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: In an attempt to minimize crystallographic slip, wafers need to be more fully supported during

processing operations. One technique is to machine the semicondnctor processing components to provide a
smooth finish particularly along those portions of the processing component that contact the wafer. Such

25  processing components include semiconductor wafer jigs, horizontal and vertical wafer boats, and wafer
carriers, for example. Typically, the improved surface finish can be accomplished by machining slots into a
wafer carrier or jig. While appropriate surface finishes may be engineered into the semiconductor processing
component utilizing existing technology, additional issnes have arisen, and in particular, a decrease in purity and

attendant increase in contamination of the processing component.

‘ 30 US Patent 6,093,644 discloses a process in which an oxidation step is carried out, followed by oxide
layer removal. However, the techniques disclosed therein do not adequately address certain contamination
‘ issues, and appear to focus on global impurity levels of the component, and not impurity levels along critical

portions of the component.
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According to yet another embodiment, a semiconductor processing component is provided, the
component having a machined surface, and an impurity content less than about 1000 ppm along an outer portion

of the component, the outer portion being described above.

According to yet another embodiment, a semiconductor processing component is provided for receiving
30  a semiconductor wafer. In this embodiment, the processing component is configured to contact and receive a
semiconductor wafer. The component has surface roughness R, less than about 2 microns, and an impurity

content less than about 1000 ppm along an outer portion of the component.

According to a second aspect of the invention, a further embodiment calls for a semiconductor

processing component, the component comprising silicon carbide, wherein an oufer surface portion of the
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FIG. 6 illustrates a depth profile resulting from two cleaning cycles of another sample, having a
relatively low-purity CVD-SIC layer.

The use of the same reference symbols in different drawings indicates similar or identical items.

25 MODES FOR CARRYING OUT THE INVENTION

According to a first aspect of the invention, an embodiment calis for a method for treating a
semiconductor processing component. The semiconductor processing component subject to treatment ma’y be
chosen from ore of varions geometric configurations for different processing operations, and may be configured
for receiving various sized wafers, whether 150mm, 200mm, or newer generation 300mm wafers, for example.

30 Particnlar processing components include semiconductor wafer paddles, process tubes, wafer boats, liners,
pedestals, long boats, cantilever rods, wafer camriers, vertical process chambers, and even dummy wafers. Of

the foregoing, several of the semiconductor processing components may be those that are configured for direct



-4 contact with and for receiving sem conductor wafers such as horizontal or
vertical wafer boats, Iong boats, and free-standing CVlI) SiC wafer ‘
susceptorsWCMOOaﬁﬁﬁlﬁilon t he processi ng conponent nmay be ®STHVRHO0€U150Gr
single wafer processing and may be used for chanbers, focus rings,
suspension rings, susceptors, pedestal st- etc. The seniconduct or processi ng
conponent may be fabricated by vari ous techni ques. For exanple, 5 according
t o one enrt@i Wit Aid, fortréveivipg @RS Echg wFoNPanemtizans! dr odrtieltvalsybopis,dank BdaBndf a

silicon GRLhinG&, éﬁmbwmesuscepm & dhiiSon! MG Rock Y SERY ne,qaywe Lctaﬁamdtf& Bngd enent al

silicon. tional Ia)I/l nated silicon car ngD ng t may be

coat ed wi'PHF BCRFHH I Ry ci‘se% TR T TFHPRY ﬁm%‘ SP’B & % ’eef‘f"r cal vapor

deposition (CVD). This deposi t ed | ayer may advant ageously prevent

aut o- dopi ng  dhe semisondpein piosersing cagipieaiamy befbrivaist! Py wEoup Feepgre- Farpgielei on of

I mpur i5t | @Scofding Mohd ¥nbbdihdat, B prodR@ing bddspbrem isdorinl bt ProGibibrdf a Skitoh exetede Gdbstialte

conmponent, . C tor vvafer
TPON e i e R Yeade 2 e o SRR LAEL RN, B ka3 G OORNE

processi ng. STcase, I con unctioni ng_as core,
for i nmpr SHFRIETORY R %ontewrbtaé%h B egnsuchss glrpryedide H’é“h%(i"ﬁ‘é?ﬁ?‘é‘éﬁmlg‘l&éﬁ\?? t of the
conponentThik b#pﬁsxtaﬂiyer mydvamedmmémhw doglind)af the auidexdiit sl )8 iwejLEB SreveRD S t

comonly nﬁéréti@n G35 9t kG ERLRLAR aQ Butd? YartRee Bhﬁéc%hu{akﬂer&%ﬂﬂ hM8d 10 O her

spec;@ i zed technl gues .may al so be used,  such I'1zI ng .a_conversion
proceds i cPRIRHPET dare sepesriict R Ee. dbHeEPY BHieP{eEha e R EkeRY e cor e,
or by su bbmaummbm@mlwmnm mévidedte nechagcal wppoa niredmposert. GThisoor may

i nfiltraty QhhufaSitedd a&obyte&n@@a &8k coNARDY shb Bibtink biliRh L@k, oiby ae,xraﬁﬁgteeeﬁl?a t he
| CO

sem cond tor Si n forned of stand ne _si

car bi de, rfg%ugfeaﬁ%g gf Gfs p%%gesse aé’ﬁnérﬁsmns""ﬁessﬁ\‘?%mg? sﬂ‘lcon
car bi de. pirelﬁqnsJsp@rvme@:moarsﬂlwpmwm@@ewﬁwwe Reqeesh inadick @v eoeetis omoved  a

pr ocelssi ngloeRRMaRBE, sichadby iemehl vl atikai@l y hi gh purity. Further, the
processi ng conponent may be forned of a conventional nmaterial such as

quartz. In t g eaakd m&cU@dh&Zr pQ'chJAg%l&nQ:Qne%Qm?W&%ﬁm%\{@sﬁ%ﬁt' lized in
t he sem conductor i ndust r ai,téfq}‘@ﬂf?} erat ure_di ff?t@ll on oper ations, and

are a co¥reks Pt R Bt Fsrf&ihl o B S EPRGES e r

per f or m regebks fompim of wprivesies @as@ehtdmtﬁsmslamlyhmbmtméwﬁls. thdjowvesvieg , f eat ures of
the pr ez%&%pohdﬂyr@ﬂﬁ)éﬂﬂncﬂﬁ%b&v%ﬁ&i%ﬂ@dcﬂas@%&iﬁ@ﬂ'r%mﬁ%mﬁ&'difﬁ% ﬁar bijdg based
sem cnduct or 0CEesSsi onen a are _machi ned durin

t he fc%brl ‘car fmgﬁli'mgcesng]gedéu *USse et méjusk e Elgh g efamf)e ﬁ%lsm PERE é"eback egd
of the faisps ??&‘Eq"bﬂmﬁ?"(‘j%@ﬁ% mP’G FXPF@Wﬁi’“h‘g’“faP%@?ﬁﬂtﬂdﬁéﬂﬁéFb‘Fﬂ?Peéé@"g%qﬂng conponent
accor di Ngomofient M@V d RS afthetpheen{ifivefiedihayibeyaittibriapplitdR tCanpOadiat-baay be
machi ned r in FIG
1, a waf err}“glga@t&ﬂt&%%lg{ﬁoﬁ&g #aﬁdr:dgthgs@%ﬁﬁga %ﬁ%g&%fm%%g%\? éaél !)Illllé&%é}% k&g? whi ch
ext ends ’%I‘I"‘H?@f“‘t R&*%ame radius of curvature. Each groove has an indi vi dual
groove segnent 19, 20 and 22, which are desirably machined foll ow ng
fabriZati on ot the brsk-gdfobthe fs‘waﬂemplrreppfefor fofmune sgsortppdvetor prdsessipgfompontrbaccordieyy be 30
fabri cat agend6simdntlioftge fre@i@enth, thBmfoBdm vty G 4BSEhibkRS Ell'phr'ﬁ@ldlr a@samecas&ummas by

i mpr egnatj L alcorvl t Bl & L en t hen
executing %\/B%Sfm 4“1%@1 gfagobgst é’ap th Ep{(‘:{giﬁ%g %+,§gr§ Q&fvT%TL

f or mat i orflosg he e ‘é‘i“l‘slf’ﬁﬁ‘ﬁ“‘“ﬁfar %ﬁ“’ﬂ@"‘l"a’gﬁé?n indfvigal gf%véﬁeé@e"l‘rﬁ"yzoc?éd %Wﬁﬁ’d’“and fine
di mensi oniadirat®yQtakclfiel fdlienyindfebriestecal e ehaferibyat fropta (Flat dxanily, hoedfaboadiaybsuch as by
utili 34)' n g‘abﬁca@h Wﬂg t@ %%%Mhlﬁé tﬂgmgeﬁ Qlove, guEh ats b_{r ﬁfe%gq sﬂu‘!gﬁ 'cJ.rIﬁdeQ:Ex’e or

fabrlcatlon techni ques, have atte npurity | ntroduction
during t H@ ﬁ)ﬁl&gﬂ Flm]eﬁ{jl sgicaaugléenﬁycwgg}@pﬁcﬁmadeposued silicon carblde layer. “Following

formation of the silicon carbide layer, the grooves may be formed and fine dimensional control may be executed

by a machining operation, such as by utilizing a diamond-based machining tool. In this regard, while prior
fabrication techniques have attempted to deal with impurity introduction during the machining stage by utilizing
35  very high purity machining tools, features of the present invention enable utilization of a fairly wide range of
tnachining tools and operations, as will be discussed below. Noteworthy, while FIG. 1 illustrates a horizontal
wafer boat, it is to be understood that vertical wafer boats or wafer carriers may be utilized as well, as well as

other semiconductor processing compenents as already mentioned.
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The semiconductor processing component may also be subjected to an oxidizing treatment, which may
aid in further impurity reduction and/or particle coumt reduction, particularly in the case of silicon carbide
components. The oxidation of the sericonductor processing component is carried out to form an oxide layer by
chemiical reaction to form a conversion layer, as opposed to a deposited oxide layer. The exposure of the

35  processing component to halogen gas and the oxidation of the component may be carried out separately.
However, in one embodiment, both the exposing and oxidizing steps are carried out simultaneously. In this
regard, use of the tenm simultaneously does not require that the exposure and oxidation steps are camied out so

as to be completely coextensive, but rather, the steps may overlap each other partially.
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30 carried out off-site, separate from the semiconductor fabrication environment, such as by the manufacturer of

the processing component. The processing component may be fully treated, then packaged in a hermetic
shipping contajner for direct and irmmediate use in a fabrication environment. While the foregoing has focused
on one cycle, the halogen gas treatment and/or oxidation and removal steps may be repeated several times to

achieve the desired level of purity.

35 While the foregoing has mentioned use of a halogen gas, other reactive anion-containing reactants may
be utilized, provided that the reactant is chosen 50 as to form a reaction product with expected metallic
impurities, and that the reaction product has a higher volatility then that of the metallic impurity itself.
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| evel of Ikbeis awihedatal impurity contents from the total of B, Na, Al, Ca, Ti, V, Cr, Fe, Ni, Cu, and Zn. While prior
30  processes have excouted oxidation and oxidation layer removal steps as described above in the Background, the
present inventors have recognized that such prior processes generally result in components having significant
impurity levels, notably above the levels provided by present invention as described herein. Such prior
techniques result in purity limits in excess of those desired for semiconductor industry applications. In addition,
it has been found that processing component manufacturers have taken impurity contents across the entirety of
35  the component (inchuding through the bulk material), rather than along that portion which is particufarty critical.
This outer portion of the component is susceptible to undesirable diffusion into and contamination of the

semiconductor fabrication environment. Accordingly, embodiments of the present invention do not only
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Table 2 shows surface purity results of an as-deposited CVD SiC film, and CVD SiC films that have
undcrgonc a post-machining step with a diamond tool. The surface purity is quantified using Secondary Ion
Mass Spectroscopy (SIMS)ata nominal depth of 10 nm, and the following impurities made up the total: B, Na,
20 AL Ca,Ti,V,Cr, Fe, Ni, Cu. Sample 9 shows a fairly high-purity as-deposited coating. In contrast, after
machining and rinsing with DI water, Sample 10 shows high contamination levels. In this regard, another
sample subjected to machining and DI rinse showed even higher levels, on the order of 3000 ppm total. After
being cleaned in an ultrasonic tank using DI water, Sample 11 wag further processed using a chlorinated

oxidation process. HCI concentration ranged from 1 to 3% based on oxygen through the cycle, and the
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10 According to another aspect of the present invention, 2 semiconductor processing component, and a
method for treating a semiconductor processing component are provided. The semiconductor processing
component generally is formed at least partially of SiC, including an outer surface porhon that has a controlled
impurity content. The onter surface portion is typically formed by chernical vapor deposmon (CVD), and has an -
outer purity that is not greates than ten times a bulk purity. The outer surface portion may be defined as an

15 identifiable SiC layer formed by CVD, or an outer thickness of a SiC component formed principally by CVD, as

in the case of free-standing CVD-SiC components, described in more detail below.

According to one aspect, the present inventors have recognized that as-deposited CVD-SiC (whether or
{ not machined) has a spike in fmpurity levels at the outer surface thereof, typically within the first 0.5 pm, such
as within the first 0.25 pm, or the first 0.10 pm of the outer depth of the component. Whle, in contrast, the
20  impurity level through the bulk of the outer surface portion stabilizes at a relatively low level, oftentimes one,
two, or even three orders of magnitude lower than an impurity level at the very outer surface of the component.
The bulk impurity level is generally that impurity level which represents the constant or nominal impurity level
as a function of depth, and is further described hereinbelow. The foregoing a phenomenon is generally not
recognized in the art, and rigorous analysis of as-deposited CVD-SiC layers has revealed a significant spread in
25  impurity levels. Impurity levels are generally based on at least one of or a combination of Cr, Fe, Cu, Ni, Al,
Ca, Na, Zn, B and Ti concentrations, between the outer surface and the bulk portion of the outer surface portion.

According to an embodiment, the impurity levels are based on one of or both Fe and Cr.

In this context, according io another embodiment of the second aspect of present invention, a
serniconductor processing component having an outer surface portion formed by chemical vapor deposition of

30  SiCis provided, and a target portion of the outer surface portion is removed, such that a surface impurity level
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Alternatively, the semiconductor processing component may be formed of stand-alone silicon carbide,

formed of one of various processes such as by CVD of silicon carbide. This particular process technique
30  enables formation of 2 processing component that is of relatively high purity throughout substantially the entire
bulk or interior portion of the component.

Following formation of the processing component, the processing cemponent is subjected to a treatment
process. Namely, the outer portion of the component formed of CVD-S8iC is manipulated to improve purity, and
particularly, the impurity of the outer surface. In one embodiment, a target portion of the guter surface portion

35  isremoved, leaving behind an outer surface that has an impurity content that is not greater than ten times that of

a bulk impurity content of the outer surface portion.
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30 During oxidation, the semiconductor processing component may be exposed to a reactive species, such
as a halogen gas, that forms a reaction product with contaminants present at the outer surface of the outer
surface portion. Generally, both the exposure to a reactive species and oxidizing are carried out simuitaneously,
although alternatively the steps may be carried out separately. In this regard, use of the term simuitaneously
does not require that the exposure and oxidation steps to be carried out so as to be completely coextensive, but

35 rather, the steps may overlap each other partially.

The term “halogen gas™ denotes use of any halogen group elements provided in gaseous form, typically

combined with a cation. An example of 2 cormmon halogen gas which may be employed according to
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subjected to 2 machining operation, to remove, for example 10 to 100 microns of outer material of the
coraponent. While the as-deposited impurity profile is generally altered by material removal from machining
operations, machining tends to nevertheless leave a spike in impurities at the outer surface of the component
35  (ie, the as-machined surface), as similarly observed in as-deposited CVD SiC. It has been found that the
surface impurity level may extend into the outer surface portion, such as on the order of 1-3 microns, before
reaching the bulk impurity level. Accordingly, in embodiments that have been subjected to machining,
oftentinces the target portion to be removed has a thickness at the higher end of the above noted range of up to
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With respect to the particular measurement techniques for characterizing pre- and post-treated CVD-SiC
films, particular use is made of Secondary Ion Mass Spectroscopy (SIMS). Other techniques include GDMS,
35  for example. As used herein, the bulk impurity level generally corresponds to the impurity level at a depth
within the outer surface portion at which the purity level is stabilized, that is, is generally constant further into
the depth of the outer surface porfion. Itis noted that impurity detection usually entails some degree of
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subj ected to machining, oftentines thid -t arget portion to be renoved has a

t hi ckness at the higher end of the above noted range of up to WO 2004/ 093150
PCT/ US2004¢:idhds] efkdsentdiDy ardipsl in n2@uied igp@itslevelabsafungtivh afdepth. Hinkksv@eses nst@inoved on
the orderpQfy il Qwadls RhaRS speég&%mgﬁemm;m{ D8 p&XLER} the ik hpulil)Sev&VD- Si C

surface of the conponent is subjected.to a mechani cal rasj on_or mnachi ni ng
process s"’Eﬁ:“'ﬁS‘QEP"“g?’f“ﬂ&’in%d'f’i"’lna'ﬁbqtcﬁ'@“&?’%tf’ fhgflﬁmnlg’f“spﬁn]"%t?e%?%m' r%ﬁ?f%ﬁ” of the

t ar get povhiraaenizatibn sulieerportaierialit wapfatnd thgtynicaliy theypull aopusty fevetis bpicdivecathed el evat ed -
cont ang nafyl, Qb @Y Shcfondd 'AR&RMely! e Hulk @nROS levd G e BRA 1B tef B G Riin ReFP¥AbouS t he

target 5 tion, may, execut i th oxidation-stri | es.or .e ing cycles,
f or exarrptﬁg(,;”’%élf"]’fse m%ﬁfm%ﬁgﬂtaﬁnﬂﬁr}?fé%a %‘ *%P?rgcé’{a”ﬁc?%ﬁuﬁﬁwhfc)%.m ek@%ordi ng to
anot her fiesguritylevel is eavhaddioweypr, 1dyde depgngent onpencesiingsoridifions sf thq regicdarCVPPigess t o use
of the praGess it theGAERAE Yortibh) inAndRIPaG el el pisadifdiaatgeanregidshOmbaent . As
such, the fore sgi n?axStet%QS may be carried out off- site, separate fromthe
sem conduélfo apricatron environnment, such as by the manufacturer of the
processi ng 10 conponent rather than the end user (e.g., the sem conductor
conmpohltnt ~ mantfeddirgr 8 P mbodimsptbehyflmpuy level i5mej rale it b p AR may  be
ful ly tr eisnheet) 2ot he prepa dhalgethtimycachiveimmd Ci). COfShirpmoreglegoingdnd e appbicatichisr ect and
i medi at eoth%@ess!iﬂ% gl Sk BPev&NWel R BPtity 1000 ha tl-RBeebBf, GRRLNGINAS focused
on one cycle r ssing steps such as oxidation-steps (with optional

hal ogen gaé‘gmfcf‘g"é*t?%gnt) may be repeated, and is generally repeated, several
times to achieve the desired | evel of purity through renoval of the target
portion 15 Actisder mgoileying dsgpesionfcus og dhareetrrisian stlics das 4y shigrakes dpnssitedy Ve

i ncor por a$ie canPles Bvell B oLpoRABAEIEVIDSIC @pval of the target portion, with an
aimto further reduce inpurity levels. For exanple, the conponent may be

rinsed, suchgag ot ofl@le 041inf Q6ls fubdk s BRI prepRdaubihe shaRinRPHRRSUEL ThdboljRhOgen gas

and subsequent praqcessi . I, ion _.na e carrled out during r.insing,

such as %‘H“édﬁ&ﬁ%l’ 5@5%?%’1“%%‘%?# 5“6?%‘55’5% 'Fm,d%‘f‘%l' ?liffrcle & °°§?§’Bsp‘feé‘?’?%%fd"ﬁf8ﬁ’f ani nant

removal . 0P tepréor andp RED fijnnbeiwser 1308 wictoptin trigkpeds masgeriolfedongly| surfacorf the %€ d i n

Stri ppi NGeolyfdas. GANipR BdatiikiMinS werfbridhnb A vk Higtkrynt _co@ﬁngisﬁtleaq_dbﬁaia&mm ri nsihnlg, t he

conpopent S8 ACkIG o Stk 1g solution prior to hal ogen
g Q%gréﬁéf@ ,n! fﬁ?&%{]&?@t h&q%@:laegtc!ﬂgc'ts im?é ﬁrlgﬁ!?’ltyn

species e such as an Ic soluti to further aid in inpurity

renpval . The rinsin nd{ or _i rsj.Qn steps may be repeated any nunber of
tinmes prior tg‘ef‘rﬁ?”f“%)é’?’e?ﬁ“rt&c?%ﬁmﬁg’? 8]53@“*85‘%%”8%%%%6&6@&%“6? Pt ing as
descr i bedVis SpreroecopidSIIS). The$lgianatyyipias adotpted With Q. plaget usipps Cingre I strugrent

t hi cknessin@tiepiprdriR@dle. ahAbHruhbndas M5 HSing iSHEMNariRa SiE sBitaRk fof R0Rate Hpiky

m crons, %Qad 'ea\égn'lﬂalagﬁes{s 'vasl g]cgs%c?ngn’]?egnr}l%rtalaregoeé[n b1e2515 ({%%Eé I'(())r]ilmmSt 1 ?ner ally has
a t hi ckneSE B gy TP Rr s Yo e PR & BAT DT aPEP BB & 825> 4Bdut 2, such
as abéut omse fof Feraphls 14ptoap/errfer, Crolplesypheriog pets, thegesultsidpparipedlipreinalisr srpmssent Ty pi cal | y
t he CVD- Sis@ejosiy@dr aft@ovad CVD-BikNa1E So Mednlddite makigR:; opaitoasbout 10 to 1000 pm and
certain enbodi ments have a thickness up to about 800 m 600 pm 400 hem or

up to about ZQQmR and: gotttﬂcﬁlﬁa@é§¥eof>fats§.eplctp%g§&by9%mngm,ﬁﬁ&&&éﬁ&@pdi ng to the

depth of renoval sur gnent 1 s._generally

| of t te ] portion of the co
chosen t o™ BT fPE™PITRD g%‘?#’e"a‘g i ’ég@%f’%ﬂﬁ ‘?Ege‘ Fbéﬁ'a%‘f“ﬁd’ ﬁlflen% Vit ﬁ‘sﬁ% A vi ng
The Fe concentration in the bulk is <1215 atoms/cc and the Cr concentration is <lel4 atoms/cc, which is typical
30 for CVD-SiC coatings.

A stmilar high surface impurity concentration was also observed on the CVD-SiC layer deposited using
Apparatus B, as shown in FIG. 3.

The surface Fe concentration is >1el8 atoms/cc and drops to the bulk value of <lel5 atoms/cc within
0.5 microns depth into the CVD-SiC coating for the particular samples under characterization. To verify the
35 universality of high impurity concentration on the surface of as-deposited coatings, a third test was conducted on



30 the inpurity content down from 1,000 X of bulk to on the order of 10 X of
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additional cleaning cycle was conducted to further decrease the Fe conceniration at the surface. The effect of
the 2™ cleaning cycle could not be quantified using SIMS due to detection limit issues and noise in the analysis.
Accordingly the cleaning cycles were repeated using the CVD-SiC sample with higher impurities (shown in

30  FIG. 4) to help discern minor differences between the surface and bulk impurity levels.

The lower purity CVD-S5iC sample was cleaned similar to the standard CVD-SiC sample. The coupons
were first oxidized at 950-1350°C for 6-14 hours in flowing O2 with up to 10% HCl gas to grow an oxide layer
that was subsequently stripped by the HF-HCI solution. The cleaning cycle was repeated a second time to
remove material deeper into the CVD-SiC surface and thereby remove the Fe-enriched surface layer.
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consunption of a target portion of the CVD Si C correspondi ng to about
0.45-2060, nomnally 0.5 tines the thickness of the oxide. The oxidation
process helps to concentrate the transition netal inpurities such as Fe
into the oxide layer on the CVD-SiC. Wiile the HCI gas helps to volatilize
the inmpurities on the surface of the growi ng oxide, HCl treatnent is not
believed to significantly renove netal trapped within the grow ng oxide
| ayer. The overall process consunmes the contam nated target portion of the
CVvD-Si C | ayer 20 through the reaction, SiC + 3/2 02 (g) = Si02 + COg) to
form Si02. To renove the bulk inpurities within the oxide |ayer, the oxide
| ayer was stripped in an acid bath using a BF-HCl m xture (1:1 acid
m xture). The resulting inpurity concentration at the surface is shown in
FIG 5. SIM analysis indicates that the surface Fe concentrati on decreases
from >5el7 atons/cc on the initial



CVD- Si C coupon to <5el6 atons/cc on the cl eaned coupon, a 10 fold

i mprovenent due to cleaning. The bulk 25 inpurity concentration renmai ned
constant at' <1 el5 atoms/cc. Wile the cleaning cycle decreased surface
inmpurity concentration, the surface i-fpurity concentration was still a
factor of 50 higher than the bul k. Thus, an additional cleaning cycle was
conducted to further decrease the Fe concentration at the surface. The

ef f ect OLQ¥$$§%2a cl eaning cycle could not be quantified using SIM due to
detectio i ssues and noise in the analysis. Accordingly the cleaning
cycles were repeated using the CVD-Si C sanple with higher inpurities (shown
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denonstrated by FIG 6, the techni ques described herein may be carried out
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foregoing detailed description. 20 | 7- CLAIMS: 1. A nethod for treating a

sem conduct or 9pa aetalSir rghpaRGEGRINir pro@sRE ofipfaght, comprising:
exposing the component to 8 halogen gas, . '

20 oxidizing the component to form en oxide leyer; and
removing the oxide fayer, wherein the semiconductor processing component comprises a coﬁ-lpnnmt
from the group consisting of semiconductor wafer paddies, process tubes, wafer boats, liners,
pedestals, long boats, canti]evér rods, wafer carriers, p}occss chambers, wafer susceptors,

focus rings, suspension rings.

25 10. The method of cleim 1, wherein the semiconductor processing component is formed by chemical
vapor deposition,



exposi ng the conmponent to a hal ogen gas; oxidizing t he conponent to forman
oxi de Iayer and renoving the oxide | ayer, wherein the sem conductor
processi ng conponent conprises silicongcarbide. 5 2. The nethod of claim 1,
wherein the steps of exposing The conponent to hal ogen gas and oxi di zi ng the
conponent are carried out sinultaneously. 3. The nethod of claim1, wherein
the hal ogen gasm@immuwﬁma,dﬂabmmnﬁdnmiﬁwe@gw@omwpﬁﬁmm&andchl orine
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met hod of %Tainil wherein the step of oxidizing is carried out in a wet
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processi ng compmeﬁihomgma1ma@dmthmmewiﬂ;ﬁ@9dmeﬁmaﬁml ogen gas reacts with
the netal inpurity to forma reaction product which volatilizes during the
step of exposing. 9. A nethod for treating a sem conductor processing
conponent, coipribsnetyd of chixpldsrhergl thihwbstospuprasmisilitop cezbid Aittogid elengratal 5@
OX|d|Z|ngnﬁh§M@pﬁ@Qﬂent to forman oxide | ayer, and renoving the oxide
| ayer, mherein t he sem conduct or processing conponent conprises a conmponent
fromthe group consisting of sem conductor wafer paddles, process tubes,
waf er boats, 4. Aeyosthod fdeimdtvetlesin th eipgf ioroaying the wiinlayel ie tagied sublyy syposivg fhe r
carriers,w@&g@g&gg&ﬁ&mpgmﬁm&mgmﬁhl psceptors, focus rings, suspension
rings. 25 10. The nethod of claim 1, wherein the sem conductor processing
conmponent is fornmed by chem cal vapor deposition. -l1g- 11. The nethod of
cl ai ml®, wher & Fhermthodedl Ripwd rdithert comprigingomsehiniriz thy curpones prsnte the eaminE wids a
substrateoﬁaghsﬁm5|licon carbide coating overlying the substrate. 12. The
met hod of clainill wherein the silicon carbide coating is deposited by
chem cal vapor deposition. 5 13. The nethod of claim 11, wherein the
substrate conpt iTherasthed eflaint L aWhersin i ot Jayet 18 renibyed priveo o ih a@dmicotdniton 13, wherein
the subst nab&ig gaREhses silicon carbide with said el enental silicon
|npregnated t hereon. 15. The nethod of claim 1, wherein the step of renoving
the oxide layer is carried out by exposing the oxide |layer to a solution to
sol ubi |i ze t hé8.dké mhthof efglaim, 1, farther comprising a step of exposing the component 10 & stripping solution

15 prior to exposure to halogen gas. »

19. The method of claim 19, whereln the stripping solution comprises an acidic solution.
20. A method for removing a contaminant from o semicenductor processing component, cemprising:
reacting the contaminang to form a reaction product;
oxidizing the coraponent to form an oxide layer; and

20 removiﬁg the oxide layer, wherein the semiconductor processing component comprises silicon carbide,
21. The method of claim 20, whereln the steps of reacting snd oxidizing are carried out simuitaneously.

22, The method of claim 20, wherein the reaction product has a higher volatility than the contaminant.

23, The method of claim 22, wherein the reaction product vaporizes during reacting to be removed from
the semiconducter processing compaonent,

25 24, Awethodfora n-eating'a semiconductor processing component, comprising:
reacting a contaminant contained along a surface portion of the component, to form a resction product,
wherein the outer surface portion has a surface roughness less than about 2 microns.



10 16. The nethod of claim1, further. conprising machining the conponent
prior to the exposing and oxidizing steps. 17. The nmethod of claim1,
wherein the oxide layer is renoved pri@r to use in a sem conductor
processi ng operation. 18. The nmethod of claim 1, further conprising a step
of exposing the conponent to a stripping solution 15 prior to exposure to
hal ogen gas. 319 Thehiptoddtikinds,Hhersin b cBinpbint Had ¥ frplufly dofent GFlcbs tRPIbOEE 10801 Ut i OP
conpri ses loSter S dd ad & i nant from a
sem condugﬁrpﬁ]d% ragg‘ggy ng%@%ﬁgﬁ%n’f‘ﬁm@%&n‘grl Sl g?rsmgggé%,@g%@mpﬁgﬁggm am nant to
form a redEPeEHSPRRIMEY ; oxi di zi ng the conponent to forman oxide |ayer, and
20 renovi ng the oxide | ayer, mherein t he sem conduct or processi ng conponent

conprises sil he steps of
reacting and gi?%ﬁ%?%£%£ﬁhm“&% gﬁ& %ﬁﬂ%aneﬁ%qk%%mmggﬁéﬁéggﬁmﬁhod of
cl ai m 20, batie ke H“ﬁhﬁ’éa%?‘éaw&%ﬂ%‘b’ cqiges oiestihagiipout 10Q9|Pam eug apuitthan t he

cont am napdrtion 3Bhe cJiv@nenmrs Hadra by STMB kAR of 1002 fr6th the Sulie 61RR GduipshdntPr oduct
vaporizes during reacting to be renoved from the sem conductor processing
conmponent. 75 24. A nethod for a treating a sem conductor processing
conmponent , coRprihsdomppaont o gleimi2f syheeintha rompaheniprpriess b bstraed aitymgarbides ur f ace
portion obedilg@eg@ponent, to farma reaction product, wherein the outer
surface portion has a surface roughness | ess than about 2 mcrons. -19- 25.
The met hod of claim 24, wherein the conponent has an inpurity content of

| ess t han abo@! ThOROpophat dbimiif) “earinthogmpnenis mackived topeye piiddales fhat bt T onponent

as neaguregskday SIMS at a depth of 10 nmfromthe surface of the conponent
26. A sem conductor processing conponent conprising silicon carbide, the
conponent having a surface 5 having an R, |ess than about 2 mcrons, and an
impurity contéhﬂhawmﬁﬁgﬁﬁﬁﬁaﬁ@abaﬂn”@@@@mpwﬁﬁﬁ¥bﬁ@“ﬁﬁW%ﬂPewn portion of the
conponent as neasured by SIMS at a depth of 10 nut fromthe surface of the
conponent 21. qﬁeco onent conprises a

| ai m.26 mher t.he c
substrate and 3 S|l|u"ﬁP%QPH%& SR SR 75 ‘ggﬂs ﬂm$ P¥nponent of claim

26, wherein the conponent is nmachined to have said 12, Iess t han about 2 10

mcrons. 29- Ehea@afmaﬁammaim o%taﬁ,mcmra%oﬁﬁ&cdwhmgob& GRMrgNt 1S
| ess than a 500

The c onen reln sald

i mpurit e e mﬂ?%bmhtz h{’“’éﬂ &ﬁssglénnﬁgdc%\@ébe pr ocessi ng
conpo nt°W6WWP§E%¢W®ﬁ§m§¢§@WF@@HU§@#%#“ﬂhﬁé?mnﬁhﬁﬁ%%ﬁﬁhnent haV|ng a
surface having an R, |less than about 2 nlcrons and an |npur|ty content of
| ess than abo 000 ppm an out.er i, on mpQRent, as
measured by S:é At dept pmf”%%" "ﬁ‘?"t"lnﬂFes sur a“caé“"%?"glc PEEM conduct or
processi ngoremnpdh emtistseespryly of G- %'Fv@dﬁr)ﬁ@lﬁé‘m“awuwwmﬁﬁwmfﬁ@rl?l on of the

times a bulk fmpurity level.

33. The component of claim 32, wherein the bulk impurity level is measured at a depth of at least 3 pm
20 from an outer surface of the outer surface portion,

34. The component of claim 32, whereln the outer surface portion is a CVD-§iC layer deposited overa
substrate,

35, The component of elaim 34, wherein the substrate cornprises SiC.

36. The component of claim 35, wherein the substate comprises SiC impregnated with efemental
25  silicon.

37. The component of claim 36, wherein the substrate comprises recrystallized SiC impreguated with

elementa] silicon.



conponent (i) consists essentially of CVD-SiC, and (ii) has a surface
impurity level that is not greater than 10 tinmes a bulk inpurity level. 33.
The conponent of claim 32, .wherein the bulk inpurity level is nmeasured at a
depth of at least 3 pm 20 from an out®r surface of the outer surface
portion. 34. The conponent of claim 32, wherein the outer surface portion is
a C/D-Si C layer deposited over a _substrate. 35. The conponent of claim 34,
wherein the sifhdtsapeentbstppipds whaginthe CIR-Siqipver ey flidmntitne age s 088 wherej n
t he subst ratet lotigor i ses Si C i npregnated with elenental 25 silicon. 37. The
conponent of claim 36, wherein the substrate conprises recrystallized SiC
inpregnated with elenental silicon., -20 38. The conmponent of claim 34,
wher ei n t he CY¥b-Tasempaggrbgf clpimd2. wharain the spyarorent i 4 fp-Fanding CYRSUC oPpostibut 10 to
about 1000 pm 39. The conponent of claim 32, wherein the conponent is a
free-standi ng, £V S ; “9%@ &km 39, wherein the
conponent congl'st%éggg%g@%ﬂﬁgh%?m%ﬁ%gmg 4 .Q%'@écng%%ght of claim 32,
wherein the surface inpurity level is not greater than 2 tines the bulk

i mpuri By | evehl. Hecomidieh FRPGHShdreiDthe sidfadd IRURT, leviM Q6t @ledler AED thddd thed@lR | Mpurity
level is not. [eqater than the bulk inpurity Ilevel. 43. The conponent of
claim 32, ‘Whereln the surface inpurity and bulk inpurity levels are based on
at 10 least one of C, Fe, Cu, NI Al, Ca, Na, 7n, V, B, and Ti

concent r at i 0ngz.4rhe cotb@edt SIFRIANIG, Mher@l thduBdcd infudity (946l RBtigRatér fhen 1B bulk @ity Mpurity
and bulk igpurity levels are based on at |east one of O and Fe-
concentrations. 45. The conponent of claim 44, wherein the surface inpurity
and bulk inpurity levels are based on Fe concentration. 15 46. The
conponent of @} arhBtoffloncatbiRlak 30, Whiten Mekiface Fpwiitl shdbulk Moty lesls RObasge@t er t han

1E17 &g %anelggmﬁyr& ﬁi%,cg,r &F pl DR bkl ONs/ cc Cr. 47. The conponent

of claim wher ei n t he 'sem cohductor processi ng conponent conprises a
conmponent fromthe group consisting of sem conductor wafer paddl es, process
t ubes, wafer kaaths sorpina6ileim P SMQEH B Sifack RIPFINROEHIR impuitilevels @ bltedlopds, waf er

carriers, l%g&%éﬂgm%ﬁ%ﬁaﬁmgum waf ers, wafer susceptors, fonts 20 rings,

suspension rigs. 4 conponent of claim47, wherein the conponent is a
waf er boat. 49. The conponent of claim 32, wherein the conponent is machined
prior to treat4sem cdmpored: 6ftiaiield Saktin ths surficapuritaadtulk iypuli@ 16@ds are based on Fe

concentration,

15 45. The component of claitm 44, wherein the bulk impurity level is not greater than 1E17 atoms/ce Fe
and not greater than 1E15 atoms/ce Cr,

47, The component of claim 32, wherein the semiconductor processing component coprises &
component from the group consisting of semiconductor wefer paddles, process tubes, wafer bosts, liners,
pedestals, long boats, cantilever rods, wafer carriers, process chambers, dummy wafers, wafer susceptors, focus

20 rings, suspension rings. |

48, The component of claim 47, wherein the componext i3 a wafer boat,

43. The componcnt of claim 32, wherein the component is machined prior to treatment to provide said
surface impurity level,

50. A method for treating e semiconductor Processing component, comprising:
25 providing e sericonductor processing component having an outer surface portion formed by chemical
vapor deposition of SiC, the outer surface porfion having a bulk impurity level and & surface impurity level; and
removing a target portion of the outer surface portion, such that the surface impurity level is not greater
than 5 times the bulk impurity level,



SO A nethod for treating a sem conductor processing conponent, conprising:
25 providing a sem conductor processing conponent having an outer surface
portion formed by chem cal vapor depgsition of SiC, the outer surface
portion having a bulk inpurity level and a surface inpurity level; and
removing a target portion of the outer surface portion, such that the
surface i npurilt Yhekmedilos dssin S0OEhe@ @R bilhce idiphi@ileR] it holP&tef tha 2 s ke bupuri ty | evel .
-21- 51'iﬁ§%W§§5h°d of claimb50, wherein the surface inpurity level is not
greater t times the bulk inpurity level. 52. The nmethod of claim50,
wherein the surface inmpurity level is not greater than the bulk inpurity

| evel . S 53. sEheheriehdiatklsdh S0 Winteintih QurfasdiRiingy Rvel B/t frautepitin tHo Bl ingiiyl S I enpved
by reactipg, the target portion. 54. The method of claim 53, wherein reacting
is oxidizing such that the outer sudaee portion fornms an oxide, and the
step of renoving the target portion further includes renoval of the oxide.
55. The met hog. ofe nehali o1 50, WREHMe frgRvdbndé rafbvad W rehc@ipMeahgGhmibdne oxi de are
repeated to renove said target portion. 10 56. The method of claim53,
wherein the target portion is renoved by etching. 57. The nethod of claim
56, wherein e¥cRiemgthidettiain &% vheeliotertings pidizing suciyibut the oiker judime potiomform 2tet cbant
speci es e fufif 19 sBflof RinioViik e tRfeQOME furthbriRIue: fhiavalor B A@pCt vol atilizing to
renove the target portion. 58. The nethod of claim57, wherein the etebant
species is a O-containing gas, formng a Si CC" etchant product 15 59. The
met hod of cl afSnilEOnethéd of ¢ldie 4, pbersbyoxidizingangd remeyeliofibe wrderrarnicavdtnranoprseident at an
out er surﬁég?mgﬁ_the outer: surface portion to forma reaction product. 60.
The nethod of claimb59, wherein the target portion is renoved by oxidizing
the outer surface portion to forman oxide followed by renoval of the

oxi del@and t h&s. Sheapsthodyff clyim 5% harep thertelzetpoition iz jemeyedbyetcingr ri ed  out

si mul taneously. 20 61. The nethod of claim59, wherein the contam nants are

reacted with g 62. . T od of

seni conduct or® p?@d@@@#ﬁg g ?gé%m%g %&%%ﬁ%%ﬂ?ﬁYMQTﬁ&m?ﬁgm@rog
consistingﬁama@@&ﬂ%m%um@wGﬂmehéw“ﬁﬁﬁéwﬂewmww@e@gépwwges waf er boat s,
l'iners, pedestals | ong boats, cantilever rods, wafer carriers, process

hanb hod of
O e S B AP B en e BT S S e i 0 o0 ©

substratepmmﬂ% t he outer surface portlon being a coating overlylng t he
substrate. 64. The net hod of cl aim 63, mherein the substrate conprises

el emarigal si | %ggﬁ c?‘r"%"f -rgﬁ 32?5&959*1% of cI afﬂ%m%grelu&s&%ceé bstrate

conpriSes sil |npregnate ® t her eon.
outer surface portion to forma reacuon product.

60. The method of claim 59, wherein the target portion is removed by oxidizing the outer surface
portion to form an oxide followed by removal of the oxide, and the steps of reacting and oxidizing are carried
out sirmnltaneously.

20 61. The method of claim 55, wherein the contaminants are reacted with a halogen gas.
62. The method of claim 50, wherein the semiconductor processing component comprises a component
from the group consisting of semiconductor wafer paddles, process tubes, waftr bosts, liners, pedestals, long

boats, cantilever rods, wafer carriers, process chambers, wafer susceptors, focus rings, sugpension rings.

63, The method of claim 50, wherein the semiconductor processing component comprises a substrate,
25  the outer surface portion being a coating overlying the substrate.

64. The method of claim 63, wherein the substrate comprises elemental silicon.



66_ The nmethod of claim50, wherein the target portion is renoved prior to
use in a sem conductor processing operation. 5 67. The nethod of clai m50,
wherein target portion is renoved by jﬁpeating renoval steps. 68. The

* method of claimb50, wherein the target™ portion has a thickness of at |east
0.25 gm 69. The nmethod of claim50, wherein the target portion has a

t hi ckness of @&t Theahbd ®S8m b4 wwhersintfd sublit® csiREROE A carbiblilsRMemMBENIRIN t he

t ar get po&}kon Dﬁimé thi ckness of at least 0.50 m 71. The nmethod of claim
50, furthéfF onprising machining the conponent prior to renoving of the 10
target portion. 72. A nethod for treating a sem conductor processing

conponent, Coémﬁesﬂeﬂlgi_ofaihﬁ‘ﬂd,%éi%tﬁet&%ﬁﬂoﬁi@ﬂﬂéﬁ&ﬁpﬁ&fuﬂﬁ%ﬂeﬁ_ﬂmﬁﬂﬁpon?m havi ng
an outer surfaceﬁgfrtlon formed by chem cal vapor deposition of SiC the

outer sur PEEE™BFt1Bn having a buik inpurity level and a surface inpurity
| evel ; and renoving a target portion of the outer surface portion, such

that the surf acend ERb dr Lidim!sE Whkroid 15gdt SelidE B HeniVoa byl PedtifpdSilovd @%s. 73- The net hod
of claim 72, wherein the surface inpurity level” i's reduced at |east 100x.

68. The method of claim 50, wherein the target portion has a thickness of at least 0.25 um.
69, The method of claim 50, wherein the target portion has a thickﬁess of &t least 0.38 ym.
70. The method of clairn 50, wherein the target portion has a thickness of at least 0.50 pm,

71. The method of cleim 50, further comprising machining the companent prior to removing of the
10 terget portion.

72. A method for treating a semiconductor processing component, comprising:
providing a semiconductor processing component having an outer surface portion formed by chemical
vapor deposition of SiC, the outer surface partion having a bulk impurity level and a surface impurity Jevel; and
removing a farget pertion of the outer surface portion, such that the surface fmpurity level is reduced at
15 Ileast10x. '

73. The method of ¢laitn 72, wherein the surface impurity level i3 reduced at least 100x,





