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baffle plates and gas distribution plates of showerhead electrode assemblies, edge rings, focus

rings, plasma confinement rings, chamber liners, electrodes, wafer passage inserts, windows,
plasma screens, and chamber walls.

In a preferred embodiment, the silicon carbide components that are treated are made by a
process, such as reaction synthesis of silicon vapor with carbon, that results in the components
including trace free-carbon. The silicon carbide components are porous and include an interior
and an exposed surface. As a result of the manufacturing process, such as the incomplete
conversion of carbon during reaction synthesis of silicon vapor with carbon to make silicon
carbide, and mechanical treating, e.g., grihding, of the silicon carbide, the components include
free-carbon in the interior and on the exposed surface. As used herein, the term "exposed
surface" means a surface of the component that has been exposed by removing material from the
silicon carbide component by a treatment, e.g., by mechanical grinding, and that has free-carbon
on the surface. A preferred method treats such silicon carbide component of a semiconductor
processing apparatus to remove at least substantially all of the free-carbon on the exposed
surface.

A preferred method of removing the free-carbon comprises heating a silicon carbide

component of a semiconductor processing apparatus including free-carbon in an oxygen-
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insert, window, plasma screen, or a chamber wall. In a preferred embodiment, the silicon

carbide component is at least one baffle plate of a showerhead electrode assembly for
distributing process gas into the plasma processing chamber.

Yet another preferred embodiment provides a method of processing a semiconductor
substrate in a plasma processing chamber of a semiconductor substrate processing apparatus.
The semiconductor processing apparatus includes 2 plasma processing chamber into which
process gas is supplied by a showerhead electrode assembly including a showerhead electrode, a
baffie chamber through which process gas passes to the showerhead electrode. At least one
silicon carbide component that has been treated by a preferred method of removing free-carbon
is provided in the plasma processing apparatus. The method comprises processing a
semiconductor substrafe in the plasma processing chamber in which the silicon carbide
component is provided.

In another preferred embodiment, prior to processing production semiconductor
substrates in the plasma processing chamber, the chamber is plasma conditioned. The plasma

conditioning comprises successively processing dummy wafers in the plasma processing
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DETAILED DESCRIPTION

One exemplary type of semiconductor substrate processing apparatus is a paralle] plate
reactor. A parallel plate reactor comprises a plasma processing chamber including a top
electrode, and a substrate support on which a substrate, such as a semiconductor wafer, is
supported during plasma processing. "The substrate support includes a bottom electrode and a
clamping mechanism, e.g., a mechanical chuck or an electros';atic chuck (ESC), for clamping the
substrate. The top electrode can be part of a showerhead electrode assembly for distributing
process gas in the plasma chamber. The showerhead electrode assembly can include vertically-
spaced baffle plates to control the supply of the process gas to the showerhead electrode via a
showerhead top electrode.

Semiconductor substrate processing apparatuses can also include components
constructed to confine plasma in selected regions of the plasma chamber, such as in a zone
defined by the substirate on the substrate support, which typically includes an edge ring, and a

plasma confinement ring assernbly.



Sem conduct or substrate processing apparatuses can al so include conponents
constructed to confine plasma in selected regions of the plasma chanber,
such as in a zone defined by the substrate on the substrate support, which
typically i n edge ring, and a plasma confine ' enbly. 3
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synthesis processes provide favorable properties, such as reduced contamination, wear
resistance, and design flexibility for use in plasma environments.

However, it has been determined that silicon carbide components of semiconductor
processing apparatuses can include "free-carbon." As defined herein, "free-carbon” is carbon
present inside and/or on the surface of the silicon carbide components in the form of discrete
carbon particles, or clusters (agglomerates) of carbon particles, The "free-carbon” is distinct
from the silicon carbide matrix material, which preferably has a stoichiometric or near-
stoichiometric composition. It has also been determined that unless such free-carbon is removed
from at least certain portions of such silicon carbide components, the free-carbon may be
released as particles when the components are used in a plasma environment. Release of the
free-carbon particles can generate adders, which can contaminate semiconductor substrates being
processed in the plasma environment.

It has been determined that silicon carbide compoments containing free-carbon can be

treated to remove the free-carbon from at least the exposed surface of such components. It has
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resulting from such processes is located in the interior of the silicon carbide components.

However, treating of such components by, e.g., mechanical grinding and/or polishing, can
remove surface material and expose free-carbon on the treated surface, which surface is referred
herein as an "exposed surface." Free-carbon at the exposed surface of a silicon carbide
component is more undesirable regarding particle contamination of substrates than free-carbon
Iocated in the interior of the components, Particularly, it has been determined that conponents
including surface free-carbon can be a source of carbon particles until the surface free-carbon
has been completely removed by exposure to plasma in the chamber. Removal of the surface
free-carbon does not completely solve the particle problem because free-carbon located in the
interior of such silicon carbide componenis becomes exposed as plasma gradually erodes the
silicon carbide. Generally, however, less interior free-carbon than surface free-carbon is exposed
to plasma at a given time.

It has been determined that plasma-exposed silicon carbide components of a

semiconductor substrate processing apparatus that contain free-carbon resulting from incomplete
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Different methods of removing free-carbon from silicon carbide components of 2
semiconductor substrate processing apparatus are provided. The silicon carbide components are
porous, and are made by a process that results in free-carbon being present in the interior and
also on the exposed surface. The methods comprise treating the silicon carbide components to
remove at least substantially all of the free-carbon on the exposed surface. Preferably, the
treatments remove all of the free-carbon on the exposed surface. Embodiments of the methods
can also remove free-carbon throughout the interior of the components.

In a preferred embodiment, the silicon carbide components are made by reaction
synthesis of silicon vapor with carbon. As described above, during such processes, incomplete
conversion of carbon, such as graphite, can occur, resulting in free-carbon distributed in the
interior of the component. The interior free-carbon can be exposed by mechanical treatment. A
preferred embodiment of the methods of removing the free-carbon comprises heating the silicon
carbide component in an oxygen-containing atmosphere at a temperature and for an amount of
time effective to remove substantially all of the free-carbon from the exposed surface. The

heating preferably also removes at least some of the free-carbon from the interior of the silicon
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carbon throughout the interior of the components. Preferably, the heating preferably removes at

-

least about 80%, and more preferably at least about 90%, of the number of free-carbon particles
and/or clusters sized above about 50 um in the interior. The heating also removes smaller
particles and/or clusters from the components. The number of free-carbon particles and/or
clusters in silicon carbide components can be measured manually or automatically by any
suitable technique, for example, by microscopy, automated image analysis, or the like.

Another preferred method of treating a silicon carbide component to remove free-carbon
comprises contacfing the silicon carbide component with a chemical solution that is effective to
remove substantially all of the free~carbon from at least the surface, but without substantially
removing the silicon carbidé. Preferably, the chemical solution removes less than about 1% by
weight of the silicon carbide. The chemical solution can be any suitable chemical composition
that is effective to achieve this result. The chemical solution is preferably an acid solution, e.g.,
a solution containing nitric acid, sulfuric acid, or the like. To enhance the rate of free-carbon

removal, the chemical solution is preferably heated to an elevated temperature. The treatment
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exposed surface having free-carbon on it.

The surface of the silicon carbide component can be conditioned with plasma after the
component has been treated to remove free-carbon by one of the methods described above. The
plasma conditioning treatment can be performed to remove attached particles, such as silicon
carbide particles, from the surface of the component. Such attached particles can result from
machining and/or sintering the component. Suitable methods of conditioning the silicon carbide
components are described in commonly-owned U.S. Patent Application No. 09/607,922 filed on
June 30, 2000, which is incorporated herein by reference in ifs entirety.

n a preferred embodiment, prior to processing production semiconductor substrates, the
plasma processing chamber, which contains one or more silicon carbide components that have
been treated to remove free-carbon, is plasma conditioned by processing dummy wafers. The
treated silicon carbide component is preferably placed in the plasma processing chamber before

production semiconductor substrates are processed.
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plasma reactor during the conditioning), and the
generation of adder particles in a plasma processing chamber,

Silicon carbide components of semiconductor substrate processing apparatuses that can
be treated to remove free-carbon by the above-described methods include, but are not limited to,
baffle plates, gas distribution plates, edge rings, focus rings, plasma confinement rings, chamber
liners, electrodes, wafer passage inserts, windows, plasma screens, and chamber walls.
Exemplary components of semiconductor substrate processing apparatuses that include such
components are described in U.S. Patent No. 6,129,808, which is incorporated herein by
reference in its entirety.

| The silicon carbide components can have various shapes and sizes. The free-carbon
containing silicon carbide components that are treated to remove free-carbon can preferably have
a thickness of up to about 1/4 inch. Thicker components can also be treated, however, such as
by the above-described treatment in an oxygen-containing atmosphere.

In a preferred embodiment, one or more silicon carbide components that have been
treated to remove free-carbon are installed in a semiconductor substrate processing apparatus.
One such exemplary appatatus is shown in FIG. 2. However, the silicon carbide components can

also be used in plasma processing apparatuses having other constructions than shown in FIG. 2.
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described below.

The showerhead electrode 10 shown in FIG. 2 is a planar disk. A support ring 12 having
a flange is clamped by a clamping ring 16 to a temperature-controlled member 14, such as an
aluminum member, having flow passages 13 through which a heat transfer fluid (liquid or gas) is
flowed. For example, water can be circulated in the cooling channels 13 by water inlet/outlet
connections 13a. A plasma confinement ring assembly 17 including a stack of plasma
confinement rings surrounds the outer periphery of the showerhead electrode 10. The plasma
confinement rings can be made of various materials, such as quartz, silicon carbide, and the like.
The plasma confinement ring assembly 17 is attached to a dielectric (e.g., quartz) annular ring
18, which in attached to a dielectric housing 18a. The plasma confinement ring assembly 17
produces a pressure differential in the plasma chamber and increases the electrical resistance
between the walls of the plasma chamber 24 and the plasma, thereby confining the plasma
between the showerhead elecirode 10 and the bottom electrode.
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and, accordingly, plasma-induced erosion of these baffle plates is of less concern than for the

lower baffle plate 22a. However, one or more of the other baf‘ﬂe plates may also be made of
silicon carbide.

The silicon: carbide baffle plate can be constructed to be a drop-in replacement part for
existing baffle plates, or as a part of any gas distribution system wherein it is desired to reduce
contamination attributable to that particular part. For example, the silicon carbide baffle plate
can be used as a drop-in replacement for a baffle plate of an Exelan® or 4520X1L.E®, hoth of
which are manufactured by the assignee of the present application, Lam Research Corporation.

Because the electrode assembly is a consumable part, it is desirable to use non-
contaminating materials for the parts of the electrode assembly that are contacted by the plasma.

Depending on the process gas chemistry, such materials are preferably aluminum-free
conductive, semiconductive or insulating materials and can include, for example, glass, ceramic
and/or polymer materials, such as single crystal or polycrystalline silicon, quartz; carbides,

nitrides and/or oxides of silicon, boron, yitria, ceria, titanium, tantalum, niobium and/or
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elastorner includes 0.7 to 2 pm sized filler) in the area in contact with each wall 50 and a thicker

layer (e.g. about 0.0025 inch) in the recess 48. The recess formed by the walls can be extremely
shallow, e.g., about 2 mils deep, to provide a thin elastomeric joint having sufficient strength to
adhesively bond the electrode to the support ring, but yet allow relative movement between the
electrode 42 and the support ring 44 during temperature cycling of the showerhead electrode
assembly 40.

The dimensions of the electrode assembly can be selected to meet the demands of the
intended use of the electrode assembly. For example, if the elecirode is used to process an 8
inch wafer, the electrode can have a diameter slightly less than about 9 inches, and the support
ting cam have a width at the interface between the elecirode and the support ring of slightly less
than about 0.5 inch.

The elastomeric joint can comprise any suitable elastomeric material, such as a polymer
material, that is compatible with a vacuum environment and resistant to thermal degradation at

high temperatures, e.g., above 200°C. The elastomer material can optienally include a filler of
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The el ectrode can be an electrically conductive material, such as a pl anar
silicon (e.g., single crystal silicon) or silicon carbide electrode disc
having a uniformthickness fromthe center to the outer edge thereof.
However, el ectrodes havi ng nonuni formthickness (e.g., stepped el ectrodes
descri bed WR203850785,t ent No. 6, 391, 787) can al so be usBHT/UBROMET UL
materials and/or electrodes w thout process gas distribution holes could

al so be eletbally aﬂﬂldrhﬁerﬁiaﬁybélﬁﬂteti@gﬁﬁlﬂlﬁs)br othkshapddr ffee! snelasbiogbaent , the
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instance, high-density plasma can be produced in a transformer coupled plasma (TCPTM),

which is also called inductively-coupled plasma reactor, an electron-cyclotron resonance (ECR)
plasma reactor, a helicon plasma reactor, or the like. An example of a high-flow plasma
processing apparatus that can provide a high-density plasma is disclosed in commonly-owned
U.S. Patent No. 5,820,723, which is incorporated herein by reference in its entirety.

The present invention has been described with reference to preferred embodiments.
However, if will be readily apparent to those skilled in the art that it is possible to embody the
invention in specific forms other than as described above without departing from the spirit of the
invention. The preferred embodiment is illustrative and should not be considered restrictive in
any way. The scope of the invention is given by the appended claims, rather than the preceding
description, and all variations and equivalents which fall within the range of the claims are

intended to be embraced therein.
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electrically and/or thermally conductive particles or other shaped filler,
such as wire nmesh, woven or non-woven conductive fabric, and the I|ike.
Further details of the elastoneric joint are described in comonly-owned

U S. Patent No. 6,073,577, which is incorporated herein by reference inits
entirety de conponents that have been treated to renove
free-car boﬁgﬁﬁﬁlfﬁéﬁgpﬁéb d in plasma processing chanbers used for various
pl asma processes including plasna etching of various dielectric materials,
such as doped silicon oxide, e.g., fluorinated silicon oxide (FSG; undoped
silicon oxild4 methothobrenmivingivee-chiron flem asplisoncarhjdeagsnic@@B)qf asi | i cat e
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5. The method of Claim 1, wherein the treating comprises contacting the silicon carbide
component with a chemical solution that is effective to remove substantially all of the
free-carbon from at least the exposed surface without substantially removing the silicon

25  carbide.

6. The method of Claim 1, further comprising conditioning the exposed surface of the
silicon carbide component with plasma after the treating.

30

7. The method of Claim 1, wherein the free-carbon is carbon particles and/or carbon
clusters and the treating removes at least about 90% of a number of carbon particles

and/or carbon clusters having a size of at least about 50 um in the interior of the silicon

carbide component.
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WHAT IS CLAIMED IS : 1. A nethod of renoving free-carbon froma silicon
car bi de conponent of a sem conductor substrate processing apparatus, the
silicon carbide conponent being 5 porous and including an interior and an
exposed surface, the silicon carbide conponent having been nmade by a

graphi te conyersfinpf Aeqsh AWellhedliah AftfR cof BORANdis SRR G T Or M | 1
the interior and on the exposed surface, the net conprising treating the
sili con car bisdeorcenpdnandithe eercarhone at | east substantially all of the
free-carbon on the exposed surface. 10 2. The method of Caim1l, wherein

the silicon carbide conponent is nmade by reaction synthesis of silicon
vapor w t h gPapie hehodof (i hwthheth toé silidamicerbide ontnpomanniststlectéd ganh klreg

conprises heating the sili ar bi.d 15 ¢ nent in an oxygen-containing
at nospher & atgmé‘pg%’?‘?bsglp%?t?%a?@%@at%’f agl??wgaﬁﬁ‘ﬁ%&g‘fﬁe f‘?s?@bléfl?lﬁsé{ai ve to renove
subst anti al | yorfinlemeiit ringecdge eig, Fadl eing,fHatkin@plate SsinbédiBet sROERIE, waty f ace. 4.
The nmethod of Claim 3, wherein the tenperature is from about 750C to about
1200C 20 anda$HEE 15U ‘6‘?’=RI?SHE‘SF@%PB‘%%{HB@F“Q&%OWs to about 12 hours. 5.
The nethod of Claim1, wherein the treating conprises contacting the silicon
carbide conponent with a chemcal solution that is effective to renove
subst ant i al | y0-ah piliegn qapide gompenens phbyenfiganucier splsirgic professingRppEas dief ace

wi t hout S1Pbs'[s A @alrl!aibl'e émﬁéﬂgeihgﬁoﬁhg a{nﬁ%?lﬁgg%n M iméﬂgrumx?'an Qﬁ)f%éﬂat hod of

Claim1, further conprising con I oni ng ose rface of the silicon
car bi de conpaewréase, thé sihcapl carbivke cafpenent hegingrbeert (igade3§ agraphite corgeliod of C ai m

1, wherein the free-carbon.is..carbop particles angd/ or car,bon clusters and
the treating PROSRS VY '3 lﬁlgéhsetméc ol rg]ﬁlg%%?ongn ﬁrﬁcﬁ%@?g o?e'%aébro%lﬁgr 63}}1 “icles

and/ or car botforal iushednteribravii)ngatad &1 redueé améxposaEsurfadadiating thedreeicarbbine 1 nteri or
of the silicon .carbi.de conponent. 14 8. The nethod of aim1l erein the
211 eon”car biBeiE At BHERF AT e hededicarbar pyTors Sufrs B Bt ho
free-carhgn. iSsubdRialPHBOSS 1B fréd-@irtonl, wWherein the silicon carbide conponent
is selected fromthe

11. The silicon carbide component of Claim 10, wherein the silicon carbide component is

selected from the group consisting of a baffle plate, a plasma confinement ring, edge

ring, focus ring, backing plate, chamber liner, electrode, wafer passage insert, window,

20  plasma screen, and a chamber wall.

12. A semiconductor substrate processing apparatus comprising a plasma processing
chamber and at least one silicon carbide component according to Claim 10 in the plasma
processing chamber.,

25
13. The semiconductor substrate processing apparatus of Claim 12, wherein the plasma

processing chamber is an etching chamber.

14. A method of processing a semiconductor substrate in a plasma processing chamber
30  of a semiconductor substrate processing apparatus into which process gas is supplied by
a showerhead electrode assembly including a showerhead electrode, a baffle chamber
through which process gas passes to the showerhead electrode, and a silicon carbide
baffle plate according to Claim 11 in the baffle chamber, the method comprising: placing
a production semiconductor substrate on a substrate support in the plasma processing
35  chamber; supplying process gas into the baffle chamber, the process gas passing through
15



5 group consisting of a baffle plate of a showerhead el ectrode assenbly,

pl asma confinenent ring, edge ring, focus ring, backing plate, chanber
liner, electrode, wafer passage insert, w ndow, plasnma screen, and a
chanber wall. 10. A silicon carbide conponent of a sem conductor substrate
processi ng apparatus, the 10 silicon carbide conmponent being porous and
conpri sing han_t}ierﬁilgbh Gir?ﬂﬂ daf@ie p%l@ﬁﬁ@%@pa@hbbfv&é@thetshi@o@bdrbiﬁ@ﬁafﬂ@ﬁlﬁic@ﬁd
conponent havi ng, bee i) made raphite conversion process that
results int _h@@?W%rg?ﬁd_&?fﬁmﬂgeefoE%\}ﬁ%dﬁéﬁ&ll}gﬁhqoﬂa} g shaveshead plsefrpde ﬁ“‘b‘i‘l_@phi te
formin the i nh @itk of fub blasthi fRL&Gin @ha?db@ﬁ!%&pr%@esﬁﬁ%ﬁé @didrace having the
free-carbon therein; and (ii1) treated to renove the free-carbon such that

at | east the é&xpisasiycioysubgiiaie withstheprogassepapassing thyoush the shpwerheadfelesodear bon.
11. The silkicon carbi de conponent of Caim 10, wherein the silicon carbide
conponent is selected fromthe group consisting of a baffle plate, a plasm
confi nement rilAgTheaniyleod of iGlajm ldotutberrcomgrisibgektingja plyertod dieddetrivheaterial orer

el ectrode, wafer i 1 . I chanber

el 1 12 Ao rsBARAAP e A icor bR sustiBl RE VAT BRIl O e
processi ng cliotate sacicthattthd grastss gasdorsislai ptaama evdiidhi etbhecangxpoedsur&ecof di ng to
Caiml10 in tqggglasng rqfﬁ%§ing chanber. 25 13. The sem conduct or
substrate prod Pﬁﬁn‘ﬁﬁgfﬁs &°f O aim 12, wherein the plasma processing
chanber ig¢an etching chanber. 14. A nethod of processing a sem conductor

substrate in a _plasm processing.chanber @30 of a seni conductor substrate
processi ng apdérgtedgethQﬁQf _%mc]ﬁ= Prbereempysiag plasmag gpritieing the plaswgower head
el ectrode ass %P&leééidgr&ﬁhﬂﬁﬂr BEloPo %ﬁ@ﬁ‘@ &W@dﬁ!i%ﬁ%ﬁdu&or@éﬁﬂaﬁ ofigber

t hrough whi ch process gas passes to the showerhead el ectrode, and a silicon
carbi de baf f [sebspRigserpaEdd giptgme grocessingehamien t he baffle chamber, the

nmet hod conprising: placing a production sem conductor substrate on a
substrate support in the plasma processing 35 chanber; supplying process gas
i nto the Daf f [1€. Tieandskerd ofttH@mplbowhesindsplpansondjtiothnnengiprisdGutdessiwly i con

carbide baffle plate into a space between the silicon.carbide. baffle plate
and_ the showsrREa Bt SuBRAERr SRAF -5 aBe Py B GE R R & Etier noad
el ectrode and praductionasemidohductod kuldfrate hehepdi@s Al of skist praticésdiabiap a saadf
processi ng the producti sem conduct oy substrate with the pracess gas
passi ng t hrou &ﬁﬁ:@sﬁ 31'5]% 8%@%&@ Sl@Bé’Eltl?ed{!I'&my wafers is less tﬁan about 2% after plasm

conditioning the plasma processing chamber for up to about 2 RF hours.

20
18. The method of Claim 17, wherein the number of the adder particles having a size of
at least about 0.2 pm deposited on the dummy wafers is less than about 10 after plasma

conditioning the plasma processing chamber for up to about 2 RF hours.

25 19, The method of Claim 16, wherein the silicon carbide baffle plate is placed in the

plasma processing chamber before plasma conditioning the plasma processing chamber.
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5 15. The nethod of Claim 14, further conprising etching a |ayer of
dielectric material on the production sem conductor substrate by supplying
RF power to the showerhead electrode such that the process gas forns a

pl asma whi ch etches an exposed surface of the sem conductor substrate. 10

16. The met hogyof m@hﬁh%@rﬂkig%%iﬁi@&{ caﬁfﬁc‘i@’é bfiht Bf ASTR AR LLORLRAY t he

pl asma processing cha 1or to placing the production sem conduct or
substrate on PHsessiglapparaits cemppdng making  silippreeapdprompenent by a gtiahier . 15 17.
The met hod of cgﬁfs%ni;ﬁoce@%ﬁét%s‘&né Fﬁh@&ﬂc’%ﬁ% I%fa@%&hg{éh{‘ﬁclﬁ&’lﬂg%é@ﬁbo in
successively processing dumy wafers In the pl-as processrng ¢ anber

bef or e pr ocesgirapbii¢ feem iparoidiseipt oithsslidoo catllide compenghbst r at e, wherei n a nunber
of adder particles i i f.. 0 I ited on the
urmy vt o051 o 1 oSary R RpBire B uiePh e BRE ko R BBt TRRR! bl asm
processi ng chawmdfeere hivdng thp fico-cabauthe2oF hours. 20 18. The nethod of Caim
17, wherein the nunber aof the_ adder .particles havin si ze of, at | east
about 0. 2 pm deposfAAEFeHRE A& PN oaenchl i FEBeve 11 s LasBentiahy it oley

pl asma condi theOfden@riol ©n llcasB®c@E@GReSI Ng chanber for up to about 2 RF
hours. 25 19. The nethod of aim 16, wherein the silicon carbide baffle
plate is placed in the plasnma processing chanber before plasnma conditioning
the pl asnmeopr o epRi MGh&NETEM 20, WRerd theXiliiRh B0 ColBitlcnds Madd by Gaiorar bi de
conponent of a sem conductor substrate processing apparatus, conprising:
maki ng a sil i cprthesisrdbisiieoncepppoviéhgraphitea graphite conversion process that
results in the silicon carbide conponent including free-carbon in graphite
formin an interior of the silicon carbide conponent; 5 renpoving a portion
of the sili cor2cHrbhdioddPameltt whereiprtioduatngeenexipadedtingsthe fiiam chdideng t he
free-carbon ther eon. and treati nt? t he si If’bcor} car bi c{e cog‘goonent %rg renove at
| east subst antPEPYRFILI AN OFYECPFRIFINEE AIGBUTS Hif RTINS SAE T el ARt ©T 10 21.
The et hod50f tiddcadffartA@,to YdaeIve siibstaliialBialiliof e fiealchibee froAmp RAG Mie dxosa@de by
reaction synt h%si s of silicon vapor with graphite. 22. The method of C aim
20, wherein tR¥4%eating conprises heating the silicon carbide

23. The method of Claim 22, wherein the temperature is from about 750°C to about

1200°C and the amount of time is from about 2 hours to about 12 hours.

20
24. The method of Claim 20, wherein the freating comprises contacting the silicon
carbide component with a chemical solution that is effective to remove substantially all
of the free-carbon from at least the exposed surface without substantially removing the
silicon carbide.

25

25. The method of Claim 20, wherein the silicon carbide component is selected from the
group consisting of a baffle plate, plasma confinement ring, edge ring, focus ring,
backing plate, chamber liner, electrode, wafer passage insert, window, plasma screen,

30  and a chamber wall.
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conponent in an oxygen-containing atnosphere at a tenperature and for an
amount of 15 tinme effective to renove substantially all of the free-carbon
fromat |east the exposed surface. 23. The nethod of C aim 22, wherein the
tenperature is fromabout 750C to about 1200C and the ampunt of tinme is
from about 2 : . . . I wherein
the treating %@ﬁ%?ﬁ%ﬁgaggﬁ@gﬁﬁ%H@g%ﬁghégﬁﬁﬁgﬁlgﬁgﬁﬁ%§§9@§%g§h§%lnéﬁ%h a
chem cal sol ugiliam chibide compeddnewtremevetsiicor nobide thelrdtoant i al |y all of the
free-carbon fromat |east the exposed surface w thout substantially renoving
the silicon carbide. 25 25. The nethod of C aim 20, wherein the silicon

car bi de conporemhe ithee beClaaa 4f witsieih R ter@featire GOMGH Sbiu 0T taathat f 1 e pl ate,
pl asma confinenent ring, edge ring, focus ring, backing plate, chanber
liner, elettrdes wafer passage insert, w ndow, plasma screen, 30 and a
chanber wall. 17 26. The nethod of claim 20, wherein the renoving conprises
mechanically treating the silicon carbide conponent to renpve silicon

car bi de t her e2¥ dhe method Phelagrs 2howhestin e dnmemturgfsdrash sbouh800PE ot ure i s
from about 80g.t0 about 5 900C. 28. The nethod of Caim23, wherein the
tenperature is from about 800C to about 900C. 10 29. A silicon carbide
conponent for a sem conductor substrate processing apparatus, the silicon

carbide c o] t .conpriisjng an interior. and an sed surface,  t silicon
carbi de_ hatn mes Aeafiaat s SuBhealiof s kiaRir SRRl A8ty o
cont ai ni ng fr gRconGaridetompossnagdmprRink@n Mteritd abdeh @ppeasdrfsl) thasiicdei ng
substantially free of the free- carhqon. 15 18 L .

carbide having been made by a graphite conversion process, the interior containing free-

carbon in graphite form and the exposed surface being substantially free of the free-

carbon.
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