10

15

20

25

30

WD 2004/ 093150 PCT/ US2004/ 011507 METHOD FOR TREATI NG

SEM CONDUCTOR PROCESSI NG COVPONENTS AND COMPONENTS
wOCRMEE3IFHEREBY TECHNI CAL FI ELD The present | BRCEMUIS2@A/011507
is generally related to nethods for treating
sem conduct or processing conponents 5 for use in a
sem conductor fabrication environnment, as well as
sem conduct or processi ng conponents forned thereby.
BACKGROUND ART In the art of sem conductor processing,
t y pMEHOP FOR EREATING SEVIGONDUCT OR| PROSESSIN G {OOMREINENTS AND
t hrough vari ous COME@YENIE EOBRNEDIFFREBK NI ques, in which
sem conductor (principally silicon) wafers are

g through various 10 stations or tools.

LEC oper ations include, for exanple, high

”ﬁa rese tmlilrgn on s %eylelfla yreﬂﬁd{ rqetil{% kor RLEG sesnﬁclogcﬁétorﬁro(c)ers]smg components
, annea 0 ogr apy,

for us@epwepndmﬁor faéltlcehonpwlrmwf gevdeatrrisend wrevéﬁ%@fnmnems formed
therebflevi ces are devel oped, there is an intense demand in
the industry to achieve better and better purity

BACKENGUSD ARF1 Ng such processing operations. In
addition, there continues to be an intense driving

f fﬁrﬂfé Grt Bt@erﬁlgo%&bltpb@égéu% 1c9113J 1@&;&% c:?eﬂﬁi devic@ 519 gﬂ'med through various
sem conduc m con

wafer ; PIREFLE Fegmlqges dlh\\g@ﬁfh é%riuc‘ﬁ du&or %%}{Bt S|118(r)] ? F%rlfg?ﬁlrezﬁffesse% throuilsvanous
statioB Q0P Repfasying opeTitiens iheluder for ekample iph érporturpdiffiysions termpleprogessing,

jon inPRAEL hREIGE l’phdf&ffheérﬁah}i ﬁﬂlﬁlﬂ@ UIG@&mfn}Hth e fewi gBﬁeﬁﬁan&inh@ﬁductor devices

I
are degelo%fcl %%1’91% gr{ ini zgg deE;e ik t?eo i 39‘0 2Ol & %latg tgﬂvélsrhlug’ng such

as vva er . siz
procejsiig pRETgicEs In %dﬁléongff‘“ﬁw’?t&t“is Brigm I%tfnﬁfedg%&sf%ala Supitigppe foflgeer and
1arger|sfnﬁcroecaszadvaﬁns Sureitly] theaemiawhdrter iaindry isnodegeisedrassitiof Borre200mm to
300@%@5 ﬁ@He%f?e A Feridr §m43n9l¢@15 S ARG BersGlbakR il BY iR B challenges
" __sem conductor wafer. Crystallographic
Orne§tlgfr8ra?f’§ﬁ'i°’F°éS§igs itself as slip lines in the wafer which
cause a decrease in 20 device yield proportional wth
aht thisterehd des pern frdghet o aler sizefpacatin de ey S gresesgruetdie the
increa@dd Sidass aftanteagRENAS SOOIt @eh, cavde tvint |s andgrebodsturfs@iographioatip in the
senncmrlc% §7afer| erygzﬁloggpiug EiEtmaltlfgstmsﬂ amﬂ %ncg {'Il)ﬁ%tv&@%ﬂl V@lgfl @BQQ Ia Qecrease m

waf efs need nor e upported
sonpsin g Ipet AETEL G %%fﬁ?ﬂné& BnF B s P R
with lggambucforn egcalirs. pr ocessi ng conponents to provide a
snmooth finish particularly along those portions of the
PmAS 26t RgnifinPaRanigapitatip, eaet fed to bhvsorvalyatpporBiGiing 5
procegg{nggp%saﬁdng g)ng 8!%18&%8 ﬁachlgé:daelé coiﬂaoﬁgﬁgs%gt cg&po\ﬂ%ts %rprowde a

ori zaont vertica
smoo{ls Spshyparpelarly giong foss posfiqus of 5 proessing GomppRsRt “}“Wﬁ’?tii%ed”a?b rSPﬁ‘c e
procefsinpéegiponeanndde smcorplor sike ilzsthprimatglandierice] wifabsits) and wafa

came%tu%&arr@ﬁr 'ﬂvpﬁﬁlly%e ﬂnf)rgved Mh&cla ﬁm@ Qzﬂlrb@ %6n"fﬁlﬁe@d§ hA&Bg slots into a
to the dtsmto conduct

waferﬁ?rgeé 81'§§18 Wﬁ\?&yagpd?e}gﬁl% S%ﬁ%c l.lﬁlsg e en meere e iemlc‘ﬁl UC?)I‘O%I'OCCSSIHg
compendgiel Mhﬂ@h%lﬂisﬂl}gé@@elsgyhﬁl@@oneiﬁﬁs@éhﬂve 9@??6» aP‘hm B?atrctﬂf‘fc’flﬂeﬁ?ase igpurity and
attendd@ G18RSA cdnBimMbtioh bifhedfbbssingbdnpaant i ncrease in

contanmi nati on of the processing conponent. 30 US

P@& Bt 66)99943 d@cﬁées@p&@sﬁ@lﬁch@n Qﬁcﬁﬁ‘tﬁ%@p 15 Ehr J)u@ tﬁ)ll@vﬂ:d by oxide
oxi dat | on stg?tgc rr|

layerfeggah H¥fEY S Ci%l&%ﬁﬁ%@?ﬁdd?%%ra&cgaammn
issuest 4né pr@eanto dgusve tlolatieguittleklyof g dmegsnicad pa jmpurity levels along critical
portidat @ BnadeatON i ssues, and appear to focus on gl obal
inmpurity levels of t he conmponent, and not inpurity
| evel s along critical portions of the conponent. b
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1075- FA283- WO App. FI NAL WD 2004/ 093150

PCT/ US2004/ 011507 Despite inprovenents in the
woOonougpspot o address next generation purity CORCEMISS00a911507

wel |l as handling issues associated with | arger-sized

sem conductor wafers, a need continues to exist in the

art for further inproved sem conductor processing

COGRR ﬂﬁﬁv&mentﬁﬁttﬂ% QASstrh Bhddrddd ikt B@erBds PuriGRBREBEE bl as Bding
1ssuesfassoct1a%g w1th llar er-g 1? [ ge(%rgcst’nsx’duﬁgf w%%rrp a%gela g&l uﬁ to X@st ig Eh% art t%r I l |

I'ons Ining i s

mproyed GYRHGORHICteS PropREAE B@“PG,‘E?P‘P Giihpds foaé’nw spoh é°na°an§éts 51,& nrefhéfé for

proceShaRaicsigucderiteonduct or processi ng conmponents such as
Si C conmponents fornmed by CVD (chem cal vapor

d@c@l@é{h&g@ ?%]er apmatlwﬁs hmﬁchﬁﬁ@ is g& ﬂa%[u@él érYnaP&%BtmﬁQ R e Yase of free-
| ev at - O ne
standlgg(sglglﬁ?nﬁ 8H aqrocesF]ué%com onen S s $ component ormec{(})g%vg?\{lenncal vapor

BF 1St
depospio) c Whikeiithes g@y@ﬂsahwm@mr@ bﬂl(?@?é ﬂ’e@ﬁfWPé EYDSE cenpoatns hivp
exceplidh@l cBufdoterdisds for fekbichiiiiBdtor pidiEstiY GtraCQL P 6he thSnuanNdexi® infiREs for
fmheg‘”m@ g%&% 0o RN 08, SARE and#Qm%%L ac-OSURE OF | NVENTI ON
CC to one aspect ot nvention, an
enbodi nent calls for a nethod for treating a
sem conductor processi ng conponent is provided.
According to the nethod, the sem conductor processing

pISCEORRNERINVENTIGX POSed to a hal ogen gas at an el evat ed
tenperature, and oxidized to forman oxide |ayer.

A}uc%mé 3] BMEple&)@f tlﬁfmverﬂign, b @b Qe Qalls &Y Eethdd A tr%g‘i@ennconductor

proccssmg ﬁoma(l)ngnt {s %rr;r)glge% Accor%mg {o q:e rédg%eﬁs?rgn%onguctorapmcessm%comgfilrj%nt?

expospr} to 2 kadog¢nysef at:?@ﬁlp@ﬁé ﬁvlpqra@mp fng oigieed to forp appifide fpyqrhdfier formation ot
the 0:6d3 My heldRifd layke:Sis e@@e€d.ed at an el evated tenperature to
forma reaction product, the conponent is oxidized to

f gscmdﬁ%lm QaAsm@t%mL@mséﬁn 2 R fon@m%g Dk AMEN fidnSa ddhAductor
nove CCOr.

oG EBHL BT DS OB BT, 1 & Sy EEnh e

reactignamddac the geperentiyosidiealys fagn werprdiyenind te ?ﬂldﬁ ilapiey isghen femeyigd:
carbi de, and has a surface roughness having an Ra | ess
t Aanrdiape atothdr enb@in@nsa samicbnéuatot B essing cymepait @ providf. Thess

scnnctn{?l@:ﬁ]or ﬁg&éﬁng JDQ‘AQQ‘,@IR Q&Eaﬁzg Qlﬂ:gn %m@ léﬁd%s al%%at:é rQl%thgs h&v’ﬂﬁ anR, less
onent as neasur

ton 13 RSB S50 P RSBV, L ORI OGP 408 = i PP
compprorttap pepsiecd bRFIMNS dénthomefitive abxdsprk efd 0 oubadaw tha prifesadece fThis pricr
portich @8 TR Mtan &xPoséll &i@&tulfacé’(ff thd MBneQ 1o dRPHICETABGt (pahiQMs bdly the

f . Th
exposea( (91%1‘ su%ac?r(l)é'tfh% réo 3 ulge a‘l: © outer pomon ?nﬂe%@ ﬁ&tg a ﬁorrl]o% oPtHé Saler surface of

xten portion o

e copMPERCECHR Gefsﬁ’é‘alb’&?ﬁ%lff@’r?f the gyfer %Céﬁfdheéwnem
essentially the entirety of the outer surface of the
C 8rpainghatyst anohocobdinny, 4semiyafucnoictiens comipoat Fermtided, she

comp&ﬁﬁnh%g QM& sROCH3 8l Lﬁlgnmméﬂngsﬁ]ﬁmad aBouP 100 ﬂ)p%%dmg 4nl3&er portion
d surface, and an inpurity

[
oftheg °8 °nen 2t o %léeép‘)trtﬁgbemﬁbesc? “[1133?)5 ppm al ong an out er
portl on of the conponent, the outer portion bein o
ddecerinpiRget A9 ET DR CHFREPP IS IoS RS HPRFPFRIPIE BT ﬁgmeeewmg
2 semivorgiedtdr @ aferd icliiCanb@inraeBSprovessibRmenent cinfgupd @btk thnd ©reive a

senuc%r%ﬁ(%r Vvht@rg The%gn@ne%ﬁm ﬁ%%ggﬁﬁgs ﬂ/\@gs%{an abLtﬂ kao%s, and an nnpunty

enbodi nent rocessin nponent is configured t
°°me’&téeﬁscﬂéa&ab°ﬁtr}80°rp@8 @F‘\?én ger %"é‘%‘f‘ g 61??&%&0’66?‘ waf er. The

conponent has surface roughness Ra | ess than about 2

mAecPgig to 2 qend asnect efihg fvengion, eiptererbodinesatsalis s  seisendecto1 000
procefSPIFt@lparaf], tiitomidhedt cop@fsing Glitor0drbilk) @he oA omaRbrfaceAoEar o theig

to a second aspect of the invention, a further

enbodi nent calls for a sen conduct or
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processi ng conponent, the conmponent conprising silicon

carbi de, wherein an outer surface portion of the
w0QiE/0P14283- WO App. FI NAL WD 2004/ 093150 PCT/US2004/011507

PCT/ US2004/ 011507 conponent has a surface inpurity

| evel and a bulk inpurity level. Preferably, the

surface inmpurity level is not greater than ten tines

comp&n@r@ hdd Whuade Wﬁdr fe¥el dn@ Y Bk nnﬁ@@Q&g' Bigifealy, 80 QkBR impurity level is not

d for treating a sem conduct or
greate’bggqeélggwsn%gebgorrﬁ’on ¥ s provided. The method begins

th _provision of a sem conductor processing conponent
h%‘i??ri’l‘@g 3 AroBererbodEgrtragreliod BT 5aog # SHCPEICHERCH e FERTEL S
provided Jithe mefleyd bepiits withrprayfsios oflaisaromandpetoripiogesing béreopuitheving g priten gugface

pomOQMed@pchaéyM r@e bwokoﬂsﬂwrcarwe, ﬁu@aagl suaqasipoanofa h‘a{vﬁaé‘ﬁ;ﬁﬂk impurity
0

level %‘gﬂ? ?ugjgcg exéeh u%r‘exf, %ﬁ%é} 8ca‘t10n oEtg Esgrtfac?f I??I;]non 1 femo veg suc%%r:;tt the
surfacp prpurty feyel i wgPatqr hanrpbut teyy tisegs e bllﬂq‘vammaﬂ)’@ﬂt ten tinmes the
bul k inmpurity level. Still further, according to
asitfiieer, kg tomediie; enthodivadnt) aletiod for ti¢atr@taisdigcostiuctor processing

compc?h%s %%Olgédc tfﬂérmeﬁlg@og &é%tﬁ] &ov&éﬁqpps@ﬁmnddcl%r ﬂ?&c%l/lh%jtggpon&pﬁavmg an
ns w-t ?TOVISI on of

ot e B PP HIOHER L APH AT B 4P S pegooriontes
bulk ippityileyel afidgrspriaek ibyurivrert Dethervizpohodieioes witormaysl of4 thrget prfion
of the GRErRIrflE porh B subtithe®ihe sibicf ApRriPIVel ib RMcAIRS 2 BorBBE A 1chbpMI I 1Y

| evel and a surface inpurity |evel. Further, the

met hod continues with renoval of a target port ion of

BRIEFDESCRIPEFFONSQF THE BRAWINGSn, such that the surface

inmpurity level is reduced by a factor of at |east ten.

BRic BrscHRS PRIy Ohbe viipEoORAVFSNES:oPp Batyypsandaqyantages made
apparéniid @ddelsiailed MAE 2R By BRkical theRdaipsiynpdawiaad | ts numerous

features and advantages nmade 15 apparent to those

skl 1 B wdied o Jﬁﬁod@ﬁe‘m o@aﬁe 1858 LSRG Emd NS AL G 8kt NY
dr awi ngs FI G rates an enbodi ment of the

p vent at. ar..car
PR L ML d‘ﬁ e ?/%%?ﬁ%f B RE e B SR R ¢ o
W@@F@a@qqemlt@élaﬂ%’@%}sef ntwo different commercially
avai |l abl e deposition apparatuses. FIG 4 illustrates
t HE. 4 ithptatds thy ingbept depth profile i VOFSICYDn@iu@izing mratmptchases at higher
contadbdnt b2isNQ react ant gases at higher 20 contam nant
levels. FIG 5 illustrates the inpurity depth profile
?Is?n%t%?'gawﬁe@%ﬂgF“S?ﬁ%% oo bl s s
resu fro cl eani ng cyc| es of _anot her I ,
01 s e RS PERE e FH ey Py hfﬁ% se
relativgly lawharity §¥B-SiCdéver ence synbol s in di fferent draw ngs
indicates simlar or identical itens. 25 MODES FOR
CHRR¥ obire dadoH reftdelice $yhWERNT 8i6EMEnAG O0Mgsl indichtel Gmitur riidestical &apect
of the invention, an enbodinent calls for a nmethod for
treat| ng a sem conduct or processing conponent. The
SAGRYIN OV NENIQS ponent subj ect to
treat nent may be chosen fromone of various geonetric
cOfPEgee éf"fSTd‘F@“f’G’i‘e RYPiPT PePodipenicealls & A petd & Featiends
semicadktdipiycelsdg copmpérie) UThe skmidomiucter @®eksitig Dgupuigitisghiest tcsirezteleht may be

chose}o@%n%n% ofx?Mlﬁg ga&ﬁeu;k %ﬂg&ma{;) m}“fer%'f prét%@e@ﬁ opSkREY, Al kPbe configured
mm waf ers, for ex articu rocessi

for recel i SHaR ged vk Hahes %M@H& t"b‘i’ewﬁﬁé?“%r?mﬁ 3@’8’1’“&%‘5 rbxample.
Particplarpeases singteorhr@sents welfids sentinoadusior waferpaddips, progresdebsy aidfey bodtsplingrs,
pedesRB AN boatPdAtile @ YRS, wﬁf&daﬁneré/\@ef’t@ﬂ pfodekd chdb&rs, add@bdh iGdhy wafers. Of

the fogar c?n? es%\%ra?g}%rgpc?mcsoﬁ C or% dro eevsmg condd onents yfb Ethdse thag are conﬁ ed for direct
8 ég g, severa F %ﬁe se con uctor pr OCGSS%ur

conponents may be those that are configured for d| rect

1075-E4283-WO App.FINAL
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1075- E4283- WO App. FI NAL WD 2004/ 093150
PCT/ US2004/ 011507 contact with and for receiving
weoeen4mosidact or waf ers such as horizontal or vePCT@ak004/011507
waf er boats, |ong boats, and free-standing CVD SiC
waf er susceptors. In addition, the processing
conponent nmay be configured for single wafer
contacpﬁ%ﬁcﬁi&i r%lVﬁ@Qmﬁ&MucQ@wM&MchfaQKonﬁiﬁﬁm&Jit&al wfai@xﬂaldﬁs, I’ohm&s, and

free- stg’nléﬁ‘? gu wa er su e ’tors a&? Qotn %C%OCQQ%IC§I¥I}Y§LC%IJII]§%§ gd fordsmgle

ctor ocess
wafer procegsigg fmé ey lreelaeﬁ e ala@*sers P TS Sispsion nsgsaase@toai lﬁéfstflb “ne
enbodi ment, the processing conponent is fornmed by
pThe mb@nctm)roasssig kinporntiory tifdacagd bistariars echniqugh | Forexingple,
accordid3 € bnt HRLELHAE gfoé%stng comﬂlmteﬂ B f&ln&lr@ Bﬂbﬁélcn%!fi di1G G barbide substrate,

whic hﬁsfléfl Blg)?'elgxlla e m&}] molt(tanh emerﬂal salhcon Cfp%l%nal?y? e &nFa)'rrc‘agnatedeshlcon carlr%J 9 nent

compagiprt fngyhp castad Witchehigh yur@H@m -‘“@‘éll as vlafslbfrarbeﬁle Porbintiabyapqt deypjtion (CVD).
This ddfdbiRd BRPAS aﬂ\ﬁﬁiaghcaylﬁlﬁrevﬁiayutca&yﬁ@&f 81y efiiSjing s1[MoE,Vie\K'H11 as prevent
nugra@olt{top ﬁj%gés%gm%e b&]lbo% Y Eg% YO aH &mg‘ Llll‘ & Qe c@lﬁpoﬁ&} lnaﬁnaer ead to

preve ration o urities rom
°°nta‘§‘%%1t %ltgée%n%*ffordﬁfe@rmgsalﬁ& Anthis gppe. fwéw%w’daﬁawff ﬁ“\xxlﬂmews a
core, fadiypreg@aitn tvith rdtenGdindnameviniad thegurcleuisa suppos efithecom@urot Jhis core may

be maM@ICSIer ﬂ{x@l@(ﬁf’t@éhﬂgxes l’n@st &Hh%m?s’ﬁﬁ @astm@ mﬁ’doﬁ J:a%@ﬁ o@@yratﬁcgsﬁlg technique.
r-tunctionin

O T ORS00 H S € AR S ERT FEREBY Do
preforgdyrpoyeeed info aFfipay carbifeerommppyby sidraqpgnudeess inhiglthdpprejgeniopeds
followlirf@ GlAilia@hd &Gch a1B) ShemGaIVRRR L AIaSibd. P Casting silicon

carbi de, or by a pressing technique. O her

S,Ql%m'at@l‘:lkl %Qenac%ﬁdﬁabr%%gésdﬁéénpgﬁeﬁ&apﬁe ﬂaﬁa@djof stad¢ Qﬂn@%o&)éarblde,

Izin conver si on
s P PROGRTUPTGH G ALt PR AP e B
enabldy Yorrsatibyt af aproiewsdg properes Sutiispf whiteh highewigo Feth¢rgharegressieed 15

compdnBtt hOWe rﬁﬂm&idréf‘ d dohvedbhaOiterifdeh as&lﬁar@ Yin @Hﬂa&é@uﬁ Ajuarty iGiion
comp%?%s hlg\!‘zse beerx% 51‘1:116%1 nu_b Oe:i] sgrlg] @c?r‘l lllcl\.‘(l)l'e 1|B St%y for ﬁl&l%i%m}?ega I dﬂ'glglg ogerations and are
a costgffictive alfprigtae fitegancre Cfp@?sl‘fé t Wﬁr@ﬁ@malfg sifigpricwbide-Ytep diffsvr s
comp&biEd) HaSevkry/fedbvid ofihe pBdsdnt itveiot Ayibe peeticuldityi agpligddle to sGiodn@srbide-based
senuc&[d&:ﬁ)?mcegsﬁ %&Qxﬁs, suf IR Bllos@ ﬁlat grnﬁﬁ’ﬁde@ﬂmﬁg ﬂ1ﬁabﬁ5a9&ﬁ§o§ésp glscussed
conmpaonent I's of relatively high purity. Furt
mnm?ﬁﬁmﬂf%ﬁe55|ng conponent may be forned of a
conventional material such as quartz. In this regard,
qbstethetbpeknd of the fabrivatR@PTes S FEPRS? SRIGABIUSIEEIROCErFiPY PPRIEET} jqcording
to embddiEhe BEITIHE PraEht Gil@fion] ckdBipdndnt hGTbe Machified BIPPE UL, by iRthe case of wafer
boat lqihis&alt’laﬁ 3.9 paev!/’aﬁi kogtr}ssprc}vﬁl%a%gea plu?all& g?%rooeefs f1 & gatcfl NSvhich extends

rnative expensi ve
along G FFB PAPHY TPy i B D MR EL B SP BT 203 22 vhich e
desiraplp npabineifolpwingbivesten of tfeaatkiog sropf. Roheaqmletewmiter baaveaybé on

fabncﬁpcﬁ/accgﬁlme & ohd cﬁ‘ Wk @Eﬂnﬁue@@e@nb?@wvg sdcRas® lrﬂpﬁ:glﬁung a s111con carbide core
or

oce

it G R YR G R APASHHET TRy AL PAbPIESPF on
formagigneof B sliconfiathide g e the giogyeyresy be foreeddn fv@émwmﬂﬂ sonml mpyRs executed
by a Rk @pehtied, skki8 by @idfikeGatain6id bREDERTSng 6d. Th Bis ma'gﬂg walile prior

. Se nd or, e .
fabncahonleg& lsl?agle att]grR%t (a(t"o d%z?l SufE i ?%%ﬁtﬁﬁogﬁ&r gﬁe conp éc by utilizing
very Highp By RgRiPE T, feaﬂﬁes,s%ﬂa&mreéﬁr la‘fennoagna‘flﬁut%%°neé%f@ﬂb’rﬂdmfgé?f
machit@@tboldand betitidng, as veitibel divcusdedhelod, Natewvatfiyewhile Bt 1 illestrpeso Uordenthl

waferlﬂgay 1trkgo 15 umel'é[oai tilatt yert{egl wglgﬁgéfﬁ ngé ’carﬁé'?sqay Qé uﬁMEH Qshvell as well as
extends al on he sane radi us curvature. Each

other SFFERIACIR BQCCKTHT FWHP§Wﬁﬁgﬁa Pﬁﬁ?ﬁ’segnent 18, 20 and 22,
whi ch are desirably nmachined follow ng fabrication of
the waf er boat proper. For exanple, the wafer boat
maybe 30 fabricated according to one of the techni ques

1075-F8s T 4@t above, such as by inpregnating a silicon
carbide core wth nolten elenental silicon, then
executing CVD to forma deposited silicon carbide
| ayer . Follomnng fornatlon of the S|I|con carblde

S T
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fabrication techni ques have attenpted to deal with
impurity introduction during the nmachining stage by
wadd4ioa313g 35 very high purity machi ni ng tool sPCT/US2004/011507
features of the present invention enable utilization
of a fairly wde range of machining tools and
operations, as wll be discussed bel ow. Noteworthy,

V\'hélioﬁné:fl)@atlo]a ofthd ﬁi&gsﬁxﬁg c@ﬁpoﬁcnh Mdiogt@rdlidnachiniad @ﬁratklﬂﬁthe prl)Jessmg
complg:ﬂcént is. egosed yo aqlq%%}:l %at?a an ¢ evged teempteratigﬂgl USW%F tﬁe t«fr?xaésogen é?sh \(ll\glotes use

of anyhalepea @i‘ﬂtﬂféef“é‘}* Pﬁi‘l”tﬁ‘é‘b‘% B0 fm’éw@% with 7 catigipy An example ofa
comnib hlldg@rpedvhicl Bidythe BAR /3¢ AOrdfg [Bo. emb ddhenty\ 11 Pf2¢bhi39/3kibhincludes HCL.
OthenP gc[s H§g£%%£e%g1§9t2m ﬂ'LF lelel ﬂé’ﬁxrﬂﬂﬂef (i’yrptfgﬁ;y' tgé’lalegitedttgxﬁerature at which the

rOCESSI n nmponent and pti onal machi ni
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1075 HEEUS™ sili con carbi de conponents (including free
standing CVD SiC, recrystallized CVD, Si-inpregnated
SiC), the inmpurity reduction techni qgues nmaybe equally
appllcable to conponents forned of other naterlals

. oy o .



10

15

20

25

30

35

those having a fine surface finish (as discussed in

nore detail hereinbelow), are particularly good
woandiodatses for 30 inpurity reduction. The PCT/US2004/011507

sem conduct or processi ng conponent may al so be

subjected to an oxidizing treatnment, which may aid in

further inpurity reduction and/or particle count
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enbodi nents being even nore acidic, having a pH | ess

than about 2.5. Alternatively, the solution nay be
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that portion of the conponent conflgured for this
contact, such as the slots in a wafer boat. The above
noted outer portion having controlled purity is
generally defined as a portion of the conponent

1075-FART- WP P Lf r om an exposed outer surface to a depth of
about 0.5 mcrons as neasured by SIMS depth profiling
bel ow t he exposed outer surface. According to one
enbodlnent thls outer portlon extends along
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which are taken as representative of the purity |evel
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of the profile fromthe nmean line. Ra = 1IL OOL Iz (x)
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10753 Ve 4BFL machining the CVD SiC acts to
significantly reduce the surface roughness of the
material. FS CVD denotes a free standi ng chem cal
vapor deposited conponent. 15 Table 1
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b“k§H8ME“%ﬁ@ﬁgé%%gﬁﬁ$ﬁﬂﬁ?on levels. In this regard,

anot her sanple subjected to machining and DI rinse

showed even hi gher |evels, &uwlki?he order of 5000 ppm
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"H"\Abf er- I_IL_. I—If"l Y'QI"I ne ,,{ QI‘I’(;"JL
»j oH?§§H@chﬁ‘W%ﬁ$° i néd, , SEElme Ut
, '~”m||r| tiesliere: gr eat| \/ radi ced,

and the purity is very close to the as- dep03|ted

C e

dgsg%)ﬁ:u (ﬂin t%@ﬁgelcl é t;’l(lgpé'gl@lﬁ mﬁe&lﬁ)o% assgfx%gtmiul J‘%ﬁm%& M%cggﬁgnwnd a
me‘hf"ﬁﬁ‘é%ﬂ@n%*hsem18°“§‘tclé’bpr9€ﬁ§m%‘iﬂ’a%‘ii‘ené¥rf Rpvidef elh pefricgrdpgir progsfsing
compohanieencgiiylis fyrnied it 1o pariadly ISIC0IN¢laE ecbuBXdudat podtion thitdas@adtrolled
unpuh c&%@tn The othL] sﬁxﬁ@e poftiEPi! 1§a11y foﬁie@ b}mﬁénhcgfjﬁf)& BepostMer (CVD), and has an

uter t%atlsvg erreal %CI ng %)u url ’%bggete Isn%y” Lies FJ) demet?asan

oo SR e P o S PR P
identifipbly $i¢ hgar foened by (%\g}: orgp B@g M@yys of a SiC component formed principally by CVD, as

in the case of fiee-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 impurity 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. While, in contrast, the
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
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 to another embodiment of the second aspect of present invention, a
semiconductor processing component having an outer surface portion formed by chemical vapor deposition of

SiC is provided, and a target portion of the outer surface portion is removed, such that a surface impurity level

1075-E4283-WO App.FINAL
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Table 2 O eaning Method Sanple # Total Inpurities
(ppm As-deposited (pre-machining) 9 14.0 Rinsed in
wabkowassisoc DI (after machining) 10 1295.6 OxPAatiszmm4/011507
wC + Acid Ship 11 2?7 6 Acid Strip + Gsid. iv/C
Acid Strip 12 13.2 10 According to another aspect of
the present invention, a sem conductor processing
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1075-E4283-WO App. FINAL
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vari ous geonetric configurations for different

processi ng operations as already di scussed above, and
waoayodmesiseonf i gured for receiving various sized#Cnakes/ 011507

whet her 150mm 200mm or newer generation 300mm
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t he conponent nmaybe exposed to a reactant species,
such as a hal ogen gas, to further inprove purity. The
woO 20a081a0t speci es generally functions to conpCeAUSB004/011507
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surfammilutyﬂevmwx@mmt«am wEnugacppeadeRtch gton thh erd@ uf ¥ mistoisf taoe
reach@s tHe B8k inHlIr%r levelS Hchn@ﬁ:@y, Mécﬁﬁknts ERAKE Bdeh RT cdR 'iohmt;lﬁ%]

B TR AN T T

the steps may be carrled out separately. In this
regard, use of the termsimltaneously does not
require that the exposure and oxidation steps to be
WP @8t so as to be conpletely coextensive, but
35 rather, the steps may overl ap each other partially.
The term "hal ogen gas" denotes use of any hal ogen
group eI errents provi ded |n gaseous form typi cal I 'y

o . R o o o

(ie.,



10

15

20

25

30

35

WO 2004/ 093150 PCT/ US2004/ 011507 enbodi nents of the
present invention includes HCl. O her gasses include
woOhom@osisat contain fluorine, for exanple. TypCTaiSkops/011507
the el evated tenperature at which the sem conduct or
processi ng conponent is exposed to the halogen gas is
sufficient to enable a reaction between the hal ogen

aboufRASni A&l whtﬁ@t&ﬁl'tlﬁdkﬁe&e&%@i oﬁ@g oﬁér@f‘go S hhicRkd RcordMff, ‘%Ctﬁe extent
that tQ é\fﬂugﬁ su?tface op tﬁe c%%%)]n&lp is su%I §cete e %%?a?ab agion or gg %mglg {Jrﬁcess such as

iter suttace
grmdgﬂémpelema@tsw qﬂoﬁe Eeyahyy the Hfﬁﬁf@ﬁé?ﬁ furttepypmeval eyl eenerglpybe
effec@ll @i il obhidd@snpeination legels Peeyentie thidsthabhirdd §ufivg ERdirboval SR thtget
pomglfiQay gcegugad @Qtp&tdau’]og’ chp cgcles oPéftJhﬁg Ey'cleJ, RECX%&C &H&& axtt En% hﬁ&es to
[ ogen gas may vary, may be preésent

envi ronnment (e.g., a furnace proce33|ng

chanber) within a range of about 0.01 to about 10% of

t Higcording todoothsr fajusey repovallgf e tapdet pyrtiont iearriedentrior t pee of thef pracéseing
comydadht ih #&demBsr@TTtaiticitOn SOFTRMERA tAsBicE A8 Fare g&h@s‘kpﬁﬁay @@&erd out off-

et

_ site, g%ag $e’ ofd the%Qrgc%Bductor fa:lbg 0/‘tlon envllro & egthsgchfas %%OI ougat gras f the processmg

gen gases, reactlve an’on-c
°°mH°’é°a§ftt5°ﬁ & therepd ysia (egg they f@rrmzdeﬂor Cerpwpta@wchmtwatm ewcessor) The
procas@@Comgatent ngy b faly@reated thed Packaged i iinRtid Rigpitg coMaifef Orkikedt and

mnnéeﬂa{e nse%m%t:aﬁgl e%ﬂnllehtl %lé@é’%ﬂeéoing Ras foc@%n%ﬁ%&/clet %}gcessmg steps

n %t ion uct ﬂg@ a higher volatili
suh g (g 575 R0 5 e oy een
mmwwtwwwwméﬂﬂﬁhedh%mm@émmgmemw%a@hsmahwngnan out er
surface portion of the sem conductor processing
C QRPEKR it 2 virBintgad iiBdnsl lprotd3qiid fsteds Yoay Bétcatboratdptidritd dx@Suré Yemoval of
the ta"rg'éﬁﬁmgﬂ‘ wl:tlha% alfmqg H}ﬂgI recElLquﬁpl{yqevels %; e@ﬁn leo e &E})O%Lnt I%L}J bQ yu‘?éed

um num based, i ron-base or
such s ﬁ?l%lﬁfddge Fafer. Brighto @ROSHS fodulosp s fd enbesfient progesting) Agtafipn may
be cagigd oug drcing Iawgngl—l@bh ag Rz gltthdagc thigar/agiktipiomn finther supplegeot copaminant
remofHi. QQHKEE thWhﬁsmg SEh i bcidic %MBA b big S stna-ﬁﬁ e %MH
product typi cally has a higher vol atilization than t he

3
I IXﬁ)cé‘Hmltlgehye ot in aﬁ&‘l%g to rBQ:Eg gygol‘nﬁ&erlt F% bglyhge%é) 2l i€ anoamd pé)mg %oll]utlon

processi hg

- prior jodhalegen gRRei F’@ascﬁ?ts“%t aatatltlt splatonglp fyrtheg aig ﬁH’Q’“’F% %%H Thy 5¥ps

and/cr pEnepioog®sBiyhgrepssiehqupmaht: of tiflks brer © Rehaboseingdi scl osur e

has focused on renoval of a portion of the conponent

bYus @6 bisitgd dpBipbling as Qb inQapkedighil &BW%&al@Rﬁeﬁﬁget [Q)HBEﬂas a
thlckl!iegs OFQ heky! %%l&t) 9% rmcrg rms\f{éhrgtg(% %Shrr%%rtt)ng‘,rogﬁ Ly o s %n.d even n% I. li’r%eed the target

zed
P°m9né%?&ttgearawasgﬁhl%te%ﬂf A b Pistory ?‘Pd Pﬂs§9ra‘iﬂmt #eesa@ew ﬁg‘““& s about 2-10
micro@$ Vio@int busgeeillekss &itn 20mi@dne VBbietly theOYBBiltidytr@asta Ghickhiey with a fange
of abﬁit t‘d‘t@ EUOO Erﬁggf-bgﬁamtebﬁ;duﬁéﬁtg Iﬁtré al tfnécﬁe%s Jon %4319 !Sd0¥¢m,od‘00 Eﬂrzlbé ,Mn, or up

to abtg.lb Iugs Ey:&c?)e%s%gtth% g% E)t%rﬁogl cgg%gnﬁli%)ﬁ( fo | gxgggf peanY%Lc%H)@ outer surface
porti@jo{he compdneritia eemergly oltbepo to enfumtthe estraltsirfapezmmirity Tddaction, such as driving
the infghuritG Ele éWNHGIm I 060 X STBYK Q%n 16Chrder 6518 x oﬁlﬁdc, &E\Qﬁ [oWer. tn@eed the
surfaé:?mrrl%euﬁtg ?CV% Is ﬁenergl{y 631%%@%@’ at least oi%orgleh g}’e ma%x%tr;dﬁ %ﬁlot%nwao o¥(b1% oP magmtude as
a resylteoR e e vBhPE the tI’t‘f:ﬁf@l’t’r‘?t"érrper ature bumout treatment. It is
noted that sonetinmes etching is referred to as
g Méitp kreistteét Zoethel partigulacheg gueimnt Rechniqine foc chraaanizing pré- el pbsprente@EVD-SiC
films %ﬁaﬁblr ﬁs@ is lm@(fetof Q@B&a%oﬂﬁas! §b@cu§§é&§/ ?éﬁﬁS)o t)thtnh&hmcﬁ&%ﬂ@%ﬁMS
f le Asuseglcl)er E\ uﬁ( él SI1r abl1 ﬁ]tfpe erchant utse
or e"é%“%pl exes Vi ?nér% YSPERRIE At SR I 23 el
withiz e tfu&eerfmmrtroe Ff,whlfcle*hmun@ loyeh fs atebiilizpdz thet issip genérelly capstarifugisr into
the ddp@iGk the ohtefSlufac€foftion. FiLik hdR fhat iRSurif A€ QL AR@Y8omeldeerde B
extent that oxidation and oxide stripping are utilized
to renove the target portion, the contam nants may be
30 reacted to forma reaction product, such as by
075 VOthET g a hal ogen gas as al ready descri bed above
in detail. Prior to renoval of the target portion by
any of the techniques disclosed herein, the conponent
may be subjected to a nachlnlng oper ati on, to remove,

o AN AN~ . . 1 Y a1
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35 (i.e., the as-machined surface), as simlarly

observed in as-deposited CVD SiC. It has been found
wohedd/05s0 surface inmpurity |level nmay extend i RCOD/USh®4/011507

outer surface portion, such as on the order of 1-3

m crons, before reaching the bulk inpurity |evel.

Accordingly, in enbodinents that have been subjected

variah€, 16f&EHed b@ings @ﬁlﬁaﬁﬁédini@ﬁtylehﬁs o 2F880n P&l Oflest &hegﬁse noted

a t above
herefh Q&%Hcarg\rg gart]ae?re}%ftgdh S ec% ic nnp%t;?ge e%%%é)gm%bndr a%c“%flﬁ&f_b punty\{evel
are %@Wt@@@t‘g‘a th@etmys@emvawmw theaibtamat DEmrbetdsn shcoquipg o
charg@tiaatdn siudli¢sCdppres B, it @BIMETkhO Hypitdlle thobullkaipufy 1e3el isQypRally reached
byaaap@lro%mﬁc g&aﬁaggwbuut apmaev@?sta%émt Ldegttﬂ%ﬂ%/pa% St about 3

0 16 rf cQnmponent 1S _subjecte
o a{’ﬁt H& as Wl“&t : rﬁt%& i i T BF SRS 1aqrericuls depﬁ‘ﬁ’f‘lt‘Fd‘t Vgich the bulk
impurityyél fsgeached, hoeies raniy, deerders on proressiegmyditionoff the prtictlarQy®tprocess
utlth(DtB e the ortdd Bk porficR) rlR%at!ng Ml!ﬂg tdd ISl g'aieL ﬂéeﬁ@mpe@a%@%&sﬁﬁje, and
othe BHE L0 ele¥ated contamination | evels present in t
6 st-rachined surface. Renoval of the target 5 portion
executed with oxidation-strip cycles or etching
c ytff%cgng tq agpertignen prphodiment; the pylleigpgsint levelingtreates thag @bopige17 atoms/ee
iron @f)fardriot dueaghthqnul £ 1S btgms/cAcie@igh (0f. DOcoaseindiedembr@f end@se applications
of prbRdIMY é%an&t:ntstl{@ cdi1dr BRh 1009 bk ﬁ)rﬁ;uﬂtysle\gﬁ Fnld tﬁg"orgé&ng Qﬁch W 1ef60
ato annn@ t he processing conmponent in a sem conductor
B ion environnent. As such, the foregoing steps
é'%‘fbe carried out off- site, separate fromthe
QA fellowine fisgppipriaqes enrebasiptizetnmstsdies dons prefavespbastdspositeCVD-
SiC sampgies havedug @mposbreateheVIpRiCe@®EE.Ng 10 conponent rat her
than the end user (e.g., the sem conductor conponent

MRALIE Ssubdk &y BT x B LRGES S ore prephd usiig %@ﬁﬁdr&&smg The coupons

o SRERRE g 5 ALt 52055155, DACHREEE, LT s
CVDjepgforjapd aaC‘f%t |be‘atetl Bl gipying o hiriseess wasNgpdsited prthe shifacegf die BgSiC
coupbt&SMﬁlmﬂmﬁiﬂg 01k v@1 Qeroynel ing ProQIFR e hEnsS @RS (ApSid&ld Aa8d
Appa%s ﬁ e E;dggﬁld (?&Mpglglt %Et& &Q@Jﬁf%’b%t?g en gas treatnment )

nay e repeat ed, I'S gener epeated severa

achi gve the. d urit hr ou

r e rmv glfn?y lcfvel OPI e fug?% %f the tcPaéeH Si: éﬁg coA%oe% §PR Za{i Br congary Ton
Mass\pggeraserpy (SBEDT Thie SR anghrsie vess aridprtpd srifleS plespry I@exg a Cameca 3f instrument
in a defCA6AONEE. EThe PEtuBEnt ¥4 cAKPOSWMLich &pfaﬁMan&fds f& Qzeurate unpunty

detertnggtggtThp %ﬁ’AIS%S fow[sctd Ign ﬂ%«?&rrﬁogeQO enlélblet a,pgggd tec on e SP lIle15

he conponen

stomgis F%@ld \t\ﬁlt HOIEF@?@HPZ Hefest etley‘”l%atﬁet e ot fseriss W@m pegresent
as-dep@itdd at avg@nveg SEDRiTtiwiginb Becurdiat mphidoegshtivgs. Agi tation
may be carried out during rinsing, such as with an

UlThd IO RaBsid Bf iﬁ@C‘(’la-StCtla%er a sathifke Jr&éEsEe‘ﬂ 5 A}%M&QJ £ H‘l@ﬁ;tes a hlgh
surfa&%%a%ﬁga&%%} oth qﬁ\l)atlhat is Sw 1to5’de taﬂes gr t]galn lei)ulﬂgvaf?]as s own m FIG. 2.

aci I n°Stri
The Feéﬂtamﬂﬁalﬁtle buﬂ219<1At Sta@mf{atapcqu §F conggnirgtipn laamt atoggy/cq; which is typical
for CVD438]1 dagipgst he conponent may be imersed in an acidic
stripping solution prior to hal ogen speci es exposure,

S UGHhilASigh FurBE h‘ﬁym@ty S ektali@as 418 olgs%gdiaﬁﬁw &l Slbnayérwgltle& Wing
A am%nBa gfwnhﬁmfins'ng and/ or i mrersion steps may be
PP at ed any number of times prior to further

proceSS|ng Due to the observed depth profiling as

o SRCPTERERT Comsenfitsipis gt Satoms/pranddiops foflisibrlla alug of Hel 5 pigmejs ithin
0.5 mipng depih inhals CYD-SitNog g REBe @fticidr sdnplaSindeddaradteriPhtiah To verify the
umvemllﬁ}r d2high Moﬁ:&n Q.Tog’él tﬁg sﬁ&‘a@eﬂﬁ’ as-deoéQd matﬁt%so Diird t@s@\gas &t gtﬁted on

hi gher. Inhdeed, the target 25 portion nost generdﬁ

has a thickness of at least 1.0 mcrons, and

preferably at |east about 2, such as about 2-10

m crons m crons, but generally |less than 20 m crons.
W7-EfFHT 4P TAL he CVD-Si C | ayer has a thickness with a

range of about 10 to 1000 m and certain enbodi nents

have a thickness up to about 800 pm 600 m 400 pm or

up to about 200 pm The thlckness of the target

N a Y "
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30 the inpurity content down from 1,000 X of bulk to
on the order of 10 X of bulk, or even |ower. I|ndeed,
woheod/08156 ace i mpurity | evel is generally redueed/usyoaniiso7
| east one order of magnitude if not two orders of
magni tude as a result of the renoval of the target
portion. Wth respect to the particul ar neasurenent
a CVDesih Bdafiid @@h Righer iGhiaitiad Gl tRIréadthdd &séﬁ hRd todddd thp QSI) filol & uﬁg
ennchQ’c @sgso Jbgelvgasdn cQa%gts Lvﬁl%@w eve]srgsa‘%e 1n l%el? OIrI]le f:le ncanératlon

on pectrosco qués Tnc
at m@fbfé“ée B350 g f(%?ﬁ‘f?Pfe"V“Asz Sans Rt dpliTe COENHRR RE 5 e16 stomslcc
The cmmé sutface s Gai@ htorgeérn,anhiah is y factarvof £56 pigivelthantti btk €r doftPitbbich \Wf 7e14
atoan/@cV Q‘he ﬁﬁuvay Qrﬁﬁil hro%MntuﬂJthy t;dﬂ?en@aﬂ&f%onﬁ% SrﬁQeQO ﬂcot(uikl @pbearglated to

i.Ss stab
dlfferegcﬁse? 5‘1"?@9 g é‘%{’ﬁ%sf %meenfﬂi‘frcf’al’i"éﬁs “l?dﬁ“tcgmc?’llfém’&e pt h of t he
outer surface portion. It is noted that inpurity
d EYleshapiprps for iraqysly F:rylclérﬁgtaq thegurggpge r@@@}l gslergipod at the present but may relate
to infpQifbmikd@8 Ferlfbe A biltNALSIVEILRE0 &0PBIEDD-siC deposition process or Fe
segrd3belth KERZROGHEALAOR fuoy ML LIS Buinf BBEGSENL €0 DY Swi ngs i n

rreasured |rrpur|ty eve s as a tion of depth.

Unﬂwo%_?f g,g 8 hered ile raw data is

r eport e 8C| il °°rar’61l§?wet“§}’“l BV ILPPRaNS G H¥dardgazing and a

1°Webﬁ¥lf>’| CW%W?IS/S*%@ fey olpduing prpagssing. yThe eoyeshs wearlendddaste d CVID cnated

cantitefie pedd1©nd blk@d inf R ditfbdion AEREQIipSd VAihG 8Iciddg@s 4. t he dat a,
that is, snoothed data. According to characterization

ftﬂgéoﬁﬁ)ﬁsr v%g%,rnthgeq a&@& %SP’C f$rt6 1%% amIC}Téwgﬁ Wl?%l ua ¥Cﬂg& %ﬂd %&s The

mpurit | eve
thermgh 'iffwe%f‘mé“‘wf 8?%%%@““&88@?&%@!‘”? of g thlek threypak oxide s WD -SiC
surfabegiiprerigh pragrmbtion biakaeget m?:tlmaof the GVD-Sild dofaésponding tausbg 0.05-0.6)MHinally
0.5 tithed 1Rt #iknd® of B 6:43deABhe\WkilidBbd hresk ﬁeﬂ)g% c&fcen@até #e éﬁ&noﬁ ngt?l u?puntlcs

exampl e. The particul e at . C
such IaS)I’(F% %ol thy?xﬁee .a on, the C&gﬁ ulgﬁggé\;gsﬁ]elp%y)l%lgze H}é B@H‘H S0 the
surfaggrpf e grevEngsidey H@bweﬂnmt e bedibved hreigpimittly cubame@\ipped vies:
growii blide28d. T1@ of @il Mot oRithe the SdhhBAA tPQF JoktiBRof te RO L4gH 1kdr
througl%é ﬂeé&hﬂnasﬁc { %9 b {éﬁ‘e 902 Qé‘é@ﬁo BhR egOZ tenperature,

pressure, er proc SS|ng paranmeters. 10
A cor di part.j c i ment, the bulk
it F"’%‘Jﬁ% b&‘g Bpeuiftigs VHtBJPLLL@ Padlar '?“rf’ © L3¥5h VRS SHRPEY/n at AGiHE T wsing 2
HEF- qu @Wu(eP?b) aciipyetyrgt Thy resdting foptuftarenckabBonat thsiccis dbwronFIGNs.
(Cr). O course, nore demandi ng end use applications
OfSINI VOB $idiagGes COMPORBLHFS cotbeyiraiad deorba8k fr@ 25317 @WEEC o ik Kaitial
leﬁ@é&ﬁﬂoh ¥% JS@QM gtl)ﬁs/ct: Bﬂﬁk cie%d ioglgog gicﬂ) H)?i ﬁﬁ%gen{"d?ﬁe 0 c%amn The bulk

atons/ cc iron E% oW n
i e o LB AT F B OB DB ShsHrEs e e st
impupty copespienipn, telsu@¢Pimpdry Ghoehtigtinmphsesil afBctaref 30 higher bam the bulk. Thus, an

add1tﬁﬁh$$lea¥uﬁ@§$l@xdas W&t&l SRR RRe tho¥e c%c&tr%h' Q@{a §ur19(fe ’§ﬁe%§ect of
usi ng sSta

1% AGre Sl TR dftﬁ%g*t}wrt Siep vg ?lSém(fmlws
A°°°¥dﬂ13’é1 the E}faemwplef weprepeget ksing fhe RYBFIC serpide welthihighpr iniPhyisies (shown in
FIG. ¢)lt€lgpaitcel i tiffershieds Betl ot ticind bilthigpuri\Rek.eact or and

a C/D filmbetween 12-18 nmicrons in thickness was

d Qm%etf ﬁﬁ*tyQﬂ'thsaﬁfﬂg \tfag Gl@dngﬁfsmhtﬁ% t§é sta g&ag C\%@ &Qlﬁla The coupons

uns were er orned usin

were (it SR Sizp ey oo B rstop o B o & ARGy i a oxide ey

that wapubseqrentls stijped by the HF HIFEwoutinn dEreskaing cyely thsrepeddd a ededna @insto

remo R nafRA ide e inid We Ik B.5iCl el Aﬁ@ﬂl&éﬂy%xﬂo@e\/ﬂ@ Fe-gr{llmﬁeti] ﬁn'écg Eatre@C €
of the CVD coated Si: Si C coupons was anal yzed by
Secondary lon Mass Spectroscopy (SIMS). The SI M5
anal ysis was conducted with Q2+ plasma using a Caneca
3f instrunment in a depth profile node. The instrunent
was cal i brated using ion inplanted Si C standards for
accurate inpurity determnation. The anal ysis was

WS HBEVITH™8 Fe and Or al one to enable a good detection
limt, viz. 1lel5 25 atons/cc for Fe and |l el 4 atons/cc
for Cr. Unless otherw se not ed, the results described
herei nafter represent

the 212 5leanm%c§7cle couﬁrﬁ'{ )lge %14

C )
J
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20

as-deposited or as-renoved CVD-SIiC, with no

i nternmedi ate machi ni ng operations. The SIMs anal ysi s
woho0d4e3iBWD- Si C | ayer of a sanpl e processed byPCT/US2004/011507

Apparatus A, indicates a high surface contam nation

of both Fe and Cr that is 500-1000 tinmes higher than

the bul k value as shown in FIG 2. The Fe

C CSI[MSEzﬁlBl&sﬁtof @ﬁbohﬂﬁ&r'ﬂﬁ) Rididg cj'cﬁ:s skb®in @ICp @'B'fhg Goubtd) geah%cgglz was
eﬁecﬁ&@&%@l&%& 1189 e lth§ conlarg}né‘&?&% a[:TEi énﬁﬁ{h ii]ur 2 u Ir %poncexqtraP?ntlvumlar

coatin
to the by dmppip STFgRRtigha s also observed on the CVD-SlC | ayer
deposited using Apparatus B, as shown in FIG 3. The

s Utrif szeiended thetowidle it fomgdingharasterizith Sudids Bave hice adumthgekt epSited
omdefnen-iu{ﬁy@dd l:dﬁplycﬁlqﬂﬂl Qal(%@n g%&?eléxer@toﬁl%énﬁgal Mlﬁd&ﬁe@ maybe g’mployed for
remo(;gl &l‘ t]?e tar e &)ORIIOIID 1J r it Las een %atare eatfiad r?'xg)tgzrl E)tﬁ)s nﬁygbe\?aé?eidpv in order
to dﬂf’ﬁfée Sséacamp\v@flgvalﬁ r%ayesmblehangmas Hespyied abgye, @ oinglemiely raguited in agprface
imputity @ v htfvaCRan@ficaliSmflepa St @rhaGpah inp@fy lerl hdd ivisB0 K@st or WaBulk.

BRSSP A L SR IR

LS T SR R Lo e O,
mpugity feyl ﬁfg@ swfafeho beingfteeepter tap the pullsimpraiyddvel, thesis.sbavvqual to oflksGhan the
bulk #puritylievel-@ot: @BGRITLE AbIORFIGAS wdrd¥ekeS kil (46 Giftrsht Ahpl&, share
provﬁgd%péén%gmuvg ogefs %gl‘? over %ren%s l?efore a%ﬁ %‘ﬂ é?e t Egl k Fe

concentrati

syrface ﬁ} atonB/cc mhlch is a factor of 550

hi é“rfg?"eidﬁ LR CRRE TS Pe SREaT s ALt R eng ot yestrigtive; and the appended
claimg preyistidedto copprall puch medifigasions, eghaaciments, ald ajpr bnbodimusittiat 11 within the
scopeCdD the Frededt ﬁﬁrdn@dﬁ i‘l[u@ 0 tﬁ&ﬂxﬁﬂrﬁ fe;@&@all&%d%ﬂ@w méls&per@ﬂle ?@sent invention

is to lge%«L,thImng by%c broadest ger;n%ps)%ﬁc mtc reta%glq of, %C ?ollgv%\%g%ﬁl? é]ﬁ;g e(fuaqalents and

coa aract errzation

shall P‘ﬁb‘UFﬁ‘rtc&‘?d @%Mt@ﬁh@ﬁ@e&?ﬂg@ﬁ@e@@?cﬁﬁ@e are not wel |
understood at the present but may relate to inpurity
mgration fromthe surface of the Si:SiC substrate
during the CVD-Si C deposition process or Fe
segregation fromthe interior of the filmto the
surface during cooling. 10 Two different types of
CVD- Si C coatings were produced with Apparatus A, a
standard coating and a lower-purity coating, were
sel ected for cleaning processing. The coupons were
| oaded onto a CVD coated cantilever paddle and pl aced
into a diffusion furnace equi pped with a Si C process
tube. The coupons were oxidized at 950-1350C for 6-14
hours in flowng 02 with up to 10% HO gas. The
thermal treatment conditions were selected to enable
the gromh of a thick thernal oxide on the CVD Si C 15
surface through consunption of a target portion of the
CVD- Si C correspondi ng to about 0.45-0.60, nomnally
0.5 tinmes the thickness of the oxide. The oxidation
process helps to concentrate the transition netal
inmpurities such as Fe into the oxide |ayer on the
CV/D-SiC. Wile the HO gas helps to volatilize the
inmpurities on the surface of the grow ng oxide, HC
treatnment is not believed to significantly renove
netal trapped within the growi ng oxide |ayer. The
overal | process consumes the contam nated target
portion of the CVD-Si C |layer 20 through the reaction,
SIC+ 3/202 (g) =Si02 + COg) to formSi02. To
renmove the bulk inmpurities within the oxide |ayer, the
oxi de layer was stripped in an acid bath using a
HE- HCL mi xture (1:1 acid mxture). The resulting

1075 E2 (PR8Nt oncent rati on at the surface is shown in FIG
5. SIM analysis indicates that the surface Fe
concentration decreases from >5el7 atons/cc on the
initial
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CVD- Si C coupon to <5el6 atons/cc on the cl eaned

coupon, a 10 fold inprovenent due to cleaning. The
woabde/092150i mpurity concentration remai ned consPamuSain4/011507

<l el5 atons/cc. Wiile the cleaning cycle decreased

surface inpurity concentration, the surface inpurity

concentration was still a factor of 50 higher than the
bul k. Thus, an additional cleaning cycle was
CLAIMBducted to further decrease the Fe concentration at

the surface. The effect of the 2d cleaning cycle

CQU lAdnem&IfomatﬁéJza@ﬁﬂccan@Qr ﬂi&lesrs]lgg ﬁnﬁ@erﬂ WU&npkiGn Kdet ection
Og CSC%II%SOHC% 1%9) €11 gas p l ?g %SI S Ccordl ngl y
ep Feani cié gwéré1 afléﬁveag P §‘1“’hg the CVD-Si C
sé?ﬁﬁ?leg%@ﬂp%?ngﬁ&mm@?lﬁwe@ (shown in 30 FIG 4) to
hednpvidg t8oaidalayer.nor di f f erences between the surface and
bul k impurity levels. The | ower purity CVD Si C sanpl e
was_cl eaned simlar to the standard CVD-Si C sanpl e.
THe TS CloitRe r e ihe ston of cposiegdheprig 5L 4 BEGE shignd Gidleing the
compomeutrags chrriedfoniGinmuligedddy. W t h up to 10% HCl gas to grow an
oxi de layer that was subsequently stripped by the
HE- ol ution. The cl eaning cycle was repeated a
séch d@‘?%édflﬁ” Yo e halagenesps cqmprifes @ pteen fppigheterpip consisting of
chior@e/®d 8p@ns ur f ace and t hereby renove the Fe-enriched
surface Iayer 1075- E4283- WO App. FI NAL WO 2004/ 093150
P USZ 04/ 07 Sl anal ysi s of__coupons after two
c%-e/glhn °d° g Y{hgrelg H‘N%"Pg?“ﬁa PEsE Horhe doubl e
cleanlng cycle was effective to conpletely renove the

conti2 Meﬁ&Io@@ialﬁlll IFhRGi8 thh BYBEn, gaﬁﬂgcssnhﬁ a at }ﬁ&&lrel W%H b {agéé of

boreVIGERLL Abd on is simlar to the bulk inpur
aouconéeh??atlon It is again noted that, mhlle the

foregoi ng characterization studies have t aken
advaRhagel obflih e peatietle sif oDokiddal i Bnplded R NGBSt a temperature

withiF QR SndM dsB 1A LY6 e gg,ctreat ment, other renoval

techni ques may be enp oyed for reanaI of the target

portion. Further, it has been found that repeated

I @11The axkbth@ltop (ks MBS DENdploBeidRiih iskrid@bERTa wel b bitBsphdAe

surface inpurity levels to a desirable range as

d Sﬁélbed above a single cycle resulted in a surface

i ﬁ-p PEGodoEAlr Liisti (ResSmigraadivior Precsisig compRapnhlas gmety ipppurity, and
the haddeenl ghs rbpaty ithgfheametal impuityi to fprok eerveetiontplodiict Wiets v&diliaés dukiad theQfep of
expodir@® bul k. Accordingly, repeated cycles are generally

carried out to ensure bulk-like purity at the surface.

10 Still further, as denonstrated by FIG 6, the

t &cHa P’@fb@@f drim & W@eﬁmmmnmcmocb@inmmpdn@dc@uﬁsest a@omponent
from thegbip RorkitRg oﬂséiﬂidéﬁduEtM vdaﬁl\/pﬁdldle@ fprot:éaﬁub%y Gvgfé}%@atst lglelp %edggglsf long
boats g:‘rmﬁgge? {ogst g%g caerréeés, ]ir?]cess cl-{alﬁ ers d 5111%41% W%F‘rrfj l\jr?fertsvcﬁptgész,cus T8 o
““WPWHPm¥he data shown in FIG 6 were taken fromtwo

di fferent sanples, and are provided for conparatlve

P BRSRok G SR AIRUL Lok {uaorgg?ce?sef T -

be construed as |IIustrat|ve and not restrlctlve, and

t hie TapegiadlefdlainliB, vhbréih 6 semfcendiidfit RBERHEg Eohp&en & Forddlby Sldial
V@mqggh&hcatlons enhancenments, and ot her enbodi nents

hat fall within the scope of the present invention.

Thus, to the maxi num extent allowed by |aw, the scope

of2. Threneédehin 10, rwherih ihofRmicomductodpri@ssil @éompdtizi thpiigs 4 strate
and a RERRABRE cRBL R PishdthSulstiter pretation of the fol | ow ng

clains and their. equivalents and shall not be

restricted or limted by the foregoing detail ed

description. 20 1075- E4283- WD App. FI NAL WO 2004/ 093150

PCT/ US2004/ 011507 CLAI Vs:
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1. A nethod for treating a sem conductor processing
conponent, conprising: exposing the conponent to a
woaabagesisgas at an el evated tenperature; oxi dpeTng2dohe11507
conponent to form an oxide |ayer; and renoving the
oxide layer. 5 2. The nethod of claim1, wherein the
steps of exposing the conponent to hal ogen gas and
OXB.dTH2 infafod of Baim C 1) WRDACR siliddn@arbidd Joitﬁgjls @dgbsited by chemical vapor
depostligit!! t aneously. 3. The nethod of claim1, wherein the
hal ogen gas conprises a hal ogen fromthe group
consisting of chlorine and fluorine. 4. The nethod of
c 14 The Bythadroé¢lein M2, wheeeied stigette co@mise elfxmntatsiivonHCl . 10 5.
The nmethod of claim1, wherein the hal ogen gas is
pr.esent artlal pressure within a range of about
0.'o1™ B“@%‘&ﬁ‘il 1 dybygvhegein theyTEbstiplst OPTRYISeS FLLIGOP Spftye Tith spid lemenl silicon
5 immﬁm@wgt@plof oxi di zing the conponent is carried out at
a tenperature mﬁthin a range of about 950 to about
O de ee The nmethod of claim1l, wherein the
BT BoL I S o BT Uk s Uy xposms e
<mﬂﬁwmﬁsph%m@”°@5bﬁmﬂﬁhe&ﬂﬂwhod of claim1, wherein the
sem conductor processing conponent has a metal

| hal oge s.reacts with the netal
flopes f"xm%d it t}‘gﬂl?f SRR AR & B pop el
°m@ﬂﬁ$%@ the step of exposing. 9. The nethod of claim
1, wherein the sem conductor processing conponent
10 g g%plg% ﬁl@ uo&lt%g éa%nvn\ggvﬂgplﬁ thc(:j%;rrdeo g}et 18 r;e(r)ng\éag urpo & 8132331'1 Ss::?\!ﬁlf;oglpuctor
Procgs¥goReratipn. ner s, pedestals Iong 20 boats cantil ever
rods, wafer carriers, process chanbers, dunny mafers

W@f) Sfhe &Hﬁoﬁ%p&ﬁﬁ § 'furlgé? %ﬁﬁ) V\i}lﬂgqgtgp of §)%§59n§ EL% Iccgnn onr 1|1trt] stnppmg solution

he met hod I'arm 1 rein t em c
m”%ﬁ%ﬁ@%@?ﬁﬂggﬁﬁbonent conprises silicon carblde. 11.
The net hod of claim 10, wherein the sem conductor
BOCES SLAH of: I r

o ooy piad of SR Pl L I P PR e YERET e
sem conduct or processing conponent conprises a

15 s @b s meitog for gemaving 2 senkaimpemn framg snidedCOEircRgnOW@pdnktit, REpkikie:
S wa&ﬁlg 84 Bntardithitr 4R34 oSN fo%—reéé@n%g%l 093150

WS2004/ 011 thod of claim12, wherein
t Q&%?%gggnoggﬁgég%mggglﬂmggﬁs deposited by cheni ca

v EpOTne heopidsiptel- on. 14. The method of clai m 12, wherein
the substrate conprises el enent al silicon. 15. The

i h t
ITE.’S I')I(l)lgm&ltod %{)&gﬂ&l\,}ﬂeﬁ . t%# gﬁ‘ rgacnenﬁt a % r]fax‘% e c%r%e ! { s1meu§taneously.

l'i con car
|wpregnated t hereon. 16. The net hod of cIa|n11,
20 WRE e metliod @f Rine]l, Serein @B dtiOprédi@ h3 X higier YoBYIRY thinShe contaminant.

carried out by exposing the oxide |layer to a solution

to solubjlize the oxide |ayer.
24. The method of claim 23, wherein the reaction product vaporizes at said elevated temperature so as to

be removed from the semiconductor processing component.
25. A method for a treating a semiconductor processing component, comprising:

reacting a contaminant contained along a surface portion of the component, at an elevated temperature to

25  form a reaction product, wherein the outer surface portion has a surface roughness less than about 2 microns.

1075-E4283-WO App. FINAL
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17. The nmethod of claim 1, further conprising

machi ni ng the conponent prior to the exposing and
woxd@ioes1sg steps. 10 18. The nethod of clai m 1pCTuse@in11507

the oxide layer is renoved prior to use in a

sem conductor processing operation. 19. The net hod of

claiml, further conprising a step of exposing the

C QHDF}B ﬁl@ttlodtogclﬁn 35 K’th tﬁ&m%;%héd{ Hapﬁ Hn}Qlfﬂy QJnteI‘tth fest BQSEF 1000
rein

180 RO 5 e "
pomfig U8 SRS Bl PloaBiast SRR o 1 i o e
SmﬁfH*?iwmﬁmﬁéthod for removing a contaninant from a

seni conduct or processi ng conponent conpri si ng:

rea C./I& .Leglgo&dbc%r grgggsﬁgldc%g&tent @omp%a pmf%ﬂlgon C?_I]‘§Qe tﬁw cO: ﬁorngn‘tt ffl 18g a surface

forma reacti OXI O
havite g3 Re lest thag b2 Itﬂ%fgvefand g yppurity eﬁ‘tﬁvwﬂ@ss thnebolk tﬂa%pwtpes an outer
porti®pdf th ¢peperedt hxogkasnfed oyl SAVIBNL 2 depthwhDmei fidvmtitk Qurfate@PiSie dfnponent.

reacting and oxidizing are carried out sinmultaneously.

23 ,ﬂ% Q t thod of claim2l, wherein the reaction

Bilie Pt of i 77 e Fbs coppROPRY S mRTiSES A SYRBte AR ife FRstide coating
ﬂwm@n The net hod of claim 23, wherein the reaction

product vaporizes at said el evated tenperature so as

t e d om t he sem caonduct or processin
S B R S R AT N

micIg§e.0cessi Nng conmponent, conprising: reacting a

contantnant contained anng a surface portion of the

e evat. e re t forma

reac |02&%Pg& %?%?Hm?ﬁ@°%u ©55 gﬁ@éaBQthon

has a surface roughness | ess than about 2 mcrons.

167 @hﬂ&&ﬁoﬂ@hﬂ@@wﬁl‘e%d Mﬂén@ﬁ 24:90n about 200 ppm.

PCT/ US2004/ 011507 26. The nethod of claim 25, wherein

the conponent has an inpurity content of |ess than

aBo Ut SSTdu PP At BR tprBmPri fopaterine & errfcandactes iferi therpomfonenhigving
a surR @ MR OIg e, 1@sthaneissi icton indSh Mipurit cotedl @fbskin@fabokD1000Bphal2 BB an
outerlpl¥on oS doRfSierfas d1GireG BIRABEApm £ {0 ,Tnfﬁo%ed;@ sggpduct or

processi ng component conprising silicon car i de, the

conmponent having a surface 5 having an Ra | ess than

aBd ut seicomilgrooprecessianamaanent ¢nppitsing FiCCwRtet outd sukf@s Borfiod afthe
comp3Ruhs 2 LOREL iR RE: 181t é’éd{eﬁﬁan 108hds b A 1%ur1m&cl

conponent as neasured by SIMS at a depth of 10 nm from

the surface of the conponent. 28. The method of claim

274 Thhempiuent plvlingBmponio the bdlompritdes! ismauizd bta dépth ofintkasa3 pm
from §d duleC@ibcE€T MR b seRabbhg. thereon. 29. The nethod of

claim 27, wherein the conponent is machined to have

said Ra |l ess than about 2 10 microns. 30. The nethod

of3- dbagorpormut of gt B8 yhesia thel oyterpaade portiendyromprisedio§ CYIREI

t han about 500 ppm  31. The nethod of cl ai m 27,

o R GmBR ol B e B A b porB S CUBNGR ppd overs
“m“? ce|V|ng a sem conductor wafer, the conponent havi ng

a surface having an Ra | ess than about 2 mcrons, and

28y, IPMbdult: GARARL v bE ARk A,ARAYE 1000 ppm al ong

an 15 outer portion o of e conp onent, as measur ed by

SIMS at depth of 10 nmfromthe surf ace.

38. The component of claim 37, wherein the substrate comprises SiC impregnated with elemental

silicon.

39. The component of claim 38, wherein the substrate comprises recrystallized SiC impregnated with

elemental silicon.

1075-E4283-WO App.FINAL
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33. A sem conductor processing conponent conpri sing
Si C, wherein an outer surface portion of the
woanpmagsd has a surface inpurity |evel that i BCTWS2004/011507
greater than 10 tines a bulk inpurity level. 34. The
conponent of claim33, wherein the bulk inpurity |evel
is neasured at a depth of at least 3 am from an outer
S uUD.f B16 ConPbnekt b&l&@!@%&ﬁﬁ&@:@@;ﬂ&@ﬁ}& 1282 thiéQes3 @it}ﬁnTJ}ﬁlge of about 10
0 pGRTRPRENt of claim 33, wherein the outer surface
portiron is conprised of CVD-Si C. 36. The conponent of
claim 35, wherein the outer surface portion is a
CVD-Thie Gonpénig bf hEHIFS WieR 1R\ epont iSd RS bthrdih@CVIREiC caﬂi}ﬁnent.
conmponent of claim 36, wherein the substrate conprises
Si C. 38. The conponent of claim 37, wherein the
s (ST sprmonels Ahflainy s Wisiein the gosprargpisensigts sbentiplleofEYBMGI 25
silicon. 39. The conponent of claim 38, wherein the
S L SES rvstal I, C_i.nmpr.egnat ed
| W”iﬁl‘hg S R e Rk B A BB AR S b
mpUSE 744093150 PCT/ US2004/ 011507 40. The conponent of
clai m 36, wherein the CVD-Si C | ayer has a thickness
Wigh iy coﬁ'%)gn@iﬁ gﬁlagl_t 33?&%*&1 ﬂé glrttacg uﬁ}ﬂ% ieve} 998 ter%h%ﬁ 2 t-ljl-rbe?the bulk
. cog% nent of claim 35, whereinthe conpornent I's a
mpuply €& st andi ng CVD- Si C conponent. 42, The conponent of
clai m4l, wherein the conponent consists essentially
ofs. @ﬁ&o@b&em 5f Ahdn 33?&“@reﬁ%ﬁ9@§ %puﬁ’t; le%l ir'sungpgéﬁer thmﬁg b%ikri}npurity
the surface inpurity level is not greater than 5 tines
the bulk inmpurity level. 44. The conponent of claim
33, wherein the surface inpurity level is not greater

t ha f’l‘he?cotn'ptﬁ@? oftcﬁﬁr_l B rein itlﬁ'ﬂiﬂfﬁd:e ‘ilﬁi?}l}]t? ytﬁlbullf( ﬂrémitl;rl@@ls are ;t:)ased onat
: rein e surface inpurity

foast ggﬁ? &?;& ’r1IfI))ltAl’gj;cdri'1 ’3&‘{%&1 fsétBha\gnﬁ %i REBER | npurity 10 |evel.

46. The conponent of claim 33, wherein the surface

| AP Uhé doyrpaant oflelalnkas) whprdin kb erfhcﬁ‘t{ﬁhx&y 2 BuibApady 1001s &b based on at
least J)r@@%r 2RE coggcn&ions.l:e , Qu, N A, Ca, Na, Zn ) VvV, B, and

Ti concentrations 47. The conponent of claim 46,

wherein the surface inpurity and bulk inpurity levels

art® Thawmpbngmofgtaim 47 oeetin R @ufak infporitasd bfiRimpurity levels are based on Fe
conca@&entrations. 15 48. The conponent of claim 47,

wherein the surface inpurity and bulk inpurity levels

are based on Fe concentration. 49. The conponent of

c #hiThe @pongoheficlein 7t Whereib th kulki ingpuiryildvyl id neapedater than MIEL atoms/cc Fe
and n@zR@ér@an IM8Ronklzd & at oMs/ cc Fe and not greater than

1E15 atonms/cc Cr. 50. The conponent of claim 33,

wherei n the sem conductor processing conponent

c PP compongpt of i3 herpie i seficendyctonprogyssing prmpenas p@tpiisage Of
compGRITIr6H el _gtﬁlinlSnsfiMi\g Effsen@aBhk 16 Syafe 2 @il Pocds HRIRS iw_amt)z@s[ liners,
i 8 RIS B0 s S W B o
TESEP e S cept ors, focus

level

51. The component of claim 50, wherein the component is a wafer boat.

52. The component of claim 33, wherein the component is machined prior to treatment to provide said

surface impurity level.

53. A method for treating a semiconductor processing component, comprising:

1075-E4283-WO App.FINAL
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rings, suspension rings. 51. The conponent of claim

50, wherein the conponent is a wafer boat. 52. The
woanpmgsd of claim 33, wherein the conponent PET/US2004/011507

machined prior to treatnent to provide said 25

surface inpurity level. 53. A nethod for treating a

sem conduct or processi ng conponent, conpri sing:

1 Qpédviding 2 @dhicV¥ichp ﬁo&lsﬁﬂommeﬁ QQtht Qﬂ;ﬁt’&mface pomon formed by chemical

vapo? @és}t@g& g%‘/ Q}Jﬂéps,z:facplg 'on gavmga lkSe 5! evg a su.rface 1m u.ngzﬁevel and

processi ng conponent” havi ng”an out surtace

f JPTRERE HYFee REtfnebte ‘\‘fﬁb%ﬁf”?j@ﬁ@% istch Ebﬁ ﬂ@ﬁﬂf%?eenputlw éewé fymet greater
than dQinfieg thebulkampurigyievkiavi ng a bul k inpurity level and a

surface inpurity level; and renoving a target portion

of tq} out er surface ortlon such that the surface

i rPpuFHefhedeRl dpml vbprgip the pogface ispurity Ivehis 19 eregtenan times ik
mpyritydayeli ty | evel . 5 54. The nmethod of claim 1, wherein

the surface inpurity level is not greater than 5 tines

t ul k urlt | eyel . 55. The nethod of claiml1,
_ \/\A:k g r {elt?e Fepyfe F@ ‘é’elP K‘f)ﬁlff?cf frppry evel 15 wot grgper fpnedaimet the ik
impwitytl4veies t he bulk inmpurity |level. 56. The nethod of
claim1, wherein the surface inpurity level is not

9 rS% a'{"h met% Qla Fclalm? w: (l:'lr!: K elr au %g L éﬂt}( lé'\fgblléi?o\t/ %%:)altef g?jﬁhe;l;gl% impurity
levelrem)ved by reacting the target portion. 58. The nethod

of claim57, wherein reacting is oxidizing such that

t [ n.fo

12, PARELSHOLRS RO L A s B i

renmoval of the OXIde 59. The nmet hod of cl ai m 58,

W38 Bhie Metiiodiotkiladrh BT witeFeth réa€iip 1 akidigthg stidh@haiXd l@r s@fe portion forms an

oxidd, %%tstaﬂof 1:6910\51%%\( 7ge15;%ft1gn ﬁnzliér &ﬂd&@&nopaq 5ftﬂge%x1dc 60. The

hod of claimb wherein the target portion is
rennved by etching. 61. The nethod of clai m 60,
wher Bie metatd ohdlairg 58, Wigkeindbeizingmd temmig! df e otida g @dpeaR@ folrdn@die said

targeWhofddn.an et chant species to forman etchant product,

the etchant product volatilizing to renove the target
portion. 62. The method of claim®6l, wherein the
e 168 En method e fdlaing 57, whegein@e-tasgytitostiomis egogdiby, etchiog. i ng a
Sid,, etchant 20 product. 63. The nmethod of claiml,

further react.ing, contam pnants present at an
o e AR bd P i B O p Bl s et
to fOV@aetfha@ﬁrOWb@?J%cthant Baduct Fpfetilipie thtsalovo the Ghesinmti®B, wher ei n
the target portion is renoved by OXIdIZIng t he outer

f id b
S %E Qﬁethoe f c‘ialm?g]l &Jlgﬁin%en?cﬂgl s% ;:(ues ]Se a él conta (ﬂuvr\{g ﬁad gr)%)ima Inleiﬁ &tchant

e oxl de, and the steps reactin
Pm&ﬁfe carried 25 out S|nultaneously 65. The net hod of
claim63, wherein the contam nants are reacted with a

h%& %gmetﬂ,aaf clamlp Eéaéiéd%é??sm\gga@@gcolim&%m V429044923129 of the

outer 5 ace portlon to fonn a reactlon product.
64. The method of claim 63, 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 simultaneously.

65. The method of claim 63, wherein the contaminants are reacted with a halogen gas.

1075-E4283-WO App.FINAL



66. The nethod of claim1, wherein the sem conductor

processi ng conponent conprises a conponent fromthe
warouposidnsi sti ng of sem conduct or wafer paddl e€T/US2004/011507

process tubes, wafer boats, |iners, pedestals, |ong

boats, cantilever rods, wafer carriers, process

chanbers, dummy wafers, wafer susceptors, focus rings,

S 468.PRB LR of dIAE § whReibihe setidshaibt ROEssAE cofbAAbdtokprid &b GioRent

he sem conduct.or ocessi conpopent _conpt.i Ses  a
fom e P e B PP AL BN P B I oBae e
boatsppriflqverirgdlyy Vel asierh stopeatchambg g durPhyevafyist ideisueseriees: Scuyride®,
suspapki@rrgsn t he substrate conprises elenmental silicon. 69.
The nethod of claim 14, wherein the substrate
conprises silicon carbide wth said elenental silicon
5 i §prEgmehod o 4 b @b ficin theserigondupiepprpRasSIAGRImPrmenS foFiPFisesia substrate, the
outer\ait@tebottion Haidg 4 @At bvefiMptttic@ubstia. r enoved prior to use in
a sem conductor processing operation. 71. The nethod
of claim1, wherein target portion is renoved by
r &fele repd PETRTY B Whepeindfe substeate comprises plempeniglgiligne ¢ ai m 1,
wherein the target portion has a thickness of at |east
0 -6; 5F h‘ Ahod oj? c:ﬁnm M:'@hegﬁltﬂggﬁ%sﬁte cgrlap@i'semiﬂuon Mi;‘?dé @ritl{1sa1td Iglgmental silicon
. tar%et (portlon has a thickness of at least 0.38 am 15
impregpated P pt hod of claim 1, wherein the target portion
has a thickness of at |least 0.50m 75. The nethod of
10 C 78 ¥R hethok Wf JET, whQEPHd S gorms‘smn{awa?ﬁ& B £ TRARER ctor
rior to removing of the target portion. 76. A nethod
pmcegsénlgo?efae%“t'i ng a sem conductor processing conponent,
conprising: providing a sem conductor processing
C ONPREREtkod BAMKIN (] widleiDtbth & porod s oGedBPFebda@i rdridvaRgls. bY
chem cal 20 vapor deposition of SiC, the outer
surface portion having a bulk inpurity level and a
S G?-f%‘&@et{)ﬁﬁiﬁaﬁ@ Y WP%‘W@%? targghpprtion baye thiclwgssaf at lpsh®35 pyor t i on
of the outer surface portion, such that the surface
[ ' I L jS.r C, t. | OX. 77 he
R P R T e S
is reduced at |east 100x. 1075-E4283-WO App. FI NAL
15 74. The method of claim 1, wherein the target portion has a thickness of at least 0.50 um.

75. The method of claim 1, further comprising machining the component prior to removing of the target

portion.

76. A method for treating a semiconductor processing component, comprising:

providing a semiconductor processing component having an outer surface portion formed by chemical
20 vapor deposition of SiC, the outer surface portion having a bulk impurity level and a surface impurity level; and

removing a target portion of the outer surface portion, such that the surface impurity level is reduced at

least 10x.

77. The method of claim 76, wherein the surface impurity level is reduced at least 100x.

1075-E4283-WO App.FINAL



