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and the skin®°fPUFfity level is not greater than 80% of the bulk
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for further improved semiconducior processing components, methods for forming such components,

20 and methods for processing semiconductor wafers.

DISCLOSURE OF INVENTION

According to one embodiment, a semiconduclor processing component includes a component
having an outer surface portion containing silicon carbide, the outer surface portion having a skin
impurity level and a bulk impurity level. The skin impurity level is average impurity level from 0 nm

25 (outer surface) to 100 nm of depth into the outer surface portion, the bulk impurity level is measured
at a depth of not less than 3.0 microns into the outer surface portion, and the skin impurity level is not

greater than 80% of the bulk impurity level.

According to another embodiment, a method of denuding a semiconductor processing
component includes providing a semiconductor processing component having an outer surface portion
30 formed by chemical vapor deposition of $iC, and removing a target portion of the outer surface
portion, The outer surface portion hus a skin impurity level and a bulk impurity level, wherein the
skin impurity level is average impurity level from 0 nm (outer surface) to 100 nm of depth into the

outer surface portion, and the bulk impurity level is measured at a depth of not less than 3.0 microns
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FIG. 8 illustrates depth profile of a relatively low-purity CVD-SiC layer after complete
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20 FIG. 9 compares purity levels of a CVD-SiC layer in three states, as-deposited, afier being
subjected to six cleaning cycles, and afier subsequent heat treatment to form a denuded skin portion

according to an embodiment.

FIG. 10 compares purity levels of a CVD-SIC layer in two states, as-deposited, and after

subsequent heat treatment to form a denuded skin portion according 10 an embodiment.

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

DESCRIPTION OF THE PREFERRED EMBODIMENT(S)

According to aspects of the present invention, a 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 $iC, including an outer surface portion

30 that has a controlled impurity content. The outer surface portion is typically formed by chemical
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that a skin impurity level of the outer surface portion is not greater than about ten times the bulk
30 impurity level of the outer surface portion. While a maximum 10X difference in impurity levels
between the bulk and the surface is generally desired, further embodiments have a surface impurity
level that is not greater than about five times, such as not greater than about two times the bulk
impurity level. Indeed, certain embodiments have a surface impurity level that is not greater than the
bulk impurity level. Processing then typically continues with further impurity reduction to form an
35 impurity denuded zone along a skin portion of the outer surface portion, described in more detail

below.
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35 Following formation of the silicon carbide laycr, machining may be carried out. In particular, 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, Noteworthy, while FIG. 1 illustrates a horizontal
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35 components. Diffusion cocfficicnts of Fe in polycrystalline silicon are a factor of 10° higher than that
in CVD-8iC, making it a particular snitable material for the denudation process. Silicon oxide,
including thermal grown silicon oxide, has a Fe diffusion coefficient of 10" em?/s, making it 107
higher than Fe in CVD-SiC.
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inmpurities s WretmeasnaFes camia oo tidn @ Reas £ k@S Fitch TR lorw s, witk ygcatfadt rgdeegases
are provi ded gahiohs@h At &r&%ﬁ&fyo b OMhoRA N led (P BSBBEEST hmtt., RiypicAy genetal | y

i nert atnosp Q@Jex@lly%ﬁé%& atlegt{aré y&gl ];A:gs%le ofthethmgge\{] :! % a)r/e s&t%asu%ﬁ et hat 10

may be present are as escri Ing Cl2 and
HC1 due tb t KEPPGHEOr BHTTcHYpdt e ?“Pﬁ f&ﬁ‘é’? “’\}’ai*t?d‘}m‘p? priagingseiuEie |4 he

t hus forned nigoetrkirtece etbegenindes. Bdrrbermingnigystaphitizpip kasas euclf 4 GGk sake sal t s.
The metal fl uybed@esalnt Sactad 138 dr dhiyQbhgktel HSiCr.eact i on with the
gettering halide gases include salts such as FeCl 3, FeCl2, CrCl3 and
Ni C12. As not ed 'Iﬁ@tﬁi\u{ﬁ‘a,s:mtfg}%ecﬂcoﬁ)iﬁzﬂﬁzﬁﬂaﬁlﬂm@&mﬁo%o PRRLOBCR 8RS UpoN
an in-situ f silicon
oxi de | ayer. I'ng of
oxygen- céht alr‘ﬁi’“ﬁ@“"ﬁ‘é@“‘?ﬁf&?g 3§ malfrial, i‘"ﬁ‘tdﬁ‘g faf?ém‘ﬁ‘é’ét tr eat ment
environment, form n? a silicon oxide filmon the order of 100 Ato
5000 A in thi ckrieeislly. depdationprespreingds e PrbreomPoBEER erarmp BT thatajgs portion

t hi ckness. Aiof thdyheeafaregpomiamyss digus@dibbic£The fredeedp tadzh @ortiod weabvaidfepshret 0 50

m./mn, for %mt&oug&umb Iloqr.,tlme ﬁlpskﬁlh‘ﬁ)uﬂ?ﬁ\%qaﬂé apaamma@g fssSmde §&l.F bed
above, denudalg iqn acconn

layer 90 may Be“car 'rsiﬂédkm lmf’ mg'? et P rtlao\'r/tzgt‘I eé“é‘P ﬁ%‘emu aﬁ%@ %géi}ﬂ%é’u%rrpl e,
at a tenper atBray iyt whigkdsmepgyrgget 1&’5‘0‘@“‘1’%‘6‘{ thq quigrurfeprppriopOIBEEY leasidy en
not | ess thamiddd@Lcdnincing ménrvittbinpréckrell@iroteeripd aoess: skih gnion Siyme | ar | vy,

heat treat MeRlerRBMiAEhuEAbihREhicd Hiably RlauchE inp@RSlevds HRUWESy me leR vas at
| east 5 hours, with typical heat treatnent durations on the order of

mg;orler%%rmg é?:nud%ﬁg)lpt%aﬁény qn thlg 1%13 tlg){ayer tan g%etvenk)tfn 'an%
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95 carboni zation of the surface while still permtting reaction with
the netal geh@mssasts diffusing to the outer surface gfciths mmmmmaz
conponent. To further mnimze graphitization, gases such as SIC

gases may be added to the reactant gases or wholly conducted in
SiClx. The thin in-situ forned oxide | ayer advantageously functions
to passivate th %u%ta& F%Hﬁx&a@&les eﬂgctwe 1o rcduce Ehp ﬁ)pﬁmmkot gr'e'aIEclr 18 80% of

denudation tre X revent
it ed30r GHRCR B . YRR aHABHE 9GP S e R

car boni zat i orgreater than 40%appivendpvieythan ghe prlkdemurie feveh rroeeassimheglivionss, ipghini ed t o
t he conponentimafity @kcl £ BDWViadkt a O] oddéref diagiitgde lowaGal th Bf d@fbulk gu-oudvar

surface portiQR.as qlsdmfag@ﬁ,ﬁq tamg\{g demm@atera rQeG L m i@l tp%kabon
renoval steps_ ar to stabilize t

om Fee 1calli eveq lower %a noggfe \! rtha §) pb alom % r even noj greates tha
i mpurity |evel™t o Pe dpp roxwrﬁqtesiu}/ he "Sane t Hat “6f H‘ié BUF . That
i's, the skin PPhismeFe eré\?@r eepRrigsyultp G RanRIERA l’%ﬁbe@éh?@rl &bp sphityec; 90 to
120% of the bulidg F3bielpisntiat 30 pptean@bven lvbubamho pps. Neasured at a poi nt
deeper into the outer surface portion, generally at |east 3 mcrons.
By conducti ng a Tderighal tamiator HE0E5%s fxhlaheaaswe &6 sibied aakawigon nldie ski n
portion ngy Q%m@ev; ﬁfﬂ]@%oﬁmfanqﬁ s tgﬁmﬁﬁ@m dlﬁlmuam}a&oﬁgdefe&s&cﬂmsye& educi ng

|rrpur|t|eslj owtha Itatively,
denudati on i ""é“l‘"i’“é‘& ‘W@“ ?”B"d?"éﬂh@%S‘?h"é“"imﬁ‘biﬂ?’?“fl‘i?‘ T paerp! di&sipfot

gr eat er t han 'SGUs & frep fyeacheh be apepmplipipd by e ebgetdescribpdsplidahdssectrons sppraacit er
than 70% 60% ga&0%%phaanpcheting ap@hch alh Bihe Rfpoekh i is eh@tivegiceat er t han 40%
or even | Omrcoﬁcgg@oﬂépﬁlerhyﬁkzvhmls'ﬁ’ehés}éf 1JnﬁM€els andlcghtlﬁgEhE a'lvfﬂ %Eplgldl ments,

t he ski n inpurlty t? / ” r\ | east a or der o% magni t ude

| ower than tRat™6f° tre“Bule i rrpurl ty Ievel 5Turn| ng to specific data
poi nts, testing has, denonstrated reducing the skin inmpurity level to
100 ppb at oms Fe‘cdps o0 franredgrapal piihdareet pRiongnd subssapept d&?’@%\‘t“érf’amfeﬁtan 50
ppb at ons Fe,cande cagipt miptio ¢ © diF erpcesihgmmiBBeniipbsernicadrstofericaiondeed,

next - gener at ieirodteter & spifie (EQMRGRE Masbe baite ol e, shhanfirdnheb e

achi evabl e; Q&\{éomctfﬁbﬁc%%@mlu%@su&n@s} t%%a&amucr%ﬂ% FER G nan 10

ppb. The Jore lpaqthc tiaon a%grdo?c es ex'ig /he nature of iron
silicided’ and™HEREFH (‘)";r‘?r fiet SO T ETaRe ??"tf%‘grf’ﬁ?rﬁﬁ"?fﬁ’r? MPurities
to melt and tPRESEBYOEIET Hade G Ektdytha prskrgeddefhametis shppishicopignesfordisget

| ocati ons andidnm@lgiug ihadbncdn eesonoént.t he Si G- cont ai ni ng conponent .
The preferential diffusion towards the free surface can be

acconpl i shed by wiheesizhave pheserichethesidohlng hage .ottt Agpappiaach,

or gaseous- phasg; @c%ﬁaﬁo%!s %%.&QH&Q?&J& ofkéaonﬁdr}ﬂ%as?éﬁﬁc RAGNenBFId@F I Ng 1S

ef fecti ve to ntra vari ous sRem es

of 5 epur £11 o4 Tk PN O PHAT T PP oPdrCEs PBF IS FISROR T o ¢ he
out er sur f acdmpurity level yhp depih githipghetopfergiiace petion pivdich thamly kel Bt sitbhieestiay get
portion and suibsedpentvhidenpleeldaedineicnydonsea lrbe nda ldpR dl @blier | or
to use of t h%mﬂ&%@o%sm%régamgwaw lae@hoﬁl@m[ &QM&R@E defz@mnsus;@t Ion
envi ronment . A5, ek, LIS, QLGN o1 cos may, be, carrl ed. ouf

of f-site, separy em?yr%rﬁ"’flﬁee SR ebnYtiet ‘f'omfm ¥ " ERP SRR Bl nent |
such as B%/ t Fepur IfLp i estogipedyvitphe ‘f“‘ﬁé“ﬁfe@f&é%‘gﬁ%leﬁﬁﬁ%@ﬁéﬁ@n@wrla’tﬂ?ér t han
the end user fio® ihgoyter fulfee ©@imi ppdfocl UCE Bfed 00 Mpoiedictitranuilatil stk duré er

processor) . -l;h@riancc, represented by swings in measured impurity levels as a function of depth. Unless

otherwise noted herein, while raw data is reported, specific impurity level data points, and particularly
the bulk impurity level, are based upon a trend of the impurity contents according to the data, that is,
33 smoothed data, According to characterization studics reported herein, it was found that typically the
bulk impurity level is typically reached by a depth of 3 microns. Accordingly, the bulk impurity level
may be taken at a depth within a range of about 3 to 10 um, such as within a range of 3 1o 5 pm, for

example. Given natural impurity concentration variation as a function of distance, bulk impurity
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processing conponent may be fully treated, then packaged in a
hermeti ¢ sRigPRidagsAment ai-ner for direct and i medi at e USK- [rﬁs;zﬁnsmsrsrz
fabrication environnent. Wth respect to the particu

measur enent techni ques for characterizing pre- and post-treated
CVD- Si C conponents, particular use is nmade of Secondary |on Mass

Spect r oscopy 14V§A M@)mhge rzerned%ﬁrglﬁn%@'ag%fa frr,m&mhrge dﬁ%Mﬁes asfn%red a%ai@fm! As

used herein, n?urrt |'evel corresg npurrt
l evel at a désp?’ﬁ‘alﬂl ti"’r‘ﬂ e P BB u et Yy ¢ ?“f‘ir%‘ﬁ t%fanWF’E‘ﬁ i”ﬁerh‘burl ty
| evel first opedylatdentioglue ¢t whieh tiedulk imguripytievel degathid, Imtvevpibyinay e depepdgntion y
| evel s beconmgrogeineg babitiops & o gtt@nd: Ciipbdae ilizdd toQori e owlke ptihte pritioh,he out er
surface porti Qi IRGefO5E G0, oa R, Jémlremare phelsife, la&\eﬁler pRRQHL r;imgsgr&s_ ?ﬁ

a

conf used with deeper impurity levels that may be assocl a

dirt y'u nder | y I’[quaﬁ 9&9&9\9 dls ssm§ H)ﬁﬁ BrLc%ér%tenz?h%g% [ &ge (% 5€ eral ?s

30impurity level 1s assocla occurrence of inpurity
| evel s reachi FPQS“éd%V@r%(fﬁﬁ?lesa‘”1W‘”‘ﬁf’)?‘ﬁ‘ft“"a‘ﬁdrcg%stcﬁ@“p&ﬁter surface (0 nm
position. It is noted that inpurity detection usually entails sone
degree of varANEES represented by swings in neasured inpurity levels
as a function of depth. Unless otherwi se noted herein, while raw data
is reported, spéd@infied. PiSEptipeny oflsigné ma gt mm p 6 nptwgre prepad pae tandaed ar |y

t he bul k 10 npufobdsging | B @hpondwee vhasedydpar inditie @adDIGketRQd, hitllakdal The

contents aCCQftelacwapLIQWLrblgadgﬁ'&t@thc émgaclbéndac%é fi WQ&JB%@E@{F}&&S mACCOr di ng
to characteriz tlon es re found t hat

typically thé EFISSRW‘? fﬁ’? %P} ﬂilegs ??b‘”%ﬁ P{‘?I“?l%"ﬁﬁfﬂ%ﬂ"sﬁ’ﬁ"’ %rfﬂré‘ﬁjt h of
3 microns. ACERH ey, coatnrséyswr (Rerprptp Ang dppiraved) to fetler prdergangapibragnt a
dept h wi t hi n efieess angeingfurigbout 3 to 10 pm such as within a range of 3
to 5 pm for exanple. Gven natural inpurity concentration variation
as a function ofrh@inGliamea on tdshrkcd obpEIEVEL ated ISEN@LoGponsWadehaly @& bl hos e

reported her %b ﬁ‘rbfarrmas@rep%m e&s,‘;rsm)ome§ﬂ}gg&al}§&a§@o&aa&w6 p@s%,amged

above, that % %e Fn ‘ﬂ Hf‘ curve reg

raw data, acé Frﬁ’c"’h’ mit%m"é’f’% AP BOEHRRSE HPH e ssared g “ 81?.)‘1‘?1 vaI ue
at whi ch t he SEisiapdafdnfpraeciptyinpaipedcteimigation Adeaatlysis Wepkisysed on Farmy Cadonc to
dependent on cprloc@sEichgodmingdi ietBmE fdr REnPRIdaiotbitcdds COWIPHRGES S
utilizedyfo fa@Jd%dtqu@ u%ta%S%tﬁ&@&@nﬂ%fgwrQ&mw@la%llm} P@gctéa%ﬁxﬁn@&ll ar

tool used, ga other essi ng
par anet ers. e atom%h Q%S?O%mﬁdmf%lﬂf vﬁP hfgsac‘fie‘i’@ﬁé’af\m S B aﬁg %"”‘s'

char act er i zat9 8¢ sYRdiCesh apRemglitcsugsingpreaindeposi t ed CVD- Sl C sanpl es
as well as on post-treated CVD Si C sanpl es. EXAVMPLES Exanple 1.

Si : Si C coupons dhe d¥ywalg ofthn VDB iy ok Smplenrogesreebygireqmars édndisgiésng
standard 10pmEEesst dgamibie oCUPOME CMBRE 5001000 RE0 M@ Ve BikGARAE 1N

dilute agjd, gRlnWaies i m&@mm%tﬁreu@geJmm@/Lc%%ﬁed:r&%&g%lWere
| oaded into m bet ween 50-75 mcrons in

t hi ckness wasp%%°8’§’C%‘§]H°%(§ﬁyp{°ﬂg°rg‘z?%8%“”5?’ the Si:Si C coupons.

Mul tiple coati ngl runs were performed using two different coating
systens (ApparFti&enudmREEPEEEEeRys 18 OBt peke Qi Bxeadsersisyui prent
ef fects on coateirngrapem.iagspowniGTHE. i npurity | evel on the surface of the
CVD coated Si: Si C coupons was anal yzed by Secondary |on Mss

Spect roscopy ( SItvBjrfaceTHa eonGShiviinasrad]§ sins/covasdreon the bledueds & a1 Cidmsil asnma

using a §RNMeGAnisds hiftsds a@mthelmoeldeﬂaﬁormre ga‘nrchle srr;?réeundemea&aﬁz%&crnu ment
was callbraterd u or. ac

! i Shiveridliy i3 RleAT:
i npurity deter m 1versa Ltlyﬁ) galnéﬁum%concen atlonf)rgce sr.slréi ogall;i dﬁosued c&?t&s aal one

to enabl e a §HbEs H%‘F‘é‘é‘t"%‘?‘? a[CVR{S{C coafipgpwith highsy impprities {5 Feactantfzgses uRd tognd
| el4 at ons/ corh the C@P filmAlnfe ity ontiiugenyvas @so observed on coatings with higher impurity levels

as shown in FIG. 4. The Fe concentration at the surface is >5e17 atoms/cc, and drops over 0.6-0.7

35 microns to the bulk Fe concentration of 4 el 6 atoms/ce.
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90 al so conducted using a SIMS instrunment with a higher sensitivity
and a | oweyohgoRtRstion limt of! el4 atons/cc. Unles boNos&
noted, the results described hereinafter represent as- Z‘)Cgf)gs?t e(f§ 2
as-renoved CVD-SiC, with no intermedi ate machi ni ng operati ons.

The SIMS analysis of the CVD-SiC |ayer of a sanple processed by
Apparatus A, indj ﬁhlﬁﬁs i nt;shxmnmaén@a@@e m&mmﬁ an%lsmg& at RQ};rLlenFﬁt andGCr

that is 500- 1000t| . 313 val ue as 95shown I n Fl

) The' Fe corPRRPFHATRHY MARTHEBAF RC3F SO ST G B P L S Phe O
concent r at i orflefogjtioa pracess orie gpgsgatian fromyip intrior of the (it sufagy duddgBoBieC
coatings. A simlar high surface inpurity concentration was al so
observed on the BYBI&rOyicay/ VD€ Forgiss ede nugicadvihpparaags A8 siddad @ging hown
in FIG 35 Thed skd-aae cfrthgGRRE6ADE BiccMRg hricesiAe IR Al R RLEGd@i ek T OPS

to the bul k tet Gant n ifto 2 i ctle o h into
£ e SR RS

char act eri zatHff™e EV(Q?ﬂiler the universality of high inpurity
concentration on the surface of as-deposited coatings, a third test
was conduct ed orfigcomepvae exidizedit PRGIMCHH Shi ighrein Tpwigs a2 ivih wdo 0% HChe
reactant gasess. Us@@miOrefuddntBoddhiens GiExcfetiddiia endbla i Erbiitly of@ fhick BiEHIR BlideWaS
al so obsef Vet QRp&RALHROG M Johgmmnsmgm J{rpa,{roh J;fm. hw@c%or@&o@ngwn in
P10.4. The Fe%&ﬁ]&%%%@&%&daf%Su nes 11 c%nc 5 i‘lc x1de Th ﬁ ion ocenﬁwl 10 and
drops over 0 m cr t'6 t he GIO e af?é’f SHe8Y 4 eI 6
atonms/ cc. MK ehedrapigen Heiigpuritey E"\ﬁﬁh"li’ chﬁw%mmdaleyet%@e SV Pigc&hifgthe not
wel | under st distlzaatielpt do eolqolize e intpurhieston tragurfscedf it gowime okitgBClitaymentigo@t i on
L rom t[le sur fiaeRd gfsm.tuﬁmnIﬁem@le frerst H%Jdﬁvﬁﬁnx@th%n@@u&e Mer. Ci‘épvﬁtaﬁ:pmcess i
epost t1.on p&Qn%%%aheoclc‘)malmmat%cﬁg‘r V\%ahau (%%L rE‘gIg?]Ctlayer thlrog%m&“ A ngg (& g'/? O%I mto

t he surface coati ngs
wer e producedg)vmtog RfU¥OA, a standard coating 5 and a

| ower-purity coati ng, Were sel ected for cleaning processing. The
coupons were | odA&EBGHE BIEMTYES ¥t bedrigdtve eovidt apadererd dn psldaced
into a diffuskbming UHIBCeni@ep(i: ppRehianid. Tharesbiifg ipfuog esentatidder imrdRel eaned
quartz baffl eSyowninrFig. $he coupons were oxidi zed at 950-1350C for 6-14
hours in flowing 02 with up to 10% HCL gas. The themm treatnent

gglng'et | oBe were VA, a%g}sggﬁlga@s £AAD! u@acz ﬂ%orggnga%ﬂecg{ase@froms&'f%t%nﬁ;sx JFRe
portion of tH “a%%@“"é’ﬁ?’r gi%‘é“ﬂﬁ)% g fﬁ’i‘?p lggldﬁnpé’ﬁeme?f(‘; ihal |y
0.5 tinmes thekwmhe cﬂbﬁ‘é@sm@fﬂyFqﬁ@n@mﬂé}@amﬁh@ﬂ@)@‘ HatSiaons/'ssr Wik ds cltreibps t o
concentrat e ftche décresstrsntfacddMpui® c@bentraiLkbd strfa@SmBie Bonastrali@ wiadiiloa thdde OXi de
l ayer on t he ogd@l'g}§¥ tgan th\é\bﬁlll thtqhtﬁ Jﬂignalgﬁa%mp%l:lp§as Ecgdu\{tgcl t@-hﬂﬁlef‘ c%gcageh‘@

IbrerF:'Ig/teld o r}‘c concc?tnsatlfé)l;lfat csurr(:éa n’%h\c} g‘fe%,e aE:IQ ?lfamn%cg(gé Wl] 1?_?& I;nfeaﬁ't 1e E%%N: f] gnOt
oxi de | ayer . gy diegfjop ﬂmléf&féwmmwﬁgrahﬁ% Acdinghptht deping SrcEEYrear get
portion of t h@ea@/@m&h&‘h&yﬁésarrblhwmru@ertrﬂioermeseam HOFIG. 480 GlpdisGhiZnid?2 (g) =
Si02 + Cq g) dtf@rexfc@'ﬁémle& esurface and bulk impurity levels.

The lower purity CVD-SiC sample was cleancd similar to the standard CVD-SiC sample. The

30 coupons were first oxidized at 950-1350°C for 6-14 hours in flowing 02 with up to 10% HCI 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.

SIMS analysis of coupons afier two cleaning cycles is shown in FIG. 6. The double cleaning
35 cycle was effective to conipletely remove the contaminated surface layer, and the surface impurity

concentration is similar to the bulk impurity concentration.
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To renmove the bulk inpurities within the oxide |ayer, the oxi de | ayer
was stri ppge dgb@eaci d bath using a FIF-FIC mxture (g s%dsﬂlsm(,

m xture). The resulting inpurity concentration at the sur ace

shown in FIG 5. SI M5 anal ysis indicates that the surface Fe
concentration decreases from >5el7 atons/cc on the initial CVD-Si C
coupon to <5el6 gy em%é gs(aenqmmtttheoy %eﬁmegmﬁtgtr ags@nbe&ermmtyq,t gl ARE QVement

due to cl eani ng. . u1 : ?rjrg) waonce tion repmal ned constant at
<lel5 atomns/CC. °"\)W“T"}é”‘3t RE ° e%trﬁ“f"‘ﬁé QY ETeE B PSUS B LU AP iU i ty
concent r at i orrauattnes lessinf Yetelkiimpppify fetel Fersrrelnrr wddiioon 2 dessingsydlds fverqy f act or
of 50 hi gher cdagsrd tvitero bicthekpurity bmpSoyena@ms et tnitioied clealing aRled vy showGh BEGWAS
conductedsto further decrease the 95 Fe concentration at the
surface. The effect of the 2nd cl eaning cycle could not be quantified
using SI M5 dyg @ getection limt issues and noise in the analysis.
Accordingly the cleaning cycles were repeated using the CVD-Si C
Zﬁpfleree\#ctez Blet?v%\ggc t{nﬁlﬁlsr(}fzule ?nmx% O\té\;nﬁlmnrnkwlgremdt,hmgdmfrqw edsﬁtgo Sfﬁegﬁnn%vn\gpor
purity CVD- Siter sl %’“W@daﬁlp’@%ﬁé‘& B ??PFIO%f’r“’e‘teé'ﬁtsﬂ’éalé’tdét‘ttﬂa’t‘@f“‘%@l

sanpl e. The 36 pgupeiRgcdnWBrecdedrapongxirdid@dhtate (FDRd3HQECVDAInG- 14
hours i nif | OWelRgn 8255 Wictohs ikhBicknGs vk Yepbfiak ogtaessmtfa@e @{h@yys@rao@aat di%e d:@yer

that was SUbsgag:?% lLschggcrclo dzg%gh bé{!thl? 17 Snm:rons llil t%ckncs? ?}ﬂly sca any L.eani ng

cycle was re fto the
CVD-Si C surf é&aé“gé?ﬁﬂartahmﬂflc‘t@ﬁﬁtfé’elﬁ ’Hé‘“’ IE}éD BT deegrs st ‘F‘éR:%C F“ﬁ‘;‘r%fr

SI M5 anal ysi sezgifr Fe@ogoondn eff2f gnb and\high Bl ceragmiration of §08 |- 808 ppbsves hemred fon FI G

6. The doubl erglgamsng 35cycle was effective to conpletely renpve the
contam nated surface | ayer, and the surface inpurity concentration is

simlar 49 the hutdsupbmeeiotayd&eaeeﬂtot@ftaamwrpadme andMdeddlimd MIFLAGr . as

dermonstrated By F q ? Eed herein may be
d\i
carri ed out to a?eéﬂtltfge 'R ‘@8 rocﬁsrsl Fea #jceane qua € surface to be not

greater than the_ bul k i urlt IeveI that is, about equal to or |ess
than the bul k i fpUFess “’Fg(}’étlo’“ igedh 1 90 AT T 6 13?1"“‘36‘(1‘?‘13”%9?&’1‘“@"t&foe/‘anl ng
cycl es were cdshgitie eredangkitdaverahaf wes fubrequengy grippegt by thad it swividns Tigleaing t he
initial two cl®and rElﬁattﬁYEhrﬁi’S to@Gurs Lvaite detovht o Lohe Fo-éuriceddiiod ikyerind the

Si:SsiC prOQ&loQAﬁ 0f§1'e %&em@ch%éw%%o%e%by%l@n%ﬁ &s sqa\%hrl fs % to provide a
snooth surface and then prepared using stand ard proce55| ng. The

coupons vere ul c%?egn@é coll onsXver% logaa(pon% a CQD aé’lcar%lever Faﬁdlc a \Q\Q] info rinsed,

and dried. The cleaned upons_were eacat or and a
CVD fi | m 10b&titeafmsss c%‘S’p%WE'tao%%Pr?CFFS T’Pﬁaﬁq&ﬁ%%quﬁﬁga”&epom ted on the
surface of the Si:Si C coupons. The CVD coated sanples were re-coated
With a CVD fi| mIboomssipre hesmaly proalofin eid e 200¢ fr Gty 14 yn Ardlayinggphr i hi n
coati ng near sar¢ssh wphed ®i% hel. DeoupPon sligkehdiEtudon onmdadn@np@Ed « Baeta@r .

Coupons W t h We¥DneSlEsibde umay etme@cgtua@a enegmaﬁnteraattd@@ T trca%Qenppb and
hi gh Fe concenttatl ﬁ? ar ed (Pr cl ea nI
r'fmmiton met

t r | al S, 15The 10118 \S%BSSGI\E?%C' t% BTSUI‘G Z‘(li‘l adﬁqUHB%’l orine a cre L vepanzmg BVEF paddl e
and pl aced i ri’tddr‘“a“‘ﬂt e Firig ‘“F’t&?Sﬁ’&t‘éﬁ“‘e‘&lﬁf“’ﬁb‘@@“%et‘ﬁ’i"é‘“@@‘ﬁt%‘é 835 t ube
and cl eaned dueditor, l4pafnhdaBignes are required hhechpaupdmimmendtidnidegsiof WR2Winmed at
950- 1350C f olgudis o @telfsidn dodtticehtQ¥¥e NG 1‘@%”/&9& A Bnald Bndi® ofh@ ¥ashied b1 @ ile0 gr ow

an oxi de, ay%tmo%pt?eto s @q%quealcw s/ BRES, BY Eamttm o UL 0.

The cl eanin r'emoval
of the Fe- enr‘?“&‘t?e‘dhesfﬂ?’f)%?e e?“qeé?%erw%t‘ﬁﬂ‘e tdﬁ'e“i’@‘t"eﬁt’ﬁ\?%qal ‘B’TS‘Ct $ibilifee- enri ched
| ayer was conrfcssivrad ldycaSilyBoathish of &1 oside laysr, @hibivwg diffisioR b @npuBlties and

lowering denudation effectiveness. Thus the oxide layer thickness was controlled to be between 500-
1500 A on the CVD-8iC surface.



The cl eaned coupons were | oaded onto a CVD coated canti l ever paddl e
and pl ace %ffusi on furnace equipped with a SiG ﬁ%@s&%‘?e
and cl eane quartz affl es. The coupons were thermally annea
1000-1300C for 6 to 14 h in Ar flowing at 5-10 SLPMwith up to 10
vol % HC1. Denudation relies on the diffusion of netal inpuriti es to

the surface 25""‘“5‘?14&%&1{;1%%@ @an%%gﬁp‘?e%e%& JreXtmEn‘?gR}/a‘%Qﬂa%asés‘?sasﬁ&dn Png-"l

HCl1 to form netal

ensure an adequfti&BRIBY Aeoat FoLIRaT8Y% P A FAhtr s shibe st’ff"‘éeﬁ%ﬂl?lén
met al and t r aresp/tciirghe bptist Bap low F¢ shefictesipn pyends figra heodse e dcath ofphlo@isSinde s

W t hout deconpesy Agutbas (Edad Sine“deaadait i on, | ong anneal tines are
required to achieve a m ni num denudati on depth of 200-250 nm due to
the | ow djffusi Olfﬂeﬁﬁﬁiffcbﬁhﬁmlﬂc@tfasJl:s@cléal'léylll51r%qg{n§i}1n1rocés &@&Lrlbeﬁ&m% of

g:‘ r C\V\/%_S S?lcs 0 bEQ |§|§/ s:ﬁ%FeOThe lf-]e cfo%gn?‘% ﬁp B ?amg [ %ﬂer the mma c?aanmlg stg;s of, Oﬁg %‘%n Cl)rtl :)O:’:] kl n

the form of %1@%“’6@3’IH§%¢°IG‘"‘WESI"@°‘Y‘ elepdiop Lt h‘*cb‘F“”&F‘F Thas, Prsisuirddc al
for SiC st abizretyhe sekeesklinutée @iesedb) BMS calmsisc Huger, tho aglldnFaplritpfamgn  oxi de
| ayer, i nhi bickduegkp&ied & bsi DimiefddnbiBLbAct it B suaREwihQ WedohBE@e RUd ald on

ef fecti ve(g'nesqhe gjsus the oxide | ayer thickness was controlled to be
bet ween 500- 1§ A on the CVD-Si C surface. SIM analysis of the

cl eaned sanpl the treatnpent in Ar and HCl gases is shown in
FIG 9. The E%é‘?’%%"*ﬁ%%n arr%'f’cl%aﬁ“pﬁecr eases by a factor -100X from 3 El4
atons/cc at the surface .2 E16 atons/cc in the bul k. The | ow Fe
surface region esk%léﬁ"d%‘msf 8??1 f”ﬂ]é‘ i’J’F’f‘éE‘gl“'ter(%m&Ch‘B‘élb"[pr‘P"ﬂ‘faSﬁ‘f)"“tsﬁrfaﬁefgd nm
The | ow Fe stificf perareq using sefidard progdssing Thisusoebeinn dlsgoneel by eitancddifdiiaie ;]| ar Fe
purity sanpl evaafscslsidial €aded.duGbagwda IGidital QYDXEAS sndaSousleansd bed

for the hpw Rgy pew[s ﬁma oe@m@msm@ckﬁ@s f&%f;c%mt é(ﬁf)&%th'cODtS%hr?‘s%ﬁpéhe
1-1C1 foll owed by HF

after the initial atjon.in

acid cl eani nd:ef(’gce?)m “m ?(ﬂggo?j%’ggﬁ?‘?r@ ‘ﬁ?rﬁllcftm”%‘f‘ali he instrunent. Thus,

t he denuded zone_ at the surface could not be detected by SIM

anal ysis. Howevef< ¥RE “FaljifFey e p&VReprrd grilippside “E‘H’#"“Hé“"é‘){‘tﬁ‘@%‘ﬁed to
have a si mi | dimatctauppefievih ¥ Hfarbcey tubg ahdclogngd uartzdaiist h a Fe concentrati on
| ower than 10t he bul k. EXAMPLE 3 (conparative exanple). Si:SiC
coupons of si ze T8 quurpns wiBthermllx ardealwtihin we P08-1 30 for §1e th WioArglbwivd ad®l0a Snoot h
surface and tshedwiigpab e H@lamo@d‘d&nﬂm@gawfm@ﬁ.s@auﬁwphmémesm@lmms wer e

ul trasoni cal loYalrQJas a%gglgl nlt(ntredakn]g éo de%c tgﬁml%:‘ IHIQIH f d\}Drgs(,egy ar{lon g.l’ ed.

The cl eaned coupons we ctor da dolbl e
coat ed 15vmtH’"&’aW?IPYFIr?Pﬁ‘FW%MQBWP?F‘b‘F(’)‘H‘é“d?WC‘t h| ckness for each coat.
Coupons with CVD-SiC filnms of high Fe concentration of 500 - 900 ppb

were prepared f SIMEanalig Pfhl-g clegngd gample after the treatment in Ar and HCI gases is shown in figure
10. The near surface Fe concentration decreases from 2 E18 atoms/cc in as-deposited CVD to less

d

25 than 1 E17 atoms/ce in the sample treated in Ar and HCI gases. In addition, the maximum Fe
concentration also decreases by a factor of two. Thus, a thin denuded zone is formed for a depth of
200 nm after which the Fe concentration increases. The Fe concentration eventually declines to the
bulk impurity level of less than 5 E16 in the bulk of the material. Because of the slow metal diffusion
kinetics, the penetration depth within CVD-8iC is <0.4 micron and the direct thermal annealing in Ar

30 and HCI is effective in cleaning the first 200 nm of the CVD-SiC film. Thus, for effective denudation

treatments, it is important to remove the Fe-enriched impurity profile prior to denudation treatments,

The regular Fe purity sample was also cleaned using a similar process as described for the low
Fe purity sample. The Fe concentration in the sample after the initial clcaning steps of oxidation in
HCI foilowed by HF acid cleaning is below the detection limit of the instrument. Thus, the denuded

35 zone at the surface could not be detected by SIMS analysis. However, the regular Fe purity sample
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The coupons were | oaded onto a CVD coated cantil ever paddl e and

pl aced i ntgay g;‘sg—}d§i on furnace equi pped with a SiC pr qq{;.ﬁ%zbdg}ag({g@pd
eal e

cl eaned quartz baffles. The coupons were thermally ann In a
1000-1300C for 6 to 14 h in Ar flowing at 5-10 10SLPMwi th up to 10
vol % HC1 and cooled in flowi ng gas of the sane atnosphere. A small

anount of ai rv::a ! 'p@cle§8 thrL gﬁlifap‘tiéaud%mne% Fﬁgﬁﬂgg&ﬁl atFQ(_:oLclérKn%tggfowérithgﬂ- t HC
attack of CVD-SIC f f ath

, by formation o in passivating layer on the
coupon in t hdP8Fm of an oxi de | ayer. SIMs analysis of the cleaned
sanple after the treatnment in Ar and HCl1 gases is shown in figure
10. The near surfF&¥ld Pl BHUSPE M4 PIege PEETHERUIMPRGHRY PorRecst Wis/ cc
i N as-deposi tietdin@yihaitseemoabd a B¢t baaen hat B The gapahiiiy/otreduging tiejoeer gefirp| e
tlreat Sd I Alim@ing 1730, Gasesulad), he AeHifubi® Ryel b BEoniB S bR meRRCENt r at i on
al so decreas .t |
formed for a%‘31;65?%{%:?118{1&%%8}0%%ngﬁs‘t{\%? ef%ﬂ?%%cn?ﬁgénég%eg%%%%ﬁ?? (glt% Fsgrrfla(:&f

i ncreases. TH¥ "%@“’E’EHHE%’P&“P%PM S TRRPUSFT P HferesehiRdtisr PRESUI k

i mpurity | evetpicgly rdyaige asdligpha® s@erBe ingrhiniye ofzgbstousarhast dpreringbectaiia, |
Because of t hgp&thewrseical cetlt hfitpsitpnvekdoitedirkibS gndch® daenefuiat bea depth
W thin CYD- SiCrlSrElofpollcr ON and the direct thermal annealing in Ar
30and HCl1 is effective in cleaning the first 200 nmof the CVD-Si C

film ThUS, for E%M ﬁg%!)v\{:gcsrgigcn#lgl%gi(imoznnctc&t%r%;[nngcpng tﬁc’ outi tsuri'acs o.t 1 c(0)nr1 to%gtt to
remove the Fe-enriched inpurity rofile prror to arenu,cfa ron’
treatments. ‘“adeptﬁ‘ﬁ‘éhef”iﬂﬁg‘lgaq’mﬁ: HETged drAgion caparcogrlighed P R usi ng
a simlar pr deds st3gEmng8 om io@einn, fr extrpde, YyowvenFieg himh rempeppugampd] éwell The Fe
congent rati Onpedobs. F&}Exaaamt@dj@faﬁMingttm hbudd if dxgtltedGd RBdHE N@nu8di68{BncOf

oxi dationsin HCl. ' I D9 aikoS REL QN ] etection
Tt of % he o ey rioierik Do heduilo Gk At REBIANGHE 00

coul d not be THELEEEY BYFSrRERF AR P EC HERERPRF 2chip adPgigt P e
purity sanpl 5 wenekner exfiéntiagxitnded deapydation zagsiginalgy be dqdempliiedhopsbne”  at
the surface WickeledIdreas oM GRdh Eads 1@ Abok AR Tibed @ Muphitlecdalbkdnds beyond 104\S
shoul d be cl &4l ..Pas &R HPResk MG DARLEN BGremBRBELACHE BE nGIRAdI JBRE S Tely

upon a process tél g@ﬁ( t hat | ncorporates renoval of a target portion

t hat has“t he €apabi "™y of reducing the outer surface 5inpurity

| evel s, and particularly, the skin inmpurity |evel to be on the order
of that of the BUf ri?@@iﬁ%%’%‘&ﬁf'é’ﬁef‘ pré?éﬁtﬁrd%scafrﬁ‘?’f"“ﬁﬁﬂ‘afﬁlé‘%?i’cﬂfdfsie‘g’c"f’ﬂ‘é‘?f'

ef fective t o sedoatmnets sgithe pregss dagibalen W6.2f Hig4. dhivre r sctaing leverds of t he
conponent t hatpofkasontd @ tombdnynt WeduGed frfaa o silitos cdiigaeHdveved eprces @g@baAg

denudat i on agrpﬂj Q%@%& cI‘féétch %Q’llc;té/a d'érﬁ!ia}{onl{&fagthﬁ iS%&llCi/Cg B)pé%ﬂo%ﬁneg&;f ]Ehg rin g

T T 60t | v Lo A E S ARG FeVEN DA R AL B G AFLRE=EBdr | ve
i npurities t oMo lettrshurchaptachiste tiehaableerisemiiatle denuded region according to

embodiments herein, which notably have impurity levels of CVD-8iC malerials that are lower than

bulk impurity levels according to embodiments described above. Likewise, cleaning cycles, even

those repeated multiple times, are ineffective to form a denuded zone and do not alone achieve

30 enhanced impurity reduction as described above in accordance with various embodiments.

The above-disclosed subject matter is to be construed as illustrative and not restrictive, and the
appended claims are intended to cover zll such modifications, enhancements, and other embodiments
that fall within the scope of the present invention. Thus, 1o the maximum extent allowed by law, the
scope of the present invention is to be determined by the broadest permissible interpretation of the

35 following ¢laims and their equivalents and shall not be restricted or limited by the foregoing detailed

description.
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Exanpl es above descri be denudati on zones extending fromthe outer
surface of the conponent to a depth on the order of 200 nm Further
ext ended denudati on can be acconplished, such as to depths of 300 nm
400 nm or 500 nm for exanple, by extending high tenperature anneal
dwel | peri vt isseinRdaIPl €, extending annealing to 24 hours is
expected to achi eve a denudati on zone 15extending to 250 nm or
greater. Extended denudation zones can al so be acconplished though

increased anneaj, tenpeedictidstor g%&ﬁ@ défpbfni 309 c&anthCEhvﬁﬁoaﬁ Quter
achi eve a denudation depth of 350 nmaor greater. Additionall

ext ended dERGERTHM %ff?é@ms; sHcon Seidre the QiR STITaSR Bertio Buine 3 H@? BRRIEE
FICL gas fle@Wand B bSUGRPGRP BSel, tvhﬁelﬂ%vs%nﬂﬁﬁgﬁfﬂyh@m ﬁklh qvélg%%bﬁlyty |1é%/¥1e|
ext ends bgéond 100 nnb and can extend to not | ess nm or

ot her enbolPHehig to 18Y nmegldspinintosthy awier éwé%ﬁ@pmoes@e toHENmPRGtY avel F&t

is noted thadsulRer £adpaver IB@%@S 4 90 nﬁ&%ﬁmiosth@%ut&%Q%Crﬁgnfoﬁpdﬂa'wtlﬂérem
| evel s of sem conductor- grade conponents, such as th eegrocess

descri bed i skisigpwity leyd 4s notrgsgager tb&“é@?’*}t‘tgrﬂﬂwlk Byparrity; lgved shroskin & byl o
a conmponeninyifiyq&yeFa¥in g%aJeQBHEQoxﬁEnn%hJ)ﬂ SR 6REDLAGNd Kpwever , the
process descrl bed in I's not effective to create a denudation
region that is achieved by enbodi nents of the 25present invention.
The generalized pr 0%@%01%{)&1%&&‘ ol 1,33k rdi e Ql@nﬁ‘ifé\flft}pl'e%ﬁs o@éreggﬂﬁgrfal
reduction in inpurity levels, but cannot achieve the notab

quanti fi abl®o @gfgﬁﬁéblmwﬂdﬁveéccor di ng to enbodi nents herein, which
notably have inpurity levels of CVD-SIiC materials that are I ower than
bul k inmpurity | evels according to enbodi nents descri bed above.

Li kewi se, cleam-ng dyie cempongwian claivp sevhergietie siin frpuritpleel is nepgreaterrthan

i nef f ecti vgyol O hohlTk BnieRHERY zone and do not al one achi eve
30enhanced inpurity reduction as descri bed above in accordance with
vari ous enbodi nents. The above-di scl osed subject matter is to be
construed as ilj ustHati rest lﬁg@:g

clains are int ednded T?% cggl\gg{r%g%ﬁ)&?ﬁlcﬁ \?r]lﬁeg%l F%a%@g%rls&gﬁkﬁﬂ cene ?eq'els are
and ot her watsodi Fesaraentrdiien, thaskin iwipuhiydevehkeingoopgreaér thand 0p petsemms Fe
invention. Thus, to the maxi mum extent allowed by |aw, the scope of
the present invention is to be determ ned by the broadest perm ssible
interpretation bf tAée3shpneRwil Algincs.arherimthe skihgnpurigstjevel & nehgreatartbian
shal | not Qﬁp V\ﬁHngted or limted by the foregoing detailed

descri ption. is clained is: 1. A sem conduct or

processi ng conponent, the conmponent havi ng an outer surface portion
conprising siligon i r P i Vi

inpurity | evel éz;nd %%$0&$?nr$%ﬂrglf% évZ"f‘%“’g&n@F eo:?xaeﬁ ﬁﬂac@ﬁmhﬂg @eﬁﬁ 9’

| evel is afmeelaf&y®-Fipurity level fromO nmto 100nm of dept h | nt 0
the outer surface portion, the bulk inpurity level is neasured at a
depth of not less than 3.0 mcrons into the outer surface portion,
and wher ei n t hel-ski Fhe mompptent lof vllimi & whireigrtbatGD-Sifans 86%sioid olve a
bul k i mpur Kin and bul k inmpurity | evels being based on
a concent rééltg%{%%e \gﬁﬁagsr%%é‘?fé , and N . 2. The conponent of
claim1l1, wherein the skin i rrpurl ty level is not greater than 70%of

thebulklrrpurlyl ?’ comanent. of cl é
the skin |rrpur|8tty Igéglcom%mﬁlgtomlr%ie% T han eé@*’%rat c?rﬁlglsﬁsirﬁ mﬁﬁé
| evel . with eldmentsiliconponent of claim1, wherein the skin and buI k
inmpurity levels are based on Fe concentration, the skin inpurity
| evel being not greater than 100 ppb atons Fe.
9. The component of claim 7, wherein the CVD-8iC layer has a thickness within

a range of about 10 to about 1000 um.
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5. The component of claim4, wherein the skin inpurity |evel is not
greater than 50 ppb atons Fe. 6. The conponent of claim1,
wherein the outer surface portion is entirely formed of CVvD Si C.

7. The conponent of claim®6, wherein the CVD-SiC is deposited over a
substrate conprigi NOrseicemponent of clém 6] MBcCRTRE B&RYonk iS4 &Ldtdndidph@ysi N
the substrate conprlses SiC |npregnated with elemental silicon.

9. The conP&rf@APY¥tcl aim 7, wherein the CVD-Si C | ayer has a

t hi ckness within a range of about 10 to about 1000 Am 10.
The conponent of claim6, wherein the conponent is a free-standing
CVDSi C conponentl:  The compgnentiqf clagpye daicingthe skis imparityydvdrtailh impusity
ski n i npurjebds aBHaRUbKFE FRUGHEN] evel s are based on Fe concentrati on.
12. The conponent of claim 1, wherein the sem conductor processing
conponent conprises a conponent fromthe group consisting of

sem conduct or wgf er mqgﬁlﬁ&enﬁfﬁﬁiﬁﬁ 3, Withas ’the%1@6nd98@11p'§ocegs'1ﬂé%’oﬁlponent
pedestal s, long boat's, cantilever rods, wafer carriers, process
chanbers, eRFATFeSmEEMINeIiAPEY the geoup gensisgng ploteuricopdustys wagen pprdsies| pypoess
rings. tubes, @ferﬂ%@tscﬁﬁg?@ %Hésta@sf lﬂﬁbdﬁsl%amm&r Rl \twlﬁ@r E4ARS, nﬁgéesé S
a wafer boat. denudi ng a seni conductor processing
conponent GmbeEs siluﬁ@ly ‘}fﬁrf@&l ‘«‘Cﬁf% guaszelg@rm feon dings BIspgrsior B85 ng conponent
havi ng an outer surface portion forned by chem cal vapor deposition
of SiC removi ng a target Portlon of the outer surface portion,
the outer surfable pdheicompdingntiafglamm bkiwheieinghe jomponanyisla veafd beatbul k
inpurity level, wherein the skin inpurity level is an average
impurity level fromO nmto 100 nmof depth into the outer surface
portion, the bul% i npuwethpgofdepeding ssemicosdicind procesaing eprienest coroprisings s

treating the cononnn® o' PicHhElor HleraGE BEHAN eI m oyer SPEH porion
out er sur f Beeeddorahpwisal vaberdepgsitiohef 8Kk n i npurity level is not greater
than 80% of t hele}ﬂmuh%gm??éf n#&tll)r?‘é? he outex surfack”) port J},f tﬁ@&ﬁ&dsu%ce é&h&ﬂ

14, further conprisi ng a getter |layer overfylng the out
surface pohavingrs, skishigwerity levst imdi arpuk iniveity layed vdrenenethe iskit ompuyigy @e@lmeam

layer during,d gt i er 'i:)?l@&él B9m 0 nm to 10048 og&g u?Jr S&J{ﬂ?é gb t}éq[bulk

wherein the g ayer has an inpurity u5|on coe

| east 102 imipuely lgiéa!t preasutedrpt alndeapﬁmfrnon yesshtlfahuisﬁ orcrosehtoi the eutbr pifathe
out er surfﬁﬁg gion. 17. The method of claim 15, wherein
the getter layér conprlses silicon oxide formed by oxidation of the
out er surface pwoattrehng br coopmentsediffiet inmnyigesafidm aeurgick iof tha ofiter suefcdy

deposi ti ONyoion, whereby the skin impurity level is not greater than 80% of the bulk impurity level.

15. The method of claim 14, further comprising forming a getter layer overlying
the outer surface portion, wherein such impurities are driven into the getter layer during heat

treating.
16. The method of claim 15, wherein the getter layer has an impurity diffusion

coefficient at least 10° times greater than an impurity diffusion coefficient of the outer

surface portion.
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18. The method of claim 14, wherein heat treatnent is carried out at
a tenperature not |ess than 1150C for a period of not |less than 5
hour s. 19. The nmethod of claim 14, wherein heat treatnent is
carried out in the presence of a halide gas. 20. The net hod of
claim 14, whereim tleheskéthod ofpeigiint ¥5, lvhesdin its geadr lgyee abmpridel dilicot)kids
the bul k ippurjty level. . The nmethod.of c¢laim14, wherein
the skin i FEH DY dRER of e pger syfismrop o R He bRy kR Geeos T

by deposition.

18. The method of claim 14, wherein heat treatment is carried out at a

temperature not less than 1150°C for a period of not less than 5 hours.

19.  The method of claim 14, wherein heat treatment is carried out in the presence
of a halide gas.
20, The method of claim 14, wherein the skin impurity level is not greater than

70% of the bulk impurity level.

21. The method of claim 14, wherein the skin impurity level is not greater than

100 ppb atoms Fe.
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