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Car bi de Havi ng H gh Thermal Shock Resi stance The hanuf acture of

sem conduct or devices such as integrated circuits typically involves heat
treating silicon wafers in the presence of reactive gases at tenperatures
of from about 250 gﬁtﬁ over 200C ure _agﬂ, gas oncentrations
to which these waf dHg1EPHTS ’89%‘53 Pmb aymeytligh A he) H"C as the
ultimate devices often include circyiddan géerrents |l ess than 1 umin size
which are sensitive to mnute varratrons I'n the wafer processing

envi ronnment. The sem conduct or manufacturing industry has typically used
either horizontal or vertical carriers made of silicon carbide or
siliconized sil iBymasapgiereolsemicandustor daviags suchoss intearatest aircuits typitatinese

carriers hay dto s.. \When suc
convent] ondvoas it FERlrdaifbohSratti fn 1B prdefiéy racﬁb%gagmrarwawm e
fairly sl oppmedBeul 2807 Bfovee 16RO, ql?xg%m}?@atﬁ‘ré@gdg rﬁﬂl&xsns SRRYE" -
because of increasingly strict wafer perfornmance and e I Cl ency

requi r enenthese wafers anrdus@o;edhaastt}mecarefuhys icdetralied, adthetilth@atdadevited baemal

Processi ng, P). waf er ssin t echni ques. According tao US Patent No.

4,978, 567 V‘%E\EP Fipuilyy Clgman 1o B1a g 1 %%‘s high are, i8R & ta mingle waRasions n an

envi ronmen ﬁq?sg t s fromroomtenperature to up to about

1400C in a&pt}é??rg%h ?Tlgeld{'ﬁ ee%gr der of seconds. Typical RTP ranp rates
are onl@ he or deTh®herhiobhducdP nlantfaotutiag indidiey hasigpicalty usdieideOEeEhiAY

conditions, the thernal shock resistances of the materials in this
envi r onmener rtécabeargiens madg of siliper easbide or siliconized gilisen earbide RYKilmAtriture ar ri er s

e e v s A28, YR ol R BB R0t TB0loRE o TR0 8o B S
silicon capied@uétScariviRibnRY Qi hieited, Whé bl%c@s@fng's&!b§ g&&@ary%vav@mw e

coated with CVD silicon carbide suffer froma si gni firrcant "m smat ch
coef fi ci enslewghmp rasesaflbetyesnabousi 0(C Gng'3)) *Gimishterrakes t he conposi te

susceptjble to thermal shock. Si.liconi 17.ed sjlicon c)r%r bi deﬁés een
consi deYed as a TAWHTBaPEFaHet 8F 1freastigii Firlgt MR pegiogmpnte EVIBRE . | n

par ti cul ar yeqliReriéd€the Notustry 513?‘bééxgcénsgeﬁﬁ%ﬁdaptﬂgsmﬁﬁd q‘h@ﬁﬁa‘?%@ce fgKiln
furnrturerr“}whrch sr?rconrz l'1con carbide IS e material o c%orce
However, i ﬁ{’EB)eNafesprocersmog tﬂchgqaescohmerdmalol WS Ratent Ml 4978, 367q0Milke), si | i con

carbide ("Si:S teri used as kiln furpiture in conventi onal
waf er n~~~“’%ﬁf&1h§fp) congjtions, wa ty""at"rd-‘P an envIrquUIENHWReSE JAPpRIaITEiSihs f ound

that this 0 fle g 1 MPa
to 1 S8 IVP% \fﬁren srtﬂrg{ekea?%rgcfgﬁ% g})t °3‘? rrgf)@ccru{gn% l?!edst% F|nn V\#] ﬂ%f &}%@} of
t enper2Q ur secoidst mgpneal\RTR)rqumamwre on! tidi ardertdf €066000 PEniniita ppPaderfsuckin SO0C

to OC nearly instantaneousl ¥ S The finding that the above-nenti oned
si | i coni zeBKIERIq POFESERR SPBiERe dn SiemR BIOBE P HRar el thRanwatialy b s

resi stance ot surprising. Torti et al, in "Hgh
Perfornanc%ﬁ‘%g nteagé( f&ﬂﬁgﬂbﬁ)@hgﬁcﬁe Applications", ASME 84- GT 92,

di scusses anot hMrlléfrl dibcteras ROV wifei Etiers aiddie b stmﬁ%[dna|CV]D|(§rlﬁ>39)caj‘ﬁ’die by a
reacti on bondi ng process which rep ortedI§ has hi gh thermal shock

r esi st anceandHeargens madeqftgraphite roatgd with € Ddslb‘tﬂno@ebldh dHowdves theCcasgOf

t h f 27S,.C t
o o 2% antead Bt Siien Pltsat sagh moHiuE AR, Gt S0 oF dibe oust ¢
subj ected oy ﬁd '@vﬁm@tsﬂfcen gb.rfbfd%rs%?fef fbmoS sighii¥ard Bﬁsr@atcﬂ‘%@\f@éfﬁﬁ%n@' f ') n

"H gh Strengt l'i con Carbide For Use In Sévere Environnents"
reports th&tenaalhmpamroes(’é@'ﬂE’Srv@udahmk&sahe comwsits suscepiiblea theSndl shessk a poor

thermal shock resjsta
Slsl{comzedC silicon carbide has been considered as a candidate material for kiln

furniture in RTP systems. In particular, US Patent No. 5,514,439 (*Sibley”) has
30  disclpsed RTP kiln furniture in which siliconized silicon carbide is the material of
choice. However, in one test involving a commercially available siliconized silicon

carbide (“Si-SiC”) material commonly used as kiln furniture in conventional wafer
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C o P Bttt angn
1 S Therefore, there exists a strong need for a siliconized sili congdaf‘ltii"
mat eri al which has a thermal shock resistance suitable for its use in kiln
furniture designed for RTP applications. In addition to the nore strict

t hermal shock requirenents, another trend in the sem conductor

manuf act ur ki .51 e ' evel ,of 20
accept abl eﬁ%@ﬁﬁ;ﬁg%ﬁg@%@g?? %%plglr(];s %’%tgg%irlggg? gojd‘ﬁ\t/éa@ee%a? sk%n@ﬁ} %I y, the
i ndustry h26l MPace it S&RPaywheasibieettdithe theihal quendh testie whithiBe @Hﬂﬂ:@raﬁfre

i ncreasi nglfy hi gher purity matérials. As it Is known that the "converted
graphi te" efyfhe envimnmesbsugeynsinge theamatazial, dreppel efrems SHCntat AT irearly

cont am nat| gtn t{ngsl%;t has considered naking SiC kiln furniture from 2S
converted lé’ ﬁﬁtﬁi‘ terials. The process of making such converted graphite
materia s i nvol YES fifKRY M thePatDE-éhitiHeB Al doRizB® Wich P catbide $BSs H(?lqﬁ(ze
carefully controlled conditions which allow a 50% replacenent of carbon
atons in tdustgndiphthesnalahodoresistarive $n RTE envisdnnrentsas dot sneprisirigl nBérel epalpduct i on
of a stoi c,hi%rf)c bet a- S| C body, JP Kokai Publication No. 1-264969 (|989)
("Tanso") NezdwbsPeformanss; Cenamuesnior dooat faees Applisationsra ASNIB | 84.ade925 r om
converted J & - L alh . densi iy, i that sil.iconized
mat eri al a‘gg‘g’g%ly{/gf%ro h%fjgﬁﬁ?ﬁ%scglrsﬁh%%é\ gé%fdgr&\%\ggflér “‘g@%%g’z g}%%% bg p% f%ﬁch?)rhs.

Tanso f ur t fididggresess whivhtrepdredB3ae Midhathémab siiocRGERstace ] Howew ZBshiRE oduct
made fromits 2 w" 1 ~~ JIli.l ~Q 13 process can have a density of
a

from 200 glealsq disdose thatshis N§-A3@materipk aduel ofcaly 2% %I, sihich dppeazs
respective densities of.2.33.0/cc and..3.21 g/ ¢cc,.respect.ively, Tanso
nppoars t codneRn BeE sinifeanh SEne BN SEe FbisGRRRG s R ASHRY 00 vol %
silicon caamiddRd t5iQWeMSdratutRffachinlof 8MT5 G, tWEa{VéPEtgcﬂ)/ind‘Iﬁ SE&skiPY Tanso

appears to be limted to Sonly lower SIC fraction bodies. |h particular,
Tanso t eacBitisort Garbidetftor Usadw Bevene EnvimnmentsB §E¥73) raporty thasa hot méssed 8jghite to

stoichionetric SiC was i ision to limt the density of the graphite
Starting HBRGH oM REEES SIS & gpBr b dal satk BB de. enough por ous
passagas wi t i nridierot B bs®A0hond ridbd B £ ANBLALRL Sifildn! debiBld Sedify L e SI 0
gas. Since followng this suggestioh appears to [Imt the density of the
convert ed whichihes hahymabsimok yesistnae siitable fpr dts used imkiin appiaat degigiedtfor t each
how to make a converted graphite Si C body having a density of over 2.25

g/ cc (or 7RTB gprlivatipns; C), and so does not further teach a siliconized SiC

body having ovely dfhfih KOHTHEsr TR L AATREAl BRAHUCELASh fNVer Lol

graphite for use 1n semcon or wa proc ers a porous beta-Si C

mat eri al n@gfcdndasoe anveftREng iadiiry chaghder Sheh steadyg decrelse gh ttlle (veP oB5 g/ cc,
or about 80 vol % Si C. _However, the .reported roomtenperature flexural
strengdh oifcceptpde metallic gontarpinatiey) in Ge presgeped Medernpayceprdingdy, ghe insdugtry ow,

ically, : I .
1 i gnl y R RPRRET ORI e MRS el B i SRS R "

Mor eover, mahieligiggh it is known that siliconizing a porous SiC body
typically enhances its st reng‘:@h, a brochure 20 from the above-nentioned
producer di scoubaifeis kapwn duhihei“penveriedgpphitst yrecd vidicor earbida bhs vesy frvoduct

havi 80 vol % Si C fear. of t I ' ' .

par 1 cul arlovai DRl sos R sno e R as OGRS BoRPh G Kp SVENGa T che
ffigpg | ' c ' vk GteGmatdrizls - 4. 5

Tos 12 Snyelsd PR mAkRARSTROpoctH ST el Aol Ot i maiiiale - 0,

cool down fmoolvEd exposingonri pabuographtie AL 100810 gt sundec karefully témrmollede
silicon, and this creates stresses of the intergrajn bonds in the S

C
during bot spPndiisma sdycty allowy & POYedepiacemEn’tef ErRPRAIRE HLBA £raphits MYtk es
Ther eboror m < LTyer s
e ote it tRAES Bl I uREBNLEUGPf & R ERRAREALST A, pp kepg) =L on

produci ng phBIRAGSIINGE 02849690 108 Bk Farist”)t tBheP SO tigg NBHee3 (%8 poroliBSI@T OT €,
there is a 30 further need for a siliconized silicon carbide materi al

havi ng3lvemattial ogle ifidnz sanvexiedi grephitertef enseniially Sullr depsityy odngh Siing thadr e
preferably .at' lL.east 80 vol % Si ich has hoth the f~igher purity and
adequat e s?‘ﬁ%‘ﬂﬁ% materalas SrW?:tg%\}?\é\%t WOWE}‘CQ@PQPY 8@%& @pgessmg opexath ns.

Tanso further teaches that its essentially non-porous siliconized product made from its
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3 applications, and preferably the high thermal shock resistanc@d JUil 2003

: r‘equi red for RTP applications of the future. The:present inventors ignored

t he teachi ngs of the above-nentioned brochure and successfully siliconized
t he porous converted graphite Si C product having about 80 5 vol% SiC. It

was found that the siliconized SiC body so produced was essentially fully
dense andPFPEEss£ap e‘fﬁ%m@f‘aﬁfﬁﬁ@%%/%éﬁ# e@%smythmmdsvl@gnwb tially

> _ i e . iyt v o)
ol tur ot rRReage MERIGE e 03t AR e SOl 358 Bt @ ey
si | i coni z@icRkdsiioize&D 81T Pﬁidﬂ&sQﬁﬂm rfeqfl QN G4 6 95 Wolds! dicohh@uslgsi res of

today's sem conductor manufacturers tor both the high 10 purify and
accept abl &osvevern thehactudb enahling teahnelogy Wisclosediby Tansteappesrs to beintitsdpter at ur e

t h of. thi ial s, | Si in.light of th ' | ded

by’ e br BEMuIPEESR: e BPAEEL1te Potioh T30 GeRS et BV RECHmgRapRABe. Si C
the’b : rePeBETehe eehaphee

ot or |~ ShQE PRl R b ReBie R R Sl o O 10 BB e

shock tesdensity qfahe igeaphite stardignbddy ®uhy ewdredhdnol 50y/déchir obr fUsReidet est i n
whi ch the tenperature of the environnent surrounding the material dropped

f r om 500CeraghPonusrNagsages withindhe giaphije bedyetosalloveepmplete Miltratioreofythh of t he
terial doby | .than 10% Thereforg,, thi i Li.coni zed ,Si C bod

Compr 1 o ng oAy cs by gpSine Bl FipbspR Eind Guun el SRS b egRnEee® © POV

seni condugi©bodPiirde hbthe b5 ek, Patdd dppardhatiio Risth hiwahthdiB g Bhedkeliher nal

shock 20 resistance needed for RIP appPl cations. Moreover, the superior

t her mal spopkite 8K bodynivavingfa ddnsisy oboverrd2brg/ed (or 30.69vplh SiC)g andhsd daght of : a)

t he war ni ngs ovi ded the brochure .of th nut gctyrer of the porous

convertedngtrfég‘h‘?rtt%ac iaéﬁﬁﬁ{’@?‘# %%WY‘BEPXW%&@SV“E%@HT elate to thermal

stresses produ I by b GQIN: ' i .qnal

S5 C product i SRR Badis of ppib frebfite 8 Bcth oGRS

t hermal skafds precessingoffers @ fopeuseetebil(l mhtesalnmhde from donvertedrgraphiteeandt ur e

stren%g hs and 300C t hermal shock test ergor, nce between the commerci al

Si - Si 8 pr bayBe axdrasithef dew Hew o jagput &b vele JiG. dlewewenthe renvdted oM mat er i al

of the pr | NV, ' | t r . ral

ctrengt b (ape s a0 B8RP 6P RRE ek Clas SEREBbi S MARE el 2
low. Typically, a room temperature flexural strength of at least about 230 MPa is highly

preferred for commercially useful SiC diffusion components. Moreover, although it is
known that siliconizing a porous SiC body typically enhances its strength, a brochure
20 from the above-mentioned producer discourages siliconizing this porous converted
graphite product having 80 vol% SiC for fear of thermal expansion mismatch
consequences. In particular, according to the producer’s brochure, the difference in the
coefficients of thermal expansion (“CTE”) between silicon (CTE= 2.5 - 4.5 x 10/ °C)
and silicon carbide (CTE= 4.8 x 10°/ °C) is so great that, on cooldown from
25 siliconization, the SiC contracts much more than the silicon, and this creates stresses of
the intergrain bonds in the SiC during both cooldown from siliconization and
subsequent thermal cycles. Therefore, it appears this brochure actively discourages the
siliconization of porous converted graphite products having over 71 vol% SiC for fear of
producing strength-degrading cracks in the composite material. Therefore, there is a
30  further need for a siliconized silicon carbide material having over 71 vol% silicon
carbide (pfeferably over 75 vol% SiC, more preferably at least 80 vol% SiC) which has

both the higher purity and adequate strength needed for conventional wafer carvier
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~ ~ E~'""~ ZQ-J Therefore, in accordance with the present inventioﬁf ﬂﬁéwy
.is a provided a process = for making a high strength, thernmal shock
resistant, high purity siliconized silicon carbide material, conprising the
steps of a) providing a porous converted graphite Si C body having at | east
71 vol % Si C,_ 5 and b) siliconizing the porous converted graphite Si C body
to essent @Bplioptipnp, |andeprsfargbly othe rlghy thermak  shpgdo nesistance i tefeiond &orr BiTde
cqnposite _baody.. Pr rably, step a) is achieved by i)) providing a porous
BRHigir st Rt

graphite B sing the porous graphite body to a reactant in

a manner suffi qih@"lﬁreskﬁt &w&ﬁyﬁq{gﬁo@@w&a&@n%?&gﬁe a8 GvedmaRitnk & brocnd2ody

having at |east 71 vol % converted graphite Al'so I n accordance wth the

present i auésudcessfullytsilicenized theqoraisdoavdried igraphite S§T prodtiétehaning abtna B0

resi st ance, 0hi h Euri ty sjliconized sil i_éon carbide conposite material, the
B SiF alt %

material N8 Was £Qund| e giticonizesh SibRedy se arqsuegstvasessentiplbp fillyar bi de

matri X hayl L rei i .t.he Si nat eri al
is filled haggﬁgﬁl gg‘éf’qﬁ%‘){%’so isﬁéﬂgbgfggfsggﬁgg) W?‘ﬂﬂ%éﬂ%ﬁ&@&?ﬂuw #nt i on,
there is pgeyd éifiimercie S-SRI oA adet 4k kilf filkchitire it/ el sbic@ng@igronent
preferably in the formof a conponent suitable for use in RTP applications,

wher ei n s @ratessingoindusity. c Sherefose shismewhsitjeondzed e¥ift bndyt dompriging stoowdrted

resi stance, hi rity.silicppi,zed silicon, carbide material . djscussed
Lbove. - 0o eiaebu twBlE s adired SORAAT S iimicp Bt Hritedte Tot R dhe B Goi dea
a net hgd IS ) C SRR [y i J e
corrpoggnt ‘ﬁtx% e g?lgﬁelp?/d% !Enﬁt%ﬁ HT g\@%e%?;’gﬁ%onpo%‘gﬁpyggl g%lr!é&?g#ﬁﬁl}!ggb!{en RTP
appl i cat i anéengtinbfthéy materialds saprising i ligltrafthes wampirigh @rdvidgd st the bedchuret her nal
shock resistance, high purity siliconized sil jCcon carbi de nateri al

di scussed ohHsyaanugsen afithepareis copegted graphse SIC BasYRkdi ng a kiln furniture
conponent  (pr e&%ﬁ?{ nt RydddSis QD %ﬂﬁﬁiﬂﬁﬁ{g &Wﬁ%@zﬁ xf?itex{ijﬂ%n@%ﬁn'&' gh
mal s g FTic Si

strength, ther ock resistance, purity s oni ze i con carbide

materi al  ghd GUEaS Sssaltialg, unaffectl) bexuneséraghdringl sakagaentn partidulagadiignve gas
used in sem conductor nmanufacturing in an environnent having a peak

t enped &t usebjedted o ihetegnalzguangh dest dn 1wlbole the tenpesasaigt of) theowmvirenmawoC i n
sonme enbodi nents). .5 sy et b=~ Zade 0 RTP i.ren he

t enper at wsgrr%\'fndpi% ﬂée’nm"\?e(gﬁheqﬁ?pqefis%%mf g%dmaa Oog_fb rn(?%rr%f ﬁg&ng'g?l%f? Esﬁ%’ Ehdc t he
peak tenpgnptiidit BIOR strétah 6 thétnalegiabdrof¥d b?leasrﬂh&lelo@mmmmb,lms nély | east
600 C mnute). 5 Figure is a photograph of a prior girt mcrostructure of
an unsi | i ciicouiect P} bedy, comprising converted graphite fulfills the desires-of tomorrow’s

semiconductor manufacturers for both the high purity and the high thermal shock
20 resistance needed for RTP applications. Moreover, the superior thermal shock
resistance of this new material is surprising in light of:
a) the warnings provided by the brochure of the manufacturer of the porous
converted graphite SiC material, particularly as they relate to thermal stresses
produced by siliconization,
25 b) the failure of conventional Si-SiC products to adequately survive the 500°C
thermal shock test, and
c) the essential similarity in room temperature strengths and 300°C thermal
shock test performance between the commercial Si-SiC product and the new
. material.
30 It was also found that the material of the present invention possessed a high
temperature (1300°C) flexural strength which was superior to tﬁe commercial

siliconized SiC material.
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converted-graphite Si C body. Figure 2 is a photograph of a prior art 003

m crostructure of a siliconized Si C body conprising fine and coarse

al pha-Si C grains. Figure 3 is a photograph of the present invention, a

m crostructure of a siliconized 10 converted graphite Si C body. Figure 4 is
a graph conparing the maxi nrum |l engths of silicon l|11)ocl.<ets in the material of
the present i nJeprefoss impacsordanemyish theippasensinyantian.itheye isey pravided grocessS i s a

gnaph conpar.i he | at i real. sizes of silicon pockets.in the materi al
of The. pr BEREphJEHeR BriakB HEBa, ko8 aM, BiCPRReaBichized o1 one
enbodi MentarBide Wedtdrg, coRpribing e epsdyent i on, a commercial ly avail abl e porous
converted graphite material "having at least 71 vol% SiCis siliconized. One
sui t abl e commearkpravidingaporbeddonvertadographdte b€ bodyl hapimg hti least BL ColhBET,i al i s
SUPERS| CR, mar ket ed by Poco Graphite, Inc. of Decatur, TX. This material is
a por ous SiC of converted graphite conprising about 80 vol % beta-Si C.
The Si C m cros . : i LAl t he general

| ook of a gr aph? %@E&#‘g?ggﬁeﬁgéqﬁr g%ﬁ%& g%pigléeaglﬁ %oglgqg%ﬁé&é&é}ﬁ density

M crost ruct ur.egy godudess WRlchiA@NBort QurbieciipdsliEboayt i san. A phot oni crogr aph
of this material is shown in Figure 1. The mcrostructure is characterized
by an esse@reférably adtepeajdeachieved by i) peoviding & poress ghaphitd soolyharsl ipexposingst ant i al
necki ng than conparab) e cgnventi onal ,%orous Si C hodi es mage from a bi nodal
m xture 25€oPOrey gﬁggﬂg,bg_y P 2 [FAEHAR e SAPRtte U P EFYelOr BROERGROR OIS si | i con
pocke t RRag; L i 1 . the absence of
coar s%a(§ Si ?:&g’gﬁt?‘?%’ﬁgs tl%?oﬁ?,ghg?gggaar%g? gél%néebzll‘{?ﬂrﬁg &gﬂg{eﬁ ﬁg relative .
absence of | ar @dscsinldocardanpe cwithithe ke intvientiesy, theod isrpeovdded dibigh etreregth, ed

gr aphi te hody ch nore honpgeneous_.than the conmparable recrystallized

bi modal  STETRYAASk resisines &kﬂ%wm%@llﬁm@d§ﬂljpaﬁm ide copppsifegatitletttal has

Char any” CoRERF AR bty 1P QPLbo kol AmabARIAR 0 ey o

_ _ raphi erial ~an accepta _
cont i NUOUgPAOFARGSityy whereitl thevpdnGlordsity bl Si6 latediahisifiifeti Mithaklicen. may al so be
used as a 6 DJ ,:a~"~ L~O starting material for siliconization. The

porosiiy of thdlsoimpeeardancewitbiihe present verdionnthewgds provisled psemisenduginge of 5
vol % and 29 vpl%. 1f.the material has |l.e t.han Vol % por osi ... then the
or osi 1y Fenifithing b Tt o Blnct? Breay i AR P O e PRPRRR Hieb Can he
expect ed. fiybsge @ RTOr éplivatiohfewn@tiar éadd chagorteat \6BMPriSesVidk %i%lﬂdtr&fgt}\/,m %
porosity, and 5 75-95 vol% SiC. In this range, the degree of porosity

typi cal | ythsasall shogk| tesistandee highs purity adiligpnizedsilicon ¢anbide trateriad rdisdussee
porosity b ilicon, and the vol % of SiCis high enough to produce a strong

s
CoNpoSi te?g‘m‘}st preferably, the material has between 15 vol % and 25 vol %

porosphy. Typi @dbo GPANBFdaREE WitRRIM Eﬁséﬁ%xﬁfehﬁérﬁ,tﬁé}@t@bfbv’i&ﬁ% hadd1dt ppm
total netallic inmpurity and less than 0.1 ppmiron inpurity. 10 In another

enbodi menusiog asemicegdidie wafesmatufaotwingt kimnfurmtupocanymonentn prefdarahly gr thehi t e
body is first produced. In, this enbodi t, the porqus .graghite body is
Chen Conv el REORTIGHS IEh tani gt cpkeatoll THAE Gam CHBIBRtr1 vol 06
Si C. Conv i f j t kit ol | oned.
e known Copfiiie pf AREUEGS, Bl hAE reaMNRY, FEL HHRR Nl EulRY Mighe ont
No. ' 4, 90Qarbilk, mdtéidal ifscssaetaboveabimprising thetsteps of s i ncor por at ed by ref erence.

If the converted graphite body is nade at a | gw tenperature, it m
desirable to @) providing a kiln fumiture component (preferably in the form of an R

component) of the new high strength, thermal shock resistance, high purity
siliconized silicon carbide material discussed above, and

b) exposing the component to a reactive gas used in semiconductor
manufacturing in an environment having a peak temperature of from about

30 800°C to 1400°C (from about 1200°C to 1400°C in some embodiments).

A



recrystallize the porous SiC body at a tenperature of at |east 1600‘t§éﬁ$8ﬂ3
to siliconization in order to provide nore necking to the body. The
siliconization of the converted graphite material may be undertaken in 20
accordance with the typical siliconization of porous recrystallized silicon
car bi de b di es onal rocedures ?re di scl osed,in_US Patent No.
3, 951, 587, “éﬂ%‘e@ ? TERPREEATIIE OF ithec VY SRmERt Fisgy fP@f@Péh@em For
exanmpl e, i t f n are
Pl aced | n EnpaROE 0oeK %m%*é?gﬁst 3t oA RO RIS 356, RS
t enper at urleaspb00 1@¥minte)ace i s raised past the nelting p0| nt of the 5| l'i con.
25 The nolten silicon then w cks through the porous Si C body ol d provides
conpl ete siliconization. In other enbodi nents, the process for
silico izqtlon Pat e

g

) h i d.
W thoub widhifRgt i anamidesteh, 6 8 Tireary Mirpsiubtie S bl sl EanErd polure

recrystal Idoﬁfédegrgrgghnglgmg&%yerted graphite SIiC mcrostructure nmay occur
during 30 siliconi zatlon ereby enhanci ng the degree of interparticle SiC

bondi ng ( digiraelis ragﬁl)ot@gmbtpbﬁdupﬂmsrgam sicrostrgetureref ardilidonized SiGebody
siliconization pr ocee 3 at t nper.at ures above about 1600 C. Therefore, i n
preferred compaiaingdine and goqgs oYt @Bt aphite is contacted 7 ~ 5 ,~L'
203 with t 0] abl y at
Ceast 1700 8E, ?%@?ﬁﬁsﬁét S R hlerilonch shERRuctdChrta MREGHELEY

necki ng. I?,bm‘,@fealgkgpme Bﬂj&dyl coni zed silicon carbide corrp05| te body
produced in accordance with the present |nvent| on conprises a SiC matrix of

conver t ed FagupHKiis @g@phavmnguygdh@mxwmmle@gths of silienarpaciets in the matedialwf h

silicon, erein ea 71 vol % of 1 he bo s SiC. Preferably, at |east
75 vol % of ﬂrgseb"bwe?téon’ﬁ“&acﬂﬁ\pgmbvrﬁ@“&%t‘b eXt"‘lleast 80% Since the porous

converted Ei @R R @FﬁtPﬁEéﬂn inZRhErelafive aﬂé"h'l%‘ize@b?ﬁh cﬁ&@ﬁﬂﬂ& FaRPfaPSH LY tO
al I ow for scorrp eS| coni zation, in preferre nbodi nents, the

conposi tethaprekm:ltmemoTEand(alc%rmntm\&ﬁarwohMrﬁteﬁahnd bet ween 5 vol %and 25

vol % 10Q silicon e especially preferred enbodi.ment has abgut 80 vol %
converifed grapﬂpt"@eﬁ’%ogw ehmayingdhe P@é?t‘té%‘éeéﬁ?‘i’aﬂ?%}‘“’ﬂ?lmaﬁytaﬁ@ Brosity

of the conygqls %ﬁ ﬁegh%r%@yﬁf 1" hebin pzit%&‘s‘i%*i"&’ol%e?‘é I ﬁgcoini}e@ osite

havi ng no “nore por o nor e er ab ess than 2 vol %

final porcaitible cmrciull@'f@ﬁ@dbﬂ@/pdrmohhmdlgrmﬁt%sm @dterjad tstﬁllJRERStCﬁ ot her
words, the conposite has a densM% which is at | east 96% preferablty at 15
| east 98%earketad By BpsGraphish dng. pf Deeatw, e fldispptgrialiis p pacous Sifomade o

theor et caloy S8 dion MBS ST B00%KS YSMEE Tt e SEMISARUGLANS e

general 100 por ou raphrte starting material and s
I's agaon wdhwsteedamphite Soby mtans)t%tergeﬁérulrlesk afid graphite Intietosteapnie anbkeist o t he

skilled artisan. One photom crograph of

unique among SiC microstructures and is well-known to the skilled artisan. A
photomicrograph of this material is shown in Figure 1. The microstructure is
characterized by an essential absence of discrete ‘particles. It also has more substantial
necking than comparable conventional porous SiC bodies made from a bimodal mixture

25 of SiC powders. It further has fewer large reservoirs of silicon pockets than the
comparable bimodal SiC bodies. In general, the absence of coarse SiC particles, the
higher degree of necking, and the relative absence of large silicon pockets makes the
structure of the converted graphite body much more homogeneous than the comparable
recrystallized bimodal SiC bodies. Preferably, the porous graphite starting material has

30 atotal metallic impurity content of less than 10 ppm.

It is believed that any converted graphite material having an acceptable amount

of continuous porosity to allow for suitable silicon infiliration may also be used as a
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the siliconized converted graphite structure is shown in Figure 3. SlAcér 2003
. the typical 20 conversion of graphite produces essentially beta-silicon
carbide, essentially all (i.e., at least 90% of the SiCin this conposite
is typically beta-silicon carbide. It is known that beta-SiCis a cubic

Peaponse. g miettof sROA IR fid Brodl o 1RTORIGlen brh B BB heedP 1 ofl
to pr OdUCGtOTbQSQQié&ﬂ%e\Mi Tholed @d DY WIRNITHEME hiakdrial hdsi 18@ehdnts i'/cﬁ"/J;cing:wi\tﬁgat

there is a thermal 25 expansion m smatch between -silicon and

i sotropi c thers plznperosity isheonsiderad tol bofclaser apd essentiallynvemirfomation ¢ani be

m smat ch may dappen the stresses produced therefrom erepy vyi.elding a

hi gher st r“é%@‘itﬁpwéﬁr@F@F%,iy’ it rBP'ET’%&Pé e@’ﬁ%éi"ﬁ%?@@ 5{] H‘é‘%‘@*‘g’: aad | east
90 vol% b i, o or gi i.N 1S.0 i : aphite
S cortor  ox 4 ST B Bl Yong 1R S P BRITREY SypilelS SR SHSE (B T

per f or med s%ﬁerﬁa?acérﬁﬁlﬁﬁriﬁﬁ!&faﬁoxi efthe ottty b9 sflfceucdaiid thebslbast Sid isaRghver si on
of the converted graphite beta-Si C and the conposite body conprises at

| east 90 wamlovglbta progue. a Strong composite.,, Mostyprefetably, Nos otatesinbhas, batwedns]5

cont enpl at eq, t hat, hi gher tenpetature gr ite .conver.sion or .

si i coni za‘quné’r?"gr ng‘gergrmty- E’EeYPtFéLa?nq’Pﬁ@%’B e npteds Fﬁorgf‘mflﬁslty"cwnverti ng
the bet a- Sifm {ota1MdMlRc Phifari &?&ﬁgﬁhwfa.xbgﬁﬁr&hﬁ@uﬁ@.w%of the SiCis
characteri’Zzed as SiC particles having a 5 size greater than 30 m crons

(nor e 1fr ef er abln dnedwr tehbodithent W .makingh thet preseah imgntion, mepdrowsdcdrnvered heory,

thi s now rERERIecRO0S TS BrocHord Fepir o BOLB P 9IS EEBASEOG 6 e 1 ol es.
| ti ' | Qf : ' 430 and
t Repgz)nlrrgrécolﬁg?negn?%ﬁ%%ﬁg{bgr |§g§}slfoggegr# ggcl:gsgésd e g‘élgga%(teg%ht\?vt%}: g(lﬁ i (I:go{% car ginde

gr ai ns havCaweatigiabpiocedizes fof mhRingeowesied koaphite mkShelfollowdte OeNkiRHEr i al
has essenti al I%/_ no Si C grains nore coarse than 30 m crons. i s believed
[

| t
that the ohehpd iferamekigp fooayastedegrpphitenis idisglosed sy Bateriode.r4.80%t s thy
silic and SIi.C grai.ns.in these prjior _art materials causes stress
conce ratﬁ%ﬂ?cﬁg’&?ﬁa‘ﬁ‘f%és §c&rp8fa§73h%yr8%|r?qga the cooling of the conposite
after siliconi zn&ﬁmnva@]e_i?f@@hiteiﬁod'yss fbdd dierloRakinpaetrd, tahay Mgirsb ey s of
s

influence of the stres g.r oduced by the nore coarse SiC grains is much
| ar ger t hamcrybtelligpHbe axorgnsodie dadypyatt dempaativer ofiat leasthil@80 “6i pperyto t he

nore coarse,. Si C grains.have increased. ..npaortance in thermal stress

si tuat i onss.lhsﬂ‘?gag?‘?m g?rﬁ%arogfcfétrw.érepg%toélr\%b%%t entially nore harnful SiC
grains from thergd kilieHikARH dBin8T doAberfRY grafBtC thatdhl Glalyt beC BhdetARAT ¢ Of

i nfluence of strbss concentration produced by cooling {thereby increasing

t he mRthaniccaldameeopity the gpi@Dsititortitatios of parons ey statiized siiton eaehiddzndéesbeen
critical tqQ the. present,inventjon. |f el i j.on.,of coarse Si C.grains
Tt he T esCotrenifal Rotrdst b disoRisdia U Frgat Vo chda 1okt Sc St
material, o i 'M&é}ﬂ 1k | 3k NORdrNexhin9lY iQfont NEstERs eOubRe ofisBlid arity
in the roo%mtcgrﬁ%érat r% gtb?g%ig%[r%}r% of trhé( an’r’Tél’(?lnm SI ?’conl zegﬁsS?iH con
car bi de nadesricalduetnodgiale sitieon aetpdacediin a findadeheaathp pomus coweitsd graphitof t he
conventional 2S material to 300C thernal ,shock éesti ng. In particular, if

coar se S Cb%’ﬁ(r endihgdempirgure afithe Anace AL EAlseH Pastdbame g ot oF éhqvﬁ@aan_
t t i . ¢
e Moje SIOGK nfRB LEH iy SR BT DE! Sor3Ro8lc 5§h Ond PSS Wappgl! ! N

diff resses in e siliconized S duced ‘upon r~ cooling

after siligReynzAtibRN.Inaliter AERAInSENTS IBE prode@for RAMEnibARA disdldsegtipdJs n
differing results in the roomtenperature and 300C t hermal" shock tests as

wel | . That PatesNm 4178b16@3 pdrdchetamisaisetl.f f er ence bet ween these material s
appears only | nyhRSuS AT 6L BLPSK § SBhork? P UNSRE ddiosSHLot 1S
recrystallization of the converted graphite SiC microstructure may occur during
30 siliconization (thereby enhancing the degree of interparticle SiC bonding (or “necking”)
and producing a stronger material) if the siliconization proceeds at temperatures above

about 1600 °C. Therefore, in preferred embodiments, the converted graphite is contacted
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11~ Aj1~r : ~ . ~( ~~J Also, if the elimnation of coarse Si &’gr&iid83
is the reason for the inproved thermal shock resistance of the new
material, this finding is surprising in light of the well known fact that
coarse grains often act as crack deflectors which increase the toughness of
the ceram c body: Since it is known that thermal shock resistance is 5
enhanced ith meltesesilicny at néermprugfiieend ot lsastARO Y (pseferably dt deastaly06 86 sarder ed
that the elimnatign t r.se grains coul d.have reduced the toughness
of the rraf%‘?’F.BF%%{ﬁ@YPﬁ%P%Bgo‘f‘g%d%@%f%&"?’H&‘Fﬁ?ﬁaﬂ%ock resi stance. Al though
not particul aripte@siy, efhe tiiBoRAMPARIHE BRYidE OBS AL IBEdy '
particles (for eiarrplylt;a, Brelse?\t In ar? am)unlt of ngitjat\l/veen f’i{i}'@éug?ﬂ\% %
whi ch wer acdddarice tveith thef presentimvdntiont compriseparQiGsmineixsofSiogviradygmplier t o
siliconization, or_infiltrated_ intg the porous SiC body at the tinme of
si | i coni zARYHR POy sk ’é&PseB%B(eﬁ?lﬂqde‘glﬂgﬁlhﬁ% “gﬁﬁ%fb%"i Teast Bba9l’nef Breneasur ed
and are a : ; | did Cd | 0N osite
DoliP 1 SHE PrdBfiul? bleallotsudiliCof fPEAY 1o GONLERN pREhIS of R

mat eri al (as’ neasure ny conventiona stc urry

| CP) is t\8p¥gabinge i poroes édnaerteOgriphirnmrting afatrall Mud Qlsoave liafhale PPM
more preferably no nore than 1 ppm The iron inpurity content of the

Cﬁrrposi t e poeasyy i tQl al(ltlas fm:aismrcemph Gibivsnigation) inr prefegryl ¢rsb(|!£§iapbmis,l the nohrrare
1 e .
01 ppm - PheBbTledR et 5 YRt ahiolef S e bRet s Soft e vas | ""

measur gd QMicSP'\@nQresﬁéciélllgé)réf%éd bbbdiRlefthdsYatdRt @@rv%l%]tb%aﬁ%lagg%%mgeef erably

no nore 20 than 1 ppm alum numinpurity content of the c Site

mat eri al {SiG. Tyasallyesilidtnn oSikBaldy fikd the pyrobiGYf the cdnyvpitedbgraphitedSiGonarik,han 5
ppm preferably no re.than 1 pp pore preferably no re'than 0.5 ppm
In conpar paclrradlyiresulhg, g COmEPIE hav o Baresen Ayalls 8 RRwsithoBeTes0” 100
ppm t ot al :p%?g I Ged r4 2 : I | i 25 1k rably,
t he conposi el‘?d())]%y %ﬁéeﬂgkieisgvm"/a%@ﬁ)? wgﬁihglsgwab {eﬁeg? r%gp é%oth%‘bét ?%IIA{ ;ﬁkglf at

| east 85 Pbrositatin4BREwordifltheicompodiRans a Seasiy Whichtis B804St 9%epRitpMly &
thermal conductivity of the material of the present invention at high
t enpedat udesst 98% g thearstieal derpity imyrgtirefenablytnb Jeast 99ihefdheareticabdensital ues whi ch

are about 10-15% hi.gher than th of the comercial siliconi,zed Si C
maeri ol 1t 1o ouGBierssdeertafe Somtetly SRS ebperih bk &P HERARAL vi ¢y
of the silchiwiticdeprapRity egite dtadtidP thit@ridrakey 18l id Sighine uaRMe €aRbng tSicsuperi or

500 C thernal shock resi stance. Wen a materi al is thermally shocked, its
survi val deipesiectings pad is weblovscégnizablsito theyskillgd gutisei| Onelphatppicregrapiaet,
t hereby m 1.Zi n

ni jts 1 .~ internal te .ature gradjients. It is
possi bl o (HARTPHEA bYFrhraRlite SEROUELF PeYR oF TIRGE h Br alieyPicHe
presenp | RYKTHrION o lotadWie plodhles MREBLHAY Ba-YilidacaYiaB) ssditialy RAYEe haat |
thereby minimzing the stress-inducing tenperature gradient” typically
associ at edeast 9090} dfthe81C itbislcofuppsiterie typicalip hetasilicon carbilef s krewnrtbated t hat
al t hough the t.hermal conductivjty of the material of the present invention
is hi ghertbf’ﬁ" ok cfimBrsafd, o, Sionbi o Freh Fikidhsr | REpOUGE(A 5 ol y
about 10- 259% hi Ther s alhila_&iB i foals i cal
o fect of TeBerSonse Rl @hAES, albha ST HHNRNARRL R AR NERRA KT |
only revegrahiceagsponsesewhivhraremort dnisonspicn Simoe ¢ttis kivewvil hatlth8reds & tleimnice | s
critical. For exanple, while 10 the 10-15% difference does not appear to
make 25di fexkpansippanispatchetwrnilican rand) Sihibe isotrepic respepisrafdhe materighele |

bel ow), | t{t@?%@?x{%én&e@xﬁﬂﬁ‘f@ tits ?x{i?xﬁ%tclggxgag &ﬁqq@blftfsxf %ﬁ?ﬁ{ggﬁ% ﬂggd\%cgg t!?qufroc{‘nt her mal

shock tes extent tha ren rtormance of these

material s thételsy HOQing 4 hipheRitrenBMC kTHepFbrePinOefdfed ambedinealsafhe BICQS asi m | ar
results in higher tenperature tests, the superior 500 C thernmal shock

resi st ancdeast 90 vel'rdetar-$ig)  gkccoslingly iprseme embiodiyeants, dhe ¢onvetgdogiaghitey. As
not ed abov, t he super, f t her mal ndygti vit f the nmaterd al of the
resent. | oG ERGERFLs Jenb b0 vl B S Rbfik 9o dfetineh bR PREoisstA 10- 1506
hi ghergt h b | i il § [ i Corasiince Si C
SR R R A Al e R R e S T S AR
order of regRbiCUAR) the cbinpbsitedlodptorhprddes htleasP0 dol¥sbgpaBithn of heat in these
bodies is likely carried out mainly by its conduction through the Si C
phase. However, since each of these nmaterials contains about 80 vol % Si C,
the difference in thermal conductivity between these two materials can not
be expl ained solely on the basis of ang difference in SiC content. Rather,
it is believed that the superior thermal conductivity of the material of
the present invention may be due to the 25 higher connectivity of its SiC
phase (as conpared to the conventional SiC material). Analysis of the
material of the present invention revealed that its SiC phase is fairly

o " N o e . Y



J" ,~L~1i, "~ n~-3 easily conducted through the material of thgg ! )
. present invention because its uniformy thick SiC veins do not present as
many hi gh resistance necks as the commercially available material. Limted
guantitative analysis of the mcrostructures of these two materials 5
provides information which is fairly consistent with this hypothesis. In
one anal ytic eXenetheless, ithie comemplated| thatdtigheo fterdpeyatoeet graphitel @anerpioaloet s was
characterized by 2-D anal ysis of pol i shed m crostructure. It is believed
‘that hig hmﬁﬁ%@ﬁwwéwgﬁqs iy hechised, aheaehy packally arfily onvgHing: the betariect i vity
of sili cop, J Aggitcs, and consequently | ess connectivity of the Si C phase
(which isl n%%r ant to heat conduction). The maxi mum 10 length values in

the material oPrdffigblp)lessahdn i0WE0bf 08 SI@ S dharprRrigs 4sBiCHartklds haang ged
commercial material) are presented in Figure 4. This Figure 4 shows that

bet weeh bB&iz&gseater thaa 38imictos (porskuseterably lessahay 23a¥d. Withent wishingdobea

' | h of | | trast .. t .55% of, th
ST con potkis e S Ras beeh teb Raresfi B e oot BaR Sk P n M Tof | ess
than 10 ugs J&¢ rr&fté?fa?g%%g%e%?tfI?Jvfr{ﬁdcsgeﬁxtiﬁlwgg OS5 SitCﬁ%ar{iags. R4 ?&fﬁ@ﬁlar

I nvention, at least 6 the siI©i con pockets I n present 1 nvention
mat eri al haveas theeKCnitavtiban of the adbolediscusteaniNTO30and The commril GSiC
properties of the conposite body are as follows: Typically, the conposite
has a roofafesitiscsagh (posseased gbawt %é%%rﬁgh@?r‘@l‘k@@% gensshavingag graimsize of30 MPa,

preferably at |egs a. |k . 300C 4 I nt__bendi ng strength

of at {(?ea§?t“}56" zgpa%‘f‘alggg‘f’“’égg,“g@%%‘éﬁ%g‘? § egste &?ag ste g%ﬁ&“’f ° é).gISFts 500 C
thermal shpaler Adredsande i BlicvBRERAE tRY digaflcdy diffsedc@ai theiaEeAtadtiBn St rengt h
nmeasured after being quenched in ice water froma tenperature of about

5000) is teafficiants yofasilicemond 8845 @raing dn gheset puer ortr matgripls (prusdsestagssy at

| t 90¢ d i typi Ll | t,ab 230,.MP f bl. | t
250 WPa) . ConsBRFToDs MBI s, ST ATEER (4REy B PL rh e PEMRYEH oS | zed by
a relati vgihixorn%agﬁs&%m & RiethérMelitved thit-tRe gpl?@%%(fﬂl&ﬁcéi«i)isﬁé Str&ss

particles, essenti y no coarse particles an ew | arge silicon pockets),
t he resul prodgeédciynthe nioeelcaprsaicC izedinsSs Muahlarger than the sphessis praducéd/by the
characteri zed as_honpgeneous. Another re qs:on for the super.ior thernmal shock

property &hakereSifegraing. pimpty, theomots ¢prEseait §IHDR ARYOINCHFASFD IMWOrRRCeiR hi gher

degree of g L taYoagi) £ ' | |
honoge neoaﬂséprg?r "ﬁ%’? éu %%ua\tkﬂ{’pgge B@P?gg&ggf Eah%tl(g)& g%‘%‘%%%@‘?é‘?’ g’ﬁgrae%ﬁ g’l respond
t 0 str ess Sihgreimsofremithé siticgazredanateri tneayi rathsce the ctifidad splegaoflinflubeenddt er i al

of 1_7? i'. the present invention has been found to have uniformy thick
Si C vei ns Sta§5d congeniratiqn prediced by caeling (therehyrineraaning thednechamiesl properties

st copi zGfHIRhRbAB Qﬁéﬂ&l&l hﬁy Rave DG KRiADD th@fsﬁ?ent invention.

If the elimination of coarse SiC grains is the reason for the improved thermal

shock resistance of the new material, this finding is surprising in light of the essential
similarity in the room temperature strengths of the commercial siliconized silicon
carbide material and the new material, and the apparent resistance of the conventional
25  material to 300°C thermal shock testing. In particular, if coarse SiC particles have a
strong effect on room temperature MOR and thermal shock characteristics, then there
should also have .been significant differential stresses in the siliconized bodies produced
upon their cooling after siliconization, and these stresses might have been reflected in
differing results in the room temperature and 300°C thermal shock tests as well. That a
30 notable performance difference between these materials appears only in the 500°C

thermal shock test is evidence that the effect is quite subtle.



siI'i con pockets. Further quantitative analysis of the mcrostructurgs

\ f 0
~these two naterials 5.provides information which is again fairly coﬁ”si“sté”n“f[

with this hypothesis. In another analytic exercise, the area of each

i ndi vidual silicon pockets was nmeasured. It is believed that a tight

uni nodal distribution of relatively small areas is characteristic of a well
di spersed sili @Qd, ihéRecelinfifatidhOv codiseFSill gk Baheeasbh fordhednlovede
ayerage pocket in the material of the present invention is snaller than
that of t Hermalinsheelk resistance ot dei ey metrigh tkis ifadingTiaisurprsiggrie lighbelthehat

bet ween 55-085% of the.silicon pockets in the present inyentjon haye an area
of 1ess ¢ Rl VB i oo B0 gy pet Aobrelk SREkr MOH (20eRsS Ui n ¢t he
conventio & r @8,qefit k€RSow t ; s 1N

pref er red@ﬁ%@%ﬁmr}tﬁé c%?%?%ggdp}raesgﬁte 1} nvgﬁ? ilgﬁf?h gft?etﬁgggktmg%}olgt%%eﬁlg silicon
pockets hanieanesd dyeircrefsihgsise tdughndd® ofnthe ibtedaly 6f ;wab heonsltered ithatt ihen of
pockets appears to be nore narrow 15 (the initial slope is nore steep),
thereby i 8 tipp @1 therfogrse eraleyeaid baverigawagd ihe topghpess e theameteriallandf t he

present invention. Preferall t he conposite of the present invention has a
t her mal eri}ﬁ’é_ i’8§“°8‘5§? "BPEBS?("C&”%%}”WSre than 5 x 10~/C, preferably no nore

than 4.5 x 10~/AGhod e n6W pirfbdlary GESIRY, 8%PRMATI0SHRe GROT ddnkiP AAdiRbnA RCat eri al
of the present invention is 20 significantly |ower than that of the
conmmer ci alpaicles ¢foniexanplappresentin arSgnourd lof ebdtweenSl andk 3B Vol whidheweral

" expansjon coeffjcient ul d appear .t oduce |.ess,stresses_during thernal
cyeli b0, s dnalipied juf e BRrOR e Sife PO ROy SILGRARIPBRPTBERREE e of ¢ he
mat eri al is j i .1 ts apparently superior high

t enper aturméﬁ%géqsogrl?r\éﬁg%hg?%g@rgto?sélge&gzghgrel'cause t he conposite of the present
i nventi on has Hhghchemidat yprepeetiea @othd compusite pédy avere anasured gind @achsa good
hi gh tenperature strength, it can be suiftably used as a kiln furniture
material fQlovesrihsreiabmstallicdmpunoiastest ofihe sPmpasiigraaterial (ssgneasued by

Al e | ne |
robess. t ik bRl HIIN Bl B8 GRS By B DIoBAEhBIcaltfobisoBE SR, et 1 on
al so hgs @Pﬁy@wfér@mytda%ai%lthﬁps PRAC kndre preféralilg Grol horRRART piD ThE ifoRe i deal

candi date Tor use in rapid thermal processing aggl ications. In such
appl i cat i émpyrity ventsohpbihietcompasitehmatetial (Fameaapurkd oF GOMS: eruduirp iCPoIs 1~TP

D 002 TS B A S ATHREIF I s USSR e b e

processi ngy {OMh4&PBIE ggmi. thien@t'éﬁﬁﬁxeﬁnﬁirit? doditesit OF (A cb §§ite1§19te%1”¥d§gt e,

preferably at |east out 600C/ m nute. 1n sone RTP applications,

pr ocessi ngneaswved by GENS osslomp IER) iatypicalipne nuire tian | epren, préfoGblymiomoe. | n
sone eferréed a icatipons jnvalving fa ra f.ur naces, the prqcessing
envir hmaﬁl?a"i ]spﬁ"ﬁghé‘aag\é‘?}m&fn lglpﬁ‘gfyec%‘?e“éoié’?\ﬁ@gﬁoﬁ@ rﬁﬂglié@ ’E‘?"r?ﬁ‘?‘fat%é( _—
pr ef er abl h%‘é&%@n@ch% t}ﬂi@ﬂﬂd‘xﬂbﬁc-mﬁgﬁﬁﬁ tp?eféaﬂ? birRéte Rland rcial

waf er boat converted dgraphite” eri al ~havi ng about’ 20 vol %
porosity \wase preferablyi mo mori thiue 015 genl  SinCoaninzanise, ,tha nehvehtbonah sitic@lizeda s

filled with chunks of electraonic grade silicon. The bqat, silicon and

channel 1@‘9&%@‘1‘1‘@?%‘%&%%1195aﬁP?’P ARfR FERIG HRPHEIE a&aoa%ﬁ}é‘atl PR d%bout

1850 C. Afiﬁl?ﬁritg/om ing, the siliconized article was then sandbl asted to
S

renove exce ilicon. The siliconized article was then subjected to a
battepg of conveefeiablyathe composite of the present invention has a thermal conductivity of

at least 85 W/mK at 400°C, and of at least 50 W/mK at 800°C. The superior thermal

cohdﬁctivity of the material of the present invention at high temperatures 1is
demonstrated in Table II below, which reveals values which are about 10-15% higher
than those of the.commercial siliconized SiC material. It is possible that the somewhat
30  higher thermal conductivity of the siliconized converted graphite material is the cause of
its superior 500 °C thermal shock resistance. When a material is thermally shocked, its

survival depends in part upon its ability to quickly dissipate heat, thereby minimizing iis
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mechani cal tests, including roomtenperature 4 point flexural st rengw‘t5h,::.;.; M1
1300C 4 point flexural strength, 300C thermal shock) 500C t hernmal shock.™ “™
The thermal shock tests 15 were carried out by heating the article to the
test tenperature in a furnace renoving the article and inmediately
guenching it in a pail of about OC water w thin about one second of its

renmoval f rimemah@niperanae gradidnbeit ic passihls tat thieilighed thetgis@nadndtivity ®F tiwer e al so
measured, including thermal diffusivity, thermal expansion coetficient. The
t her mal expaierial of theopmesant inventiomallows Bide amare quisilycandveveniyodissipats heatonet ry.

The thermgl di ffusivi.ty values.wer.e neasured by..a |aser. flash technpique.
The spec {T?#’e(fgweglt‘mg’fmf%g’%ﬂ?@%’i“ﬁ?@“%@%ﬂgﬁrgﬁmw tipiFetly; %ﬁﬁ?"r‘%ngé’Y} ni ng
cal ori met kyerméi@otbgilg®. conductivity of the nmaterials was then determn ned
via the so-obtained thermal diffusivity and specific heat val ues. Lastly,

t he mi 6rost r uctHoveevef, it lie feithércmoted dltht reftheungha khewttermalegmidactivityr o2 the
quantitative analysis by pounting arhde pol idﬁhi ng smal| sections. A series of

i mage analmaierial Of the presenh inyeniiqnets Jughes thaadhe sompsrciallysvatleble siliconized  The

results of : epontad i : I i n _Figures
3-S and i r’m“%‘%gaﬁteisﬁﬂaﬁ%b\?’gfl%%Kb&%fv@h%?&kﬁ‘ég f%éﬁézsegﬁbﬁ%e&m%‘icf“i coni zed
CRYSTAR, affsét! bfcBid megerste| ihGresbe Galthirfal BRMREGG] ishabile an@ i Bhly8§8vespld’o Si C
and comrercially available from Norton El ectronics, 14 Wr cest er,

Massachusander, cettain copditipneis, whith the JQniSlediffzrensebsj cziticald Foo exdmepls,amtelet est s as
T in Exanple Jheresults of the analysis.are |i L SE, orted. As seen
' TafPe e 1 SRR doBe Sos kg B R s BicieReein e S AE C Ry and
roomtenp t i ' ; pr esent
S vent| o (erELERAITT bAO, JEHipchi3 My 2 BRa den ol AR B 0 P
wor se 1300CGhérivak shiark tedtr divgthh extEAMRARNE | apBarEiMVRiniat performmngd &f thésepor ous

SUPERSI Cr, a convert aphi t I 1icon carbide material —having about 80
vol % Si C apricriabhife? 58%?‘? {hstymgl shgke test RV BB &) expspatienof sipular psulininpecat ur

Texas, was,; ' Jhl : | d . in
e e e R e L R A
weak g5r enlgd freseint inverttiondisaipaibings evi dent in nearly all the nmechanical

tests. 15 G ~ dl:~ L.J~~ Table |4-Point_ 4-pointThermal Thernal Bend
Strength Bend s maigst #bospdbk serseirbihermagl copductivitn ef the omewied o hemoeent

Conver  eddPuBIPt & Camp B & Dot RS e Rl SR B P ehuns s ¢
mat eri al ) G nEteréllf AvARbLEERAIRIZZST. | iRk SiedaoR VighifRalalyanMdr ehermal
conductivity than silicon (by almost an order of magnitude), it is clear that the
20 dissipation of heat in these bodies is likely carried out mainly by its conduction through
the SiC phase. However, since each of these materials contains about 80 vol% SiC, the
difference in thermal conductivity between these two materials can not be explained
solel)'l on the basis of any difference in SiC content. Rather, it is believed that the
superior thermal conductivity of the material of the present invention may be due to the
25  higher connectivity of its SiC phase (as compared to the conventional SiC material).
Analysis of the material of the present invention revealed that its SiC phase is fairly
continuous throughout its microstructure. In other words,.the “veins” of the SiC phase
are relatively and uniformly thick. In contrast, the commercially available siliconized
SiC material is essentially characterized by coarse SiC particles partially connected to
30  each other by smaller recrystallized SiC particles which are not as wide as the vein
thickness of the converted graphite material of the present invention. In other words, the

commercial material has a low degree of necking. Thus, it is possible that heat is more
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15° J ~IV~~ ~JUJ Material S Exanple 1 (siliconized converted grapliiie). -Lingj
Conmp. Ex 1 (commercial .siliconized SiC material) Conp Ex 2 15 (unsiliconize
converted graphite) Table Il Thermal Thermal Conductivity (W nK) Expansion
at at at at Coefficient 22C 400C 800C 1300C 4.6 x 10'i/C 223 88 53 36 5.1 x
10-6/C 222 80 46 31 4.6 x 10'6/C 172 69 42 30 17 05 J~~ 2~~:] W claim
1. A sili easHy cotduated toeughathpinskteripd of dhe prepant iiveentiombecasise) ifs amifbrealgt about

71 vol % cgnverted-graphite SiC matrix having open porosity, wherein the
open por 0&1‘%{&_ glﬂ? VF&‘@ ‘f?aﬂ% PIgseak ag prany) }Pgh F;q?qt@@evqeplﬁ 8§ thecepmmengially he
conposi t e hasy _netallic inpurity content of no nore than 10 ppm 2.
The COh‘pOgl te lgfxﬁéc?%lg%lm 1 conprising at least 75 vol% SiC. 3. The conposite

of claim2 conpimiédquinitathe nanalysisobfaiRNehi@bstiehfesSbthede thaemaRRRRSI te of
claiml having a density of at |east 96% of theoretical density. 5. The
conpos] t eprvides dnfermatigrewaich is Hairlw consigtenti with shigthypethesis. do anevanabytia- si | i con

bide. 6. Th ' f claiml1 wh in | h 10 % of Si C
i rix comrrea SRt Saf § B RS bookas apd iacketielOe dilosi t 6 of
claim 1 waenaidlof HBolfshbd affobPuchirES BN baifevRe SR hiph A nfim ge%@t_?ﬁthvaﬁ%% of the

silicon pockets have a maximum |l ength of |ess than 10 um 8. e conposite
of cl ai m drewtlerastanistib eof sgreatero ponnsctprityseinsiliaen pocletd, sandacwhsequehtiypdess 50% of

the silicon pockets. haye, an areg of |ess than 20 up®. 9. A sem conductor
waf er mantAEEEHRY Ry t@%ﬁﬁ%ﬁ‘aﬁ% (R, b lEPRERAL R ?‘E?frFBBé’qu‘@n)of The mafimum 10 The
sem cgpdu rs L 4T . of ¢l Al cl: m t he
grou pﬂg o] nls%lhg{hi ‘)r%iegf ld;mhag{) iﬁ%dfn tolzg P&V\g? gﬁ? Bglg{lt}&a(a\% ec ?#\%%F %€ g%k%]ﬁ(gn%irég cess
tube, andcemipertitl enatérial) b presented tnFigateot, Thisf Bigureeh ot thit lvgwezanggonent  of

claim9 selected fromthe group
75% of the silicon pockets in the present invention have a maximum length of less than
10 um. In contrast, no more than 55% of the silicon pockets in the conventional
material have a maximum length of less than 10 um. Therefore, in preferred

15 embodiments of the present invention, at least 60% of the silicon pockets in the present
invention material have a maximum length of less than 10 um.

The mechanical properties of the composite body are as follows: Typically, the
composite has a room temperature 4-point bending strength of at least about 230 MPa,
preferably at least about 250 MPa. It has a 1300°C 4-point bending strength of at least

20  about 200, MPa, preferably at least about 220 MPa. Its 500 °C thermal shock resistance
(as characterized by its room temperature strength measured after being quenched in ice
water from a temperature of about S00°C) is typically at least 80% of its pre-test strength
(preferably at least 90%), and is typically at least about 230 MPa (preferably at least 250
MPa).

25 Since the porous converted graphite matrix is characterized by a relatively
homogeneous microstructure (i.e., absence of discrete particles, essentially no coarse
particles and few large silicon pockets), the resulting “converted graphite” SiC matrix is
also similarly characterized as homogeneous.

Another reason for the superior thermal shock property of the material of the

30 present invention may lie in its higher degree of homogeneity. Simply, a composite
material having a more homogeneous structure will be better able to both conduct heat

and respond to stress than more inhomogeneous materials. In this regard, the material of

12
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consisting of a bell jar chanber and a wafer susceptor. 12. A net hod rof - 203
using a seni conductor . manufacturing kiln furniture conmponent, conprising =™
the steps of: a) providing a kiln furniture conponent wherein said
conponent conprises the conposite of claiml1l, and 18 c 5~~~ 2007 b)
exposing the conponent to a reactive gas used in sem conductor

manuf act uthierpyesent ianersionihapbeenfourtdao have wifosaly thiekiSéC atins enddmdlirsilbecabout
800C to 140QC . The thod of .clgim12 wherejn the conmponent has a room
t énper at upga?efsei@rcgpggs(t:%ﬁ69%;0163@3}0@5@@ E‘ﬁ@“&tﬂa_s tR‘S‘. Sl%m?cg%%‘ﬁ‘o‘érg@f claim
12 wher ei ¢ &%@g‘terrperature I's fromabout 1200C to 1400C. 15. The

nmet hod of cﬁ algn 4 wherein the conponent has a 1300 C fl exural strength of
at | east 200 MParthé6quabhieativetdnalysiof ofc il mickastidar& Bf thae el MaRpBRt 1S a
fast ranp furnace, and the exposure includes the step of increasing the

t enper &t uproviges dniprmainrewhichtis againfeirly feonsstorsewithy this hypothesist I @B nut e.
17. The method of clajm 12 erein th iln furniture co nent .is a bell
Far chanbemmyts erdii ¥ a52 0! Btrindhuidia sico eptiopes sty helipved
tenperatu fii j An [t 18. The
ot Pod of A e e AP ety T b

resi st ancdispérsat siliemspha®30ASBawnlia. Figire Sretdvgdhofires biibmatdragopaeketsinng t he
exposure includes the step of reducing thg@éenperature of environnent at a

rate of athe wasnaliefghepissentdrventon issmullsr than thad of thagomynercil glicanizedngt h,

t her S . Is e ' ' idsb | . SLIJ ' terial,
compr 181 patis! RSk Fanols th Bl 315kt 8Pl ol ol SP LGl 0y
havi ng at idveasién Halve ualabén Of (ss thasl 20 hmd| hcoontradtMbotitus% 6f O silieanyekbad
graphite Si C body to essentially full density to PJ oduce a siliconized
silicon ct Biecenkanionali matetidd dave amareg ofirss ithaa Howy™ hBherefgres in prefdrredet al 1 i c
I mpurity coptent of nore than.10 m ' e proces f. claim?20,
wherei n ¢ AEORPsnG ofofi BFEEs PR eEREY 5 Yoot €F ofiods B Bty Ay« ne
step of : oPlRORIANR0ANPONBoEH:ARE difriBRY dfOpatkeQABHEAR toi U3 RorRAREW
sufficient to produce a porous converted graphite S C body having at | east
71 voll§6 S(iBe irfitdal slope is more steep), thereby indicating a higher degree of homogeneity in the

material of the present invention.

Preferably, the composite of the present invention has a thermal expansion
coefficient of no more than 5 x 10%/°C, preferably no more than 4.5 x 10%°C. The
overall thermal expansion coefficient of the material of the present invention is

20  significantly lower than that of the commercial siliconized material. See Table II. Since
a lower thermal expansion coefficient would appear to produce less stresses during
thermal cycling, it is believed that the lower thermal expansion coefficient of the
material present invention has a role in its apparently superior high temperature
performance properties.

25 Because the composite of the present invention has high purfty and a good room
temperature strength and a good high temperature strength, it can be suitably used as a
kiln furniture material for conventional semiconductor wafer manufacturing. Such
components typically include horizontal wafer boats, vertical racks, process tubes, and
paddles. Because the composite of the present invention also has a superior thermal

30 shock resistance it appears to be the ideal candidate for use in rapid thermal processing
applications. In such applications, the composite can be the material of construction for

RTP processing such as bell jar chambers and wafer susceptors. In some preferred RTP

13



' ~ 5 ~~"v 2203 22. The process of claim20 wherein the porous graphit@5 kadynng
has a total netallic inpurity content of no nore than 10 ppmtotal netallic
inpurity. 23. The process of claim 20 wherein the converted graphite SiC
conprises at |east 90 wt % beta-Si C and the step of siliconizing is

performed at a tenperature | ow enough to prevent substantial conversion of

t he convenppgltbadd hiet desdi virogmentlih ek b | east

9Q vol % be?g Si C 1@59 Iﬁ(')l'he lggr??i:esgﬁof 1cI aﬁggg?%%?g?%ﬂeﬁ%qg? (?@(ﬁ)rrllllﬁéatl on
step pr odtp&fsrahl}'cainb@élatbeuhém"ﬂgnmut&enkl symofRER applicatiort $ho brackaiiget i cal
density. 25.. The roce f cl a m 20 mbé |n th orous converted graphite
Si C body ¢&B aﬁeQ ?“Jﬁaéh Eﬂ“‘% memre feried applisations of

claim 20 \gﬁy%ﬁ 0 t
graphite Si C‘gh%y corrp P@g}s&% ‘é"f: g‘?cﬁ%ssnﬁa%@ro i "[ E%E%?O%SQ\% &"}h
proces$ ofbemwean 40 and mmmmmé)@reﬁrhblytbaﬂmaﬁ 608nd BOOSGInEm@té out at a

tenperature of at |east 1600C. 28. The process of claim 20 wherein the
si | i coni zEXAMPLE lcarrl ed out at a terrperature of at |east 1700C. 29. The

process of clai fur her co st.ep_of rLecr stal zing the
porous SiC bodﬁX gto ion eq,og}rﬁnglaiofwage? oggél?adf OBY‘%@Q & l't“t‘?e Sit

si |1 coni zadt&al Ravisg SRuP20 velds EoromE/ was l5>Yaced 1nasxllcomzed S1C channel, ame
CACACA AU A A LA AAFY.A2 A . A2, A, . AUR Ay\ g9: 2,

%l s gl n} \Mchigm}abqvwﬁld;@]\mdj chaiokeef] clatlltamaq 23dd sthcma'[habaaa]sdmpn ahd¢clanaglca) ca] ca

Rl s B
] C?Lffl iﬁ;, oF ?ﬁ%ﬁ%@@hﬁaﬁ&} 532% %‘c%g#&gﬁ@caﬁ%ca?%a] Caisfla]( f3<(31]( Céi Cg

] ca] ca] ca] ca UThe siliconized article was then subjected to a battery of conventional

a] ca] caj ca]calca ca{ cajc d] cajca]cajcajcal!. U .// 8006112222@33344556A668777
899-;g; mechanical tests, including room temperature 4 point flexural strength, 1300°C 4 point

Sl e i e

FOPFIFF1GHefd b sutdlyl ieatisihe alicdd ©ahe ekCRipalfnd fod frdaeéndwad gl cal cal c
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]caJc lca] ca! 7HH) 1 ~1 / JJJ7KKK( L} LL=NNO=PPP

—

PPEQSQQY S&IGITan iatslyi qhieEtHing jtoa)acpdik aif chpeta] Cajvatel withinagdtont cadeca] ca] ca
FPUWNKZXXZhZZZ2ZZZ] S[\
]_;gll g ﬂ ;a%%:ﬁaqhg gl‘lﬁgﬁ?ﬁﬁ’]ﬁ{ Bﬁ% %W%é%}gqaz: ;ﬂ: ;ﬂ: ;ﬂ: ;ﬂ: ;ﬂ: g?c a] cal] ca] ca] ca] E: a][ C ;

lcalc Other characteristics of these articles were also_measured, 1ncludm thermal
a] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] cal sdsst Ht t t DuuuRvvwWZ

mégxg; id!f@swwwhetrdiah}e}cba@wﬂ} xeeffideit] | The] dmima;l] wa:]an?lg gﬂoeﬁijcwg% gﬁdgg 3{] cg} 3 {':1
a)/ q} %énl a%@}qe%y&gfé} ’lﬁ(@g %‘FKJ&] @gﬁ @‘]ﬁ §l] ‘Jé J&f‘{?g}"@ ’E‘%ﬂsegjj@é(] cai/ca] C
o ol el el e m s il 1
el oo e, ettt o it s et ol
\ Az} S} xsnivéf 12 P té]”&é}ah? @éﬂﬁéﬁ‘ 9’]%’5]38%&1 %I}Jé‘é}’%‘é‘isca] ca] ca] ca] ca]ca]ca]ca]c
10008 () mt O TR SREERSAE ThELF NadpBRd SRkl s proppeg for

\g9: f @591(21' tét)ve éf?al;ibﬂso/@%& rhountiXg ah%fiskihg Ind0743ktidns: Y 3591%@8«)1( Im
1090&' () 10908 ()-2, dE*910%0& () F." 10%1& (O)-1, 10%0& ()-3 *10% () Y
10908 () - ayal}js)s@gas(u):enmm@/me(p)enformed on two separate sections.

The results of these tests are reported in Tables I and II below, in Figures 3-5 and

in the text above.
COMPARATIVE EXAMPLE 1
30 A sample of siliconized CRYSTAR, a siliconized silicon carbide material

having about 80 vol% SiC and commercially available from Norton Electronics,
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L<Z10%08& () - OQywl3~\ : ! vf $10%b& () - S5!, f $10% b*b& () - SS'cf$10%b}b& () - S5! <f
$|1((32/63308/L& (2W§%%s;i&$ﬂdfbs%@ﬁ&@ﬁ£,Ma@%bt!ﬁﬁ&om%ﬁpl@wa%ﬁgédtéﬁ 18the sahié' teds 40%00& ()
10Dbf <le%&E@mplfe$lmbb€su(t} oXhi6 AnkiTysis dro B APEREd. ) - & Z" 109T& () -

09 ! 0, 09 0, ~
e JIENT F XORET ML TORRIA T A,

(i g;/;r &l \(/ ; sgn d é%WPCTaEUTF %eréﬂéth( é‘l“y né%?so F%%ﬁ%% /s&pl% 7res}sQﬁ$ a% e “present

10T, <510%[&n€1bn Yt #08d & nfuch wadr & 50000 A& nhal- sﬁodl@z%i&aﬁdﬁaﬁﬁhfa' warge 130 Cl v!
10%@& () - "10% & ()- y 10%@& ()- L10%@& ()-! 10%& ()- 10%@& ()-
S###: $$Wm3mutwngm 109@8 () - S109%@& () - 10%@& () 9"109%@ ()- y 10%a& () -

109%@& () - Y AT *10%@&' ()- @ 10%@& () -
o () COVBABR IVERABIEET (1 () Yabmocl 1 o tovi ()
DL0%EE. () - B0108iGh o doMUTRETBE | 10K hd R i mateil
10@Bs<s 10‘}@4@)&86& 80%@/(31%&&&&@&@%@ available from Poco Graphite, Inc. of

**4n+t ++, dB @ V! ! 310% : y10O & 10%g& 10%g& L 10%g& $10%&
)- [ 10, NDecagr, @aﬂa&@% @ () giample. %e%(ﬁ@eqtegﬂ&v@mg 168@0!%&1 ()- (

10%9& (0)- Example 1. The results of the analy51s are reported below in Table 1. The weak

strength of this material is evident in nearly all the mechanical tests.
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2, The composite of claim 1 comprising at least 75 vol% SiC.

3. The composite of claim 2 comprising between 75 vol% and 95 vol% SiC.

4, The composite of claim 1 having a density of at least 96% of theoretical density.

5. The composite of claim 1 wherein the SiC matrix is at least 90 wt% beta-silicon carbide.
6. The composite of claim 1 wherein less than 10 wt% of the SiC matrix comprises SiC

particles greater than 30 microns.

7. The composite of claim 1 wherein the silicon is present as pockets, and at least 60% of

the silicon pockets have a maximum length of less than 10 um.

8. The composite of claim 1 wherein the silicon 1s present as pockets, and at least 50% of

the silicon pockets have an area of less than 20 um®.

9. A semiconductor wafer manufacturing component comprising the composite of claim 1.

10. The semiconductor wafer manufacturing component of claim 9 selected from the group

consisting of a horizontal wafer boat, a vertical rack, a process tube, and a paddle.

11. The semiconductor wafer manufacturing component of claim 9 selected from the group

consisting of a bell jar chamber and a wafer susceptor.

12, A method of using a semiconductor manufacturing kiln furniture component, comprising
the steps of:
a) providing a kiln furniture component wherein said component comprises the

composite of claim 1, and
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19. The method of claim 17 comprising the exposure includes the step of reducing the

temperature of environment at a rate of at least 150 °C/minute.

20. A process for making a high strength, thermal shock resistance, high purity siliconized
silicon carbide material, comprising the steps of:
a) providing a porous converted graphite SiC body having at least 71 vol% SiC, and
b) siliconizing the porous converted graphite SiC body to essentially full density to
produce a siliconized silicon carbide composite body, the composite body having a total
metallic impurity content of no more than 10 ppm.
21. The process of claim 20, wherein the porous converted graphite body of step a) 1s
obtained by the step of : exposing a porous graphite body to a reactant 1n a manner sufficient to

produce a porous converted graphite SiC body having at least 71 vol% SiC.
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5. The process of claim 20 wherein the porous converted graphite SiC body comiprises

between 75 vol% and 95 vol% SiC.

26. The process of claim 20 wherein less than 10 wt% of the SiC matrix of the converted
graphite SiC body comprises SiC grains larger than 30 microns.

27. The process of claim 20 wherein the siliconization 1s carried out at a temperature of at
least 1600°C.

28. The process of claim 20 wherein the siliconization 1s carried out at a temperature of at
least 1700°C.

29. The process of claim 20 further comprising the step of : c¢) recrystallizing the porous SiC
body at a temperature of at least 1600 °C prior to the siliconization of step b).
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