONENTS AND COATI NGS | N SEM CONDUCTOR  PROCESSI NG EQUI PMENT BA D OF
THE | NVENT, eI d of the Invention [0001) The present reI at es
general ly W?%ﬂw Bbrication of semconductor wafer s, and, bg{oﬁﬁbb&ﬂ
particularly, to high density plasma etching chanbers haV| ng i nternal
surfaces that reduce particle and netallic contamnation 5 during
processing. 2. Description of the Related Art [00021 In the field of
sem conduct or processing, vacuum processing chanbers are generally used for
etching and chem cal vapor depositing (CVI%% of materials on substrates by
suppl yi ng an etching or deposition gas to-the vacuum chanber 10 and
application of an RF field to the gas to energize the gas into a plasna
state. Exanples of parallel plate, transformer coupled plasnma (TCPTM which
is also called inductively coupled plasma (1CP), and electron-cyclotron
resonance (ECR) reactors and conponents thereof are disclosed in commonly
owned U. SCERSEMePHIDROONTATING QRFAMIQ CPNBONENTS BND) GOADHISSHAY SFMISNDPSTOR
Because of the corrosive 15 rRROGESEIIF REPHIsma envi ronment in such
reactors and the requirenment for mnimzing particle and/or heavy netal
contamnation, it is highly desirable for the conponents of such equi pnent
to exhibit hi gh corrosion resistance. 00031 During processing of
sem conduct or substrates, tBACKGROENDOX EVINVBNBICON| d in place within
t he vacuum chanber by substrate hoI ders such as 20 mechani cal clanps and
el ectrostatic clanps-(ESQ Exanples of such clanping systens and conponents
t hereof can bg fou ' wned U. S. Patent 3 0 SEP 2005 WO 02/ 079538
o oy anond: " CURfhid B R Bhop e . |

{0001] The present invention relates generally to the fabrication of

semiconductor wafers, a.ﬁd, more particularly, to high density plasma etching
chambers having internal surfaces that reduce particle and metallic contamination

5 during processing.

2. DeScription of the Related Art
[0002] In the field of semiconductor processing, vacuum processing chambers
are generally used for etching and chemical vapor depositing (CVD) of materials
on substrates by suppiying an etching or deposition gas to the vacuum chamber
10 and application of an RF field to the gas to energize the gas into a plasma state.
| | 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. Patent
‘ Nos. 4,340,462; 4,948,458; 5,200,232 and 5,820,723. Because of the corrosive
15 nature of the plasma environment in such reactors and the requirement for
minimizing particle and/or heavy metal contamination, it is highly desirable for the
components of such equipment to exhibit high corrosion resistance.
[0003] Du:ihg processing of semiconductor substrates, the substrates are
typically held in place within the vacuum chambér by substrate holders such as- -
20 mechanical clamps and electrostatic clamps (ESC). Examples of such clamping

systems and components thereof can be found in commonly owned U.S. Patent



_2_Nos. 5,262,029 and 5, 838,529. Process gas can be supplied to the chanber
in various ways such as by a gas distribution plate- An exanpl & 0cHEPal(05
tenperature controlled gas distribution plate for an inductively coupl ed
pl asma r R OYPTWA conponents thereof can be found in conBEMUpOHAED U. S.
Patent No. 5,863,376. 5 In addition to the plasma chanber equi pnent, other
equi pnent used in processing. sem conductor substrates include transport
mechani snms, gas supply systens, |liners, lift nmechanisnms, |oad |ocks, door
mechani sns, robotic arms, fasteners, and the |ike. Various conponents of
such equi pnent are subject to corrosive conditions associated with

sem conduct or processing. Further, in vi-ew of the high 10 purity

requi renents for processing sem conductor substrates such as silicon wafers
and dielectric materials such as the glass substrates used for flat panel

di splays,  cQEpOnest 920aki BRITHPIOVPHLEQ SRS A BHBLPR Be 3hSnbih! ¥

| R ?‘*
desirable in such environment$. [00041 AT um num a al um num al l oys are

typi cal |y usediduswayslsheh asbeatgasdistributivh plates tAnegamplpadra ®mptmaatrener s and
ot her conponents of plasma reactors. In order to prevent corrosion of the
such netal conseledheas disgiiugios plae Hor guauetinedy seepied plaspasesrtdrorndcoat i ng

the al um num surface wi th.various caqatings. . For i nce . S, Patent No.
5. 641, 375 i COTPRABEUS (tRSTPOL SR b TRPE A BECRLY Pnrd T8 Bent Nao5853¢ 760
reduce pl as ' r : YCE : .20 t hat
cvent uatl y TRty BPPIRA bkl Bk, ofF cqtfmaRhill ikl aRng, |

nmust  be repegasieshdubloP subiaentinblude wralSorbBeciliiahg s sh@y sgsté@ehni que for
forming a corrosion resistant filmof AI203, AIC, TiIN, TiC, AINor the |like
on al um num liness.dift slechanisios 1pad hetks ndgua pagrdenisms p rebsdici asms| &isieneaseand\o.

62-103379. U S... Patent No. 5,680,013 states that technique for flane
sprayi ng A1,H8H usFEmpQpents of sygh %{Wlﬂﬂlﬁrﬁiqﬁsgmﬁ%grco $¥Fscl osed in

U'S. Patent Nooihnd e f80.a JIR serfitAaRabeplocslates prltalr S el bf grapges 1
t hermal expansion coefficients between at um nurfi'and ceram ¢ coatin such
as al unmonum putirieeduiRrgtertOfof pr6tdstiaig GEmidbaducen bitigatcd Wach as siiegmmahfeeycl i ng

and eventual fallure of the coatings in corrosive

and dielectric materials such as the glass substrates used for fiat panel displays,
components having improved corrosion resistance are highly desirable in such
environments. |
[0004] Aluminum and aluminum alloys are typically used for walls, electrodes,

15 substrate supports, fasteners and other components of plasma reactors. In order to
prevent corrosion of the such metal components, various techniques have been
proposed for coating the alurnioum surface with 'va;ious coatings. For instance,
U.S. Patent No. 5,641,375 discloses that aluminum chamber walls have been
anodized to reduce plasma erosion and wear of the walls. The ‘375 patent states

20 that eventually the anodized layer is sputtered or etched off and the chamber must
be replaced. U.S. Patent No. 5,895,586 discloses that a technique for forming a
corrosion resistant film of ALQO,, AlC, TiN, TiC, AIN or the like on aluminum
material can be found in Japanese Application Laid-Open No. 62-103379. U.S.
Patent No. 5,680,013 states that a technique for flame spraying Al,O; on metal

25 surfaces of an etching chamber is disclosed in U.S. Patent No. 4,491,496, The
‘013 patent states that the differences in thermal expansion coefficients between

aluminum and ceramic coatings such as aluminum oxide leads to cracking of the

coatings due to thermal cycling and eventual failure of the coatings in corrosive



WO 02/ 079538 -3 3 0 SEP 2005 PCT/ US02/ 06651 environnents. U. S. Patent No.
5,879,523 discloses a sputtering chanber wherein a thermally s a%g &wp
coating ogmﬁ%ﬁggsis applied to a nmetal such as stainless Skﬁ%l gio num
wi th an opti “*Ni AL bond coating therebetween. U S. Pate \'eR ‘%? 22,932
di scl oses a rhodium coating for netal conponents of an apparatus used 5 for
pl asma processing of substrates with an optional nickel coating

t her ebet ween. [0005] Materials for chanmber walls, liners, rings and other
parts of plasma chanbers have al so been proposed. See, for exanple, U S
Patent Nos. 5, 366,585; 5,788,799; 5,798,016; 5, 851,299 and 5, 885, 356. [0006]
As integrated circuit devices continue to”shrink in both their physical size
10 and their operating voltages, their associated manufacturing yields

become nore susceptible to particle and netallic inpurity contam nation.
Consequent | y envirgspemiat Th§. PaesgNat 8478i Y23 isclefey p speitaring chgudgan whegein

physi cal sizes, requires that the .l eyel. of rticulate and net al

Sont am nat i of iUy piaver] tonkns ot ARl s femitdrea el b X sindsiee o
[0007] 1'n Vi ehiefhu\i 05 GALAI NiAICEGd Goafinp Betlcds, 9 IRk ! asma
processi ng chanbers having i nternal® plasna 8xposed surfaces that are nore
resistant to5e320593PdistldsedeSitetivind cadtibigfoz nfigal Conipanéntabf anagdpargus udr ti cl es
and netallic inpurities) of the wafer surfaces being processed. SUMVARY COF
THE | NVENTI Oferelagrapsicessingof substratesrstidi aneoptionsl nibkel gpatingrtherehotieenon, a

rocess of conponenfy of semnj conductor processi ng eguyi pnent is
Br ovi ded. Tmcgg@tenﬁgﬁﬁﬂé@?ﬁrﬁmﬁ ﬁge%s, Eags g‘?ﬁo BﬁFHBargso‘?ﬁcg?EW%g ceranic
I - such ) . ont ai ni
et oni ") 5 o thdeicts Sl %0 EATBRRNENA. 86D O Blarkgl G PABOIIES Ot A 0 NS

cont ai ni ng c&[366i 385, Y88, PINTF, 79%,616;25, 881299 and'BI 8850356, um oxi des as the
single largest constituent thereof..
[0006] As integrated circuit devices continue to shrink in both their physical size

10 and their Qperating voltages, their associated manufacturing yields become more
susceptible to particle and metallic impurity contamination. Consequently,
fabricating integrated circuit devices having smaller physical sizes requires that the
level of particulate and metal contamination be less than previously considered to
be acceptable.

15 [0007] In view of the foregoing, there is a need for high density plasma
processing chambers baving internal, plasma exposed surfaces that are more
resistant to erosion and assist in minimizing contamination (e.g., particles and

- metallic impurities) of the wafer surfaces being processed.

SUMMARY OF THE INVENTION

20 [0008] In a first embodiment of the present invention, a process of making a

component of semiconductor processing equipm\ent is provided. The process

includes providing a cerium oxide containing ceramic layer on a surface of the

component such that the cerium oxide containing ceramic layer forms an outermost

surface of the component. The cerinm oxide containing ceramic layer comprises
25 one or more cerium oxides as the single largest constituent thereof.

[0009] In asecond embodiment of the invention, a process of making a

component of semiconductor processing equipment from a cerium oxide containing



[0009] In a second enbodi nent of the invention, a process of nmaking a
conponent of sem conductor processing equi pnent froma ceriun19mng¢lm5
containigg 3 0_SEP 2005 WO 02/079538 PCT/ US02/ 06651 -4 ceram.c mfterial S
provided.‘%ﬂ@mg?g%ess i ncl udes steps of: preparing a sIurr?C“@5W%‘%§ing
ceriumoxide; formng a green conpact fromthe slurry in the desired shape;
and sintering the green conpact to forma cerium oxide containing ceramc
conponent. The cerium oxi de contai ning ceram c conponent conprises one or 5
nore cerium oxides as the single |argest constituent thereof. [0010] In a
third enbodi nent of the present invention, a conponent of sem conductor
processi ng equi pnent i s provided wher ei T4 e conponent includes a cerium
oxi de containing ceramc material form ng an outernost surface of the
conponent. A plasma chanber including at |east one conponent as set forth 10
above is al secrpmgvingtegial joprpyideidn Thefpsoees inghides isiephof: gireparingpr S8t

chanber a5 SEUSTRER CEHBPERGE g '%@f.a%”%nﬁ&%?r‘f??t Rorhhe shirdh e dlelef e d
o exposed suPPGcadyBtRRls A Breeh cbiPS LTt Bt e (AR drafe "

further prefgsmgsheatb Qe FRbmASxidd\@ridiBIRE Reraniiy @Binpefknt CBtpiBés @k or Ncl udes
steps of. positioning the substrate on a substrate support in the reactor;

i nt rodudi ng mopr carawa oxadesiantle singe largest opnstiapmuit yhenepfRF energy to the
process gas osed surface of the

tq generate .a pl asma adjacent ap ex
substrate; am(iglgcﬁpﬁ‘g&%pe HPW@g H@%‘%‘S?ﬂﬁ’&ng% BCQIRRIVIL RISt r at e

T e

acconpanyi ngcetioRER dontaihing Refankie nke e firfnik@ ah oute@otiofuefenseeuner al s,
and wherein: [0013] FIG | rllustrates a conventional plasnma spray process;
component. A plasma chamber including at least one component as set forth

10 above is also provided. .
[0011] In a fourth embodiment of the present invention, 2 method of processing
a semiconductor substrate in a plasma chamber as set forth above is provided. In
the method according to the present invention, a substrate is transferred into the
plasma chamber and an exposed surface of the substrate is processed with a

15 plasma. In a further preferred embodiment of the present invention, the méthod

_includes steps of: positioning the substrate on a substrate support in the reactor;

introducing a process gas into the reactor; applying RF energy to the process gas -
to generate a plasma adjacent an exposed surface of the substrate; and etching or |

otherwise processing the exposed substrate surface with a plasma.

20 BRIEF DESCRIPTION OF THE DRAWINGS
[0012) The invention will be described in greater detail with reference to
accompanying drawings in which like elements bear like reference numerais, and
wherein: _
[0013] FIG. 1 illustrates a conventional plasma spray process;
- 25 [0014] FIG. 2 shows a cross-sectional view of a gas ring apparatus for a
polysilicon etching apparatus according to one embodiment of the present

Imvention;



25 [0014] FIG 2 shows a cross-sectional view of a gas ring apparat Z@i
pol ysilicon etching apparatus according to one enbodi nent of t el

i nvention;,. 2005 WD 02/079538 PCT/ US02/ 06651 -5 [0 3 shows
a polysi I coér%megpﬁ chanber contai ning conponents accordi ngéﬂgﬁ@%ﬁp}r esent

I nvention; [0016] FIG 4 shows a high .density oxide etch chanber containing
conponents according to the present invention; 5 [0017] FIG 5 shows
details of an enbodi ment of the corrosion resistant coating according to
the present invention; [0018] FIG 6 shows details of another enbodi nent of
the corrosion resistant according to the.present invention; and [00193 FIG
7 shows details of a farther enbodi nent 015 the corrosion resistant 10
according to the present invention. DETAI LED DESCRI PTI ON OF THE PREFERRED

EVMBODI MENTS COF THE | NVENT] ON [ 00203, The cglr esent invention provides an
effective wayl008hr §¥67ad shews 6§beﬁﬂ1‘3f‘3§§? {CRABIBEE eORINAING GOMRADSNIST conponent s

of sem conduc essi t us 15 such as parts of a plasma
processi ng re%gﬁgj gﬁo %@?%e%&%ﬁéﬁ%onents i nclude chanber wall s,
substrate suppOisp. msm%h&mmgu sty kiRERchl dhaldbe} e@maﬁmﬂaﬁﬁﬁﬁ@

baffles, rings, nozzles, etc.) steners, heating el enments,” pl asma
screens, |i nezcsordmgmsmmmres&ndmwenm;rponent S, such as robotic arns,
fasteners, inner and outer chanber walls, etc., and the like. In the

present PnventOPdfA G- §(§h%‘6$r§%}ﬁ’éﬁ19§ﬂt erahedimgBLOof (s COEORREdEIFam @AHRE | um
oxi de contaln er | or the plasma exposed surfaces of the
conmponents ca g’éﬁ@%gﬁn@g p5$% tmg?%% se covered with a cerium oxide
containi ng CemPRsL TG BisBhws &&Qﬁslbf Arbttidd @pfoBRReH: off BYEErkOon FdRtEr | UM

oxi de containing ceramc nateri al
according to the present invention; and

[0019] FIG. 7 shows details of a further embodiment of the corrosion resistant

10 according to the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS OF THE INVENTION

{0020] The present invention provides an effective way to provide corrosion
resistance to the surfaces of components of semicondnétor processing apparatus
15 such as parts of a plasma processing reactor chamber. Such components include
chamber walls, substrate supports, gas distribution systems (including
showerheads, baffles, rings, nozzles, etc.), fasteners, heating elements, plasma
screens, liners, transport module components, such as robotic arms, fasteners,
inner and outer chamber walls, etc., and the like. In the present invention, the
20 components themselves can be made from a cerium oxide containing ceramic
material or the plasma exposed surfaces of the components can be coated or
otherwise covered with a cerium oxide containing ceramic material.
[0021] In the present ixﬁrention, the cerinm oxide containing ceramic material
comprises one oI more cerium oxicies. According to the invention, the cerium
=23 oxide or oxides comprise the single largest constitnent of the ceramic material.
The cerium oxide may be Ce(IIT) oxide or a Ce(IV) oxide. The cerium oxide

containing ceramic material according to the invention may also contain alumina,



conprises one or nore ceriumoxides. According to the invention, the cerium
25~ oxi de or oxides conprise the single |argest constituent-of gp@sgpﬂmhic
material. The cerium oxide may be Ce(lll) oxide or a Ce(1lV) oxide. The
ceriumoxide containing ceramic material according to the invention may

al so contain alumna, 3 0 SEP 2005 -6 zirconia, yttria, and other oxides,
nitrides, borides, fluorides and carbides of elenents of Goups HA III1A
VA, VA, VIA, VITA VIIIA 1B 11B, 111B, 1.VB, and VB. The ceramc
material according to the invention may al so conprise any oxide, nitride,
boride, fluoride or carbide of any of the elenments of the |anthanide series
(e.g., those elenents having an atom ¢ nunber of 58 - 71). Particularly
preferred materials in this group are cerium boride and ceriumnitride.
[0022] In order to mnimze contam nation of substrates processed in

equi prent i ZAEERRe YATIAn 40 AECE OXidsE BT REFESS. ddeasides mgdicarhites ¢fnvent i on,
it is desir e . A he hi oxi.de nt ai, i C 1 rh-a be as
o2 0eotr kSen 5 S0 A ATV AT SAAAC RN Sl 138,06 2
such as trangid VBN THR! &rdmic Mateflal a0k &g tQ&héﬂﬁ/ehﬁBEmagrOJls@E i aﬁkhe
cerium oxide containing material can be made pure enough to avoid on-wafer
cont am nat i arxidd, rt@id2, dbrds,/ Gudtide or dirbiderof apy effateblemeb@dofthertaitibaitdeor

hi gher. [0023]  The present inventors have discovered that cerium oxi de based
ceram ¢ mats€fica(sghapesedenerd havipgspatomnesnugpergbs§ n 7d dnifegivadesbyor
processi ng equi nt  such as. .plasma etch chanbers. L.n particular, cerium
oxi de cont ai F%%&éﬁ?f@%mgﬁ%ﬁg@@ W&FWE@Q %Eﬂﬁfe%?lr%a ‘that can
reduce the |pgehss @f oRf b h@hiSe c6 R diAnLRall BRERLRAR AiERARDer S.
Cerium oxi de contalning ceramcs can also provide plasma expos surfaces

that are reshsbpotating dietdy mpbsesiotpor@bisackordisg ¢ the ianesiu, tiek defidatded
erosion) and chem cal attack by the plasma. [0024] In a preferred enbodi nent
of the i nveror & cerivan o&ide sonttilge cemtifialeRwtlorhesds puyems poisdeld. a€-a

coating. Cer.ium.oxi.de coatings can_be. applied b t hods. known in the art.
Met hods of 6*85{1?9? ﬁaﬂ%éﬁlaﬁqﬂuy% %fgcogﬁgppﬁ ggfegc,xerﬁ%?uc as transmon metaps,

alkali metals or the like. For example, the cerium oxide containing material can

be made pure enough to avoid on-wafer contamination of 10'® atoms/cm® or
higher, preferably 10° atoms/cm?® or higher.
{0023} The present inventors have disbovered that cerium oxide based ceramic
materials have desirable properties for use in semiconductor processing equipment
such as plasma etch chambers. In particular, cerivm oxide containing ceramics
provide erosion resistant surfaces that can reduce the levels of particulate
contamination in plasma reactor chambers. Cerium oxide containing ceramics can
also provide plasma exposed surfaces that are fesistant to both physical attack
(e.g., ion sputter induced erosion) and chemical attack by the plasma.
[0024] In a preferred embodiment of the invention, the cerium oxide ceramic
material is provided as a coating. Cerium oxide coatings can be applied by
methods known in the art. Metheds of applying cerium oxide coatings are, for
example, disclosed m U.S. Patent Nos.: 4,421,799, 4,593,007; 5,334,462;
5,362,335; 5,627,124, 5,668,072, 5,721,05‘7; 5,834.,070; and 6,007,880; and in
-patent publications GB 2236750A; and WO 94/29237.
[0025] A preferred coating method is thermal spraying (e.g., plasma spraying) in

which ceramic powder is melted and incorporated in a gas stream directed at the



.exanple, disclosed in U S. Patent Nos.: 4,421,799; 4,593,007; 5, 334, 462,
5,362, 335; b5,627,124; 5,668,072; 5,721,057; 5,834,070; and 6, 007, %quEpam in
pat ent pu%h%%%gghs GB 2236750A; and WD 94/29237. [00251 A E&@h@ﬁﬁ,&gﬂcoatl ng
‘nmethod is thernal spraying (e.g., plasma spraying) in which ceram c powder
Is nelted and incorporated in a gas streamdirected at the WO 02/079538 -7 3
OSEP 2005 PCT/ U S02/06651 conponent being spray coated. An advantage of
thermal spraying techniques is that the conponent is coated only on the
sides facing the thermal spray gun, and nmasking can be used to protect

ot her areas. Conventional thermal spraying,_ techniques, including plasma
sprayi ng, are addressed in The Science and 5 Engi neering of Thermal Spray
Coati ng by Pawl owski (John Wl ey, 1995), the contents of which are hereby

i ncorporated by reference. [0026) A particularly preferred thernal spraying
ot o0 | o pi AP SRLAG SPAICORted) |AmalyAmASE O BT SPre I aRes 10t 1 ho
chanber or . ot : I i a a
typi cal plas n@ﬁg%&g@ﬁﬁgﬁ%x}tggg}g@@&%ﬁ(#}rﬁtb@%&%ﬁ%ﬁﬂn% eertlﬁg ,alusétagflsé'{/n’ itaﬁ&t he
form of a povgieskidd dan béuidd ©Gir6féct ther &ehd, ITont@iNdREPhEfBall flame 114
where it is rapidly heated and accelerated to a high velocity: e hot

mat eri al i npaietisnigues; inehuling plaame spraying; erd addressédnim ghdiSgicvcotsd to form a
node. 132 arkngie g herm LM L oatns b da IS aetn SRS ad5D. ol d.
anode- 122 a » E60l ed.

Pl asma gas 12&11 o whﬁ:ﬁga?gheféib r@&?ﬁ%a%\gs;fd&g&m&el lum) flows around the

cathode in the ditrection ‘generafl di C: y arrow 128 and through an
anode 130 whi@o26F ahpaeeulafyprefeprds ithidridal BSrafidgzhethod ieplatas BFrabisigi niti at ed

by a high voltage di scharge Wwhich causes |l ocalized ionization and a
conduct i ve pawvhichallowsb@rigate ineriboswmfines wédre chamt2d ot attieodbaher and t he
anode 130. R mponents to e conted: 190, 1 uttstes’s Bpical plisnik spraying process.
10 The coating material, usually in the form of a powder 112, is injected into a high
temperature plasma flame 114 where it is rapidly heated and accelerated to a high
velocity. The hot material impacts on the substrate surface 116 and rapidly cools
to form a coating 118.
[06027] The plasma spray gun 120 typically comprises a copper anode 122 and
15 mngsten cathode 124, both of which are water cooled. Plasma gas 126 (e.g.,
argon, nitrogen, hydrogen, helium) flows around the cathode in the direction
generally indicated by arrow 128 and through an anode 130 which is shaped as a
constricting nozzle, The plasma is initiated by a high voltage discharge which
causes Jocalized ionization and a conductive path for a DC arc to form between the
20 cathode 124 and the anode 130. Resistance heating from the arc causes the gas to
reach extreme temperatures, dissociate and ionize to form a plasma. The plasma
exits the anode nozzle 130 as a free or neutral plasma flame (plasma which does
not carry electric current). When the plasma is stabilized ready for spraying, the
electric arc extends down the nozzle. Powder 112 is fed into the plasma flame

usually via an external powder port 132 mounted near the anode nozzle exit 134.

3.1
n

The powder 112 is so rapidly heated and accelerated that the spray distance 136

(the distance between the nozzle tip and the substrate surface) can be on the order



reach extrene tenperatures, dissociate and ionize to forma plasma. The
plasma exits the anode nozzle 130 as a free or neutral plasma és @glasn&
whi ch dogs n%E_cgrry el ectric current). Wien the plasm i§ s} Egé r eady
for spra??ﬂ&?/ He® electric arc extends down the nozzle. PEGEEP’H1%° s fed
into the plasma flame 25 usually via an external powder port 132 nounted
near the anode nozzle exit 134. The powder 112 is so rapidly heated and
accelerated that the spray distance 136 (the distance between the nozzle
tip and the substrate surface) can be on the order WO 02/079538 -8 3 0 SEP
2005 PCT/US02/ 06651 of 125 to 150 mm Pl asma sprayed coatings are thus
produced by a process in which nolten oP-heat-softened particle are caused
to inpact on a substrate. [0028] In the present invention, surface
preparation techni ques such as cleaning and grit or bead blasting can be
used to prowfdesao nH0enmhePiasmb kyragedicoatings awl thys prodatéd/by aprdeeseid or
bonding'. Priaor to_coating, the surface of the substrate is preferably

t hor oughl y &¥iiehewlien or dieaissoficned pauicles eea cansed toimpest o pdubsEte gr ease.

Further, th f b hened k . hod h it blasti
pbt ﬁgrii)?#ﬁa.a o Etese 1SF e?%ﬁ%@%ﬁ%@ﬁ&e& 53 POl ﬁ%ﬁ%nﬁfng”g
surface protﬂ'l€l ﬁﬁgwggﬁ@gﬁggn%?%%%?2%@%5@%%?%@3:&%8&%@?%2rpﬁggﬁélﬁggof t he

coati ngs wi t ctiveesurgaseSor dbeding o Privir uscodting| @RCsueface offiewmbtBateid 1S
particularly desirable to_ roughen the conponent surface, anodize the
roughened c@apierdht thosengide clasded wyemove sunfhcsmetssiabsishias axidegor g5espri or to

ot ai ni ng. ESFUT cioE ST At B ER T O THPEIER At 2 SGENESI |y appl i ed |
P L e T R R e A
cont ai ni ng ¢eereased witell cagimtexe diewpatiog bbrd stwerpdi.i The ceugtbeurfueplprefile

10 can also promote mechanical keying or interiocking of the coating with the
substrate. For aluminum reactor components, it is particularly desirable to
roughen the component surface, anodize the roughened component surface and
again roughen the anodized surface prior to application of the cerium oxide

- coating. |

15 [0029] The_ cerium oxide containing ceramic coating according to the invention
is preferably applied using a plasma spray process but other coating metﬁods
suitable for use with ceramic materials may also be employed. For example, the
cerium oxide containing ceramic coating according to the invention can be applied
by sputtering, sputter deposition, immersion coating, chemical vapor deposition,

20 evaporation and condensation (including electron beam evaporation and
copdensation), physical vapor deposition, hot isostatic pressing, cold isostatic
pressing, cpmpression molding, casting, compacting and sintering, plasma
spraying; and thermal spraying.

[0030] In a preferred embodiment of the invention, the cerlum oxide containing

25 ceramic cormponents are used as reactor components in a polysilicon high-density
plasma reactor. “Anrexemplary reactor of this type is the TCP 9400™ plasma etch”

reactor available from Lam Research Corporation of Fremont, Californja. In the

TCP 9400™ reactor, processing gases (such as Cl,, HBr, CF,, CH,F,, O,, N,, Ar,



by sputtering, sputter deposition, inmersion coating, chem cal vapor
deposition, 20 evaporation and condensation (including electron i 0
evapor at i QRo3RfR7esg@Ndensati on), physical vapor deposition, ﬂ@hUgﬁgggaég?c
pressi ng, col | sostatic pressing, conpression nolding casting, conpacting
and sintering, plasma spraying, and thermal spraying. - [0030] In a
preferred enbodi nent of the invention, the ceriumoxide containing 25
ceram c conponents are used as reactor conponents in a polysilicon

hi gh-density plasm reactor'. An exenplary reactor of this type is the TCP
9400' plasma etch reactor avail able from,Lam Research Corporation of
Frenont, California. In the TCP 9400I" reéactor, processing gases (such
asCl2, HBr, CF41 CH2F, 02, N2, AY, WD 02J079538 -9 3 0 SEP 2005

PCT/ US02/ 06657 SF NF3 re conducted into s ring |l gcated on the
bottom of th eta@gr %Mé‘gﬂﬁ‘ﬁﬁddﬁl@ 9t$?érf‘%°8@£f’%%éﬁ:é‘?ﬁ%§ RS @8hi nto t he

react or chamishunEl Ba Zre 00U BEORSS SRGINANGL, HESUL Aler hiE b0 2

TCP 9400TM polysiliconetc reac ordi o thé present Thvention.

shown in Fl Gshdwstah®osRickiond WieW oba bherifigfor'd TGP0 riviiscoh Gblpstrate
support 44. The bottom surface of the gas ring 40 contains a rind shaped

gas- gui di ng treagtoha®@0rdinpdo dfeqresenninvenaat. gAs shéwh és FEG. 2.xthemeainriody tafe
gas-guiding trench 60. [0031] The gas ring is typically conposed of
al um num?  Thelig8peing dPiyEieyndy a SYORHAIGSIPPoTh 44 arldehortert futac 98 k%12t t he

Gas ring s v APl St ePbR BirBun R ekt 807 SR opRERGBHE B 1T
typically forygst dve.aeedintd &t ddiQuidihd &escib0.t he gas ring. The anodi zed
coating, however, is relatively brittTe and has a tendency to crack during
repeat ed t her{#831]cyThe ggs nhg ihypicedy tompdsedi af glumianmT hEhe nppdesunfaceshoff or m.i n
e o e oS! 7€Cne 35 Ting are airecly exposed 10 (56 plasimh and are s Subject 1o erosion. To-
under | yi ng & g Y €Xpos p J
10 protect these surfaces, the gas ring is typically covered with an aluminum oxide
layer which is typically formed by anodizing the surface of the gas ring. The
anodized coaﬁng, however, is relatively brittle and has a tendency to crack during
repeated thermal cycling of the reactor during use. The cracks which form in the
anodized layer can allow the corrosive process gases to attack the underlying
15 aluminum layer reducing part life and contribating to metallic and particle
contamination of processed substrates such as wafers, flat panel display substrates,
etc. 4 |
[0032] According to the present invention, the exposed surfaces of the gas ring
"can be covered with a coating 42 of a cerium oxide containing ceramic material.
20 The cerium oxide ceramic can be coated on a bare (with or without a native oxide
surface film) aluminum layer or on an aluminum oxide layer (e.g., aluminum
having an anodized surface). When coating the gas ring, the coating can be
allowed to partially penetrate into the gas holes to coat and protect the inside walls
thereof. However, the coating material should not be applied in such a manner as
25 to obstruct the openings. Therefore, the gas holes can be plugged or masked
during the coating process.- - L
[0033} Other components of the TCP 9400™ polysilicon etch reactor which can

be exposed to the plasma during processing can also be coated with a cerium oxide



15 alum num | ayer reducing part life and contributing to netallic and
particle contam nation of processed substrates such as vvafers30f3&?tm§§anel
di spl ay Wﬁ%.ﬁ}gﬁs, etc. [0032] According to the present ﬁ?i‘ffﬁﬁé@d@s%the
exposed surtaces of the gas ring can be covered with a coating of a
cerium oxi de containing ceramc material. 20 The cerium oxide ceram c can
be coated on a bare (with or without a native oxide surface film alum num
| ayer or on an al um num oxi de |l ayer (e.g., alum num having an anodi zed
surface). \Wen coating the gas ring, the coating can be allowed to
partially penetrate into the gas holes_t@ _coat and protect the inside walls
t hereof. However, the coating material should not be applied in such a
manner as 25 to obstruct the openings. Therefore, the gas hol es can be

e T O
duri ng procgﬁ%%ﬁr }g@@ip&a&%& Bend! Eﬁixc‘ri%xgﬁe&é\}iﬁ'és%d edidlectGE 2005 WO

02/ 079538 P 2/ 0 containing ce c material according to the

present i nverthd®n oppdieehe apaaent Brovidied & dsatiaobesrimalokide cidddiigg | i ners,
chucki ng devices and the dielectric w ndow opposite the substrate.
Provi di ng acewmit mptesial ogrthenpprerisisfacoel achiokyng deviegrsuchnas ar ¢latirestatiche

o ovi ek aBRTHANIIES SYULORAProeH iO0Ha SRtk AVHGE EIFGMEAGEIS 45 804 uni ch
des addf¥fol | i
xpoced to "The SPEEFRtefgi EMRT RGN SORE Aol R HEEctrelatita B 100 Y

the Versys iigopshdicon Etcher or 2300' etcher also avai | abl e from Lam

Research Corporation of 10 Frenont, California. FIG 3 shows a
Cross-secti 4]vi Anotbér exeapdoy polisilicon|etdoreactor ¢hihecdensys™ Rokysiitong to t he

present invention. reactqr co | ses regct or anber, 150 t hat
et udes o Eaener 52808 bBet Sio SvaTRbleioma-am Koseeh CORROEOR Rk

10 Fremont, California. FIG. 3 shows a cross-sectional view of a 2300™ polysilicon

etch reactor according to the present invention. The reactor comprises a reactor
chamber 150 that includes a substrate support 152 im‘;luding an electrostatic chuck
154 which provides a clamping force to a substrate (not shown) mounted thereon.
A focus ring 170 is shown mounted on substrate support 152 around electrostatic

15 chuck 154. Substrate support 152 can also be used to apply an RF bias to the
substrate. The substrate can also be back-cooled using a heat transfer gas such as
helium. In the 2300™ etcher, proceSs'ing‘gases (e.g., Cl,, HB1, CF,, CH,F,, O,,
N,, Ar, SFﬁ and NF,) are introduced into chamber 150 via a gas injector 168
located on the tof; of chamber 150. Gas injector 168 is connected to a gas feed

20 156. Gas injector 168 is typically made of quartz or a ceramic raterial such as
alumina. As shown, an inductive coil 158 cén be powered by a suitable RF source
(not shown) to provide a high density (e.g., 10" - 10" ions/cm®) plasma.
Inductive coil 158 couples RF energy through dielectric window 160 into the
interior of chamber 150. Dielectric window 160 is typically made of quartz or

25 alumina. Dielectric windov;r 160 is shown mounted on an annular member 162.
Annular member 162 spaces dielectric-window 160 from the top of chamber 150
and is referred to as a "gas distribution plate”. Chamber liner 164 surrounds

substrate support 152. Chamber 150 can also include suitable vacuum pumping



154 which provides a clanping force to a substrate (not shown) nounted
thereon. A focus.ring 170 is shown nounted on substrate support ﬁ]g und
é ()Ob'l.gpl y

el ectrost aty chuck 154. Substrate support 152 can al so %
an RF bi astvt\’go%ﬁ.’gagsubstrate. The substrate can al so be bactf%@oseéf' using a

heat transfer gas such as helium In the 2300" etcher, processing gases
(e.g., C12, M, CF4, CH2F2, 02, N2, Ar, SF6 and NF3) are introduced into
chanber 150 via a gas injector 168 |ocated on the top of chanber 150. Gas

i njector 168 is connected to a gas feed 20 156. Gas injector 168 is
typically nade of quartz or a ceramc natgrjal such as alunmina. As shown,
an i nductive coil 158 can be powered by a suitable RF source (not shown) to
provi de a high density (e.g., 1011 - 1012 ions/cm plasna. |Inductive coil

158 coupl es RE_enerqy, throu di el ectric w ndow 1 info the interjor of
chanber 150,  BPERALSIRe oRdof rBening she ietbrlane Shitnbeirac Gtted s

al um na. Diel ﬁﬁﬁﬂi& w ndow 160 is shown nmounted on an annul ar nenber 162.
Annul ar nenbe 8 Spaces dielectric window 160 fromthe top of chanber 150

and is referrq0033) am FIG. 33shélimgéraalbitirfaess of ®hetor conpoheits hidheds thé4nnular
surrounds substrate support 152. Chanber 150 can al so include suitable
vacuum punpi ngudmierd520 tesidegrio vangow 1600 the wbsrusseppetii2 appashamber (not

h f i.nt ai, nj t he, i.nterj f _the ch _desired .
shoun) fog, 4ol Lhei STt of e ehasher Bl & deela sl pISsaLr e

| ar- nb ' j- j : t 152,
ool ar | et 400, bt AL Y4 100n 41, SURSLLY Brbippor L 1o

el ectrostatic reheredd. Tk in@tior sidides @fehedby 130 andcankirie shfforf152 b um
oxi de containing ceramic material. The interior surfaces of chanber 150 and

substrat e suppbambesindasdiodwan alsarhsarrovided withea coatingal Gboofcemmumiodsld with a

coaL1 19 160, Ol o2l I OK! dop PO TNt SELT Cobeth of S S L PG
surface §gn D& QVINJEAnM ihiRrdal SEIcd 8Ptk Ban be provided with a cerium oxide '
containing ceramic coating according to the present invention. Further, any or all
of these components can be manufactured from monolithic bodies of a cerium
oxide containing ceramic material according to the invention.
[0036] The reactor components of the present invention can also be used in a
15 high-density oxide etch process. An exemplary oxide etch reactor is the TCP
9100™ plasma etch reactor available from Lam Research Corporation of Fremont,
California. In the TCP 9100™ réactor, the gas distribution plate is a circular plate:
situated directly below the TCP™ window which js-also the vacuum sealing
surface at the top of the reactor in a plane above and parallel to a semiconductor
20 wafer. The gas distribution plate is sealed using an O-ring to a gas disUibuﬁon
ring located at the periphery of the gas distribution plate. The gas distribution ring
feeds gas from a source into the volume defined by the gas distribution plate, an
inside surface of 2 window underlying an antenna in the form of a ﬂ_at spiral coil
supplying RF epergy into the reactor, and the gas distribution ring. The gas
25 distribution plate contains an array of holes of a specified diameter which extend
through the plate. The spatial distribution of the holes through the gas distribution
plate can be varied to optimize etch uniformity of the layers to be etched, e.g., a

photoresist layer, a silicon dioxide layer and an underlayer material on the wafer.



containing ceram c coating according to the present invention. Further, any
or all of these conponents can be manufactured from nonolithic HoSERINGF 2
cerium Q%ide n%aining ceranic material according to the_invention. [0036]
The react'sP Cotpofents of the present invention can al so b&CIEERZPSL 15

hi gh-density oxi de etch process. An exenplary oxide etch reactor is the TCP
9100TM pl asma etch reactor avail able' from Lam Research Corporation of
Fremont, California. In the TCP 9100" reactor, the gas distribution plate
is acircular plate situated directly below the TCP1 wi ndow which is-also
t he vacuum sealing surface at the top of _{he reactor in a plane above and
parallel to a sem conductor 20 wafer. T “gas distribution plate is scal ed
using an Oring to a gas distribution ring |located at the periphery of the
gas distribution plate, The gas distribution ring. .feeds gas froma source

into the vol dhe CEBsSeriipoplshape ofshe gassiistriburionaplaisl can e vanieditp sagipudaie f ace of
R ener gy 1 nils EHeop A%k BERF Hskeinly s ol dh i eadhe - i 2or lmgmett” ' "
Ty 0 . . Wi ch
extend hr cEol TRE o] B @ cate uptBer s K POFEL SRR TR "ough (he

gas di stri bugiisafbutiphaflfte &6 the rastdre Furen it isricgealslt ¢br toithaemaitof ted t he
| ayers to be etched, e.g., a photoresist |layer, a silicon dioxide |layer and

an unded ayegandistsibutipn piate iebevhighty resEBEPROGEING! ORUIETSFABnLAT/ US02/ 06651
--12 The cross-.sectional :shape of th as.distrjbutio | ate can be varied
Lo mani pul at 0V HGHRSH RHohLAS CPIRCHPF REYORTIOPCABOR B2 HRSRER PFCE ARAYRIdct or
The gas di Stﬁféaﬁ&d&ﬁﬁn&’h?él%s @hﬁi@ %etngfa%bﬁ%ggdc&té@m@ﬁm? coupl i ng of

this RF power through the gas stri on plate 1nto e reactor. Further,

it is desiraf37] olFIGhe Mateitead phisoiaeacorgdshel hréméiiioned tppeat Thé 0 be
highly resistant to chem cal sputter-etching in environnments such as oxygen
or a hydr o- f rescios sampdIscHa seasiarhambar B} et melndgy aisubstimtebeldent2 and t he

resul t article generation assocgjated therewith. [00371 FIG
1T ust rik s HCHICRgEN FlosEpRtn FHe Y B RENIE Rt ARG 107470 3 substrate

13 as well as an RF bias to a substrate. The substrate can be back-cooled using a

heat transfer gas such as helinm. A focus ring 14 comprises a dielectric outer ring
14a and an inper ring 14b which confines plasma in an area above the substrate.
A source of energy for maintaining a high density (e.g., 10 - 10" ions/cm’)

15 = plasma in the chamber such as an antenna 18 powered by a suitable RF source to
provide a high density plasma is disposed at the top of reactor chamber 10. The
chamber includes suitable vacuum pumping apparatus for maintaining the interior
of the chamber at a desired pressure (e.g., below 50 mTorr, typically 1 - 20

_ mTorr). .

20 [0038] A substantially planar dielectric window 20 of uniform thickness
provided between the antenna 18 and the interior of the processing chamber 10
forms the vacuum wall at the top of thé processing chamber 10. A g;is distribution
piate 22 is provided beneath window 20 and includes openings such as circular
holes for delivering process gas from the gas supply 23 to the chamber 10. A

25 conical liner 30 extends from the gas distribution plate and surrounds the substrate
holder 12. The antenna 18 can be provided with a chiaunel 24 through which a
temperature control fluid is passed via inlet and outlet conduit 25, 26. However,

the antenna 18 and/or window 20 need not be cooled or could be cooled by other



reactor conprises a reactor chanber 10 that includes a substrate bol der 12
10 including an electrostatic chuck 34 which provides a cl anpi ngg“sngpcmgo a
substrate Wﬁj%é%z Jell as an RF bias to a substrate. The substfats i

be. back-coole gsa:éﬁg a heat transfer gas such as helium A focus ring 14

conprises a dielectric outer ring 14a and an inner ring 14b which confines
pl asma in an area above the substrate. A source of energy for maintaining a
hi gh density (e.g., 10" - 1012 ions/cm 15 plasnma in the chanber such as an
antenna 18 powered by a suitable RF source to provide a high density plasm
I's disposed at the top of reactor chanber, 10. The chanber includes suitable
vacuum punpi ng apparatus for naintaining*%%é interior of the chanber at a
desired pressure (e.g., below 50 niforr, typically 1 - 20 niforr). 20 [0038]
A substantially planar dielectric window 20 of uniformthickness provided
bet ween t he aRchniquesigchad bybdowing eiri aver tie antennpand edsdow, passingarcoaling f or s

the vacuumwal |l .at the top of the processing. chanber 10. gas distribution
plate 22 is pﬁ“ﬁ@’%&“‘?ﬂé&’e&!‘i’%ﬁﬁ@&g@o&ﬁﬁt \gﬁ}él RndgHAn Buch as
circular hol . lvering process gas fromthe gas supply 23 to the
chanber 10. A(ﬁgt‘g{bgéﬂllqggté/’lgt%er 30 extends fromthe gas distribution plate

and surrounds{g0Bg] siwaepémiibn, a sdrsitsiRfucib? subkhaicantRana sl ofiatafseispr ovi ded
wi th- a channel 24 through which a tenperature control fluid is passed via

i nl et and outpasitianed dni the 26YHst26: hakdanehZeangd heldhia planednan glécimosidtor chwckdow 20
need not be cpoled or could be cooled by aother WO 02/ 079538 - 13- 30QSEP2005
PCT/ US02/ 06651 I GATRRING JRGRNSSNONEVET: SHFthEs aamccla%?a? CREPIRG BFABATATTRY
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sem conduct orheatBahdfed Betbieeh tiRSsuBstidtd APFhUART Prodels 2aPRIhén Qfpdedd e
substrate holder 12 and held in place by an electrostatic chuck

vacuum processing chamber 10 by passing the process gas through a gap between

10 the window 20 and the gas distribution plate 22. Suitable gas distribution plate
arrangements (i.e., showerhead) arrangements are disclosed in commonly owned
U.S. Patent Nos. 5,824,605; 6,048,798; and 5,863,376. A high density plasma is
1gnited in the space between the substrate and the window by supplying suitable
RF power to the antenna 18. |

15 [0040] In FIG. 4, the internal surfaces of reactor components such as the gas
distributon-plate 22, the chamber liner 30, the electrostatic chuck 34, and the
focus ring 14 are shown coated with a coating 32 of a cerium oxide material.
However, any or all of these surfaces can be provided with a cerium oxide coating
according to the present invention.

20 [0041] The high density polysilicon and dielectric etch chambers described above
are only exemplary of plasma etch reactors which can incorporate components
according to the present invention. The cerium oxide containing ceramic
components of the present invention can be used in any etch reactor (e.g., 2 metal
etch reactor) or other type of semi-conductor processing equipment where plasma

25 erosion is a problem.

- [0042] Other components which may be provided with cerium-oxide coatings
include chamber walls (typically made from aluminum having an anodized or non-

anodized surface), substrate holders, fasteners, etc. These parts are typically made



34. Ot her clanping neans, however, such as a nechanical clanpi ng‘rrechani sm
can al so be used. Additionally, helium back-cooling can be enpl 8yé8 201

| mprove cansfer bétween the substrate and chuck. Pr 1S then
suppl i ed g%"‘f17té)°3%vacuum processi ng chamber 10 by passi ng tﬁ‘gﬁfﬁ%’g@%‘ gas

t hrough a gap between 10 the w ndow 20 and the gas distribution plate 22.
Suitable gas distribution plate arrangenents (i.e., showerhead)
arrangenents are disclosed in comonly owned U. S. Patent Nos. 5,824, 605;

6, 048, 798; and 5,863,376. A high density plasma is ignited in the space
bet ween the substrate and the w ndow by supplying suitable RF power to the
antenna 18. 15 100401 In FIG 4, the imlé&mnal surfaces of reactor conponents
such as the gas di stribution~plate 22, the chanber liner 30, the ‘
el ectrostatic chuck 34, and the focus ring 14 are shown coated with a
coating 32 dfom maeali (6rg. pxiudenum} er cexhmic (dogveebuminany Thesegildsnd refabios e
surfaces can be provided with a cerium oxide coating according to the
present i nvERMPERENS are Bpicaily trRosH Gt Plasmiasing \wiiss) Shaw| S OLLo8 A1 ect ri ¢

et ch chanber, ' are.onl X l.ary of pl as ch tors
o AT BB BRETARYE coBd MR e T BRSSP i
cerium oxi deyeGRREAY '&k?&eﬁ% plista P TRAAEHE e osel %o R628EVE ghid¥ &BEN 80 can be
used in any etch reactor (e.g., a netal etch reactor) or oOther type of
sem - cofiductgasesmnuitted Siany pespassedevdferstoenbe fkas Mherefaree ptier equipmeat pseabl em

[0042] O her, conponents which may be provided with cerium oxi de coatings
i ncl ude charthFOCRETIPG SEEICAPAUAIPRSubsERICY ¢3nAleR DerPReHIsh VIt FCHRILEM zed or

o S ALESS e W UL e MBS, Sy TGN 2
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whi ch can bdoamblatks] door arschanisme,erobbtihatrhs fpstesest andnredikkeon nmay not
10 [0043] Examples of metals and/or alloys that can be coated with a cerium oxide
containing ceramic material according to the present invention include aluminum,
stainless steel, refractory metals, e.g., “HAYNES 242" “Al-6061", “SS 304",
“SS 316". Since the cerium oxide containing ceramic material forms a corrosion
resistant coating over the component, the underlying component is no longer
15 directly exposed to the plasma and aluminum alloys can be used without regard to
alloying additions, grain structure or surface conditions. Additionélly, various
ceramic or polymeric materials may also be coated with a cerium oxide containing
ceramic material according to the present invention. In particular, the reactor
components can be made from ceramic materials such as alumina (A},0;), silicon
20 carbide (SiC), silicon nitride (Si,N,), boron carbide (B,C) and/or boron nitride
BN). o
[6044] If desired, one or more intermediate layers of material can be provided
between the cerium oxide containing ceramic coating and the surface of the
component. FIG. 5 shows a coated component according to a preferred
25 embodiment of the present invention. As shown in FIG. 5, a first intermediate
coating 80 is optionally coated on a reactor component 70 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 the optional



be directly exposed to plasma but instead are exposed to corrosive gases
such as 5 gases enitted from processed wafers or the |ike. Ther@fbf &)0d ot her
equi pment \§eslasek ik Processing seniconductor substrates can ﬂl{.ﬁgsé}%ﬁg ovi ded
with ceriumoxide containing ceram c surfaces according to e pre§ént

I nvention. Such equi pnent can include transport nechani sns, gas supply
systens, liners, |lift mechanisns, |oad |ocks, door nechanisns, robotic
arms, fasteners, and the |ike. 10 [0043] Exanples of netals and/or alloys
that can be coated with a cerium oxide containing ceramc nmateri al
according to the present invention include alumnum stainless steel,
refractory netals, e.g., "HAYNES 242" " AL%B061", "SS 304", "SS 316". Since
the cerium oxide containing ceramc material forns a corrosion resistant
coating over the conponent, the underlying conponent is no |onger 15
directly exposeend iptermediateacnating A0 onlthimeerirm aixideywatngdeseribed belomt. Nl

o 1 onal 1y, 5eLinRdmdiae v 20 cap Dee e sstiApicHREss R  GHIb OGS e
Wi th a ceri g s GolH Thilks, GERAUIG 58t Gbbal 0,665 & Hidif olas Lgepr esent
Invention. In particular, 'the reactor -conponents can be nadé from ceram c

material s sugho®Spréferdbly Befivdda 6301 ﬁd'd.@@@n@ﬁs@ﬁdﬂdﬂ%ﬁeﬁr@l, fBérhiCeEOY Nnitride
(Si3N4), boron carbide (84C) and/or boron nitride ( . [0044] If desired,

one or mdre iinchesiteliGXiachesyers of material can be provided between the

ceri um oxi de nf.ai ni.ng . ceram c. coating.and the surface of the _conponent.
FIG 5 shows [gﬁ) até&e’gg?%}@ﬁtth%l%@?@?ﬁﬁsttlﬁtegn RESORURE g@"é@d@ﬁir T of

the present i ' 1 , ' i ' coating 80
i s optionall yéa_lggj%%léelgn?gh%e @2@%5%%%’9%%@{ ?9#1{?93%%%%3%%%%%6 g%’hni qgue.
The optional anidrteén dveredat@ivith thec@abhd BpBéhal Sositlel 9T bethk|ckriidt $lidé 0 adhere
to the substrate and to further allowit to be processed prior to formng

t he optional 3n@imngERer20066coandzd00 78 3a8hR0F! IS6L 0 peo/idesibparticaady
. . . H . ; . : Low. Th
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mechanical compression strength to the coating 80 and minimizes formation of

fissures in the coating 90.
[0046] The optional second intermediate coating 90 is sil'fﬁcienﬂy thick to adhére
to the first intermediate coating 80 and to further allow it to be processed prior to

15 forming any additional intermediate coatings or the outer cerium oxide containing
ceramic coating 100 described below. The second intermediate coating 90 éan
have any -suitable thickness such as a thickness of at least about 0.001 inches,
preferably from about 0.001 to about 0.25 inches, more preferably between 0.001
and 0.15 inches and most preferably from 0.001 inches and 0.05 inches.

20 [0047] The first and second intermediate coating may be made of any one or
more materials employed in conventional plasma processing chambers. Examples
of such materials include metals, ceramics and polymers. Particularly desirable
metals include refractory metals. - Particularly desirable ceramics include ALO:,
SiC, Si;N,, BC, AlIN, TiO,, etc. Particularly desirable polymers include

25 fluoropolymers such as polytetrafluoroethylene and polyimides. The intermediate
coating or coatings can be applied by any known deposition technique such as.
plating (e.g., electroless plating or electroplating), sputtering, immersion coating,

chemical vapor deposition, physical vapor deposition, electrophoretic deposition,



first internediate coating 80 can have any suitable thickness such as a

t hi ckness of at |east about 0.001 inches, preferably fromab W AL to
about O. i nore preferably between 0.001 and 0.15,) 9&% nd nost
pref er abﬁo}g?@%@%g 001 5 inches to 0.05 inches. [00451 Afterﬂcﬁepo%lﬂ(faﬁlang t he

optional first intermediate coating 80 onto the reactor conponent '70, the
pl ati ng can be bl asted or roughened by any suitable technique, and then
overcoated with the second optional coating 90 or the cerium oxide

contai ning ceram c coating 100. A roughened | ayer 80 provides a particularly
10 good bond. Desirably, the second internedi ate coating 90 inparts a high
mechani cal conpression strength to the cd&ting 80 and minimzes formation of
fissures in the coating 90. [0046] The optional second intermnedi ate coating
90 is sufficiently thick to adhere to the first internmediate coating 80 and
to further didtdsesiatictpressing) coksestatippressing oconifressismmoylingycasting,t i onal

i nternedi ate coatings or_ the outer cerium oxide containing ceramc coating
100 descri beXPMERECHNS A sinterigs AN fRermad aPry gcEes-i BlgsOd SBEYIDSave any

sui tabl e thi SS,such _as t hi.cknes f_at |least about Q.001_inc :
preferably f ab TP CBP%BIP?%%&]%EQE: @rsg 5‘1?%%5 ,mtﬁﬁ?%il?ﬂe g‘ﬁ@f%%(? W%E@V\/een
0.001 and i | ar;q)%t : i '

i nches. 20 %%ﬁg]apérﬁgﬁ?ﬁg{ and%@%ﬁwhﬁgéﬁiﬁeg?g&g(%%ﬂgﬁﬁgw E{e%t Eirr%de of
any ones5or duatingy@icahe ke emdiffured: depeading &t the dediredprsperties.o d@diiongl
chanmbers. Exanples, of such materials include netals, ceram cs and pol yners.
Parti cul ar | yinieEBediats eoatings such asre i fowrth ot fighyinieanediate coping pEtiear | y
desirabl e ceram cs..i.ncl ude A1203 i Si 3Nd, . .BC. Al Ti 02 tc.

Parti cul ar | yS 3RS RHEL ﬁ%}?ﬁﬁ% Hfaﬁa%.?dcﬁe E?quqs‘o‘%egﬂmv%%a%@a@e

pol ytetrafl ugkeeiy! ene and polyi m des. The internediate coating or
coatings can be applied by any, known deposition technique such as. plating
(e.g., el ectfiookelssRizatishgwederileof aGetaid aghodispnt éfahé ogrrosioneesiitan
coating, chem cal vapor deposition, physical_ vapor deposition,

el ectr 3Qhor eq0aHDge Jdwi qerigm oxXide gone B geramie layer 100 can be deposited onto

reactor component 70 to a suitable thickness such as a thickness in the range of
about 0.001 to about 1.0 inch, preferably 0.001 to 0.5 inch thick and most
preferably 0.001 inches to 0.05 inches. The thickness of the ceramic layer can be
selected to be compatible with the plasma environment to be encountered in the

15 reactor (e.g., etching, CVD, etc.).

[0050] Although thermal spraying isa preferreci method of providing
cornponents having cerium oxide containing ceramic surfaces, other coating
methods may also be employed. The cerium oxide containing coating, for
example, can also be applied by other deposition techniques such as sputtering,

20 immersion coating, chemical vapor deposition, physical vapor deposition, hot
isostatic pressing, cold isostatic pressing, compression molding, casting, and
compacting and sintering.

[0051] The cerium oxide containing ceramic material can also be provided in the
form of preformed liners adapted to cover the exposed surfaces of reactor

25 components. These liners can be attached by any known means including adhesive
bonding or by the use of"n:iechanical fasteners. When fasteners are used, the

fasteners themselves, if exposed to the plasma, should also be made from an



3 0 SEP 2005 PCT/ US02/ 06651 hot isostatic pressing, cold isostatic
pressing, conpression nolding, casting, conpacting and sinteringSEpaes
thermal s | e.g., plasna spraying). [0048] It is contyypl < hat the
first and@??%)gz%ﬂént ernedi ate | ayers 80 and 90, which are optlsg%lg afmaly be
any one of the above-nmentioned materials such that the 5 coatings are the
sane or different depending on the desired properties. Additional

i ntermedi ate coatings such as a third, fourth or fifth internediate coating
of the sane or different materials nay al so be provi ded between the coating
and the substrate. [0049] FIG 6 shows details of a second enbodi nent of
the corrosion resistant 10 coating. The cerium oxi de containing ceramc

| ayer 100 can be deposited onto reactor conponent 70 to a suitable

t hi ckness such as a . thickness in_the range of ., about 0.0Q1 to abaout 1.0

i nch, pref er@B$ign gesixant mgaterial. imnpmlwk%%@rmpmq@rwwwmm i nches

‘to 0.05 inches. The.,thic ic ted to be
conpati bl e \r/&ufeﬁs {ngg bﬁmﬁﬂﬁﬂgﬁ%ﬁ%ﬁﬁ‘n‘?ﬁ @f@bt@dgﬂﬁgnr&ﬁ%g&gg%f)wﬁﬁe K 15 reactor
(e.g., etchipgs2ICVia y&idhother ERBOGImdN: ! bisHhehRTRmiGRHIRAYION $rocesdndr f erred
met hod of providing ~conponents having cerium oxide containing ceramc
surfaces, otdgmipmeanrogannfatoaksasmyenelithic Yoeiesnjpdmycedinml beide eontainingxi de
contai ning coating, for. exanple, can_alsQ be applied by other deposition

t echni qes stsEdmigdnatantk ehinteged PODPHNG bedies Reriumy OXIgE CHTATBICS PEpor

i costati o pr S tor AR TR o PR N8 2.0 3R5 58 A LGRS, g ana

sintering. [[@053) ANGe®BH of MaELeERNBhAIRR KA rem BRI gtidgan al so be
provided in the” formof preforned Iiners adapted to cover the exposed

surfaces of coaminiag c2fAndonmzeeréald may Thelsde pieparisg eaeribm axitlachmeining any known
means i ncl udi ng adhesi ve bonding or by the use of nechani cal fasteners.
Wien fast eneVWTI%y OIR ETe58 CORRacidRdhs desiieasbant and; tELpE Recompache

pl asma, 10° houh&ie ﬁjegﬁ) cgr%py&%gn fo[e QY in the shape of any plasma-exposed reactor

component. Such components can include chamber walls, substrate supports, gas

distribution systemé including ‘shoWerheads, baffles, rings, nozzles, etc., fasteners,
heating elements, plasma screens, liners, transport module components, such as
robotic arms, fasteners, inner and outer chamber walls, etc., and the ike. A

15 specific example of such a component is reactor compo.nent 110 shown m FIG. 7.
FIG. 7 illustrates a detail of the cross-section of reactor component 110
constructed as a monolithic body manufactured from a cerium oxide containing
cerami‘c material. Details of ceramic procéss:‘mg techniques are given in
Introduction to Ceramics, 2™ Edition, by W. D. Kingery, H. K. Bowen, and D.

20 R. Uhlmann (J. Wiley & Sons, 1976), the contents of which are hereby
incorporated by reference. ‘
{0054] The cerium oxide containing ceramic material can be provided on all or
part of the reactor chamber and components. In a preferred embodiment, the
coating or covering is provided on the regions that can be exposed to the plasma

25 environment such as parts in direct contact with the plasma or parts behind
chamber components (e.g., liners). Additionally, it is preferred that the cerium
oxide layer be applied to regions that may be subjected to relatively high bias

voltages (i.e. relatively high sputter ion energies).
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Additionally, the ceriumoxide containing ceramc |iners may t3e0 sEpsifned to

interl ock}]m @Qq%%ﬁeunderl ying reactor conponent. [0052) | n‘{ﬁk@%&t’ﬂer

enbodi ment’, nts of sem conductor processing equip

manuf actured as nonolithic bodies from cerium oxide containing 5 ceramc
material. Sintered nonolithic bodies of ceriumoxide ceramcs are

di scl osed, for exanple, in U S. Patent Nos. 2,434,236 and 4, 465, 778. [0053]
A met hod of manufacturing nonolithic bodies fromcerium oxide. containing
ceramic materials may include preparing a cerium oxide containing slurry,
forming a green conpact in the desired shdpe, and sintering the conpact. 10
The green conpact can be forned in the shape of any pl asma-exposed reactor
conponent. Such conponents can include chanber walls, substrate supports,
gas distribj60ss) sBytediver appiyingdiangerivshoxide beusisingoeidthiesiayern asgscoating z| es,
etc., fasteners, heating elenents, plasma screeps, liners, transport nodule

conmponents, SECAVEIANE PHHGRSIUCHAZA MOnoLitlue, ge1am jOX KIS, CORFAINIBE CEFA MR aber wal | s,

etc., and the l]i A .fy . Of nent_.i,s keactor
conponent 11%0@;%&%11 ti lﬂj‘%f%\%%%e {’V{&F g@iﬁ? %ﬁo@sg ?‘é\éf Aelsaﬁg&g[gg%l zfregfzé.l{zﬁ%.
Cross-sectl Owﬁﬁelyﬁﬁﬂeﬁ{p@ﬁﬂ?,@éﬁﬂh oxddd copshg H@Eaﬁﬁcsaﬁccérdi_ﬂé‘% ﬂ:IeDgirEseQde
manuf actured froma cerium oxide containing ceramc naterial. tails of
ceram c Jroceswmign} kober erusisn astes gan/enreahizedl nAs adeatti, dire terivdeoaidecs, 2nd
Edition, by W D, Kingery, H K Bowen, and D 20 R Uhlmann (J. Wley &
Sons, 1976), CORGIMNESCEFMHC GPMPANYINS AF EOHBRLARFOTIAE 6P His RECEAT BRVENHPR Fthce.

[ 0054) The ceyiu id nt.al ni m t erd al r.OVI n all
[0050) The. CSRLATLOLER M IS SEIAT RudBR SR, 59D BB RS Aa e o
the coating (R 1ifenes b EordstrAblRY! @&‘i‘cd@é‘pidb@ss&ﬁmpﬁﬁi ke fiANeRAs grposed to
the plasma 25 environnent such as parts in direct contact wwth the plasnma or

parts behi nd corrosion of chamber parts and substrates.



chanber conponents (e.g., liners). Additionally, it is preferred that the
cerium oxide |layer be applied to regions that nmay be subjected 5@ 5
relatively high bias voltages (i.e. rgbatively high sputter ion n%ErPg;%

3 SEP 2005 WD 021079538 PCT/ US02106651 _18 [0055] By either applying a
cerium oxi de containing ceramc |ayer as a coating or covering or
constructi pnal,i-t.hi ¢ cerium oxi de containing ceram c conponent in
accordancbe)vr’i\%‘rt?sncrln.1 1§dil§|iventi on, several advantages are realized. Nanely, by
enpl oyi ng cerium oxi de contai ning ceram cs according to the present 5

invention, |ower erosion rates can be realized. As a result, the cerium
oxi de coht ai nmoeeé?&rﬁceamaﬁgq@ F%FOIBB%HCPF\%%SG%WHFTHQPYOSE%S% present

i nvention e fg{& .0f metal and particul ate contam nation, |ower
costs by Fﬁ@@gg@f%i %Egg | ert’f‘sl1 > of consumabl es, decrease process drift.
and reduce t hedémsging acderiany oxidds amtaifiing herainda lapardnsancalaminuins tsufaeesaf a- 19 What

is clainmed is: 30SEP2Q05 1. A process for coatin surface ,of a conponent
of seni coRRMIBNSA! B sSEiCQndNEfor BOGPISHAG FAIPMFAT, b’Y}t?E‘g% g‘ec,‘&'ﬁﬁ?’i %’il%g?ona%wagi ting a

cer | UM OX e OB @B sRRIR T indre Yefurk Bidls & HESAYD 13ELABRxRLeA _COMPONENt

of sem conductor” processi ng equi pnent, ereln the~ cerirum oxl de containi ng
ceram c | theesof andrprhesasthe geriam oxpleeopmimingraahiddayea formiseansiutgrirest ar gest
constituent .t her.eof and erein the cerium oxide containing ceramc |ayer
forms an SU{3SESbE COBPOPEe of the conponent. 2. The process according to
Claim1, wherein the cerium oxide conprises Ce (I1l1) oxide and/or Ce (1V)
oxi de. 3. The process according to Caim1l, wherein the ceramc |ayer is
applied bg. a iThebricgssacemtlingtte Cldimomwtieeeiy thewsrivmmeiidt ¢amgproses Ep@libher i ng,

Sputter dgpazl LERNCe [RIRE"

3. The process according to Claim 1, wherein the ceramic layer is applied by a
technique selected from the group consisting of sputtering, sputter deposition, immersion
coating, chemical vapor deposition, electron beam evaporation and condensation,
physical vapor deposition, hot isostatic pressing, cold isostatic pressing, compression

molding, casting, compacting and sintering, plasma spraying, and thermal spraying.

4, The process according to Claim 1, wherein the component is selected from the
group consisting of a plasma chamber wall, a chamber liner, a gas distribution plate, a gas

ring, a pedestal, an electrostatic chuck and a focus ring.

5. The process according to Claim 1, wherein the ceramic layer is deposited to a

thickness ranging from about 0.001 to about 0.050 inches.

6. The process according to Claim 1, further comprising depositing an intermediate
layer on the surface of the component and depositing the ceramic layer on the

intermediate layer.

7. The process according to Claim 1, further comprising subjecting the surface to a
surface roughening treatment prior to depositing the ceramic layer, the ceramic layer

being deposited on the roughened surface.



coating, chem cal vapor deposition, electron beam evaporation and

condensati on, physical vapor deposition, hot isostatic pressing Ucﬁlr?dlﬂﬁi

i sostatic pressing, conpression nolding, casting, conpacting ané sintering,
pl asma spraying, and thermal spraying. 4. The process according to daiml,
wherein the conponent is selected fromthe group consisting of a plasnma

chanber I, chanber | iner as, i stributi.on pl at.e. as . ring, a
pedestal  Ban' entbe Prperacregia e R duihd Omprie Rabdifing U Blend el o i ng
to G ai m kurfedefird défiRith@tidtdtahR)gyeri S deposited to a thickness ranging
from about 0.001 to about 0.050 inches. 6. The process according to Caim 1,
further conprising depositing an internediate |ayer on the surface of the

conmponent gand AW ram. Cql . i i L ayer. 7.
The pr oces?(';1 acggggfdﬁgéﬁcgag}gﬁngg %?’tfﬁfef?éggﬁl %?@Fr?gﬁgﬁgj{%g% ?;rlfgdl%%e surface
to a sur safscenodgndndergugheanigromatment iprior toalegegitisg thergrabiie layer.am c | ayer,
the ceram c | ayer being deposited on the roughened surface. -20 30SEP2005
8. The process according to Caim?7, further conprising anodizing the

roughened s UEFX%QEE?{J ﬁ sgﬁmhﬁét&gprba%siﬁg 'é]&lﬁgkﬁlehtaﬂfercon‘%ong gcg prisingS

according to almg, her conpri'sing sub ting the dnodi sufface to
a sur f ace analughirmnsgbdtraeadmienderpnicdayet of cheasoride gorithieingereeamic magreal . 10, A

conmponent .of .sem conduct or .progessi ng equi nt,.the conponent conprising
an A1 U nAFTEER PUPEOR: surdce of Hie combapelts BRETERsthe FTBIT GEIE SRRAINIENG cer ami ¢

material LM ARl @?‘r]&&{s@sséssé‘rﬂfaﬁ?g?oﬁ oriSre CEARA N Mes lol\“’g'&)rc%hﬁsttshe cerium

oxi de containing ceramc materi al consi sts essentl a of one or nore
cer i um oxieskestialy (flone oo nerstaiunessides asahd yingle larpest oonstitwent therdofiandan des as

the single }éjg:o?estlconst' uent. thereqof and an oxide of an el enent of the
| ant hani d&% au cleqent elfh%e ntP&tcording to G aim 10, wherein the
al um num substrate has an anodi zed surface and the ceramc |l ayer is

di sposed on the anodi zed surface. 12. The conponent according to C aim 10,
wher ei n t Hé. celhaicompayat atrasding thClakn d § swherein the aluminum substrate has an

anodized surface and the ceramic layer is disposed on the anodized surface.

12.  The component according to Claim 10, wherein the ceramic layer has a thickness

in a range from about 0.001 to 0.050 inches.

13.  The component according to Claim 10, wherein the component comprises a part
exposed to a plasma environment or a part exposed to bias voltages associated with a

plasma environment.

14. A component of semiconductor processing equipment, the component comprising
a cerium oxide containing ceramic material forming an outermost surface of the
component, the component being selected from the group consisting of a plasma chamber
wall, a chamber liner, a gas distribution plate, a gas ring, a pedestal, a dielectric window,
an electrostatic chuck, and a focus ring, and the cerium oxide containing ceramic material
comprising one or more cerium oxides as the single largest constituent thereof, wherein
the cerium oxide containing ceramic material comprises a ceramic layer on a substrate,
wherein the substrate (a) comprises aluminum or (b) is selected from the group consisting

of alumina, silicon carbide, silicon nitride, boron carbide, and boron nitride.



in a range fromabout 0.001 to 0.050 inches. 13. The conponent accordi nﬁﬁ to
Cl aim 10, wherein the conponent conprises a part exposed to a pl3éb$ﬁf il
environment or a part exposed to bias poltages associated with a plasm
environment. 14. A conponent of sem conductor processing equi pnent, the
conponent conprising a ceriumoxide containing ceramc material formng an
out er nost ;surface of n . bej : romthe
group con% ‘st ?;ge e 5“%%%"%%@?%%}“ ink ?\/@fl‘ﬁ?qulgglﬁé;%%@rﬁ{ &gﬁér@ﬁgﬁ%gsd ©

di stri but (Wpopidated/oACgaV)oxide, a pedestal, a dielectric w ndow, an

el ectrostatic chuck, and a focus ring, and the cerium oxi de contai ning
ceramc material conprising one or nore ceriumoxides as the single |argest
constit uepg th%rﬁ&ﬁo?%@fo@éﬁingta% ?&JnﬂH&bP@ﬂbmgﬁatEB{‘:S ?ﬁ&h&%&ﬁﬁém ¢ material
conprises a ceramc [ayer on substrat e, erein e substrate (a)

conpr i sescaltaininguhe compdnent of Claine ¢0,gHe frethodtchmpgising gontactsngsdn exposaf al umi na,
silicon carhide, silicon nitr%Jge, bor.on _carbi de, and boron nitride. 3 0 SEP
2005 -21 $yfacepEthe sRmisonApCtoaEs e ¥ iPlaMd m 10, wherein the cerium oxi de
conprises Ce (l1l) oxide and/or Ce (I1V) oxide. 16. A nethod of processing a
sem conductor substrate in a plasma chanber containing the conponent of

Cl ai m 10, 17he rEerothponersacairdigg ¢oOlamt i0ngheneinethp osmgdoneti isf seteetedffranne

sem condugt or substrate with pl . 17.. The conponent accordi.n o Caim
10" wher ot rTHP CINOREL 2 plasie PR iog WelloR AT DG CEUISTERIgRBI & pl asma
chanber W@Hpin ,a‘b@m,ran!élét%rostaﬁcQlﬁﬁ:k%atarfbémtrin%f‘ plate, a gas ring, a

pedestal , "an el ectrostatic chuck and a focus ring. 18. The conponent
according to Caim 14, wherein the substrate conprises alum num and has an

di zed syrf d th ic | s di d.on th di zed face.
10, The cipondhit CHERUIGH fgoRBPE I 1 WRPBTE SRS TE FOIPE Ly o1 has &
thi ckness alunfim@in hAd 885 & anot e Stk ald @x1cekni€ 182Pis di§d8&d ortfhe ahbd@iz&PMPONENt

according to Claim 14, wherein the conponent conprises a part
surface.

19.  The component according to Claim 14, wherein the ceramic layer has a thickness

in a range of from about 0.001 to 0.050 inches.

20.  The component according to Claim 14, wherein the component comprises a part
exposed to a plasma environment or a part exposed to bias voltages associated with a

plasma environment.

21.  The component according to Claim 14, wherein the cerium oxide comprises
Ce(IIl) oxide and/or Ce(IV) oxide.

22. The component according to Claim 10, wherein the cerium oxide containing
ceramic material consists essentially of (i) one or more cerium oxides as the single largest

constituent thereof and (ii) an oxide of an element of the lanthanide series.

23.  The component according to Claim 10, wherein the substrate includes a
roughened surface, and the ceramic layer is a plasma sprayed layer mechanically

interlocked with the roughened surface.



exposed to a plasma environnent or a part exposed to bias voltages
associated with a plasm environnent. 21. The conponent accordi ngDﬁBP &i0ai m
14, wherein the cerium oxide conprises22Ce(lll) oxide and/or Ce(lV) oxide.
22. The conponent according to Caim 10, wherein the cerium oxi de containing
ceramic material consists essentially of (i) one or nore cerium oxides as

the singl 54 lar ¥fie Eomé&{lglg%u}#ﬁigﬁ%gor@%%fl?,%?eréih@enngd??lggﬁéqgs %cg@l%o%n?g?m of

t he | ant hani de serie onponent’ accor erein the
subst r at eaipolykiliders high-deasighsiaeah stuli Elemsher ang dichetrivematetial dtetyelfaniter.a pl asma

sprayed | ayer nechanically interlocked with the roughened surface. 3 0 SEP
2045 -22 24. The conponent according to Claim 10, wherein the conponent is a

component 251 - npedBbdf Ao ioOREh 11, iRUIRGHE SlicHInehpENEt: 18Verandl ol ectri c

materi al etch e conponent according to Calm10, including a
first intecrami layer bemgdr) ontthe first entenmedidtalager dydiinon én pptomat $eeofid r st

i nternedi ate | r.or {ii) pn an t.ional .second  iqaternedi | ayer

i sposed Bhemisaier lger disnobed e B8 iuGRReai FR BRY e Mt iRl B 28 and
the opti opgloptBkAREcdnAliRlHBEH AL SayeAlahg BB YarRé of HBiffAR nfterfyl SIESE eNt
material selected fromthe group consisting of refractory netals, Al12Q03,

Si C, Si 3Ndrombthe groupaohsisténg ofirbfractdty oxstalsil,QolSiGESisNa, beroniasbiderddhent
accordi nth%G%i m 25, wherein the first internediate |ayer includes a

r oughened [&% PALBONISH- t he ceramic layer is a plasma sprayed |ayer
mechanically interlocked with the roughened surface of the first

internmediate layer. 27. The conponent according to Caim 14, wherein the
ceri um oxibie cdhe edmpongnt awsoehngtorfolaim 25 whaseigitka Brseidermediatd ayasf (i) one or

nore ceriumoxides as the single.,l argest, constituent thereof and (ii) an
oxi de of g}?'géﬁﬁé%{gﬁgf‘edt a?%%{"ﬁg}?i"&g’“y&ﬁys is aplasmg Spraysiaient  accor ding to
C ai m 14, ywoRdnidally imerlsdked itk the kdiiphetit@Sufface TUBOARE thiHicdafelayand t he
ceramic layer is a plasna sprayed l'ayer nmechanically interl ocKed with the

roughened surface.

27.  The component according to Claim 14, wherein the cerium oxide containing
ceramic material consists essentially of (i) one or more cerium oxides as the single largest

constituent thereof and (ii) an oxide of an element of the lanthanide series.

28.  The component according to Claim 14, wherein the substrate includes a
roughened surface, and the ceramic layer is a plasma sprayed layer mechanically

interlocked with the roughened surface.

29.  The component according to Claim 14, wherein the component is a component of

a polysilicon high-density plasma etch chamber or a dielectric material etch chamber.

30.  The component according to Claim 14, including a first intermediate layer, the
ceramic layer being (i) on the first intermediate layer or (ii) on an optional second
intermediate layer disposed on the first intermediate layer, the first intermediate layer and
the optional second intermediate layer being of the same or a different material selected
from the group consisting of refractory metals, Al,Os, SiC, Si3Ny, boron carbide, AIN,
TiO,, and polymers.



29. The conponent according to Caim 14, wherein the conponent is a
conponent of a polysilicon high-density plasma etch chanber or aan@;sﬁi mgri C
material etch chanber. 30. The conponem3.according to Claim 14, i ding a
first internmediate |ayer, the ceramc |ayer being (i) on the first
internediate layer or (ii) on an optional second internediate |ayer

di sposed t hewfli I I Late | , 2hh I i r I and

t he opti o%gl SZTglgnd(ﬁxﬁ %4n§%1ﬁe?g‘?og{heglt§y§¥a§%e?¢fg%g%}eirﬁghésgﬁn§ @g&e{’%g?‘féf Z%g%t

mat eri al  dadledds@droughiensd bivdaog! adothe eeainsd lapgr ioh plahiaapioey lart alt&locRd?03,
SiC, Si3M,. boron carbide, ALN,., TiQ2, and polyners. -23 3 0 SEP 2005 31.
The conporféHtthge By tacs ofthg firstaipte #gileyethe first internediate |ayer

i ncl udes a roughened surface, and the ceranmc layer is a plasma sprayed

| ayer interlocked wth the roughed surface of the first internediate |ayer.



