WD 02/ 079538 PCT/ US02/ 06651 -1 CERI UM OXI DE CONTAI NI NG CERAM C COVPONENTS
AND COATI NGS I N SEM CONDUCTOR PROCESSI NG EQUI PMENT BACKGROUND OF THE

| NVENTI ONwOb2/0F358¢ d of the I nvention [0001] The present i meantSomosesel at es
generally to the fabrication of sem conductor wafers, and, nore
particularly, to high density plasma etching chanbers having internal
surfaces that reduce particle and netallic contamnation 5 during
processing. 2. Description of the Related Art [0002] In the field of

sem conduct or processing, vacuum processing chanbers are generally used
for etching and chem cal vapor depositirg-(CVD) of materials on substrates
by supplying 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 plasma (TCP(err))
which is also called inductively coupled plasma (1 CP), and

el ect r ONGERY Ul GIXIDEN COSBRNGENG ECKREMR) COMB@GNGS Sandn doAaNpe nen avitcheswabr ar e

di scl osed in comonly owned UWrSced2atwerdouidewr 4, 340, 462; 4, 948, 458;

5, 200, 232 and 5, 820, 723. Because of the corrosive 15 nature of the plasna
environment in such reactors and the requirenent for mnimzing particle
and/ or heavy netal contamination, it is highly desirable for the
conmponents of such equi preBAGKGROUNDIOR THEJNVENTION esi st ance. [ 0003]
During processing of sem conductor substrates, the substrates are
typically held in place within the vacuum chanber by substrate hol ders such

as 20 nechagi cal.c nd electrostatic clanps -(ESC). Exanples of such
cl anpi ng systens Eﬂ?@@%iﬁ&fﬁ&o‘% her eof can be found in comobnly owned U. S.

Patent WO 02{¢b09p 3T HRpléderPriOffonlrelated generally to the fabrication of

semiconductor wafers, and, 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 supplying 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.
o 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] During 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



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 exanple of a

t enper at uwe 020388 ol | ed gas distribution plate for an i ndectiose/gs6spupl ed
pl asma reactor and conponents thereof can be found in commonly owned 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, |iners, lift nmechanisnms, |oad |ocks, door
mechani sms, robotic arnms, fasteners, and the |ike. Various conmponents of
such equi pnent are subject to corrosive-2eonditions associated with

sem conduct or processing. Further, in view of the high 10 purity

requi renents for processing sem conductor substrates such as silicon wafers
and di el ect r Nos 062 020 9nd 54382529t NBrodbsd s 8MPBS Eitfpisd ws 8 dhambbt #f  panel

di spl ays, conponents having inproved corrosion resistance are highly

desi r abl e i nvarimls wayssiteloanesne gas {i30balionplate.n dm exavipld ofid empesdtieys ar e
typically used for walls,.electrodes, 15 substrate supports, fasteners and
ot her corrpon_%‘?ﬂt@?lﬁfl £33 disfribution pfage for anjn ‘I“Eﬁ’é(FIS}’t‘E?uP]p?Fléb:%ma ©8riPbaibn of the

such metal c | gm V. d <f %;%ating
t he al um num's a{g{gstlﬁr%éﬁf%/aglﬁo@gﬁ&;(% [ nggmlﬁ}'&?ﬁgtsé%%?@ﬁ%f §3§@|§a ent ‘No.
5,641, 375 di Braduiin tohhe phisthaichunbeh@jiighientadther &aigméiReRed anp@dcesihgt 0
reduce plasma erosjon and wear, of the walls. The 1375 patent states 20 that
eventual | y t $REnigeRSCHs gubsitaas ingludetransppridnenhapismp.eghsSUPPAFISEMS, chamber

must be repl.aced.. U RPatent -No.. 5,895 586 discloses that .a technique for
forning. a  cORs it et dbad Reks sPoR ARt 4R, AfReRnRRomd he

l'i ke on al unihguiKe. V4ARRUB coRipoRéHis @sﬁcﬁ%@ﬁiphféﬁ@%%ﬁ?@t ORRIrtdsRfel on Lai d- Open
No. 62-103379. U.S. Patent . 5,680,013 states that a technique for flane
sprayi ng Al2¢sdgionsassiciat@bwithiséraiesdurioraproetssing n Furtherntiarviévs oflitediigised i n
U. S. Paijent No. 4,491, 496. The "Q13 a,ten(i}wftat es that the differences in
t her mal 1bx paP4ity TeQUEIRGTES £ PEOGSETIG SYTICARIHEFOT SHPSiFieSHFR 38 SIlIEORMIAIRES such

as al um num gy gk ebﬁﬁgﬁaﬂ?ﬂ%ﬁ%oa z%tsnnlgg %Iiaﬁg Qﬁsﬁﬁ%@@%@r&pﬁ)rqﬁ?p&%l thplael cycling

and eventual tailure Corrosi
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 aluminum surface with 'va;rious coatings. For instance,
U.S. Patent No. 5,641,375 discloses that aluminum chamber walls have been
anodized to r;aduce plasma erosion and wear of the walls. The ‘375 patent states
20 that eventuélly 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 Al,O,, AIC, TiN, TiC, AIN or the like on aluminum
"material can be found in Japanese Applicatioh Laid-Open No. 62-103379. U.S.
Patent No. 5,680,013 states that a technique for flame spraying Al,0; 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 alﬁminum oxide leads to cracking of the

coatings due to thermal cycling and eventual failure of the coatings in corrosive
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di scl oses a sputtering chanber wherein a thernmally sprayed coati ng of
A1203 i s wppkioed3g o a netal such as stainless steel or alpemusaoasst h an
optional N Al (err) bond coating therebetween. U S. Patent No. 5,522,932

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 ebetween. [0005] Materials for chanber 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; 5,79830616; 5,851,299 and 5, 885, 356.

[ 0006] As integrated circuit devices continue to shrink in both their

physi cal size 10 and their operating voltages, their associated

manuf act ur i ngnwifonnttsits) €U BTEP AN No. SyS79e523 dikcodes appuitéridgectantbermihatdin

| mpurity contam nation. Consequent| fabricating integrated circuit

! Yo . A :
devi ces” havi adesmally spraped eoatiag ofiAlgd, is appliadete a metal sush as|seimdesscteel or
particul ate and.netal..contam natlon. be | ess tha revio yp.Gconsidered to
be. hcoept abl Sumii oA nRRRENAR voRLchiRe BBt LS PABNG T of P gn
density pl asgm2230CH&168¢ a CHRGIRAI Dattfy foFdndtill Rfpdhent? bAGA B AAS Akd
surfaces that are nore resistant to erosion and assi st -in nnimzing
cont am rfat i ofor(pasgna, prpaessing| of subsirhtesrmeittabh dptionapnickeli coaling therdbetweriner
surfaces bein rocessed. SUVMARY OF THE | NVENTI ON 20 [0008] In a first
enbodi nent ofUtoRL E\fI%tS’éﬂﬁ for-chamben walls, lmesy awes gpd ailer R4tH 0l BdsBAnent of
e conduct by BRECRSI MO ced ® SBE Atk Uilop1 18 SIS ol O} UTeS

I ayer ac

provi ding a cerium oxl de con ng ceramc | on ‘a sur e of the

conponent sus366/585; 5ITBECA0E 5IM98X016¢ 5851 { onind5,883,3568.c | ayer forms an
outernost surface of the conponent. The cerium oxide containing ceramc
| ayer conpri H¥96] 2\ sointegmtedroirenicdaviaesconiiniedo shrink n koth gheir physipat size
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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 having internal, plasma exposed surfaces that are more
resistant td 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 cerium oxide containing ceramic layer comprises
25 one or more cerium oxides as the single largest constituent thereof.
[0009] In a second émbodiment of the invention, a process of making a

component of semiconductor processing equipment from a cerium oxide containing



conponent of sem conductor processing equi pnent froma cerium oxi de
contai ni ng WO 02/ 079538 PCT/ US02/ 06651 -4 ceramic material is provided.
The procewo 2ncdsegles steps of : preparing a slurry conpri PCAgSoBddeam oxi de;
formng a green conpact fromthe slurry in the desired shape; and
sintering the green conpact to forma cerium oxide containing ceramc
conmponent. 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 is provi ded wherei n4the conponent includes a cerium
oxi de containing -ceramc material formng an outernost surface of the
conmponent. A plasma chanber including at | east one conponent as set forth
10 above is atramigmateridbid. prb®idéd.] The peocksintlndeshes ofeptepafing hslupryesent

i nvention, a nethaod of processing_  a sem conductor substrate in a plasm
chanber as sEPMPBHAE CRBNOXIde; HRraing agreenrompaet fiembelslueydn diadesitedt he

B exposed. s ApRown SRt L Bebl obPRYLS hirha i bRy coBlafiGRRTT ] =
further pref gmgsheRibasi Wi VxideOnRifHE Birahity Esthpidnt édtfpriges Baglor | ncl udes
steps of. positioning the substrate on a substrate support  in the reactor;

i nt roducd ng mope oeraéws ogles anthe single taggast constimept therepf.RF energy to the
process gas g generate.a plasm adjacent an exposed surface_of the
substrat e; a[‘fg}l@?c RP ﬁd-{"%fl e“@’Pﬁ’é@W 8 {bﬁrRSESé‘@%}nN@m{)% ACRPPOBRN Ofibst r at e
surface with ]QEI%’ | . gmqﬁé EHC%] e

i nvention wi F%ﬁgé gescgrllﬁ gceegﬁlhggar ag@ré}g@gwmﬁﬁl re \e%g&?%%n? 0 el
acconpanyi ngcelfdiviorfile dontaiing beraimfemategibforminpear outetogose slificergehduner al s,
and wherein: [0013] FIG 1 illustrates a conventional plasm spray
process; 25 Fomperent| @ plasmedehamber dncdeding atcleas vae componeit agsejderthi ng

apparat (0] f O%béve is also provided.

[0011] In a fourth embodiment of the present invention, a 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 plaéma. In a further preferred embodiment of the present invention, the meithod

_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

invention;



pol ysilicon etching apparatus according to one enbodi nrent of the present

i nvention; WO 02/079538 PCT/ US02/ 06651 -5 [0015] FIG 3 shows a

pol ysi | i cwp oetoeds3ghanber cont ai ni ng conponents accor di ng PCa/tShzogsesent

i nvention; [0016] FIG 4 shows a high density oxide etch chanmber containing
conponents according to the present invention; 5 [0017] FIG 5 shows
details of an enbodi nent 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 [0019]

FIG 7 shows details of a further enbodit®ent of the corrosion resistant 10
according to the present invention. DETAI LED DESCRI PTI ON OF THE PREFERRED
EMBODI MENTS OF THE | NVENTI ON [ 0020] The present invention provides an

ef fective wi0013] pFIE) 8iehewy 4 polysilicor eish shanbesr dontaiding sombawedss of

conponents of sem conductor processing apparatus 15 such as parts of a

pl asma pr oc eASEPIdENG ©ABe PEeseRRRIONSIch conmponents include chanber walls,

substrate s ts a i stribution syst ' di ng.shower head
bar 11 e, ri ABOTEoFNFRE sfde i deBlo R Oin ChiRRAC Mg UBEPER:
screens, |ingeardidg AP PidseMDidiftiononponent s, such as robotic arns,
fasteners, inner and outer chanmber walls, etc., and the like. In the

present 5 nvel®01Tn, FiGe5 2howsdgailsecoftan ¢nnzndinentad thaeoresiomubsisfanbpoaiinger i um
oxi de cont ai ni nl%gclzeram'c material or the pl.asma exposed surfaces of the

conponent s ¢ %@a@‘@@?%?ﬁt@i’% se covered with a ceriumoxide
cont ai ni ng 9@[) Cri@! Srsh@vlr% dét%i’f&ﬂ anbfhel BRbBAGRAPbf HRBRSRA redifiniCer | um
oxi de containing ceramc material cONPrises one or more cerium oxides.
Accor di ng t oadcbelingnioee ipeesent in@ertidnt bind

[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 semiconduétor 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 cerami(_: material.
[0021] In the present inifention, the cerium oxide containing ceramic material
comprises one or more cerium oxicies. According to the invention, the cerium
25 oxide or oxides comprise the single largest constituent of the ceramic material.
The cerium oxide may be Ce(IIl) oxide or a Ce(IV) oxide. The cerium oxide

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



25 oxi de or oxides conprise the single |argest constituent of the ceramc
material. The cerium oxide nmay be Ce(lll) oxide or a Ce(lV) oxide. The
ceri um oxwo®2/0t9588 ai ni ng ceram ¢ material accordi ng to th@crmsentiedon nay
al so contain alum na, WO 02/079538 PCT/ US02/ 06651 -6 zirconia, yttria, and
ot her oxides, nitrides, borides, fluorides and carbides of elenments of
Goups II1A TIIA VA VA VIA VITA VIIIA 1B 11B, 111B, NB, and VB
The ceramic material according to the invention may al so conprise any
oxide, nitride, boride, fluoride or carbide of any of the elenents of the
actinide 5 series (e.g., those el enents-Baving an atom c nunber of 58 -
71). Particularly preferred materials in this group are cerium boride and
ceriumnitride. [0022] In order to minimze contam nation of substrates
processed i nzirQmid, B! and BEEF BRI, inigided) HoridesT R rRIBFRANEAbRIe§BEOr ding to
the invention, it i's desirable for the Ceriumoxide containing ceramc
material to d:iemam$pmﬁ(h'onps BASSIA| EVAe VA, VIXG YHA| YdHApIR| BB, [EBpIVBs of
contam natin ements such as transitjon tals, , alkali nmetals or the
like. For ex%?gp{/ Thf‘ecee@mctmafssealo?@cer@mgaﬁﬂﬁﬁgwﬁam foqy alsoPompEISEaRE pur e

enough to av [ C hi gher,
preferably 1 err tr C) ﬁg%'fdrﬂdgaot”%{bgﬁ flg%ye@fgj:gi?ﬁﬁﬁ{srde}&gén%atl nventors
have di stovegegids tehgt tH6del diéénts Bevihg ar diosit alinber dHSYTRYTEY. | Parficilang

desirabl e properties for use in sem conductor processing equi pment such as

, plasma et chprsfeardsemsteripls ip dis gravipeare cedmborigr i2ae Cemurm i g cer am cs

pI’OVI de eros stant surfaces that can e |lev

ot cul at o WBAL 2 RiEF on SRS SontetRioalE o SiRes roceH imrdlipment
containi ng Cﬁl’&éx??o e cﬁ'rﬁ&e%Hiﬂoﬁé‘nt?h@e%?&in@%cpﬁﬁ‘%ﬂve%iﬁ'bhaﬁ%désﬁﬁblear e
resistant to both ph sical attack 20 (e.g., 1on sputter induced erosion)

and chemi cal foatthacdeiny okide cohmfring ce{r@mmmaﬂemahtoﬂjee&sqmreds podsibde,reegt, of the
i nvention, the ceriumaoxide ceramic .material is provided as a coating.

Ceri um ki deinelide RGN AMOYBLSRfRONEIIPAINE RISTAGHS SURGRATARIUORENSRIE, Vet hods
of applying Elﬁﬁﬁ HD & bldﬁleqﬁ@ 'Iqu x%ﬁle, El%’cenum 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 diécovered that cerium oxide based ceramic

.15 materials have desirable properties for use in semiconductor processing equipment
such as plasma etch chambers. In particular, cerium oxide containing ceramicé
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

20 (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. Methods of applying cerium oxide coatings are, for
example, disclosed in U.S. Patent Nos.: 4,421,799; 4,593,007; 5,334,462;

25 | 5,362,335; 5,627,124; 5,668,072; 5,721,057; 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; 25
5,362, 335; 5,627,124; 5,668,072; 5,721,057; 5,834,070; and 6,007,880; and
in patervoprlordsemt i ons GB 2236750A; and WO 94/ 29237. [ 00PEjr/isopoester red
coating nethod is thermal spraying (e.g., plasma spraying) in which
cerami c powder is nmelted and incorporated in a gas streamdirected at the
WO 02/ 079538 PCT/ US02/ 06651 -7 conponent bei ng spray coated. An advant age
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 sprayi-ffg 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 ncor por at edcompomsne being @prayWdael. Ampadvantage af thermaledpeaying techeiqued isspr ayi ng
method is plasma spraying which allows intricate interior surfaces of the
chanber or ofitéhecoampasent is 6ageh enlyon Be sides fgingdthe thegmal spray gekrades a

Fofm ot o pofisii B B uREE BT Bieel g it bR i ML (oo 114
where it is t@ﬂhﬁws,mwﬁ%@mma%@}yﬁféta@@ad@es@e&wme S&bReidny: The hot

mat eri al inpacts on the subStrate surface 116 and rapidly cools to forma

coat i ng 118. EnpineaiingToeThmrmehSprap Gepting hy Pavvlowski {ohnyWienpl99§ksha copper

anode- 122 and 15 %urﬁg‘%:en caeﬁ?hode 124 %th of which are water cool ed.

Pl asma gas 15@ntews of which ayg herely incogporatedy Ay GHIFCehe| i um) 1 ows around t he
cathode in t hrect.l ' ah gl / :hyrough an
anode 130 unf R & & paliys A IRERcH heitaf BBt i Md ol ERall »
initiated bywhidh glowsdhirkge idicsiobsigscevot afe chambeesr dtbenthadr i oni zat i on

and a conductive path for a DC arc to form between the 20 cathode 124 and
t he ‘anode 1300mperanis i@rheccoateds i . flrinstraies appicehplosma sPIAYHEPTOEEss.r each

extrene, § empg; 3tULER milkAnl Gy AN kA &% pwdR 1 To2isRhRR IR intd WohiBh 25

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.
[0027] The plasma spray gun 120 typically comprises a copper anode 122 and
15 tungsten 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 indipated 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 localized 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
.25 usually via an external powder port 132 mounted 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



exits the anode nozzle 130 as .a free or neutral plasma flanme (plasm which
does not carry electric current). Wen the plasma is stabilized ready for
sprayi ng,wohe/o7eBectri c are extends down the nozzle. Powd@®CTAKB2/H&5fed into
the plasma flanme 25 usually via an external powder port 132 nounted near

t he anode nozzle exit 134. The powder 112 is so rapidly heated and

accel erated that the spray distance 136 (the distance between the nozzle
tip and the substrate surface) can be on the order WO 02/ 079538

PCT/ US02/ 06651 -8 of 125 to 150 nm Plasma sprayed coatings are thus
produced by a process in which nolten - heat-softened particles 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 o provirdesdo 190 Sufih PG dpfal domis! 84k podiehd b9 apibdars for
bonding. Prior to coating, the sSurface of the substrate Is” preferably

t hor oughl y ofldchnemlten or heaiweftenadf pacticlesdre ichaded d0 dnpad onval aibsiraie. gr ease.
Further, the_surface can be roughened by known nmet hods such as _grit

bl asting prP@aSlt olncePresgnt inyeriion; susfacs propgrationdedmiques SUe aS:£16APHY abl e
SRR L e e A

The rough surt&ce pro can al so e nec

i nt er | ogki n@ceive §uteaceFok bording.t Pribh® coatibs ! theberfade@T (e Slibstthdig eact or
conponents, it is particularly desirable to roughen the conponent surface,

anodi ze t he prefgribéntoroughlioelemedgorémere swmthce apagrial seahpascoxiddsergreasez ed
surface pri 0 | i cati on,of the ceriumoxid oat, ng. . 0029] The
cor i um ox d& URTARREHG el HeoRelznin Y KBRSR o Ut BV i s
preferably gpRichs dodtilg] B oAt BN ML RISy hitbIO T HondRg chfige T8t hodS
suitable for use wth ceramc materials may also be enpl oyed.” For exanpl e,
the ceri uminoreabed ovdritlaca imgreasy thricoatopeidndgstrengthr ditregrotigh tiréacerprefiliei on can
be applied by sputtering, sputter deposition, imersiqgn coating, chem cal

vapor d8posicalalfo prometeaneshanicankeying elonteelosking of the ¢Ratingiwig theect r on beam

evaporation sﬁﬂ&rate. 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
condensation), physical vapor deposition, hot isostatic pressing, cold isostatic
pressing, c_ompression molding, casting, compacting and sintering, plasma
‘spraying,A and thermal spraying.
[0030] In a preferred embodiment of the invention, the cerium oxide containing
25 ceramic components are used as reactor components in a polysilicon high-density

0™ plasma etch

plasma reactor. An exemplary reactor of this type is the TCP 940
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,



condensation), physical vapor deposition, hot isostatic pressing, cold

I sostatic pressing, conpression nolding, casting, conpacting and

si nt eri ngwopkAagIses sprayi ng, and thermal sprayi ng. [0030] pcansopo@terred
enbodi ment of the invention, the cerium oxide containing 25 ceramc
conponents are used as reactor conponents in a polysilicon high-density
pl asma reactor. An exenplary reactor of this type is the TCP 9400(err)

pl asma etch reactor avail able from Lam Research Corporation of Frenont,
California. In the TCP 9400TM reactor, processing gases (such as Cl12, ,
HBr, CF4, CH(err)F(err), 021N2, Ar, WO 924079538 PCT/ US02/ 06651 -9 SF6 and
NF3) are conducted into a gas ring | ocated on the bottom of the etch
chanber and are then guided through gas holes into the reactor chanber
FIG 2 shovsFandNB) afeedndased intb Veaefring 10éded om theltvitoh diGHe 4QPO(err)
polysilicon etch reactor according to the present invention. As shown in
FIG 2, the ¢thambebamfl/ansfthen guidedytisoughngpsdolesintoche ckactor shivsberat BIG ubpor t

44. The bott f f the. [ 4 [ i'ng=sh
e oG Bee LIS SR LIS A0 ORIk rlgsahared
gas- gui di ng ﬁeﬁ&GPEbcﬁinné ﬁpﬁﬂ:]pr%sjéﬁ% %Zélgidnr.‘gAé §h&v)’1Pin§Pl'd.>2 GRIRRREROARS of

al um num The upper surtaces 0 as ring are directly exposed to the
pl asma &nd ahe ghdring 403paotindsa fibstatesuppart 44.0 The bbttom surfaseobthefgases, the
gas ring is typically covered with an al um num oxide | ayer which s
typical Iy foilged0 sontains airngnhapetbgaseguidias tench AR. Jhs aforpmentioned g2 odi zed

coating, ho Fan | | atj.vely brittle has a tendency to crack during
repeat ed th\g? 500%7@?4@8%% etg%-g%dé@g?nc I'ng use. The cracks which form
in the anodjopsH |§-‘H@lga.fﬁﬁg'?d ﬂyﬁigaﬂﬁeoﬁﬁweﬁ%lffé%nﬂh@ﬁ.esﬁa&?ﬁﬂ? stfacdt bick the

underlying 15 alum num | ayer feducing part life and contributing to
met al | i ¢ andthpgas fing are dinevtlyrexpesedan thef plpsoz andand thuhsubjest dserogion. &

waf ers,, flat panel display substrates, -etgc. [0032]. Accordi.ng to.the
e omt 100 1o cRTDfRa et S dhaeis HE RuupiEAT sbvofatvich G5 At Skidd
layer which is typically formed by anodizing the surface of the gas ring. The

anodized coating, 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 contributing to metallic and particle
contamination of processed substrates such as wafers, flat panel display substrates,
etc. ' ' |
[0032] According to the present invention, the exposed surfaces of the gas ring
"can be covered with a coaﬁng 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.
[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



can be covered with a coating 42 of a cerium oxide containing ceramc
material. 20 The cerium oxide ceram c can be coated on a bare (wth or
wi t hout awpariovs3s®xi de surface film alum num | ayer or onPam/EbUMeALM OXi de
| 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 hol es
to coat and protect the inside walls thereof. However, the coating
mat eri al should not be applied in such a manner as 25 to obstruct the
openi ngs. Therefore, the gas holes can be plugged or masked during the
coating process. [0033] O her conponentdOgf the TCP 9400TM pol ysilicon etch
reactor which can be exposed to the plasma during processing can al so be
coated with a cerium oxi de WD 02/ 079538 PCT/ US02/ 06651 -10 contai ni ng
cer ani ¢ nat esangdiniag ceradiic aterial hecopdieg e thei present inyantiokh eThese compnBeItts

s and the dielectric

W ndow opposREBSe eSSt e oS o B ok e
uch s on o a0y SpBRICHES R BrREGE o ST ool RS | O°

chuck duri ngcepdrfiRnhateriglyodl 88 uppervdiirfabe af a WRddking devive!suph @s an tleamostitite. upper
surface of the chuck is thus directly exposed to the plasna. [0034]

Anot her Sexengilugk prgyadepadditipeal protsgtior tcthe chiek durang\eanjegrsydtes psyhick an

Et cher or 2300TH.etcher als vai |l abl e. from Lam Resear c rporati.on of 10
Framont . Cal WIBF i 3¢ DRrset R Repd) Yoot SEbE RS hscibrsty BSee W

pol ysilicon thggq:‘{gmragaact or according to the present invention. The reactor
conprises a reactor chanber 150 that includes a substrate support 152

i ncl udi ng an0884fct Ansthet exengplanykpolisiicontutcthrepctoy isckhe Vaergls&riulysilidonr ce to a

substrate (ngt. shown) nounted thereon. A focus ring 170 i s shown nounted
on substrat @h?wrﬁoi?%’zet%ebahe aéi“a%ler Bemakam Reseagel CRrppsationfiyst r at e

cubbtr e caeie Gty “RIG s SR G0 el ik PEF 2200 Dol T

etch reactor according to the present invention. The reactor comprises a reactor

chamber 150 that includes a substrate support 152 including an electrostatic chuck
154 which provides a clamping force to a substrate (not shown) mounted thereon.
A‘ focus ring 170 is 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,, HBr, CF;, CH,F,, O,,
N,, Ar, SF6 and NF,) are introduced into chamber 150 via a gas injector 168
located on the toin 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 material such as
alumina. As shown, an inductive coil 158 cém 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 Window 160 is shown mounted on an annular member 162.
Annular member 162 spaces dielectric window 160 from the top of chamber 150
mmmmmmdm%a%%ﬁmﬁmmHmwkCmm%MMxm4mmmMS

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



helium In the 2300TH etcher, processing gases (e.g., Cl2, HBr, CF4, CH2F2,
02, N2, Ar, SF6 and NF3) are introduced into chanber 150 via a gas

i nj ect or WOd2/0vs6@t ed on the top of chanmber 150. Gas i nj e®CArUSLEB65E
connected to a gas feed 20 156. Gas injector 168 is typically nade of
quartz or a ceramc material such as alum na. As shown, an inductive coil
158 can be powered by a suitable RF source (not shown) to provide a high
density (e.g., 1011- 1012 ions/cn) plasma. Inductive coil 158 couples RF
energy through dielectric window 160 into the interior of chanber 150.
Dielectric window 160 is typically made 3§~ quartz or 25 al um na.
Dielectric window 160 is shown nounted on an annul ar nenber 162. Annul ar
menber 162 spaces dielectric wi ndow 160 fromthe top of chanber 150 and is
referred to @pasatigamt dicwn)i foririadmaipingtthé intéicrrdiahe Chamsber h64 dssireadounds
substrate support 152. Chanber 150 can al so include suitable vacuum punpi ng
WO 02/ 079538PISESPE®IS02/ 06651 - ~.i - apparatus (not shown) for maintaining the
interior of h taa. ' I 3

i nternal sur t@géﬁ or 'r eag’[ %lr% @%ﬁgﬁ)ﬁ%@c@g §§€ﬁ%€§§ c{n&x@&é&gﬁéﬂ%cgra?m&a E‘@?laz,

the di el ect r inembendeny thé Qicldchec Witk A0S (R /supetrite Sopport 152, aheoiaibee | i ner
164, the gas injector 168, the focus ring 170 and the electrostatic chuck

154, ar®e shbugr I6dathedgasiinjectar 463 the gocs aingf 178 andrthe eleeixosdiasicabmelail dng
ceram.c material. The interior surié%ccogs of. chan&er 150. and substrate
support 152 HESHRVRERATGH YN 3 featingdp0 0l 3 PR deCORIIBING SFAMCa coat i ng
166 of a cer oK ?ﬁe RS AR REs SESHAMLEr 150 Eﬂ%ﬁibsﬁéte%ﬁgﬁqh 15 bdiGw 3. Any
or all of these surfaces as 10 . we as any other 1nternal reactor surface
can be provi clegnber linen 164 canuis®be geovidednyith aicogringelébnofa cavaim ogidaccor di ng
to the present invention. Further, any or_all of these conponents can be
manuf act ur e dCOHYRINGHSEATIC ARateti) s sRowBR I FlGy 3. rdnn oF alk of BiesasHasss 8%r ani ¢

mat e | ajo accorgingad QulD LAPHLLAR s kO3Gh lMoViBACH AR CRIRAISHES O the

pr esent | nventi
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™ reactor, the gas distribution plate is a circular plate
situated directly.bel_éw the TCP™ window which is-also the vacuum sealing
surface at the top of the reactor in a plane above and parailel to a semiconductor

20 wafer. The gas distribution plate is sealed using an O-ring to a gas distribution
ring located at the periphery of the gas distribution plate. The gas distribution ring
feeds gas from a source into the volume defined by the gas distribution plate, an
inside surface of a window underlying an antenna in the form of a ﬂat spiral coil
supplying RF energy 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.,4a

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



15 high-density oxide etch process. An exenplary oxide etch reactor is the
TCP 9100TM pl asma etch reactor. available from Lam Research Corporation of
Frenmont, wGakiofsssi a. In the TCP 9100TM reactor, the gas @c3tusobeisson pl at e
is acircular plate situated directly.below the TCP(err) w ndow which is

al so the vacuum sealing surface at the top of the reactor in a plane above
and parallel to a sem conductor 20 wafer. The gas distribution plate is
sealed using an Oring to a gas distribution ring |ocated at the periphery
of the gas distribution plate. The gas distribution ring .feeds gas froma
source into the volune defined by the gad®-distribution plate, an inside
surface of a wi ndow underlying an antenna in the formof a flat spiral coil
supplying RF energy into the reactor, and the gas distribution ring. The
gas 25 di st rThatrossisqetiahal’ shape af the gandiairibatiom plateotansbeofarred 1p awinipudate

di aneter which extend through the plate. The spatial distribution of the
hol es t hr ougthedisirigionRfRE ppwes o Bﬁlpé%sglaclﬁﬁh%@aﬁ’té’ﬁ ddieiggs gtitHtios et ch

uniformty o erS: e . . ' a

um For LY b AN A Qe DR Bl o i REBLHEESRhal 84535 02, 1206
PCT/ US02/ 0668idtribufién plaee Rk ar-reaskbd. OP@thez hARCdirabledop afe datsiiill dfuheé on pl ate
can be varied to manipulate .the distribution of RF power into the plasm

i n the rfeact gas.distributierspldtestprbiefughly mesigiam tte clhamieal; sphtt¢rsetahiag éktric to
enabl e coupling of this RF power through.the s distributio late.into
the r act or . SHAORFEAT Sieh as BRHEER,or i T GAPSg 8ht BIaoiBA 1t Aes Ty Ausid

di stributi onypbgdsyd &djﬁe*}é%daﬂtaﬁaﬁé§§g_@l§kfraﬁ&1 &E&g&@d’hﬁ&%ﬁﬁr' etching in

envi ronnment s such as oxygen or uorocarpon gas plasna in order to

avoi d-  break[oan] afliGt hellusasitdstazpiasnpareactot of theadsramentionedspps. aThel
therewith. [0037] FIG, 4 illustrates a 'plasma_ reactor of the

af or ement i onES8Coy peMPIisRS 2 Feagtor ehaasrdPitBadngudes acqugstraie hnlsler 130 t hat

an ch pibvi a5 D8t emgEsl VAP Roa s SLRRERKE Lo (MEST" o |
a substrate. 17hewsl s bh HiepRah Peutiaale: CDR @Btk 08n Be biGatodiddimihes 0as

such as helium A focus ring 14 conprises a dielectric outer ring
heat transfer gas such as helium. A focus ring 14 comprises a dielectric outer ring

14a and an inner ring 14b which confines plasma in an area above the substrate.
A source of energy for maintaining a high density (e.g., 10" - 10" jons/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

4 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 gés 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 suprounds the substrate
holder 12. The antenna 18 can be provided with a cliannel 24 through which a
temperéture 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



14a and an inner ring 14b which confines plasma in an area above the
substrate. A source of energy for maintaining a high density (e.g., 1011-
1012 i onswormemrespy 15 plasnma in the chanber such as an antremnsod86power ed
by a suitable RF source to provide a high density plasma is di sposed at
the top of reactor chanber 10. The chanber includes suitable vacuum
punpi ng apparatus for maintaining the interior of the chanber at a desired
pressure (e.g., below 50 nmTorr, typically 1 - 20 mforr). 20 [0038] A
substantially planar dielectric wi ndow 20 of uniformthickness provided
bet ween the antenna 18 and the interiorjiaf. the processing chanber 10 forns
the vacuumwall at the top of the processing chanber 10. A gas distribution
plate 22 is provided beneath window ' 20 and includes openi ngs such as
circular h : ' ' : : t he
chanber 10, SOUARS SO b BY btaRt 96 EhEr B8 Splenuhd RS, TR s Solhid | 20
and surroundmedinm thrdaphratia heltatabsfer t@ntadineittatiicenindod:ndAn gae provi ded with
a channel 24 through which a tenperature control fluid is passed via inlet
and out| et cHpabpHODBlateEc. However, the antenna 18 and/or wi ndow 20 need

Techni quas. S90RoLc Bt bRl AeRobtydbl flbstie S0 4 Lol Mol S pacoing o

cool i ng 5 medpasiidnBd 4 dhe Sibstrite HRler 12 ARG held IBPMRWy M dlEcttdititidicReswy and/ or
gas distribution plate, etc. [0039] In operation, "a sem conduct or

substrate sudh Gthex ckiniping meaes, dowicyers spakisistd meekhninal clampingosechanismhol der
12 and held in place by a l.ectrost.ati ¢ chuc 34. O her clanmpi ng neans,
rovaver s ucH o el o RO LR Faskrha Cak b APy oh & HaBgYe

Addi tional | y i 5 | i e t.transfer
et ween ¢ he- ieah EpbsfeE DG ed B8 ok PkaEAd i SRP PRI ER i BRABpI Q| md

vacuum pr ocesutg procosbiapg chiimbyr ifepspasging ke procestis dadugiing ghg betvegap
bet ween 10 the wi ndow 20 and the gas distribution plate 22. Suitable gas
di stri b i onthgwgadow 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
ignited in the space between the substrate and the window by supplying suitable
RF power to thé antenna 18. |

15 | [0040] In FIG. 4, the internal surfaces of reactor components such as the gas

distribution plate 22, the chamber liner 30, the electrostatic chuck 34, and the

focus ring 14 are shown coated with a coating 32 of a cerium 6xide 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., a metal
etch reactor) or other type of semi-conductor processing equipment where plasma

25 erosion is a problein. |
[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



arrangenents (i.e., showerhead) arrangenents are disclosed in commonly
owned U. S. Patent Nos. 5,824,605; 6,048,798; and 5, 863,376. A high density
pl asma i swoiog/r4segl i n t he space between the substrate andPChaSa/a@ow by
supplying suitable RF power to the antenna 18. 15 [0040] In FIG 4, the

I nternal surfaces of reactor conponents such as the gas distribution plate
22, the chanber liner 30, the electrostatic chuck 34, and the focus ring
14 are shown coated with a coating 32 of a ceriumoxide material. However
any or all of these surfaces can be provided with a cerium oxide coating
according to the present invention. 20 {10041] The high- density polysilicon
and dielectric etch chanbers descri bed above are only exenplary of plasm
etch reactors which can incorporate conponents according to the present

i nvention. ThgmCRéhH(E.£XaRenieea) 8t E’érﬂﬂi&@f?, i Upﬂfé:@é‘bﬁtsﬁé rédegorPr esent

I nvention can be used Tn any etch reactor (e.g., a netal”™ etch reactor) or
ot her type ofompmentscne typicaily pxposed 90 pipsmgang wEen shéve siznp lofsomosi@b er osi on

is a problem.  [0042] her conmponents which may be provided with cerium
oxi de coat i nGIeT PAKS WiehGaahsoatzd i acqordarice avith thepecsent iBRention WAy RAthavi ng

Theae part s O 4l SRR G DI ARE Toesl 58 ehBhE REHEIRe S8 GRFAS,, Tl
(e.g., & uni gased emitiedefGiiiiptodessed watigor iRy likd NEEErefiréSotber &mugirAént used

conponents are typically exposed to plasma and often show signs of
corrosi on. ixpreeesplagtssmigondictomsubpizateheancalse be prayised anidhecarium oxide- pr esent

I nvention may nat. be di.rectly -exposed .t | asma. but .1 nstegd acte exposed to
corrosi ve gaeRmiLipeeranig Siaces SERTRE 40 hOpERTD ADELHO ard SOnTH | | ke.
Therefore, offencIRAY iRARR MEGHAN ighd@, Eis%gﬁﬁ/! %&eﬁﬁ!ﬂiﬁé}_ 0 die hRichaléad,r at es can
al so be provided wth cerrum oxide contalning ceramc surfaces accordi ng

t o t he pr eseload lotkendoarmecBanismegrobptie atms, dasteriens; land¢hé lilensport nechani sns,

as supply systems, liners, lift nechani sng, . . .
J pIDO Y 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 (Al,0;), silicon

20 carbide (SiC), silicon nitride (Si;N,), boron carbide (B,C) and/or boron nitride
BN). o
[0044] 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 cpated 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

techniqué. 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



| oad | ocks, door nechani snms, robotic arnms, fasteners, and the like. 10

[ 0043] Exanples of netals and/or alloys that can be coated with a cerium
oxi de cowDaR/795g8 ceram ¢ materi al according to the prese®CTIuseBM6EDN

i nclude alum num stainless steel, refractory netals, e.g., "HAYNES 242"
"Al-6061", "SS 304", "SS 316". Since the cerium oxide containing ceramc
material forns a corrosion resistant coating over the conponent, the
under | yi ng conponent is no |longer 15 directly exposed to the plasm and
al umi num al | oys can be used without regard to alloying additions, grain
structure or surface conditions. Additi-amd |y, various ceramc or
polyneric materials may al so be coated with a cerium oxi de contai ni ng
ceramic material according to the present invention. In particular, the
reactor co S ; r ' tahd: | Wina
(A1203), oi | ComReraLReCSRR 06t Ty Brith oxiPRl Rth JesRiffed Bio®: ™D e
(B(err) O anfitsvinteramentiateicoatingeB0 daBNjave fOY duifable thibdmessadch ane thickmesy ef
intermedi ate | ayers of paterjal can be provided between the cerium oxide

cont ai ni ng cairlgast abew - Olyinghes, prederablyrizem agput 801 tarhosh@rS inghes, 5 shows

ted ' t aLr. :
Covent s on. - ARORE Bler AR P Podh BIED S5 iihe dnf HRAFDERAIG ryf B, R oS et
optionaljy caghefodosidche&t or conponent 70 by a conventional technique.

The optional first internediate coating 80 is sufficiently thick to adhere
to the subst (048] arfcftqr@lepuﬂmmgmeaxphomlifusttlotemecbatgcceets@ﬁ(%ﬂm@rth@ LW i ng

90 or tho. ccPPIRNERE A BEMATRg (ABLE PN 5IPRRCTREY Y PRI ECHHEH ar o
coating 80 Cl iR veRka i niAhe LORARESTSUEND & Wblehppssal ot | east

about 0.001 Inches, prefera rom about out 0.25 Inches, nore
preferably betmeiginglcepiiicasndtify 10D.i Acleaghened layes 80 prafidesabparti€ularty 0. 001 5
inches to 0.05 inches. [0045] After depositing the optional first

i nt er netl at eZedhbonsdy Besigblin thesecond sitemediate Coating 90’ imparts a high

mechanical compression strength to the coating 80 and minimizes formation of

fissures in the coating 90. ' ‘
[0046] The optional second intermediate coating 90 is sufficiently thick to adhere
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 can
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 AlL,O;,
SiC, Si;N,, BC, AlN, TiO,, etc. Particularly desirable polymers include

25 fluoropolymers such as polytetrafluoroethylene and polyimides. The intermediate
coaﬁng 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,



conponent 70, the plating can be blasted or roughened by any suitable
technique, and then overcoated with the second optional coating 90 or the
ceri um oxWoe2/0t988 ai ni ng ceram ¢ coating 100. A roughenedPCagso2/865pr ovi des
a particularly 10 good bond. Desirably, the second internedi ate coating 90
inparts a high nechanical conpression strength to the coating 80 and
mnimzes formation of fissures in the coating 90. [0046] The opti onal
second internediate coating 90 is sufficiently thick to adhere to the
first internmediate coating 80 and to further allowit to be processed prior
to 15 formng any additional internediatge coatings or the outer cerium

oxi de containing ceram c coating 100 described bel ow. The second

i nternedi ate coating 90 can have any suitable thickness such as a

t hi ckness ofyat; : t Jis o PLefer : 0.001 to
about 0.25 Il}\%ﬁg&gﬁ?ﬁé}giﬁ%ﬂ&g@}iﬁ%ﬁt@ﬁﬁgﬁ 0. lfbﬁgélgmylﬁg(%nc s and nost
preferably feonpdtifdind siateemgamt] thefibali spedydisy (e2f), pROehd lsprlydnghi r st and
second internedi ate coating maéthbe made of any one or nore materials

enpl oyed i n 94§k niiis sentemp pi the s ang seerudtinienmedinig dgyess 80 and 8dch
terials i tal s i | _.Particul.arly .desirabl

ot al 5 i nol uibieRary BRftsh nh bR Ry orBd uROIe Tl atiole hiRA b ARLER L ge

A1203, 55 C coatidDWareRbe saiddNor diffddent ﬁ&ﬁendﬁ%rddi e ldagiked ﬁ‘%ﬁéﬂi@@.' AdBRIoMAEr S

i nclude 25 fluoropolynmers such as polytetrafl uoroethyl ene and pol yi m des.
The i nt er medinarmediagatdatiggosuch @aithigd, foarthlve fiffpnicanedigteanoating abie

deposition techniq such as, plati e.g..,. electroless plating or
el ect ropl at i T OLHHETeRF MAEFTiaisay s hg @B‘gflﬁ%}?etwﬁ%ﬁki‘?@a?g%mtgﬁeposi tion,
physi-cal vapﬁ_{ Sﬁiﬁ?osi tion, electrophoretic deposition, WO 02/079538
PCT/ US02/ 066 J].) -16 hot isostatic pressing, cold isostatic pressing,
conpr essi on [0049) NFIGC 6 showgdetailPoPasdcoid embodifient &ff the Gorrasidn résigtim!
spraying (e.g., plasma spraying). [0048] It is contenplated that the first
and sechd i enatinge dibgtcerinayanide gmtziniag geramiodiyen 160 eampe depesitedrestobe any
one of the albeggt%f ggﬂ‘lf)(')l%%% rtr(:)ag %lrlftzﬁ)lles th?clf&gsstsrﬁgltl ag Q Fhickness 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 is a preferred method of providing
components having cerium oxide containing ceramic surfaces, other cbating
methods may also be employed. The cerium oxide cohtaining 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 mechanical fasteners. When fasteners are used, the

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



5 coatings are the sane or different depending on the desired properties.
Addi tional internediate coatings such as a third, fourth or fifth

i nt er mediaDa2o0EB8 ng of the sanme or different material s may/Eoza6sE

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 oxide containing ceramc |ayer 100 can be deposited onto reactor
conponent 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 nost
preferably 0.001 inches to 0.05 inches.-1fhe thickness of the ceram c | ayer
can be selected to be conpatible with the plasm environnent to be
encountered in the 15 reactor (e.g., etching, CVD, etc.). [0050]- Although
thermal spr aythien kdsitak nRi&A41© A dmbRdy Ofhe ReAMIMHxIdE coHRATRMBBFamiBavi ng
cerium oxi de containing ceram c surfaces, other coating nethods may al so
be enpl oyed. lifkiemay beuesigrédito intemloak niithgthe ondértygng feactor ermpphent. can al so be

applied by o deposition techni ques such as utterjng, 20 inmersion

coati ng, cheﬁ@g%]l }S%ranaglﬁbg‘ﬂc’? e W@P@&?ﬂ%ﬁ@‘aﬂa@&&g IPEPECSHBE -
| sostatic pr ' | ait | | : ' | i . f£asting;
and conpacti %%?ﬁ%é@g@%%&ﬁ&%g%ggF ?31%9:{)(%? e @%@?ﬁﬂ%@%ﬂ eram c

mat er i al5 cancepagie hstePiloVSifireed mohdl&hicfbodies of cerivh @xidecekdriies areadapt ed to
cover the exposed surfaces of reactor 25 conponents. These |iners can be

attached by @isglosedofar example, iim &l SdPaientNose 2i424.23601Wi 54627 7%y t he use of
hani cal .f . f ast: ‘ d .n f ast ..th | ,

rechan cal el MAEY o I LS R o SRR AL v

PCT/ US02/ 066&@htainihd cBFapiié ﬁlﬁl_tér?ﬁd ﬁltaﬁ'iﬁcélgﬂ%t eé}baﬁ‘ing AEui BRAkE lc¥ntalnfigy ceri um

oxi de containing céramc I ners nay signed to interlock with the
under | yi ng rshary oformingpo geeeh .compaE@ER thel desired skapo; st sietehing ithectmparonponent s
of sem lcOonduflgeoéregrg 881?15:415& rc]:gn be formed 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 like. A
15  specific example of such a component is reactor component 110 shown in 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
céramfc material. Details of ceramic procéssing 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. A
[0054] The cerium oxide containing ceramic material can be provided on all or
part of the reactdr 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).



equi prent are manufactured as nonolithic bodies fromcerium oxide
containing 5 ceramc material. Sintered nonolithic bodies of cerium oxide
ceram cs wp@2/0t53¢| osed, for exanple, in U S. Patent Nos. PZTABA2/@861 and
4,465,778. [0053] A nethod of manufacturing nonolithic bodies fromcerium
oxide <containing ceramc materials may include preparing a cerium oxide
containing slurry, formng a green conpact in the desired shape, 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 chamnber
wal I s, substrate supports, gas distributg-on systens including shower heads,
baffles, rings, nozzles, etc., fasteners, heating elenents, plasm

screens, liners, transport nodul e conponents, such as robotic arms, o
fasteners, ipss) amy éiﬂfe?ﬁyﬁl?ﬁxﬁtaederﬂiﬁi bfide Edriainin@Grdoe 14yelf 8s a%oﬂ{%g?pem fic
exanpl e of such a conmponent is reactor conponent 110 shown in FIG 7. FIG

7 i1l ustrat eer eowdeingior cofistturéing aosenodidu¢ cermm oxideaonamingogromént 110

constructed as a nonplithi¢c body manufactured froma cerium oxi de
contai ning EURRAREAL Hh3ceprdance with dhq WveRtione seysTal ag]?’%%éi%rqaé%i ques are

givenin In I Lor @?i . Kl . K
Bowen, and D. i&%tb&%ﬁr}g%lﬁﬁf gﬂﬁ ' é%r%négiﬁﬁs‘% Qm%é’a@é%@mgow Rﬁgﬁpgw% whi ch
are heredy jvesfidnnewedeloyionehtes eaicks rehB¥d4] ATheesnt! therdepivindexigont ai ni ng
ceram c material can be provided on all or part of the reactor chanber and

conponent s. ¢ontining«eEMISFomPoBeisreheoatingbaccorting tythepressyeinverfidnscapr ovi ded
on the regions_that can be e ed.tg the plasma 25 environnent such as
parts i n i rogess o ot e BREF il <Gr iRl Bneh S AR ponent s
(e.g., liner gk 1ifAgdb b epmdumables! ddcBealé ﬁf&éé'sQﬁiﬁsh%ﬁfd felieceGE idvR)s dixi de | ayer
be applied to regions that may be subjeéected to relatively high bias

vol t ages (i . eorrosidraof olenybehipgtts sylisitbsiratesan energi es). WO 02/ 079538

PCT/ US02/ 06651 -18 [0055] By either applying a cerium oxide contai ning
cerami c |ayer as a coating




or covering or constructing a nonolithic cerium oxide containing ceramc
conponent in accordance with the invention, several advantages are

real i zed.woNan®i59§ by enpl oyi ng ceri um oxi de cont ai ni ng cecarmsoyo@scor di ng
to the present 5 invention, |ower erosion rates can be realized. As a
result, the ceriumoxide containing ceram c conponents or coatings
according to the present invention can decrease |levels of netal and
particul ate contam nation, |ower costs by increasing the lifetinme of
consunmabl es, decrease process drifts and reduce the | evels of corrosion of
chanber parts and substrates. WO 02/ 079338 PCT/ US02/ 06651 -19- What is
claimed is. 1. A process for coating a surface of a conmponent of

sem conductor processi ng equi pnent, the process conprising: depositing a
ceri um oxi dewdRis¢lRiviéd &eram c | ayer on a surface of a conponent of

sem conduct or processing equi pnent, wherein the cerium oxide 5 containing
ceram c |ayer conprises one or nore ceriumoxides as the single |argest

constituent therepf ang wherei.n the ceriuym oxide containjng,ceramc |ayer
forms an outernost sugfﬁe%eséifortC}?ém&%?rﬁ‘&%%‘;gafomﬂ?é‘%tr(ﬁlcs@g’émé‘@ﬂ?}%i ng to

Caim1, wh ' i ' Aotolasaldl Ce(l11) oxide and/or Ce(lV)

oxi de. 10 3%@&%8%?%(985@%&@?Blﬁﬁge%tbg C gl "1, wherein the ceranmic layer is
appl i ed by a techddépasiting @l eeeiugdofidocontdiging roetammic dner shian@rfate spaut t eri ng,
sputter deposition, immersion coating, chem cal vapor deposition, electron
beam evaporRMEMREEHRf seBHeRNdYeior PrPCesHEstqumEntpwhergibe icefivn oxidst

i sostatiL pressi.n 15 cold isostatic _pressing,.conptessian nol,din :
casting.> conBYATg CSRE HVEL PIRBLises pPE oRERp Pesn FXIdeR 35 RibRlF 148855ty i ng.
4. The procegssamen #HbRef il wheve the c%ﬁﬁ@xﬁéé@ﬁt&ﬂﬁ@@&%ﬂic_ layer forms

an outermost surface of the component.

2. The process according to Claim 1, wherein the cerium oxide

comprises Ce(III) ogide and/or Ce(IV) oxide.

10

| 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,

15 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 pédestal, a dielectric window, an electrostatic

20 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.



selected fromthe group consisting of a plasma chanber wall, a chanber
liner, a gas distribution plate, a gas ring, a pedestal, a dielectric

wi ndow, awoeketess®static 20 chuck and a focus ring. 5. TREeTArSoTe®S1
according to Claim1l, wherein the ceramc layer is deposited to a

t hi ckness ranging from about 0.001 to about 0.050 inches. WO 02/ 079538

PCT/ US02/ 06651 -20 6. The process according to Claim1l, further conprising
depositing an internediate |layer on the surface of the conponent and
depositing the ceramc layer on the internediate |layer. 7. The process
according to Claim1l, further conprisin@oubjecting the 5 surface to a
surface roughening treatnent prior to depositing the ceramc |ayer, the
ceram c | ayer being deposited on the roughened surface. 8. The process
according to Claim7, wherein the surface is alum num. the process further
conpri sing anodi zi ng the roughened surface before depositing the ceramc
|l ayer. 10 9. The @r oce¥he prasessdicerrding tolGlaim &, further Rempysing depositing an

subjecting th anodi zed surface to surface roughening tyeatnment prior to
Gopbst i ng WETEERER B5en G b Sfacororing FimaGEa SpAGRRe s PR Piher oi n
t he surface faZelaoﬂTﬁlte%teﬁﬁéﬁiﬁt@q erl5 11. A conponent of sem conduct or

processi ng equi pnent, the corr%lonent conprising a cerium oxide- containing

ceramic material formng an outernost surface of the conponent, wherein
the cerium oxide containing ceramc, nmaterjal conprises one or, npre_cerium

oxi des as the sindl e | Ah¢BEcessAcspdingste: Clain dy fygther gpmprising subjeeiigdhent

accor di to ' ereln. tl e | i ( i '

nccor 8.9, LD SRR 00 DRkETAR: e
ceramic layer being deposited on the roughened surface.

8. The process according to Claim 7, wherein the surface is alaminum,
the process further comprising anodizing the roughened surface before depositing

the ceramic layer.

10 9. . The procesé according to Claim 8, further comprising subjecting the
anodized surface to a surface roughening treatment prior to depositing the ceramic

layer

10.  ‘The process according to Claim 1, wherein the surface is a metal

surface.

15 11. A component of semiconductor processing equipment, the
component comprising a cerium oxide containing ceramic material forming an
outermost surface of the component, wherein the cerium oxide containing ceramic
material comprises one or more cerium oxides as the single largest constituent

thereof.

20 12.  The component according to Claim 11, wherein the cerium oxide

containing ceramic material comprises a ceramic layer on a substrate.



WO 02/ 079538 PCT/ US02/ 06651 -21 13. The conponent according to Caim12,
wherein the substrate conprises alum num 14. The conponent according to
Cl ai m 13, wateendsss t he al um num substrate has an anodi zed psanfsazeséand t he
cerami c |layer is disposed on the 5 anodized surface. 15. The conponent
according to Claim12, wherein the ceramc |ayer has a thickness in a
range from about 0.001 to 0.050 inches. 16. The conponent according to
Claim 11, wherein the conmponent conprises a part exposed to a plasm
environment or a part exposed to bias 10 voltages associated with a plasna
environment. 17. The conponent accordi ngi-o Caim1ll, wherein the
conponent' conprises a bulk part consisting essentially of the cerium
oxi de containing ceramc. naterial. 18. The conponent according to Caim

11, wherein the ceRPOPERboinfonchPadshdif &CKiRN hineflif el GibAFkE1I NG of 2

pl asma chanber wa a cha I 1 ner gas distribution plate, a gas
ring, a pedeecémprisea abingihemt ri ¢ wi ndow, an eI ectrostatl ¢ chuck and a focus
ring. 19. The co onent according to Caim wherei.n the ceri um oxi de

conprises Ce(l11)1%xi dbe SOEPORENEA¢OYAing £9 @@HHZ]@ ﬁer%nmﬂa@w processi ng
o o Sondy bt REIRt b hfodifedyPla8 MRy nENARREE 16R05CRbAGa i Tne OTPORENT O

G aim 11, corrp I'sing conta ose surface of the

sem condgiCct ofnceliedishpbhee. W th plasma. WO 02/ 079538 PCT/ US02/ 06651 -22 21. A
met hod of manufacturing a conponent of sem conductor processing equi pnent
constructed froma cerium oxide containing ceramc materi al

15. The component according to Claim 12, wherein the ceramic layer has

a thickness in a range from about 0.001 to 0.050 inches.

16. The component according to Claim 11, wherein the component
comprises a part exposed to a plasma environment or a part exposed to bias

10 voltages associated with a plasma environment.

17. The component according to Claim 11, wherein the component
comprises a bulk part consisting essentially of the cerium oxide containing ceramic .

material.

18. The component according to Claim 11, wherein the component is
15 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.

19. The component according to Claim 11, wherein the cerium oxide

comprises Ce(IIT) oxide and/or Ce(IV) oxide.

20 20. A method of processing a semiconductor substrate in a plasma
chamber containing the component of Claim 11, the method comprising contacting

an exposed surface of the semiconductor substrate with plasma.



conprising the steps of: preparing a slurry conprising a cerium oxide
containing ceramc material; 5 formng a green conpact fromthe slurry in
t he desirwoolozgses and sintering the green conpact to forParaSosodeam oxi de
containing ceram c conponent; wherein the cerium oxide containing ceramc
conponent conprises one or nore ceriumoxides as the single |argest
constituent thereof. 10 22. A conponent of sem conductor processing

equi pnent manufactured by the nmethod of Caim?2l. 23. The nmethod accordi ng
to Caim2l1l, wherein the ceriumoxide conprises Ce(lll) oxide and/or

Ce(1V) oxide. -22-

21. A method of manufacturing a component of semiconductor
processing equipment constructed from a cerium oxide containing ceramic material
comprising the steps of:

preparing a slurry comprising a cerium oxide containing ceramic material;

5 | forming a green compact from the slurry in the desired shape; and
sintering the green compact to form a cerium oxide containing ceramic
component;

wherein the cerium oxide containing ceramic component comprises one or

‘more cerium oxides as the single largest constituent thereof.

10 22. A component of semiconductor processing equipment manufactured
by the method of Claim 21. |

23. The method according to Claim 21, wherein the cerium oxide

comprises Ce(IIT) oxide and/or Ce(IV) oxide.



