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application clains priority to U S. Patent Application
FREE- SRbatte NonLTcby ¢29%2E2akT102ds ororbies exw etElr caR O3 or t BEPOSITION
AND MEBHObENHoR ofznshialvmceurmcor por at ed herein by

reference. BACKGROUND 1. Field of the Invention The

invention relates to articles forned by chem cal vapor

deposition and net hods of form ng such articles. 2.

Descri pt i GROSS-REFERENCE TORERAIED dXBIACAIION ¢ i on
CVD ' i del O : hi
(CVD) fﬁ&&@g@;@g@ﬂfgg pgsgg Wi de pa%éﬁﬁgxggﬁ&neﬁ Qujiglevd hi n

films and riety o rials on

VHY 72926 20filed oo D ceriiyqniSc 2003y thetchateqis of whishians/iok empsrated
react ibnq_ﬁﬁva ori zed or gaseous chem cal precursors in
tfaeip by 'efe{%c%f a substrate to result in a materi al
such as silicon carbide (S C) depositing on the
substrate. The deposition reaction is continued until
the deposit reaches thBAGISEREWNRI ckness. CVvD

tﬁchni}qag%fg%pglﬁld?ed to formrelatively thin

coatings on the surfaces of pre-existing articles; in
t hi s sittedavéntion re¢lites wiaricdesdomhed byechgmidat vepol deprsitioh@nd

subst r at However, ..CVD techni ques can al so be adapted
t@etgpgsdﬁﬁfgngwisgﬁae%rtl%at are formed fromthe deposited
mat er iddscriptiord dARel@éd Mat i on, the substrate upon which
deposition occurs is a.formor mandrel that provides
an i ni t Chemisalayeot ¢eresiionGY1R) echnigies ey keep ,WI%AY Besdit
' 50e thif 5L aE&JéJaﬁg%se&ta VAP hiaRRiallash REHS gl%quct@ as
conplenmentary surface that “corresponds to the form
OFypieedlyy the pr@gshinsolvescleating veparied edgastousehemiabipragitsors

artjcles.herein, nmet hod by which free-standi,ng.S C
S ER RS Sehnel iyl 1 REIALE el fffegy EPHORIO
CadpbLifleg Bh BEdkBSFatd) aﬁﬁ&deﬁ@si&@ma@iohng eontindepasil thieakRposit
chanber, where they are heated to a tenperature at
vitgreigs theedesiedhidickpesspr oduce silicon carbide. The

oo SPTBBSRG APRRSSEARh sk deusitlasg olue,

t huefacsanfipee-cxifitveg stitles anthisenitioatite, theisidaceugs the article forms
the substrate. However, CVD techniques can also be adapted to produce articles
that are formed from the deposited material. In this situation, the substrate upon
which deposition occurs is a form or mandrel that provides an initial shape to the
article. The article, which is removed after sufficient deposition has occurred, has
a complementary surface that corresponds to the form or mandrel. Such articles
are called “free-standing” articles herein.

One method by which free-standing SiC articles are formed by CVD

includes feeding silicon carbide precursor gases or vapors into a deposition
chamber, where they are heated to a temperature at which they react to produce

silicon carbide. The precursor gases or vapors react at the surface of a substrate or

other structure loaded into or placed in the chamber. The silicon carbide builds up
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1876248. 2as a shell or a deposit on the substrate.
Different articles may require different thicknesses,
wa@p@shiscknesses can range fromless than 100 PET/DS2084/040629
to over an inch or two inches thick. The thickness can
b@s mmlmlaldembstt;ondbmub@lwe n@iffdﬁ@t@@pd@imaycnquiterféfferent
B985 8L 158 PEQRSRE YA IR HORIER 5o v
Sbmtdmtlﬁs itteclt. et thitRiese danf wsawntrbnecﬁle)paﬁllubumg tlehdpbstion

and the deﬁosmed silicon_carbide is_separated
t Wep @pd/ghethenpracrss vatahlss: Moienths dashgd @peﬂame fhagkmegss is

?FEEMédt fhb i@ P81 éu%ﬁ‘t?até (el (Chdved dhhe deﬁ%%&g @Hhmb er

HZ2), and argon (Ar) gases are introduced into
f andnthe depasiteslighcaarcanglesis separatedri®eregrom. | i qui d at

anbl ent 100 SO BIRSLALHG B A0, SRRl NAROEHCGRY,
CAI VTSN, hyd® gk (H)Zl) gimdtaf@nm galsﬂsuird 1rQ1fodb<yedﬂht© Kheyrrape
vapor abqve the |liq g ﬂ?a that are unreacted in
tﬁhéowgbraﬁa@ecarrw &% qEept %vblant\%éemmeem?ﬁ 1 30¢er ed,

2eib ARG dafl b8 QB ROEHNRE FoalBLOT Rs B A g%ﬁf& b
t he atnDs here. Sone i ndustries req uire th f or med

sﬁhrougbrtha:MrT}Sl lgpid thg@l@ﬁm&m Varlog gbovchlee qud eﬁases that are

techn 0 t hi ' t i a
EORRL PP ho RS SLARTBIG {6,696, 981 b Yoo

piilQ’ngSISﬁng)@Ibgﬂ)rﬁhﬁﬁg gen®dd thhile: atrlogpheee. material in a

CVD furpace, SiCis deposit tqQ.a flat, or

box- shap®ge ngBETrseaT by ﬁq ned spligpaeqs 3@?%&%\?@@“0&8

frgd cﬁé%?feéhnofldg?mf‘ff%dﬁ@mg Beonblitdd c&8hRPafls PR rﬂse c%mlcal

parts are machined. The machi ni ng procéss incl udes
cYapoi depositien pUeg$s 13@3@ pmﬁucmg Ial’ge slheatsgé thermsemic material

ool B e, R EER st A EE Tl e PG To i me
Weldmvsll;malgegsﬂamaﬁe%fsg ﬁblntwlakmesmaMrme baift aﬁpartsam t hen
machi ni n% the blank to the dinensions of the fina
flaaqhm% he pothiping prqcsisdncpdes suppeithepughshans g Orf Iﬂéﬁ large
&g %h@ ggece 2 ?éa? the cfelﬁ?edrmfcﬁ:ﬁésg ko SroBiRialttarfk that
rec 1on O rysta

growth that 1s perpendicular to
t dppr cpilmn*es tife finabfofindut with strphis enatdried thisktnessi cul eapls fanetand

I h h
SR SRRt TR e PR AP TR o ha

t here nmatheh €VDnialegiblspey ddpositedion IS@EElabsuBREaté@NElg. plates,
t hi nner@iortl ons_in other areas, .instead of a uniform

tthe laiaial xpits AgtirgHon eyl €rawd thy iypppardicalyr inbeplane

tMﬂh& fbd YibdiB%e. AT KRS $Snd? 'heéas&.a% Bégositéd SVORy YE R AT
the thickness of rings in rough shape form can vary

sihgeti thatgamifoym id égelmgbaey tnpoerosiheiwe seghatiearemeyibe fhicker

tpl)']oertlgrli]seu%tsom!avgrregso ¥l thinner portions in other areas, instead of a uniform
thickness throughout. Because the as-deposited sheet typically has a thickness
profile that is non-uniform, the thickness of rings in rough shape form can vary
significantly, depending upon where they were cut from the sheet. Moreover,
there may be significant thickness variation within an individual ring in rough

shape form.
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there may be significant thickness variation within an

i ndividual ring in rough shape form 1876248. 2In
w@dasosesny due to the |arge size of the SiC shePer/ub20041040629

which the SiCrings are typically forned, different

m cr ostIadtlificesduedy thedirge sue of itefSat eeet frmamhiolf theleC

HEee el R BERER Felo filpiads BREEASTH g8 dreas o

Nt elidet| Faltataplepwhat 4 A6g RGrediBed Hemtavhedtgdspmtfted he
deposited sheet. may lead to i ncreased tension or
Jpptgda, @Jlfftefﬁnﬁest1Héherfﬁtfét1i‘1aﬂha1taﬁt§¥15tt9§ﬁcreéi}é%thad%lFtsgﬁtthe
ad%ﬁ@%lteggﬁéé? 'inagfll aMleto nﬂzré$§d ARG BEGreld Wahin AL KA that can
mani f estati on o he ditfferent m crostructures across
tdagsd aslpght ptislttow Q;r carveanitlat inechined ringsnet i ¢ appear ance
across f{he final. h|n €. g. rings. Thes

var o | Snanr iR B et eroro it foree
nEgeiid 4 ediatlos in tdagnetit BhaREcPaIrss tits Bnat aatEdedpdrl, e.g.

ot her vacuuntdep03|ted or vapor deposited coatl ngs,

déjgeci &Pwae@ﬁ@rtﬁéb 6257544 2pPRAFaNeE sanshecirier magnifiggvhen the
@Hb Al L colied %’ﬁ%ﬂ{éfr vhdifint QpeliRass vxﬁtrl e]%dsﬁ@@coatlttgs

ess time nust be |ncreased to bring
omp@salbt ©OWDrdzpesitgd eoatingp stah aslsdicoi.ni num t hi ckness

ggggisf t‘&r%ﬁ%l?%aﬁlgr %ﬁt,cglg gd? ﬁfé tﬁlcgﬁaé%%srhag—ggsfe él%:eeg{) 5 l})[ro%elss time

tlh@stfbh @freds€d foltiHnigriee 1rmr@paaﬁtm Rt WFedsivpo itlie ihdetimt o
round to the required thickness. Moreogver, there

.téw KPGHP {YITEIgnts (or) thft desirgd payés- aé%h@htrﬁeB?SI%P%%@e%eaaﬁ@n
téaﬁse%@ pﬁéest Qit AL sheéptotregﬁfe thére TRcBfkRY uﬁt@ﬁlto%détlt@ be
to the layout pattern of the pieces. There is also
sgo@kUQﬂmnaﬂMEdﬂndmmme pi ece pattern that is cut or

o1 anks, Mok SR ARRG Yo Bhihe b LRARL A P Rnl B

r&dek tché dut 3ol tAére & @atanilivasteafuese thapayvat pdtieal of thOpieces.
exanp the material that is cut out around each ring
aﬂtfr%@@t@@éﬁrpé%dﬁatﬁtl%tgn theigesPatiarh thah Ut o SrRwrdbiomgs

tﬂ'é?wé'e'nrl%g wi 1ﬁ fé%la_J, % MASLENp1aAUCich K BddeB ndiBREE oF

cookl e |n|ng after cookies are Sstanped out
frtrrgsn which Irésubt 1ncaoletgje qudmm bf scTéremetensle Fat smrmi«t: dwi onal

wth c ackl Iates
atgxﬁaggﬁa% 18 ?ut 8 { ]?rmg aP&l %%\rvben eaf% rm p 7 o%% 1Sngter

vihirgfleCaithe fag)Ge t}tpﬁ’tﬁlly iwekdd Sir@dhi lﬂdeQHé’ttﬁﬂuﬁed ddokie dough
conbj nati on of cracks and the scngﬁﬁnaterlal fromthe
JRearngafter RRokigs ase StaMPehoit fogn i pf¢oPFeP¥de bl anks

| over s fge A%GIBPCcasional problems with cracking of a large, CVD-

produced plates or sheets of ceramic material during the CVD process, which can

reduce the yield significantly. The combination of cracks and the scrap material
from the sheet and the material that is ground from the blanks lowers the average
raw material-to-product conversion ratio significantly.

An alternate method that has been used to manufacture silicon carbide
rings includes mounting disk-like mandrel substrates through their respective

centers in a spaced and parallel relationship in grooves on a shaft. The planar
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raw mat eri al -t o- product conversion ratio
significantly. An alternate nethod that has been used

W ooosmmasiact ure silicon carbide rings incl udesP@DURL0HQ0629
di sk-1i ke mandrel substrates through their respective
canfagesofi the diskbike athnémﬁs@atreaésl azb orielted paypsidiqularo the axis

grpgve a.shaft The 248. 2sur f aces, .of
CHEBAEE TRt hireure b eRRa whidPE Gerantt it o e
pa{z@lﬁiéﬂ Isath Bt £ilp-§ ?ecﬁé‘drﬁni@f patth GreFBidhdd bylA¢pbdsiGon on the
proceSS|ng, the shaft is rotated as gases are injected
i epdieh@ibstideher, such that ring-shaped ceranmic parts
are for ﬁgng A
differ e%{sﬂg ﬁﬁ#gﬁéga H{éﬂﬁﬁgﬁ“@x& C eafti(?o%gcag}l? i 1o
catsbeldiawrtlmngsiepsslmml champeniddiniduhi, ﬂa@rdﬁp@smlglmmdlels

R & Y ey o B P e G ROt b i B

t BITSAnghe Siihe g4 hﬁ\xthﬂée)f@l”ﬁs il hwﬁ)geﬂ Bged g@sn 16 f¥d i€ t1efchMhBer
i n hydrogen and argon_is fed into the chanber and
smd Blepnccartideis derosied o the aepngrels tRdoimaFagse | @noedhe @pgp are

RSed RUGERE Beaphl g By bETHUE okt A1 S8 BEARE Gf be

meethinabtotthe ddseed dsnensidngi nensi ons. Che problem

related.to f | on car bi de s f hese

o t or naPhe B Bl ol g P bR F R e

I gitedh Ribe piscRsigh fsuhatttmnﬁmﬁaahmno be @@t@t@& tiroughoav®et

bui l d-up in undesired areas, ha many instances, the

gEosmation propess &y prsHent Fridd-m & m@a@!fqd@ﬁeaéh Eriany wiiances ke

{ D088 e AEL IO bne NS Ch RPN R ik Alar SO0 e
Face of a

I nterest nstead are al
dapositicutymandidl or sirface nf iateres Uouif msiesd of atlbieed wat=posit

The ratation suspe on of t strate in.
R & PR S et d EaS et Rt Seon the
t §ibStrate Db FQIcibl YasQlreslt ROBtehi&Tto pI&Rnt or limit this non-
specifically-shaped mandrels are also conplicated to

et {pradty of depasitiophe enbodi nent that includes a shaft

with dig

o oves 11 SREEEALTBARE Fhin R AR g LRINET 1o Flfuuctye
shiphe etmbodintehietheti isdluddsapbaft wahaﬂm;kshapﬂdsnmuirds phtedine
SESBR B TR TR AN T SRR o

S&iglamwe@ tha@frePhds@4red) tin ittt grhﬁnféhaigt&{bodaﬁm reatiefih@!
is often deposited in or around the protrusions or
t §pgort axis must have protrusions or tabs that facilitate their suspension or

placement in the chamber, and material is often deposited in or around the
protrusions or tabs.

Additionally, in each of the above-described prior art methods, the
resulting ring has a crystal growth that is oriented axially relative to the ring or
finished article, not radially oriented relative to the ring or article. In other words,
in each of the aforementioned prior art methods, the microstructure contains grains
having their long direction oriented perpendicular to the plane of the finished part.

Further, it is known that as materials are deposited by chemical vapor deposition
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Additionally, in each of the above-described prior art
nmet hods, the resulting ring has a crystal growth that

w0 200810568m3 ed axially relative to the ring or fPeIT/Ehmd4/040629

article, not radially oriented relative to the ring or
aﬂmistzle of gtamsahdreasesvor ths growth prchedsfawta droaf the eu’cstraﬁeo rTéeI
| Qr ar.t net hod %rhe m ost r ture cont ai ns % h
h%‘(ﬂ PR R &4 PTG PE’c%nil ’%IPF IFE?& SEPHEFFA] éﬁmst‘és“
t kv ep by Ofystalleriphid Siatatidas brow ke ghains VSltlkl@&Wn
that as materials are deposited by cheni cal
d@rﬁfmeeim@ﬁntfecn@zmaiez fhwa)sﬂcﬂ@r éFP@F’é?Pr‘@n@lﬂ@%séﬁég sThig
%hgc%‘ofﬁo“gfnlkrl :ﬂ{l 81?%?[%@ : uc E}F&Hﬁ? &ﬁgﬁlﬁggrlgrlo%t;r_\lﬁ?ure across
| toe gleiclgreas nﬁth@nmtmal aidgriaiturs cwuaeha Igcadmnt wnietegnal stress of
crystallo enta ,aster, than.grai.n
i Repesu 8 pRBRAF refliRE hodiels Boyn BB lope hith B BRE,
depesittd &Ea@dﬂl’ﬁiﬂnﬁ tHeREbdised. Tﬁféﬂg@dlemhuﬁat@m eficrgstaictire
structure typically produces a gradient jin
nik st qrommlicaten e daaehinge nipgeskfad serpging Mehompistiplgven

mgﬂc&ghacﬂnﬁﬁg@ cERbIRRE, &rr@afnﬁ{gm sBmb %%@ @Javﬁfegs%%heof

eposited material, resulting in bending or "
ofinitIhesl rheto oidis v omveriness isumdesiiable; sspeahldaguirtt thatrretqhee
substr Thi s radl i.n rial crostructure
et Ui i Aol one Pt R L il
I €tdch Svithtefnt@ndiRte v afidrs.e YRS lagdel €e pHRC tHeMhdlg sighificant the
conpl eted, often resulting in sone bow or wavi ness in
t e Fﬂh‘?aélr@emﬂ%rt Thi s bow or waviness is

undesi rpp fdle %gﬁfes@hll Mol fesRal bSstd 5@{; 5@83%%%%@3{&@

t ol erance xtremely consi st ent Fatness, suc
r siligm dadridel auaclles; sdmnt ambidaihaha seiqiie ovrdbiostom ofapkepegies that

ool Sicu gy Rl oG R ety o €8 ta ol aflh® o <

asepEdndt edr wlphéhl ngtEbAie talfl cREiSAll frécssif@fidlidsleSilicon carbide
articles, silicon carbide has a uni gue conbi nati on of

prtiples prodycadrhyC iR pEOGessing a8 Fecpamiret foyexBipittsypgrior chemical,
sons in the

ggh@%%% lufct:l%gi}lg %%{Skgg%ﬁdq;g Iug@?)lr ; ?é:é and chemi cal

pr ocessBnge fénatasluctSi plioceasmxgappmdtss,aﬂuth ad mp1dgh@'d1ab ed

by CVD pr sing are reco exhibit su
e eaP BEETE AR T4 AR HhyORE HPECR UG gy arers
PaERRHigteempoRiRe §@mmﬂgd BCik Qﬁpcﬁfdh@ ga6theg: rapRAE dpatfe to
such as rapid thermal processi ng chanbers, require the

uls@tofieswﬂ I?Pm@ie@l@%lg &ip; i@l ¢ aYRersIngiiTGREHiss in

08, b T b RO D5, bR s
rlelh@tau vedayed \hltl'na laiyer afr@ChED St chahisdiOdl (gus ithigk to prov1de the ring
| vrv1rt}$ %ggq%gtletgpgcslty nl’here is thus a need in the art for a CVD SiC edge ring
material that has an optical density closer to single-crystal Si than is possible with
standard sheet-form CVD SiC, in order to reduce or eliminate the need for Si
coating.

Accordingly, the present inventors have found a way to improve CVD

processing for producing articles, in particular planar articles such as rings and

1876248.2 5



optical pyronetry tenperature neasurenent of the
wafers. Typically, C/D SiCrings are coated with a
WO ay08/05673 CVD Si that is 50-100 mmthick to prpui/us2005@10629
ring with adequate opacity. There is thus a need in
t iiscsaend more partCvrIgisdicen garbideningreiaped aaticlesh dthehesilting

o] densi.ty cl os si.ngl e- cryst al t han
BbED ' R e b S TR o 4% SPSME (o
r a@urée TOE iflehtidn @b LalbdBe iRado ERAteIitictdalig other shapes.
Accordingly, the present inventors have found a way to

i fphcvclevpn e yeeksifxgurepio st}pmh@h?fgl sl other wafers fﬁ)l
8 S B g Ry LA A o

r angafshaijgedings.t i cl es. The resulting articles have a
uni que mcrostructural orientation relative to the
shape of the article. The invention nmay al so be used

to create arti clSISVMIVBARNOOPIIEEE INVaEDEONSUch articl es
can be used in fixtures to support silicon and ot her

waf er sTHedRVestigr Beoyides a syucusdeared byrdismica} vapgpdenositing

r
i P e i

admtenmon ur the planasdirebijorc thetnis wgemhépntﬂle depasiot imthe mavhalg
a.pl anar djrection an tion erein the
SPsanan a5 S SinE R BriRT oot 5 e s HERER" b
i's | argRfintdh@itn ﬁﬁ’ﬂleﬂ% fiss BAprbled MEthb@ foBafli iR EShOfings
and having grains substantially oriented in the planar

dsiegebestcal Taror derasitiono Ao parFieHas tisriavangen powsies ¢ gepthod of
gﬁgg ucfh%lfru{;%ﬂ)gfb?gt uring rings using chem cal vapor
n parti ' i i

depos I on. ticular, the invention provides a
met hod oai) rrakfomging ueitersd by chamied viapor-depgsitiaran énglrface

mat eri al c ositi.on on. a,.surface b
i vi di ngbk e SR o aeh PERRR T Sk B P s il
such as w || b Mne e ndlie FRICRIrsS HavGigUl BSiefaot MGh@planar
dimension in the planar direction that is |[arger than

t he di mensi orflifeptiamiBatis fasgar thanqhe dingsnsign in thgpprgal
grains subst ﬁdﬂo& dﬁéléryan%rﬁae{uﬁgggalmlfogﬁn@é@%@fgn@a ik i Rar

In certain e nts

cylindrical) dueetiarsed as substrates and the resulting

mat er II% lcelrt‘[aqf’i1 tem gdlICll’lee t%stluf)es (W rl]char?lgy ehceyrl]mdnc Vaelrgl uged as
substrates and the resulting material that is deposited on and then removed from
the inside or outer surface of the cylindrical tubes can be sliced or cut into the
desired ring size and shape. The resulting ring has a diameter in a planar direction
and a height in a normal direction. The crystalline grains are oriented in the planar
direction, and in certain embodiments, are oriented radially in the planar direction,
as opposed to the perpendicular or axial growth orientations seen in the prior art
rings. Put another way, the primary direction of crystal growth in materials
according to the invention is in the plane of the resulting article; in the case of

ring, hoop, or disc shaped articles, the primary direction of crystal growth and

grain orientation is in the radial direction.
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the inside or outer surface of the cylindrical tubes
can be sliced or cut into the desired ring size and

W@ b@po3568The resulting ring has a dianmeter in aP@I/aRZN04/040629
direction and a height in a normal direction. The
cr yst allid ineengionalse relates trmethodsefiforntimedisk-almeped rings by
direct ilon nd i.tn ertain enbodi nents, are oriented
r%&\fr&fe} )}’aﬁ’oﬁ ﬂ%“bqna ar direction, as opposed to the
P@Y) Penstbeidingra r0indrbatsegiicnut fubein £ddpatitionsoggen in the
prior art rings. Put another way, the primary
i e ct §iEsRting PIEpuFearLRs JroWenten material s according to
h i . A _ -
AT ol RS CaRppioB bl pocl BT L (RRLchbiin the phape of
atheitatean), the ngidgon¥fee tpbeli r ecti on of crystal growth and
grain aorientation s in the radial direction.
1@6ngmﬁxﬁﬁ%%?ens\(/)glﬁltdf’%%ﬂa%dg rel ates to nethods of
L @Dzn' l)rtgvidinglﬂa@ibaiﬂeﬁpdséiﬁg& soystahialty clad rhvﬁﬁpor bde_posi tion
y (a) providjng a round cross-sectjonal tube in a
deposi4 t%ﬂatwsbfegw(seglg E?RO@& £3hBE 1oFaed Pk e ogisE swfacs of Re

tﬁ'lgﬁdreﬂcﬁ%)pog 1 thAAdpBsitiBRLNBIE MR g RIBS AR oud RSthb L
forma solid deposit 1n the shape of "the tube on the

i destudleedorbovd eTheubandr¢ldipon evipwhi thgoutside dedosid isdiepoed may also
nd divi.ding.the solid de It into.substant.all
e Phiflac R Epdnaie By S ORE R belgPBa B Sl oY e

f @andel, Rrdbf€oduhetwes ot efathgebf differenclsieds. di sposed in
the deposition zone foll ow ng steps apal ogous tg t hose

descr i 1B&ls gsBers. therpwentiands direcisin apgther! efaldng dptgangs by
d&ﬁﬁﬁéglv%ﬁbrfd%&ﬁ%gp&ﬁn -Sﬁ%zbe a tube, so that solid
ot

deposit forns on e 1 nside and outside surfaces
ofa) t heproddidg e a defveitiobyohor mandrel evinget sibsthntiallygeunsf
different sizes. In this respect, the invention is

" PEYEY ™ 0 a nmethod of making flat rings by chenical

V@por drpes pre@iisor@asTplitb Shd\@iter (sagfadelc@Vhedhagireln a
degositi on zone a mandrel having a substantially round
clchs s -hemicaBy reagting e PecHisageas te fumsoiolig depesHiagiopanately
HHBE sRYE bARE nhalel6n ;@%Es?de:of&ﬁe)dm@nﬁén cally reacting
the pretursor gas to forma soll eposi t

a@pr oxemavieg yhei solid depastiapel of t he nmandrel on the

géﬁ)gis ?(ﬁYiS%ﬁgﬁ]eesoﬁg%glr)()eslit; int(ods bsrtaenrtrita)lﬂyi/ A% rtirpges eic‘tﬁéri b%fore or after
removal.

Advantages of this invention include increased space utilization, reduced
unit cost of manufacturing the rings, reduced waste during manufacture, and the
ability to produce rings of varying diameter, cross-sectional width and thickness
depending on the height of cutting (i.e., without varying the deposition time).

The invention is described in more detail below using silicon carbide as a
convenient and commercially important example. However, it should be
recognized, as it has been by the inventors, that articles according to the invention

may be made by practicing the process of the invention using any material that can

be deposited by CVD. Illustrative, non-limiting examples include oxide, nitride
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(e) dividing the solid deposit into substantially flat
rings either before or after renoval. Advantages of

W kios/05689&Nt i on i ncl ude i ncreased space util i zBECT/OR2004/040629
reduced unit cost of manufacturing the rings, reduced
v@@i @Md@% pcrrgmrram@tﬁra@is tnchdingrt nﬁéumtﬂdl tp taymummprrmmdc,e

t ﬁlu nes gx1 :e%agu g in %ﬁzlﬁtﬁfde,ﬁsél?c%ﬁ s1Pct'c%n 1}%”(1% s%con oxy-
V\hﬁﬂm bomamytndg, btohfn @eds ahd othet nnmtemals $ih dsnxi@akulfde, izgc
cr|b re d tail | ow, using silicon carbjde

%11%ﬁ@’@ f ?afrrbgﬁ /i ﬂ%eﬂx IRET 1BRI5H) that can
F@%ﬁ%ﬁ&ﬁdhhn§hﬁqiédQﬁ1&@009nlzed as it has been by
the inventors, that artlcles according to the
i nvent hn@ddWQy tpellovide Plyglugsroactifiet, ﬁgn@rtswnpﬂb stebls riogs, tlhe
I nveer}]:i: n[Q/’lg ﬁg)\ygrfgrn@%% O-Ial,laion OI}%% #J 1ngis%{1)aﬁ?%ve 1mprgved
oupa&ey, muﬂtﬁmg:lm rd @862 48miamnal 1£g&mt mab@ec dhass @ngmteepauadwaﬂy
inc%$ ﬂ? but not limted to al uqanun1n|tr|
afll 56138 SUPRQFU FHEIRSSIR yETFHOPPIUGET apparpiup fish sybiRst Si
S{yhfefOand tﬁershgﬁomgg hh%s% 1Y erﬂﬂefa"E't?re PRI PUuch ladRpid
boron car bi de mat erial s such as zinc
sthiefral @roczising, sud Smiuskein oglier iapamatusiihahwn dybjeitderbigh- | | ke
cgrbon nd any other material that can be prepared

CIMpera . L, .

‘techniques. In addition to all ow ng

p r o d uchitieis r&pedt] Bt invehtioRnsiae ad b yiliséakireide nagsial,t he
present invention allows for the production of doped
SFEWHEs that have inproved opacity, resulting in
r educe(g? or dmgldg?(gsnlsd{ ghtord &A@Yena These rings are
particularly suitable for use as support edge rings in
seni cdhHuctabeutd§p ppettosbath 400G pish etogsh dispéreedsin(tan@VD-

e suppartin ngs) to high tenperature processing
%@ﬁ“gg'qgﬁp&ggﬂirnal processing, and for use in other

appatiatihs silibad caabide fdlfieiiast oFa@ﬂy dreiganal taes.CVI-
this respect, the invention relates to a silicon
c@%@ﬂ&@sﬂﬁpﬁﬁﬂﬁﬂe conprising (a) CVD-deposited silicon
car bi odsHes 210 bk QB BRI Lio@POMbi2 AR Bont
nit roglglﬁ rg‘]?[s%er s?gzég inth e%&VDdeplog‘?? | Prpd ) ontaining
cgtrinis &iavlng\ﬂ@rrammhhbresmcm atemtagddn meqﬂamféhe lanlatetiab argh

2%&%%%&1%%%11%{ to eac Dot Qratln addﬂ?i'\o/r?(%l%J é)l%{nts %get‘glrla{)fyce?(ﬂibit

rotational orientation that is substantially random with respect to the axis of grain

growth. For materials with cubic crystal structure such as SiC, this results in a
random x-ray diffraction pattern when the plane of the part is measured. For non-
cubic crystal structure materials deposited by the present invention, it is believed
that at least some of the grains are also randomly oriented with respect to the axis
of grain growth. The result is a material that is flat, dimensionally stable, uniform
in surface appearance, and suitable for coating with silicon layers, if necessary.

In this regard, the invention can be thought of as relating to a planar
structure comprising of a CVD deposited silicon carbide material further

comprising SiC grains having their axes of growth substantially parallel to each
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The net hods descri bed above produce silicon carbide

mat eri al s containing grains having then: growh
walzeososdsen oriented in the plane of the materi BECT/US2004/040629

substantially parallel to each other. In addition, the

gotiensing hefing sitdtionebdricbiation diatiisisobsadntially esmidaini voith telgdct to

I'§ substantially rando fth respect to the IS, of

o st aain 2o RTERT s B REEo Leter § D debosited
Skilid6d &HrBids uakerab cophibrisitg WEC Misidahhife-3O sRicoRBEBIAL KaviAY a
diffraction pattern when the plane of the part is
B4 tr Bld. peppratinbsbvasn abeut PW¥0and gbeufded i sogenrelerallysbetween
d it r i tion:ccit. s believed

¢ R QB Bl I B ERlenle B SEH IR 2 oty
oriented with respect to the axis of grain growh. The

result is a mater.i ' ' S| Ly
stabl e, unifor Ihibg&?@%@*iﬁ%&gh%ﬁgggsgﬁﬁgﬂ§b§abIe_
for copfginRd Walsbhetiaic 60 CNEY 8aratid suRtG6I8 $SasY in practidMeS
regard, the invention can be thought of as relating to

aths|iayeRfiost r uct ure conprising of a CVD deposited

havi ng  ERar Apghpert Flen of ety SRR ARLBL el

etdelCVID 264812 of Fignre land havi ng rotational orientation

that is substantj all randgm wi.t h, respect to the axi s
of - gr oo fide Rerbr e PRI Pis ShneRmPaR] Papiigabe
t ehowik/RePBPRFCt6H foi thoabh fR«le material conprising
FCC Moi ssanite-3C silicon carbide having a 220 to 111
peak rBigits 408 evehematip gisw of tBomateniabissued iy deposigiprs pn the

p r e : hout 0.60, as
n@ggdgroggl%‘ﬁ& 59@%???1‘%%% ?Su %g’s b%%%l %@9 SCRI PTI ON OF
THE DRAMMNGSs Eischenentit viesv shosiddpatirattystabfrostiOMD ring formed
a ratu ui.table for use in practicing the

iﬁg I?%ﬁ%aﬁﬁgﬁﬂgﬂﬁaﬁs a perspective view of a round

Cr 0Ss- Bietreisatvs HeR@ystA ord4®8 otk Lilg ihien VW tRdRehaddist of
Figure I. Figure 3 is a side perspective schematic

vhigegn invanis@gment ed graphite tube showi ng the gas

i nj ectg.on . . ' ' -
schoreh PRt S 5t B ekl LiRRng s briiuchea ey
t feemed by de méthédseofprdsentafiveliigures 2 and 3 as it is
being sliced. Figure 5 is a schemati i ew show he
cry ot A BYFE A SRR S RO RREEEY® LN REHO URE A
Phdedh pidcticinf kidUheBioghows the crystal growth of a ring

formed by the nethods of . o
Figure 9 is a schematic showing SiC ring blanks used to prepare bars for

MOR testing.
Figures 10a and 10 b are optical bright field micrographs of etched samples

of material made according to one embodiment of the invention.

Figure 11 is a schematic diagram of a rapid thermal processing apparatus
for semiconductor wafers using rings prepared according to one embodiment of
this invention.

Figure 12 is a cross-sectional diagram illustrating an edge ring of the rapid

thermal processing apparatus of Figure 11.
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present invention. Figure 7 is a top view schematic
showi ng the crystal growh of a flat ring forned by

w0 b@sieishbds of present invention. Figure 8 i SPEI/US2004/040629
schemati ¢ showi ng an alternate CVD apparatus suitable
for uskigime 13risie miciogigph hethe mvienostiusture Bf gorier Bt CYDaSIC

schena showi ng_Si ed.to prepare bars
f8‘1"1g’|\‘7(§%5l ‘?bégfvl %ngﬁﬂ)dﬁ}c gar%ngegﬂ fga‘g e opti cal

bri ghtFifinek d4damey DO dbﬁnp@fdbtb&dmﬁ@ﬁ@h@@h@ﬁmgﬂieer i al
made accordipng.to aone engodlng of the inventian.
Frgaperucire of pricr HeYheepted GiVAYPhnsdse riags gﬁn%fafth@ndrﬁmm
p&%&ﬁé&?ﬁ&nﬁﬂﬂ@&%&ﬂﬁcﬁﬂﬁSﬁ?”‘CondUCtOF waf ers using
rings prepared according to one enbodi ment of this
i nventlfigure 15iigap@crograpls obthe myerosigusture ohalC VA 8igF wing of the
illustrating an e 98 ring of

PSSt bR, S PR B e epie Ryt BRBSRbIEOERe paee 12
is a ﬂmgﬁx@lne@hwfmh lad ms&m@pltay agrtHi £b1© fni@o Prapley shatving
CvyD SiCring th observation perpendicular to the

pths IRt §gcoab?dg9YQsS1€@ég%%E81Qb6a%ffdsw the process of the
ﬁﬁggﬁﬁpkﬁualcrographs showi ng the mcrostructure of

ior art Si-coated CVD Si C edge rings manufactured
fron1standard prior art sheet-form CVD SiC. Figure 15

ing oPHRRRL S SCREATON O StlfcHi BurboitpR (s

per penplicClutoast thakétFer SiCaheetdhatdrid@isthe gamlgd)rgiubﬁs mbfigt, which uses
16b, 16c¢c_and 16d di spl ay caonparabl e m crographs

sw@\mghgstxfﬁésw credeit Fabior ehednied! any playsiabepravbaincardigrity of CVD

| nvent ron. ’%E?— AWSEBS&DE% %Sﬁrl?&%{e&x}a%rpfogégé%ssmg. Many of these
ENVBORS NENTSpathes rires gesicaltyelesseharf ©2” Bi tickhese endrap trdbalit 147 in

is. the s condyct or nark h us t he h
L gt it el S e
conpat Afghdvigh Yt rﬂdﬂelabébr@ﬁlg /e Hchniqes @K ifedbeldfesre primarily
to support S|I|con and ot her wafers for%§§90e33|

n
MeiRgshped fibisemderziopd that Bew map agurylepirsydap, yisP@gmgylpon the
! Sééa&d%ﬂé‘ s]%%) of ti2 s @%@é 1PN efrﬁcl@b?bﬁt (ﬁ& of diBtussion,
di aneter. e | nner amster 1S a apte OTd
skowaven ducbadow \daﬁcelpson refers to flat ring-shaped artlcles and methods of forming

the ring-shaped articles using a cylindrical tube as the substrate.

The chemical vapor deposition (CVD) process for silicon carbide (SiC) is
generally based upon a thermally induced reaction within a reduced pressure, resistance
heated graphite furnace. Certain embodiments of the invention use this equation and
these basic parameters:

Si(CH;)Cl13(g) — SiC(s) + 3HCl(g)

Deposition temperature: 1300 - 1400°C

Deposition pressure: ~200 torr

Catalyst: H,

Instead of using flat sided or four sided boxes for deposited material to form a

sheet conforming to the dimensions of the sides of the boxes, the invention provides at
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Al t hough articles made according to the techniques

descri bed below are primarily ring-shaped, it is
war@sisdsobd that they may have any desired shap@T/us2004/040629

dependi ng upon the size and the shape of the substrate

udesdt aus rPWRdsTPSResealiqrag fube, thinteseal diroénsitingd w@mb&ccommodam the

h%ﬁ@%g amettﬁg%f B}%l c@lﬁ‘feégierzl‘f%# f%t '(ﬁ g (}{Sﬁigﬁﬁ ,onbgonrgg oYeH octagonal, or any

r Ioﬂ@r Slk@p@ drtiatet is dbshedyis isngsoposyible nelideaabesthubig dise do@sponding

substrate. The chem ca or. de tion (CVD) process

f 61?05%?‘?%“88&11-@8%@ s ETS%GEE? ﬁ@t ch %ﬁl ThITROEREES, (o %grates have

t BeHBA bymbRAHe %%ers & Bl R a%dre uBif@n] SYUBEHoPLRES Yodhce internal

resi stance heated graphite furnace. Certain

entsesdésvent s of the invention use this equatlon and

Eg, I:ES (eg?ﬁl%e%)os' A ?ﬂé %c%sgrog)chgﬁ%%g‘g m?[%b)& éscgt S1)1ermcal

D@B}ﬁxﬁ*ldep@ilth}f (ﬁ@)(&mrrfo&%sigﬂéd to@padityctamitiznatéridl eftheof
USI flat_ sided or four s boxes for depo ited
i ofja Bmir&afr%méwéw@éﬂf .laﬂrfhg Iy phAats SaseTIghY

0% ctvvsea @wﬁsfys&in hBEnBRILS: fubhe SAURRE 1O AL Giétrﬂﬁlﬁoﬁ”s%stem
1876248.2 \ "Q east one round cross-sect’ional tube
| rh? én flaid coinmemsiatinn ofithihd Bimege cloarred A0 spunhEng systam 14 in

g@t Sl ?éuhe dgl g;g?s &%tﬁ&gf}dn? £ 1f23%ggvrvle a”g{‘:ﬁ'yc 6,and
l &n éﬁmeﬁﬁeeaunéntlsgxstaha@ 106 gislik puﬁlpedJﬁaEJ andbﬁs ohéns dignore
the correspondi ng cross-section, although it is
pPex gihsiafes hAt i nstead of sharp corners, the
substrgf t?%% BERIhQHNHE vERI A ESs %%%uﬁéiﬂa@éa tfmA rop Virdfar

more uniformdistribution and to reduce internal
Str08S SpEtioN) Cﬂimgirlapigabeaim s showgl ih Higunes %&r@éesﬂwafylmdmcal

Eﬁ%ﬁ%@t-s brg)gca %:gg)rﬁ{q{ea d%fi ggr%{;al @glgct}ﬁn 1n I%et 21'% ?Frt %(g %{t OélC\é )it

| beuldee afouated\k bydsth@aingler tubul ar nmandrel . Figure 1
is a schematic diagramthat shows a CVD systemth
i ncl udbisiss, Teete Eas e o o maecgoaéslwg% Shemtticaly 230 in

S ﬁ?gtﬁlgéﬁr Y thdtob ¥ bishnRRATY (Hltﬁé'ﬁé{ﬁ[‘cd‘ﬂl& Qltérh‘ﬁlvfelif J13A8itionall r%/

10, a punping system l'ui d cormuni catio
wpdzme uh@ogalse biottor)i and iito nylggdgpdrtuheZQO allipcase is tomoped/by an

ffluent te .S .
ot bR e LA s JPRattbyen i
I eoam bs aemb &) Ritidh, conhectd 10\iBNurBYing SBEen@ $4 andeffiatitat e

a round or circular
treatment system 18.

In this embodiment, the cylindrical tubes 20 in Figure 2 are preferably
graphite tubes that are attached in a non-rotating manner in chamber 10.
Cylindrical tubes 20 may be attached such that they are allowed or caused to
rotate, but rotation is not required and is typically not employed.
The graphite cylindrical tubes 20 have a substantially round cross-section, such
that the material deposited on the inside of the tubes is formed in a corresponding round

cross-sectional shape. The circular radius of cylindrical tubes 20 allows uniform
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cross section cylindrical tube 20, as shown in Figures
2 and 3. The cylindrical tube 20 is typically nounted

WO 00805873 i cal direction in the chanmber 10, al PCIDU§IV04/040629
coul d be nmounted at any other angle. In use, reactant
gdstritsitiad aind ﬂew digass. Angleeteaoatirghowithes chisstaice aal by agilied to the

< e TR R ey B ed et R AR ShoriBe T AGHHAESIC material

bot t omp @ﬁﬁdmm fub6 20 it fdred thel diBEraA®for T}twde@saﬁubrﬁprocess is shown
renpved an exhaust port (shown schematically at 32

atn Figures éhatnén% dfube ﬁ%ﬁﬁbbe a gngla @H&p@ﬂl fube, 0 if raayﬂee gageries of tube
t TeyoT

(FRpbeha MLERSRRIACL oy 6, RURLRO. BB St o
c$1G OWD paicessubhal 12@th tubBiwgllibe qﬁltealn&avp e éilfﬁd'aﬂtyco work with. Thus,

raphite .t besthatzn attac [ n
TGRSR S K ERRe S et Byt s e Rerdibs. fosiste. fouror five
at‘lib@.falﬂ gebtiUSs, hdtRad bé mh@rﬁﬂahy&mﬁg fiRturé. aBé&dset tBe resulting deposit
rotate, but rotatlon IS not QU|red and is typically

néat @rﬁbrr@%ﬂewﬂl ot @rmthqréﬂswp ioned. b jomiplewoe the (ibe gections

SH r i a !é&%%lgél's?glgﬁagﬁ rtl%ﬁﬁmﬁ%cﬁ%&% ﬁﬁ}{ﬁeha (?ehngle tﬁzﬁ?rowdes an

mdamdtwmb@twrem the sybersdgments thanabtcasasdpsaton nma:htosiroammt the tube

The circul ar r us of lindric 20 a

ki i T 54y SSpeRtie CHomge p b PR A R g2 abbe g the
I QR8s A deiuBél, A cRlalBimiBDdRESAN CR tHBY sd3the R 8ot twelve
the inner surface of the graphlte tube to facilitate

r Bbesdtigly pnd shoutilrpede sEsegmentsae afaghed |t<apne gnother, yielding a
CHHHABE GRS coh%Qx%m%odeéE‘ﬁﬁ] Q5 Q@ou&ﬁ@t&éﬂ%ﬁ h%% t he
d@fos tron process I In |gures

20 c anT]h)Eetuhe 20 ngl kmve fthdl darﬂe&r[gﬂs-lsecttmhai dlmensmnsrrhlxbu@@ua or the

series af tube sec% Ens 24 ? §§F n F|
t HEsTERsECOR SaPe et e FOLHERRS ?%%8%1@% %H’ ‘?ecﬁfe%tﬂeat certain
Shiba MO EPERIBStha aff dthéls BN Eolekry R th drbssR@ctitdl dal be varied to
heavy and difficult to work with’ Thus, one option is
t pepmaeNadate thosedspositrn varigtionst (Jae loylinges g1 dlgo b tapaipd i differently-
f , S

ﬁfag%c? g{gﬁg%‘é Vc\inegu% 5 ﬁq%rl‘%lhﬁgy t|H§() %’yl}?{élel egg%}‘f‘aceg Gxagttepﬁ)%a to provide
r dsail divieipnslbgoser thekadtions formed will be sliced or
ot herwise sectioned, the joints, between the..tube o
Secti ORETHEBaeHOREpie i ERE rod B UE e GO ofghe ovlindrical
f ikt 90 &n BRYr RemakedeMbEIr hbRdlitPbOTV Begepaditel REREH AL as a ceramic
bet ween the tube segnents that acts as a dep03|t|on

i pateppt o theillupzated erabadimentsgagerene Ldcd thegep péigichgmber through
Sﬁ?&ﬁ&tﬁ%ﬁ SSRE aﬁég%ﬁl%l o}/%‘;&ﬂa‘ast Yt &R %Lefb %ﬁ%ln%‘fgt?e chamber.

orthe segnents can be USG In Ce tain e
t Bacht Qﬂibe syd'grdﬂnetlstu&é 2@thes a&@iﬂatd:clwﬂidepsndmuhﬁﬁctbi cg’rprarmisor gas

rrent are

%8# H%?l %eslogﬁlaﬁ éheagas nters one endai6t oafccyﬁnder ang exits through the other

end 28. This allows deposition primarily on the surfaces of interest only, the internal

diameter 22 of the tube 20, and not on other surfaces, such as the outside of the
cylindrical tube 20. The gas travels in a path along the axis of the tube. This provides a

more efficient deposition process by allowing better control of gas conditions. The only
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cylindrical silicon carbide deposit that is about 40

to about 60 inches high. The tube 20 can have the sane
wee@sssasext i onal di mensions throughout, or thePCT/US2004/040629

cross-section can be varied. For exanple, if the

d egspitteirynn thaekdess thatyeayprsatises thidknewsrgraiiont fomabe o to lige bottom

cyldnder than at.others, the

1S G TR R HASKE rebf S BRI R ik et Bonsg icknesses.
deposi Th eértaifspeaaificdnsbodihents; Yid g€ €sedda s 1iAdas OsyRenetrical chemical

t aper S%Pf differentl yshaped di sks are desired.

Al ‘F‘@Plh GEpY systena Witk reachian sesaitamertas sharber sreiepishipt the

t QeRfcPY¥l B8 ddnfdér HblY indt BB 3a e HERRed %\ﬁ)&ﬁﬁtﬁ%l%%ly along the inside

During processing, precurSor gas IS _
i muefheral2 @lﬁ’ therbitber20ofThe eaciigr produdt csadleposited (@@ s¢trihiokmbes on the

o (T ety The S RERbink on e, YR APRRO PEpHRHCE Lbstansiany

erhdidi ditsttion, g8 seewabeFigatks@tantifte t op of the chanber
through iinjector 30 and exhausted at a manifold or
exhaus tTH5rPCess isgnorerrding tham et Pridterignagesein, Winglkfeagfon products
thee &%’do‘sﬁ&f h&&’tkiﬁéc}%%bgla%dgqoq edieateh aﬁ(g}%e %@ g?ﬁﬁder also
i njector or pr &cur sor gas f p05|t|one SO
abeemteresd at bammt@hd o2d&r o olgyinitheldesiradhunirint @prcﬂurnyu

he ot her end s _al i.tion primarily. on
¢ REnSHIPF BB i po e Cie g Py R O P B TP Ryg g povid be
22o@fedtihgedindbe 20, and not on ot her surfaces, such as
the outside of the cylindrical tube 20. The gas
t r avel dypisally.shs depesiap thickaessds appspxippiely |eh, atfioygh a wide range

I i

Y ?\éﬁanﬁgal fbhé{I?fg?s 12{))1%1t ?%1%9&}@&9 9s 111&19{6 RECE ﬁl%ﬁ%skﬁiaoy lie obtained by

gas conditions
1876248 maswmndydeposlttdm tokese SHseshiaom mantige iubes gy he evacuated
thi ckness I ent m t.he to to t,he bottom of the
tGBan%@&Wﬁ ”éﬂeeﬂﬁn ﬂEW%?aﬁP% Pl be machi ned to

the pr opee tHe¥iledoneatrde hak BegeddpaiiftdRakd inki@e of the tubular mandrel,
enbodi nents, the gas feed is a linear, symmetrica
Iﬁ]&ﬁf&’&ﬁl’f (s verb Biowiths BARdeldyeARy WPPIRPHeE dachipifug dacluding, but not

ffdn‘ﬁé%l% IE@@E icARR cﬁé‘x‘g@ﬁia@hﬁﬂl t the center of

at t as I's posi t ed
s u bst afhe ad:snllmg\ﬂeﬁltqbeaZO@ regn bheutithrobgleths girtelercred softion to yield a

the tub eact | epos i t d t

s atet AdioRR 20l of sbREF InFarRar tfine o PR bl pipe ceramic
URnARRirk eblﬁﬂ@ies StdlhaeE baf ndt mﬁhliedh@ dldin@dsslibﬁg aﬂirhs@hic)/cuttmg or
radial direction, as s 1own_b Flgures and 7. This

pﬂ%ﬁ@b@lﬁtm& Inrifyeccags of usingran dlashiralieopfictye %ﬁppﬂtﬁdde@@%al electrical
{@@@@%@Q 2SRRI An BE AGREGD S Cg@%%% tﬂe%lﬁal}fg&%o ut

er and not at specifi ['ocation
cyI i nd®ingzlof wa@u@dmmﬁen@ad)etpmochmd by sdrgagitie opgesectianal width

RS RERD I DN P M R R R N
alrﬁl@@uﬂ Be bijusiod bl vRSidgaheth&shtiof caigiapr ed.

The outer diameter of the ring or hoop 202 will correspond to the inner diameter

of the cylindrical tube 20 and the inner diameter of the ring or hoop will depend upon the
amount of gases that are fed through the tube and allowed to deposit. The thicker the

deposit, the smaller the inner diameter of the ring that can be produced. The diameters of
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Typically, the deposition thickness is approximtely 1
i nch, although a wi de range of material thickness from
wappsosisnately 0.1 inch to over 2 inches may bBCT/US2004/040629
obt ai ned by varying gas flow rates and deposition
t ithesng Gy dkerf beomachined] gheothadhe otheayish ehapedouzveide the desired
opmonl.y fromthe chanber though exhaust port 32. Once
tﬁjgngﬁl%/%tm car bi de has been deposited on the inside
of t he Ih ubulta@natiferat@ldimédie Sienpasd danibe fﬁlﬁfﬁd\@tﬂeﬁdﬁﬁﬂiﬁg the material
the mandrel by any appropriate techniq i ncl udi ng
b thg putsidgiof ééfy]t“%fhtj‘ﬁf Handigl eﬁanblpséﬁé}/ﬂ claﬁhlap%'sew&@se coating or

Wl%r@kﬂg%ncg%lyg t%sagk)ﬁém i gﬁtéﬂ&ﬁageoc% a E‘Tl%’?gg%te mandrel to

t hroug e Ci Cross section to yi ring or
a thabptmovalsofshoGN Dl deppsitpdrSeC 4nataial.t Wingn dmrilepesit reaches the

PR G B AL o Bl G e i Ry SiC ovtinder can

Ulbersasi@itied a€ Bédetibel reih ABEE belidhtd M@t the Barh&6r @mﬂa sﬁfess distribution
using an electrically-conductive deposited mater
elPEeREiesAS gk QRipaed T dapasitionng thainside OG%JH%W@ he@@tamed using

ri [
q Itglrgé%tglﬁﬁig%é Rgthw %g&% cyégl%bE/He\%g esysf&s’ﬂﬂﬁﬁﬁ% pAREN WA be radially
C rsysmactiec tleavlira townhiatﬂue@dmelnbmndl nabsitpin ueg esi fromthit material.

? ih\éerlt 281% ?S?Ii%egl i&‘f({ﬁglf’lgta{lﬁdl 7 ter to%élgf{lﬁlggsglﬁtsh%yn 11101§1gule 8. In
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cyl inder can be sectioned as descri bed herein,
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Rings sliced from cylindrical deposits of this invention are easier to machine than

rings made using the methods of the prior art due to the lower internal or out-of-plane
stresses around the ring. Generally, as material is deposited via CVD, there are subtle but

unintentional variations in the process parameters that can affect the nature of the material
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An al ternate enbodi nent that may be used to formrings

is shown in Figure 8. In this enbodinent, a rod 802 is
waele@posesd wi t hin the cylindrical tube 803, andPCT/US2004/040629

material, represented by arrows 804, is caused to

depédha crigelgrowtl strelctumm@fn vau, fozaating heteat stigbrss asthamidterial. These

a e face the raod, Thi u
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fer ntlé i zed ring one ring that corre onds to
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didrested &y di@fsmhbling tlﬁd‘ls%cﬁld)rﬁn Eveh 1ﬂt1‘ﬂ@re§1h‘lﬁﬁg derRByit fractures 01 cracks,
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t Ehserrarkid peses de n@[ﬁi‘fs}ﬁf‘r 3 ggeictspbptiyAsted material Rosnss %lﬁy il typically
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ess. on_.the the .ri

h
I n er eB{ngg € priof (e)lrtﬁlg]{aosgf Inéaggces%?\}/lhegheb Ithfﬁglgd? ch1 d from a flat

r sm) or diha 6ih elﬁapw it drel) NhcightretheRectidn &3ke drystall suetufdis in the
inwards or outwards in a sim/lar manner, affecting

t he
r Flﬁ@ct&n o |t]gq<hq1ghté10§£ RSt p%ﬁl]oyng? RIS 5 .c hhis %g;ae case Whethe1 the

deposit is formed on a flat graphite sheet, on a series circular mandrels mounted on a

shaft, or on graphite rings suspended in the chamber.
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For SiC that is deposited upon a flat surface, the
stress gradient on the |ower surface 44 will be
waledobesasms from the stress gradi ent on the uppRCT/US2004/040629
surface 46 due to the way the ring i s manufact ured.
Thi s diHofwevencings arcotdingste thy pdsean tnveatpnosbibit thhgrowth direction of

0t e B0 B pRltonPF B T i S EBRLREE o o m
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t hilos, AR biiaGidladd orSdritéiBin tﬁé‘l?l WeY &ff the Fihish&d #2088, hi i$ diddetly contrary
prope rtles of slices cut fromdifferent positions

alto iy rypéal cgwwthd;é?n inirimes phat areipEmfactyyeqd pansikaditens] mgthods.

t he di |

par t TS oe SR Ap B RRLEC o100l 1105, 14,15 ang 16, which
uﬂhesuﬁfa: thsnmostrmtanialabfferem iobserofd inedgd wregs, machmed from CVD SiC

b di [ t.h t )
EpEare he PRobROTA et 58 PE BB Lo Pl P61 &t Biisgsses.
c 'F@@if@ U2 prades @Qnt@ﬁbycs@blﬁ'ﬁlgav]gﬁ edkdgemlg @fan‘d@fa{xﬂﬂm used. Figure
mat eri al because they w || pically be across the

d |1am‘e@ gosgfectipgal ﬁiaageafm af Sed’e@Y elemenis Oﬁfb@rr&lsi Jhsrmpl grgessing system
t1h

7 ERO W et 17 TR bR il 32 AR, BEBLLpiler Fedge ring
Di# mnrgmtdddlopnzomall}aom tapegese endof yrocd swp@vﬂwhm 56.nBdge ring 54
ri i S for sheet. or shape

R SPESE RC Y S Hoa PERCrTBr e rEhe o G dayer 55
StEdge kg 64 inSayi Be rhdvRirdid et d @Besofto héle tewabt askBowh id hi@ure 12.
ring, as shown in Figure 5. This is the case wheth

t Rangiadaay e jucorpar e Athsh eeonmqteical fradpes et Se@) der@ﬁdlag on the

S e@{ rm@g{els mount ed on a shaft, or on
ggécﬁﬁctsgdfﬁ%s suspended in the chanber. 1876248 2 J

5 Hovvev Eigure 1 higs te-dowdiviey ogticahmicpoggnef thewnamostmature of a prior

h, direction of. the t al ruc e .
TGP &1 g B 8175 aneis e T SR ot s ring was
PparcaSrdnh @\Wheet 6f EVILSESmSndinturéd bif theQiride brt Wedcdss, oftHX@mple 1.
cr stal gromh fornms on the inside of the cylindrical

8 speyiraei Wak elehgestoirpNgal te igrin staiphye Sathimihp §1(F watesipl. The
t hat
?gﬂ%ﬁoﬁ%ﬁﬂe khe glr frﬁ% Hnﬁgmcx%ghlgﬁ{e l_p(f ﬂq?r% at is

I'S renove omt "a long
axi s aRigugesddracanafldbenci0x magnification lopidal hiieogmylst ditained from

gr ai round the radial, cir rence an

ot aEbieao ot b riasc s CYEN SIS e B9 that e goped on both
d§i€l@§bv‘ith'(§\/]§ ISiilEcRd, Qrreepdndidpite thtebrtoftdPilatlsbdidss of Fi8ure 12. The
grains are oriented in t he plane of the finished

afpgcEinel wahnet efchied; g ghel ipnage ey taken with polarized light to accentuate the
grain structure within the CVD SiC material. The CVD SiC material was produced by

the process of Example 1. The arrows indicate the direction parallel to the plane of the

ring, pointing from the outer diameter toward the inner diameter of the ring. The vertical
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to the crystal gromh seen in rings that are

manuf actured using traditional nethods. This can be
wae@s/opsre clearly by reference to Figures 12, PABUSZM4/040629

15 and 16, which illustrate the m crostructural

dPieripter akthe bangraxérfithe Sfgerains iy carychiibledwhich mle@ipshows that

) : ) . q ‘
Sh £85I SE Al oLMECHEL AL o
provi d€gucobi @xt topylowhowsw gptidad miaogreplyef the ngcrosrucame of a
h Lt.Ls. used. Figqure 12 . is a cross-sectional diagram
PV i Bt BF inatr it Rviion, wih GO RRGHRG PpPBRRLE Ad

S iThehi ded | i i
B b D e ey
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cyli r T : e SHoR
e g b L e
Bdghernlag df4henmyg, peintag fiionetdhe wuteh dametee eseard thelinhe didngeter

r as shown .in Figure 1 Ri 4 be _
i giea: DS AHEPEER eErT St a0 ST PSS uliHged
&Nl BIhOPabd6r BOBGE T 11§ a108 obdaRycd ¥t B Fhihb el Riented
igure 13 is a top-down view optical mcrograph of the

nileng $he tadiug 08 thsfring. prliivgraby rucrs Sincsharmepntiapttwith the

o) [ ' . j .0 t L ane of .t he ring.
TREoHRRR EBHRERELED Bic kit ARB PR o

manuf aBiguredd 6hyl bh e6qaridor6edaiié S megsBcatibn By @D heicrbgraphs obtained
The specinen was etched to.r al. the grain structure
vﬁ‘m lﬁe. Hesapige FERSEPFaaions e CyE s %ﬁg%?f freggnEinvention that
O @lSoakerl drAbHIR BN /1th TV S11RLANR nebpohiRg b I8 holib QAR sections
14 a and 14b are 50x magni fication 1g(gtlcal m crogr aphs

oMfttaiiseadl % r Bin speeigicnsd iy Highice 163, d 8 ank EAq wers nof etehedr bwithe images

a0 YR AR AL Bl SRR LR RS yp sic
smaticriahsTé specignenean F2gurd hed speetcivelin walluteahixetre bekydrofluoric acid
b T S S A bt oo sic

b tiraflvas Emu%Qﬁh&mEﬁraf@xaM@& »rad Hﬁ@@a BMidaRahe direction

process of Exanplé 1. The arrows indicate the .
draraldelito ithezlang ¢ofghe ting,heentisigdrnem Bk outee disineter towardthenigner

fy. t ' .t he | r .di anet ef., of. .
A5 O e, Ry LA 6 o DR I S0 o,

| wlfighat¢aslyahow b ehabihe difeatinitofl @owthaddtthe/Sid grhink &, pavdlieCtd the plane
cle rliy shows that the direction of gromh of the SIC |
gqféﬁﬁé; ngs T%&r%@ﬁc?ﬁ&ﬁﬂ“%ﬁ is iy Shapie o IaRdO Hte TpIgEPstpeigte of the prior art
HieUiRe Yo Sindrib@e 1@19\1%&4: S¥¥ QR b wIGk 8 BRBLA oA dSwth of
m crostructure of a CVD Si C ring ofthe present

i grmstwithin the € WDk eanenating isperpadidileutodhe plane hthp riapeand

oo R LSRR L S, O S C 1

I nvent MeBsurdihients pie Feiin wias atd glaRchspart FMaRdre obtained for various
samples of rings obtained from Example 2. Only grains having a dimension of greater
than 10 pm were measured. These grains exhibited aspect ratios ranging from about 2 to
about 10,‘ more typically about 3 to about 6. The photomicrograph in Figure 15 shows

that the grains are highly oriented in the plane of the ring, but are otherwise randomly
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the grain structure within the SiC material. The arrow

shows the direction parallel to the plane of the ring,
wW@oi0s56s8g3 f rom t he outer dianeter toward the iPEEUS2004/040629

di ameter of the ring. This m crograph clearly shows

t aientede Ispbeywaidsstha geriny lirerpew thatrthdit lohg trestahe sybistanigally

of t ing.. lt.is sg _observed that -the grains .ar . .

omebAIBLIS P g brand. PoiPud TR e et b BB ovientation

stthatd$ sub8tanfallyrad e RvitoRtgeasto thé difectibg oNLRIOSHHULC t WitBout

of prior art CVD SiCrings shown in Figure 13. Figures

164shing fp be beund by angdheprys ibimbekiengd ithat das P%ﬁbléﬁﬂqﬂd%lfadlala planar

1 5ieR B ER P gtk SR D! AR prigytarion of the grains with

i mespett torthe grain grewth coaisedhad provodeh thei teesfiteof yn@@rical stress

Silic correspondi n the .hori zontal . fl at sectians

o i ion st AR Apd Rt i OR e i B e IS of the
16mguwere not etched, but the inages were taken with

pol ari zed light to accentuate the grain structure o
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1 ' i M | ' o

2t LR P S aBhodEL Ol bt pt siicon

t erb@dprSrursmagabasgsuchiae a @RS & mretheltrichloro@khnp (MAST et hydrogen,

by .the process of Exanple 2. The..arro i.ndi cat e t he
ol GHBEr Rt are- T e it SR AL SpH TG Sher o
f Idepaditie cHaher BéaBdEb QI tethp¥afute fyPRallBE vt B8REE and®f400°C.
the ring. Note the horizontal orientation of the |ong

aiepogtion peessyreisgngintrined i prmoximately {0%tesie 3P sarr.The relative
di ' - ' ins. |

¢ RoRE] Bl oo e S 8 Bl e
shppyxooatelyadsto 1000 t he microstructure of the prior art

SiCri hown in Fi,qure 14, Figure 16d c|ear]ly shows.
Phat | ¢ REaGoP et aettisfesniite Sl mAeRelthin { BRRRector or an
Siatrh ¢ 0Ping&8drk POsitiSndAK PR Ul AF cittRr o beb@todl. Uh®r these

ring, .and ]_%Zr pendi cul ar to the direction of the S C
greanditionss sijepn cariidg dydeepitadonghe isisle 9f therfulylgemapiel(s) at a

gral . t 1 Qs taai r [ - -

o R o LS 0 R ot Bl RHR SRR i
dicomtiveied mnof thg desitedrthickiaass 0Sithmuerid isredsaveddl'ypided deposition
grai.ns exhj bited_as rati os ranging fromabout 2 to
SBtrnG herest SEARLHI At r 3 to about 6. The

phot onUpbR gb@pletibA oF it laefoshﬁuﬁ RRWSaridRa tand BEp ot At \SnRY & from the
highly oriented in the ane of the ring, but are

of9rsHOR slanpben gudithog rathapt frst sepepiiegthe anandrel fropethe deposited
i he. arai L ]

oist AR B Hal ool bon Wb MRS B B0

gdanasionk end evbskeoskiobile ringtaat them alackhinednt speéifivatiohaking

[ g subst ant,i al Ié/h{%?ndom with respect to the direction

oA ERARGRCIOYS hout wi shing to be bound by any

t heor yThé tinigSe Bigdracsetics bbthe plidscts @iePpadseAin@dntion, i.e. low in-

radi al , pl anar ; o
plane residual stress, extreme flatness, high control of machinability, allow for the

manufacture of very thin (e.g. less than 0.5 inch) hoop-shaped rings, and more

complicated rings with or without bulk “drop-offs.”
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orientation of grain growmh axis and substantially
random orientation of the grains with respect to the
w@r@snsgrowt h axi s i s what provides the benefiP&T/052004/040629
symretrical stress distribution described above, and
aI o) aﬁ&lﬁ@oqesmmglaimgméhe mverimngan hlac be piaptdd te pofvidehsxtremely
nt. of presen nt

DR WA R B Rk GRSl e e e v BhgSibort a si

V\hﬂ/iﬂ:‘r ihheapidiBemal proséss gdea%tcﬁ“ velRROSE etk ig Ated from above to
m xture of silicon carhi recursor gases, such as a

mrszltauv% igh, b tghly eqnitelleq, d@mpeam@re@wml deirig Ryt depaperature
e
hedurethated feormp eh(p/@r’ta’ttmngstdn)halcrgah [ampsesOyndiepost BBODE! pipds in a water

1400 0 ressure i s maint

2 GBP GRBAEER 521 b Bishes oSl Qe indeg of &g dhe Si waer
PBhdk sphesITEDIdi0WnEahive dfferodpeg @llﬁlﬁctMTﬁcb $rom those of the
maintai ned in the range of approximately 5 to 10.

R&&@taqunpsga@é@ua?@eﬁ@ 1pR5e PBiph) a5¢ ken fromplelow ihamaias by fiber optlc

0983 LR ISR, Sn B U AL e o i
Urﬁéewhtchmswpmdéd byoedindscdl |scp;tmrtc%r b&azterdusglyj elpars istaedbsire to

on e inside.of the tubul ar.

o Brsslee bR st bmamasnfimlRy o afee b e i, uis g be done by
t lRGatdR@s Sid SAgPHAE & $elativel LMK (ESquo kfidroh) Ibi?@ ofigsi red
thickness of SIC material |s achieved. Typical

deposi Hodisv e Apashry solifign kringreasing opasiil 08the rimgiisgo depaothe CVD
C QP Wil with R buitk QS bhab Sfbh d gntrf?ﬁ%%%x i%rli?rﬁ)ggfrg Widing from

are renoved %romtﬁg reacti on chanber a
wiabdrs OO0 fto alstut §@@ibplan| e hiwgemgatriesiniiyoaideh e the gas mixture during
si.t ed terial, ., th il carbide.ri ngs ar

S PRBLI T At S SO BT Er TR O SF i TRReR S the rings by

andadibreoftappriciasslyofd,100eo 10,000,00@tiinbE Prodaeiik ASHC nhterial that is
speci fication using di anond grindi ng nethods. The

uRPRFderE A ploserdp 1SS 1 epdicalf tranpaission girperiesf andhedysingdisht leakage,
¢ PRFY o 8uoide (o stk BRCABRHES SR, ROSESRpisfA B8M g boron
nEXAMPTES of very thin (e.g. less than 0.5 inch)

h r , nor e .conpl i ed rin with or .
w ¢ houl B Pfe offe presediaialhan ity et gyt datieter SiC
ase&y i dddot Oi Wirer prov&Bink BRvERdn PreRcRPardItARLEEiFQ. Rings were
provide extrenel y opaque wafer squort rings. As shown

i Fade fopeboth ; elemxcéhly g@}pﬁaﬂmmgﬁ@g sdeppaiet SaC gnatqu ehibiting a
' gfpﬁc al élebﬁlfcalf}%&ﬂght\yﬁift%g&ﬁﬁ'oﬁ% ﬁ&@@d &{m-\é’ﬁl? b élQ&nX\ﬁly conductive

ated trom above
SiC with an electrical resistivity of less than 0.01 ohm-cm.

In the following Examples, flexural strength measurements, also known as
modulus of rupture (MOR) tests, on the deposited SiC materials were obtained
using the 4-point bend test according to ASTM C-1161. The MOR test samples
(bars) were cut from rings sliced from the deposited cylinders. The MOR bar
samples had the following dimensions: length of 45 mm, width of 4 + 0.13 mm,
thickness of 3 + 0.13 mm, edge chamfer of 0.12 + 0.03 mm at an angle of 45°+ 5°.
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relative high, but highly controlled, tenperatures, hi
order to control tenperature effectively, accurate

WQRO0S/OBIses y neasurenents are very inportant. TPET/B52004/040629

wafer is illumnated from above bg tungsten hal ogen
| Ghpafaewe Bpoesde hngundipg wigh pé@ ighit anman&wh@aiow@ép the
I ght .z
ri%?%é ﬂ%ﬂgélde'g ? ﬁl M Z‘i@ﬁ%“é% an d 2@ %ﬁ!r | ngs ve
dipprexientte pduted Itha:MﬂRabdre Pa siiti ff.tﬂn tred@iC tring SEandfobtit ghdSim in

1656 O PEheAF i g P W36q SIOH B CHsRR TR Tk s of

AR08, can be corrupt ed by light |eakage through
the e ge rings 54, which are supported by cylindrical
suppor Elesicalnesistivifyngrasurenteatsevers mpdgsdthad abds] pioswane

u A th th

SRREde Wb oMl BB BRTE! 4 o Bl | Fib€Ptecl 1 g8
vdpbdit. AT liealesibtivisl wad dﬂl@katéd?&ssﬂxﬁﬂlgmnenmnbe rhayml tlgitkrfsks.
Howeve anot her sol t| on_tq_increasi ity of t

(TR dele sels wap abiare detpsctyo %f%%eaw%g%l 936?@1 sompe

nt. One such dopant is nitrogen in anmounts ranging

from about 100 to about 5000 ppm The nitrogen gas is

MAMP&d‘dbdGmnpmtlgas m xture during deposition of
E)BZCIr It 8¢s I%m cggg’cor CQ%Q aQPc?I\é)%/s Rh%x?plﬂfeoo%§so§ ssz %#;@rg?%’?ately 15
LQ:,CE@@OX 1 SJmZbﬁesO;O 90 Qﬁﬁest WﬁEER)rmﬁI ﬁtdmdbmtgtsc&steﬁicﬂbnﬁ*eﬂed afine grained
that i s consi derabl oser .to Si tical )
tFLFRLIT Blgtes hapirg BélP‘%IWLGXP&ﬂ%"I} et Wgtﬁ{’)t' % ense Sal3gy; was
th%EﬁleédraﬁQ%'td]E:dﬁﬁ@ avasgab@r. coating with a Si |ayer.
Anot her suitable dopant is boron. EXAMPLES Using the
pr oc esBepsfsitionesapesdydrmgen aoe M T owereZogodwediierugh gnimjector
g:'!»oasrlrttl%ned élﬂh% &8@8? the %gg gsse&%lyselt &W@Tﬁ.@egf lgrd.‘t)& GRS % WT@ %%’pgcr)ﬁcimately 8,
kaida pfeesﬁre o£200 tprr @headend uaidr mlgpc@itmndﬂm wae dar_ﬁe@:out at

mat er i al exhj bi i a ical electrical resj it :
B To0S 15 BB JHPSdia RVl SEFIEAEByA00 Hotirs, with a
Ctgzg%é%%%%u%h@at@ﬂo?&e%lc%ﬁ&{dl o 8loos ﬁfch%f Nhky of less

ohmcm In the follow ng Exanples, flexural
st r engbfemndepositiensthe seactxinsdiakabenasep andthe gifeet SiC

tolélrte 1C re%mve tﬁacpﬁg s%e&%ﬁ@ eéf)&g[% @a%:cmﬁtg &L%rﬁantks

al nea usin accor

Rﬁ%@ Hi8dess Jﬂ”ﬂppf@ﬂnﬁte@m $ﬁf¢h] Thedellics)wane then grdund to
fromrings sljiced fromthe deposited cylinders. The
bR g@}ng&mﬂcg'g:aﬁ% the foll owi ng di nensions: |ength

of 45 ’Eﬁ@ n?f@ ﬁﬁ@rlglfcfegogtea?bg% tdchigk ﬁ&fth@ffolﬁ)w&g %y%

edge c er of nm at an angl e
1816e4 & densiChefd.8t g ome’; ¥ idkatsrhacdiestP1AP0ke nmdl, rdgermalt h a

60%91 Etlntzltyg tl %I\X}% l\f@le eiebtrl\é\:'gl rlese15t'1;Vr1187 between 100-10,000 ohm-cm,
and flexural strength in the range of 45 to 70 ksi (310 to 480 MPa).
EXAMPLE 2

SiC edge rings for handling 300 mm Si wafers for semiconductor processing were

fabricated as follows. A graphite tube with nominal inner diameter of 340 mm was

manufactured from an isostatically pressed, fine grained grade of graphite with a thermal
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| arge planar sides of the MOR bars were finished with

a 320-grit wheel. The approxi mate | ayout of the MOR
whar0s/0987xut fromthe SiC ring blank 9b i s sShoMIT/UR2004/040629

Figure 9. The 44 nmm x 4 nm side of the MOR bar was

obxpensiet simidante Het pf davee 6V Hi&. F pwgtublﬂlalewpmltsatach with a length of

Eg%gt fﬂ%ﬁélﬁ&genﬁ%us grgegalts% mvig 0161 ](Z))nrse?cst 2 gp%o%lgl deposition-

| prodétiiting B@}teﬂievﬁ:ep%f&pbsﬁm%ﬂl Ham@macﬁ seclibieto facilitate removal
reS|st|V|ty was cal cul ated assumng an infinite
et eachinbulan sspieadier ¢epasiiogat a sets were obtai ned at

each o
w2 PR, AR 08 95 S ] et

f eyrhoesically gt thp bint & thowibolar maz@reh@qu:mlxlwmaa élloy/ 14§ of 9 1 liters per
| B0 Fodroes SE Qe GG P it B Rt i 76 ter per

hayhite. Thé Rlorlhy@opansd-BTSSWiE §.4r The Cilateactbr ﬁem@ was 200 torr
CVWD Si C was assenbled and installed in.a CVD reac
Dapsbdenosisien deisRasatHiFdY Sglett Odn d herragal depesition P@eu‘@éam hours, and the

t Q&é}%%hdeisﬁsﬂuﬁh R4 O the ?ﬁ'ﬁ?ﬂa@e&‘ﬁﬂw@é 0.008idcRBeOforkne box

asse at aratioo ydr ogen-t o- MI'S appr oxi matel y
8, an dA&epd@@&ap]e, thé re20ifornt dxambememmbd vapibe tubular

e ion of . SIC wa a Qut P rOXI

" SR5e. e aices BRESEIET SR petn e BB TR e
20Hube 9IS depdsithwas thepisiedd wdaipasdibmoi ﬁtﬁﬁ@vd)sﬂltﬁﬂgavl&eﬁnto
mat erjal of 0.002 inch_per hour, After dg_03|t|on t he

r BBE Fliess hawnapdhickRess ohawerEAEin hé nohe dhess cerapys thea
d%n&%gH%EﬁI Eﬁgqm%g thec.sfaget Si C deposits was cut
I ng

o r haV| g a thickness of approxi mtely
0 2 i nthe Sithmeterigl depestedéxyéhlts h@hmgm@ badia densitpef 3.2hglom”,

r ch SI C mat.er| ited

¢ Sahsr et 0% g o e Rnfley SFD B G i
oWB'RE, ghdo edectrifal kedtstviipbetivesis 3 HRAANUSO olifRem! Maésaal
conduct|V|ty of 250 Wn 1K 1, electrical resistivity

bBICABESMAIEH 20N HISC2BI FRREe 25 AAnsicl ProRe Fesistivity BauFerReRts
t Bt @%n?%lal%%}phﬁ Sgg 0 drial %phés%eéﬁ Qeﬂgpﬁ'@d mﬁ%ﬂgg

S C e ge ri Ing 3 mm Si waf ers
senmﬁmndubﬁamibmgn@h$$ﬁgemere fabrlcated as folloms A

g ' aphl i‘ﬁe hg)Pu?al engtﬂog}mgs obta1ﬁeec{ by th % 18 proceess varle% 2twaeh 40
and 65 ksi (275 to 450 MPa), depending upon where the ring was sliced from the

tubular deposit. Figure 10 presents bright field optical micrographs of an etched
sample obtained from a ring which exhibited a flexural strength of 62 ksi. The
lower portion of Figure 10 (a) is the outer diameter of the ring slice, which is part
of the deposit that was next to the graphite mandrel substrate. The upper portion
of Figure 10 (b) shows a portion of the deposited material taken from a point 13.2
mm from the substrate, i.e. the SiC deposit was 13.2 mm thick. The increase in
grain size within the SiC deposit as the distance from the substrate is increased is

clearly noticeable, as is the orientation of the grains as illustrated in Figure 6.
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manufactured froman isostatically pressed, fine

grai ned grade of graphite with a thernmal 1 876248.2 2
wa@eopansidn simlar to that of dense CVD Si C. FOIUS2004/040629

tubul ar sections, each with a length of approximtely

13 i nclhes theeriegsaf deaypresent inveaticmith e §i¢ sren mwﬂommaﬁon parallel

d S |on Ohlbltl acer device 03|t|

B b RP e DR ORT St R MR DR e siC

t bgtislrwidh gtdin gradth @heﬁ&@@ﬁpérp@mlcuﬁieo feglatieSPtheg@fy was

MIS was i ntroduced through a single inject

pBEPESNgn e §his wiverdlent tesult ‘ya%kln%@ﬁ%ﬁm&rmﬁh?ef?%% stagngth test of the

nﬁ%ﬁﬁl tﬁ@@ ?f@éﬁf iffenflo ltRéNSf §te b1 19 bé-ntlull b QfrSctRfparallel to the

m nut e. ogen was delivere rough the same
[ dl[é&thIDOf gtanagrfd\xcﬁhv irratsngin 21&11d>gycter\@0§e1ﬂle materiagis bEhie“along the

rati ~fo-MIS was 8.4. The CVD reactar .
p 1%% it %f % F h?fF%g% RIS VPSSP PEOT L deficiencies
1366M4ted Hhe ﬁ@ﬁ@dtloﬂ QP 6&hinicindsi WRilvvaginialding outsGindiap thaterial
t he average deposition rate of the SiC material was
ostsoghi nch per hour. After deposition, the reaction
gﬁ L¥e$ opened and the tubul ar mandr el s, spacer
evi ces and tubular Si C deposits were renoved. Each of
t he t B0l eglige SinGs ther hosdling 20Qsnmie rwaé¢rs tedemsionduckor processing were

abrasi v [ittin eel rin li.ces
BT B oo Ry T B i gtions: e
Strhsle® (B¢ Bad HabmPtadindr diembhee of 24’[Bﬂnnﬁ daph tubuig graph1te section had
specification, The SiC materi al %Dp03|ted b

teleREh Qb @pawraatalar?smﬁﬂsowdsth? Ly gFogeH-te; MWS&IYD@Y Qiio was 7.4. The
Q%QEM SAAOPKE W @o@ﬂdmwgémiur C‘Pﬁ@ﬂ&lu'ré’l's%né%ﬁ%i’\ﬁﬁg& obtained

70 Wi 1K 1, and an electrical resistivity
betrisé betvagn HArrd H8GksoBFRP corto STNERY, agelasudieatimgtogtstandingmmaterial
L%% s‘ﬁms range as Jandel probe resistivity
#ifement s obt ai ned from plate-form Si C materi al
thXAM®ISEREeNn deposited under simlar conditions, but

on flat graphite sheets. The flexural strenpgth of
ri ngs Sbteslen @@gb@rﬂlﬁn@%ﬂ&@éﬂé@ S avafey %é@%@ﬁdwrﬁ%essmg were

S\gbllf 'ted(g%g¥ &ﬁﬁg e MRRLss SFER ﬁgie@ Qe Mﬁmnog BReptiddd: each

e tubul ar osi’t. Figur
pubgergraphité gahtlolﬁ hal alepgthi dappmw@gﬁv@pﬂwmcm @l the bydrdgen-to-

I obt.ai ned, from a..ri ng ,whi ch a fle )
SR PR U5 RS RFaelRarting 2erer SpbER fotiEit efpuicatty
i &nuﬁtﬁingbsladegb@ﬂenw avefagt ldepdsitiih 13lei ve.0. oﬁ@s Gfichl ffer Baiirt Rings
of the deposit_that was next to the graphite mandrel

seftsainqdayas ledrn slagisel repisiivinbiom - @ ghnscmdo 07 ohewgm.aFor
1 1 RSBy PR 3 S0 ol e s
1®nitioms ohioclkat gdphite slagedgsieallynexhibits a resistivity between 0.002 ohm-cm
and 0.008 ohm-cm. Therefore, the electrical resistivity measurements obtained from the
deposit in Example 4 are similar to measurements obtained from plate-form SiC material
deposited under similar conditions.
Representative rings from the prior examples have been coated with CVD silicon

coatings to reduce opacity to light and to provide a high purity Si surface for contact to Si

wafers during wafer processing. Typically, this deposition is conducted at or near
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grain size within the SiC deposit as the distance from
the substrate is increased is clearly noticeable, as

WO 20051086803 | ent ati on of the grains as ill ustratRdI/iUg2004/040629
Figure 6. 1876248.2 2 1That the rings of the present
| aiwospliesis pmshreaas&giughlamsﬂmarsomp@iﬁﬁl@pm@nlup bydibpal as a

t &hfeﬁF %IPA %gcstloﬁl %attgrirz é r omag\@ te e a{a of B{tﬁrn«%t Qno 9%0 °C and

gIZ00t°Q. abihenvatimidepesifemaididpar dépositios nﬁaltlamle mﬂuduli@but not

S surprising, This cellent res was
ufaﬂ@%sﬁa 0 eaveiaies PR frdsleig l%ﬂﬁéﬁ“g‘reﬁoﬁ%%lt angk plagypa deposition
n@z{ned'e'tﬁkad f adgaeit BoAR1EE Bvérrﬂ{ceﬁtddﬁ&s of 1h8 pRisbntTRIkibA! BESuse of the
bent in a direction parallel to the difection of grain
gemsataiion and, unifoimgatine efithe agsrostalowse of theneaterial of thelprésent
?ﬁggn’uogs an mtgg g]%%q dgﬁ ttllloeo go%%:ﬁsé (;S}ethg*ﬁ%ls&t 11%V-|G—QF (%ﬂe}fla(%/re %’npl oved
a&%ﬁ@tlahppba\t\aﬂch cf)ﬂlk)ﬁﬂedahtmmiﬁgs%phéﬂ 1) p"liom g8, CWibiptlucts, e.g. the

mai nt ai ni ng out standi.ng materi al st e t.h. EXAMPLE 3

SHEDeRefeoats %r@§ HRgs oh SeRIPITE Byentiom Blay vpgption in cosmetic

%ge&afﬂ@@%%wemaawgelwe fabri cated accor d ng to
process of anple 1, V\nththefollovvlng

exceptTlrcmmlcrosmelcthrapﬁ&Cermgﬁbneadqimnathq:@mndwd isheegt SiC

dl i er1a (ElsOf cg)xé' png)H(gl sr%glfﬁc{] o %}rjnlr]i)c%l ,Iﬁgﬁ%ﬁrt%ﬁgsg%% 'th%r}anent
hmdém@ﬁr(m@mMESz)r draWwhe afﬂ:@ ofeif nficdbstriittareofeliasg enaterials on
deposition rate was 0.0051 i ngh per hour. The f Il %E%r al

sthe é%qtﬂreo%ndr%pﬁgaga%t%dﬁw% | SRBET e s atgdy
kﬁhteﬁg’lg Qvére cﬂﬁéctéé"fe)d Exzﬁ)ﬁbﬂ mmﬂss@gaﬂ 449 30 %ysalﬁfb@h&g (XRD).

material strength ge rings f
h&rray drf@ra@rw mmsgremmtsewgefpgrfogmﬁ it theat vy bpmo ¢eosdanhgn

zﬁfﬁ"“ @ Qc)lataerd accordi nté)ang e process of Exanple 2,
Ehe? Ia? W ng excep §P'&ch tubul ar graphite
sect i QViehsmgeraent @figi foabihg apmmelmtpeﬁynﬁd by phabesew aytital
the hydrogen-to- MIS flow ratio was 8. nd a nitraogen
d@mﬁgoasagxwga%%@& 00528 maeifigption. e?&‘ﬂg jtgfpeypnalysis was

@f&a&a 8 aP1FisteRr IR iMPDNBIAKRIRSS EHARAR st DR Rallel
0065 1 nch per hour. Rings obtained varied in

ebeaot oritizalusingsistaliatioy operatmDatAORV alndvdma o Testo@?re run

ohmecm For co erla deposited.in. .
o e R RteS Baimnen el Bieet RSBt Brincipa
Ccﬁf@lachbﬁ@@algrﬁ(ﬁnfsh@hn@saphl te shee typically exhibits
a resi st|V|t bet ween 0. 002 ohmcm and_ 0. 008 ohm cm

Ther effgrdhe @a@@tsfcrf@aph ﬁa@a%tthwwp Aaéfagwa%%m@ first to
OB P ER0F e PP b Bl Ry Amd R by
immersing the sample in a 5% solution of hydroﬂuorlc a01d in nitric acid for 1.5
hours. Then, a second scan of the underlying SiC ring substrate was obtained. In
this way, XRD data was obtained on the Si coating and the SiC substrate from the
same location on the part.
Several Si-coated CVD SiC rings were chosen for analysis based on the

method of manufacturing and the cosmetic appearance of the Si coating. The

samples and analysis results are presented in Table 1, wherein Sample ring §0C2-
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hours. Then, a second scan of the underlying SiCring
substrate was obtained. In this way, XRD data was
W bioaiomsd3 on the Si coating and the Si C subst rBCEUS00#040629

the sane location on the part. Several Si-coated CVD

Si C rings Wxemplolsén for ahal ysi s|based on aphearaeehoeilected
of manufacturing and the cosnetic appearance of thleh§|

coati ng. The sanples and analysis resultsjare

presented 1 n Table 1, wherein Sanple ring 80C2-
1876248.2 2 301was obtai ned froma ri n&émade by the
pFee 88D teftuesapsisent aly thqﬁéﬁ}ﬁr @Ts%alh of thawe peativgs o Hig samples

R S e

Nepaviags wére die dubicqhase bf s1hacpp %ch rspa:tmin simyvedraﬁ&strerhely

T T .

4@5}%@@&1&3@115&34&%%3 2 were two sanples cut from

different areas of the sane ring with different
cosnetic appearance. Sanple 45CN113-2 was taken from

A

a;rcmapa@lﬁort wizh ther‘@vvtdhladlfﬁxmdm Iiaﬁdn‘aiatxﬂ}asw e SiChstructure for all

rance i kew s CN463- 67CN463-5

RPN i B eGP P A G e G e o € 1
dhbdRdignto B0 pOREEiEPREON PBEEN dhidbiR] heGAKPof §@rmbeo SiC
67CN463-4 appeared slightly non uni form and

| e
6171@N2f@9p1@xmelvér3yls Ay of of rerrrndorel y fostents diSifg matedal of the
;?sg@ﬁee o ét#dcﬂﬁ‘é r@a&ﬁ@letéﬁ)%zb?l4ac}f'tﬂé‘@}ééeﬁxt H{%ﬁ@&ng@% to
orm t appear ance e silicon
clmavé |amgm@1"aﬂely remd@AC{ R Ditexfuem kirtuatly odentibilao timqoofwcbm

diffraction nea ments of th de n
rbBiop xRSt pebsT SXAY B oUies shaples dgpffyrLeisr ¥ mihot
2%@&%%& oPh Q ifiar® Fef&re@qgo bAghtARRE asaal%q@ 420RL1413D was

0/11 1 /111 PDF 0.20 0.35 0.25 dat abase
sﬂmmamdoax‘amb |aéhaht@2p70r@n@@ QYN Whleihgrexfure in sample
(3358 sl 22 ShiEthels, S HTENAE 2L MR friFerred
r?ﬁd @thetioh mdthta significant random component, whereas the texture of

Sample 67CN463-5 was very strongly 220 oriented.

There is an apparent relationship between the 220/111 peak ratios of the
SiC materials obtained by x-ray diffraction measurements and the cosmetic
appearance of the Si coating. The low 220/111 ratio for Sample 80C2-01-4 is
consistent across the ring, resulting in a highly uniform Si coating appearance. By
contrast, the higher and variable 220/111 peak ratios obtained from the prior art
samples of ring 45CN133 and 67CN463 results in a non-uniform appearance of
the Si coating.

Observations of the silicon coated surfaces indicated that a preferred 220
XRD texture in the SiC material leads to the growth of larger grains in the CVD Si

coating. The reason for this is not understood, but may be due to the close lattice
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45CN113-1 Simlar to O 17.6 0.4 strongly vari able

Exanpl e 1 appearance in reflected |light 67CN463-4
w®ER0os1056873 0 0. 84 1.26 0.25 slightly vari abl e EREIPE®04/040629
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phase Myissanite-3C SiC structure, According to the
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2%1915& %PJCJ,&WQSE tAPREH SBL&LK i} m;fudhsthls Bellig emcvlﬁe gf R Si

rand i ent ed C materi al of the Missanite-3
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see{r IIo have a conpl etely random XRD texture,

Ug ly identical to the powder diffraction database

pat t ermhadid eh@s@tbhaseBi@singd sfthayedetiiihationhave
nm nor preferred or a significant preferred 220

ofFREpYesk aPgiREl oBaRSY eoramsERdl tP1io alidsV I ISip set-alf é%bﬁlm%ﬂus
mggpi) 5%31@11, raag elm) ed rE9R %1 BR3tandd berdtd}font c%@rﬁstmn

s strongly 220 oriented. Sanpl e
6O 63 indthe planb iof 8 rangproafparedgd k2 etericd ALA viientatn ¢f paior

si gpifi t _random conponent, whereas the texture of
Sﬁﬁ%@ g%%@-ager%s_ very strongly 220 oriented. There

I s an Jappaitieato feleatiiashiaRriaEivp&ated éiﬂmﬁ@r@ieﬂ abdvepedditional
ratios of the SiC material s _obtalined by x

dimerpecsaqd bepelis datie begorfogndyith ﬂrﬁe&r%@snrerfrsenaﬁﬁerartﬁ%lé of the
%ée?ﬁg&ﬁntlfog@tﬂl N9ditid%o bﬁWld%%é){n}teillgds rha{u'ng bbdr BRERi&ributions and

flatter profiles, the method of the present invention also increases manufacturing capacity
significantly by allowing multiple cylindrical deposition chambers inside one CVD
furnace, replacing at least one of the conventional squared-sectioned box sites or flat
mandrels with at least one cylindrical tube. In addition, other time and cost savings are
realized by use of the process of the invention.

First, when compared to fabrication of rings from plate-form CVD SiC
material, the fabrication time of product of the present invention is significantly
less. Typical fabrication, i.e. cutting or slicing the ring from the deposit, then
grinding to final dimensions, is reduced by approximately 35%.

Also, because the rings are flat as sliced from the tubular deposit, grinding
to the specified ring flatness of 0.002 inch can be achieved on the first attempt

with the product of the present invention. In contrast, plate-form deposited SiC
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consi stent across the ring, resulting in a highly

uni form Si coating appearance. By contrast, the higher
waraswssrabl e 220/ 1 11 peak ratios obtained frBOT/URE04/040629

prior art sanples of ring 45CN133 and 67CN463 results

i matgrinldres arehfiaeteristisgoar thrideu gifberhech8ledowhta argieve a ﬁnal flat

r rf di e
CRAE YR G Rsat 03 g Bl RO R REBT R
| i@ end thetﬂiﬁ g@indyie oofsideafl fartnags spevification besdweial Slousandths
coating. The reason for this i s not understood, but
neh2158YHue to the close lattice 1876248.2 2 Smatch
bet wee [
220 or | aas Aeo bedlintied) un Tl Be AicdsPol I PRIy Hion
| pradeces @ mmmaétthacbrs viery urhigrmg @ﬁtmbvxécszce)n@ﬂstenh@sults during

|te atl.n resu It|n
a%lgrédz 7 en IcP]mP eﬁ@ﬁ % C}flata %i) er.llan o g &121 §11§ m%erlal is
t SfeenihefRREnOin thitkngss m&mﬁforﬁu@retcmn tiehi cﬁﬁieﬁgiSn af a ring, and
random y orlented texture which results in a C/D Si
CHEYIF T B LG G PR GRIH PREE OR) Bl SRar el upReT Y BTRCBESS
aﬁﬁaléagdakt@whimg dbdiRE PYRACHRIBIch oD RRANARGE WistRlieved

rings of the present invention nay be due to

tthet the nosunifenperciizog af thopl aaifemh ontestal @ahﬂem@mcm umsvanied
t eceé?,se,ls %%9 Ll f.? gf tl%g ﬁlglﬁr edrg}rcgosg:léuﬁc S . %IX{A? dfcr)é]ct%)?te anrdI B¥ause

P e gR@boridhtation @i tHehﬁesgﬁtamemdnu &teliﬁa&ez@eﬂ grindin@ito final
coating is oriented in the same direction as the grain
stonfigrigtien sy mpHigngeconsiviginat erial . 1t has al so been
obser veghJuBfthd dpecifb &a‘iﬁgﬁ&%r‘éﬁer&@ﬁaﬁ%@ aRNbr CRYEALiLAD
have i nproved opti cal city conpared to prior art
Qvbige @atqrngss s1m|11tar fesuliserd W@dpatm with wgreo wetergpratbit opn be

d f
A AP BT Bl e
tdb@arﬂlb@xﬁa&érﬁeﬂﬁsﬁﬂ @s Blivineninabide, sitmprin®hitadd, alividnih Cxy-

ring materials. |n addition to the_excellent naterlm
pmmﬁ@r filiean exidemsiticorrittidsotic on gay-nitafa bormestte;
DERAhL b AP rRREISSBUNE Mol Sufigg 3kt LRoRIOBRSS] eﬁﬁl the
naterla s of the present 1nvention, hi itron to
pdiawbull.ng materi al s having better stress distributions
and flatter profiles, the nethod of the present

i nvention al so i ncreases manufacturing capacity
significantly by allowng nmultiple cylindrica
deposi ti on chanbers inside one CVD fumace, replacing
at | east one of the conventional squared-sectioned box
sites or flat
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mandrels with at | east one cylindrical tube. In
addition, other tinme and cost savings are realized by
wais@sosesthe process of the invention. First, WAETUS2004/040629
conpared to fabrication of rings fromplate-form CvD
SWhatristodaiined js: t he fabrication tine of product of the
present invention is significantly |less. Typica
fabrication, i.e. cutting or slicing the ring fromthe
deposi t, Atdebugd forted By tRerhichlodapti d&aSition havihg aHeGdE ed
by approxi mately 35% Al so, because the rings are flat
as sl i cedireqtiopanshaneypy) dijectierp gdicrein ghejsHusHE has adi@ension
specifie ' : [ > i
on the f 1 Bpn BIsDASR 1pl i oSt R e ERepth BRI BYRR
i nvent i odimdnsion end haghg gplizst wbitentinllyepesiet] dg tiSiptinar
1876248. 2. 2 6material has a characteristic bow that
must be Pfed out to achieve a final flat part.
Mul tiple processes of alternate side grinding are
required with plate-form SiC, and the first grinds are
08t si de Ofstiupie asdalpedtinGlaim], grhepdn desgpgire is a flat ring
t housandh g Pf ol Bffhce biq RSreH B0 LA bfiplibeLg! Y
found that the process of the present iInvention
pr oduces substmatiglyi raflial Haectios avamy thecifomfergnce pitbe rides
consistent results during grinding, when conpared to
plate-formnmaterial. The plate-form SiC material is
oft en i naosmsitwites B clhimédinaka@siSoralidin D] #BdrBinttie REUOHS
the dinension of _a ring, and requires significant
nmachi ne BYBPECHPIIFUHEHBIFE and adj ust ment to produce
finished parts within the desired product
specifications, hi addition, it is believed that the
nén- uni f ok sruvac b asiclrgmed it iy leatf€-ldiorsnh wedt ehiewin than
i nduce unwanted stre sgs. Because of .t he uni%ornu
mi cr ost r GCICHHE S Hg BaL RIS PR InCH S ARL AR ONE of
t he grai Biapleted Bhdivh&RiOthe dikeanRE BSEREN HHRVIBRYriddetbhd outer
material grinding to final configuration is nmuch nore
consi st efremelsy {sipprrripaelshami(pre B¢hhpl es present ed
above are for CVD silicon carbide materials, simlar
results are anticipated with other materials that can
b&. deposidtstactoye, e3MPaimed mdilmg) 4 owhereintthd inneit dameier is

ot her oxjde, nitrj and carbide ceramc nmaterials
such as h%ﬁﬁ?hﬂﬁ?% Bum ig QHHHV#T?g%b, al um ni m
oxynitride, silicon oxide, silicon nitride, silicon

oxy-nitride, boron nitride, boron carbide, and ot her,
nft eri al & situchirgss glaimed in aygee of[Gleimsd) tar, Baving pp peigh

and di anﬁﬁ]&mess of between about 5 mm (0.2 inches) to 356 mm (fourteen

inches).

7. A structure, as claimed in any one of Claims 1 to 6, wherein the

structure is a flat ring that has a curved outer surface.
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1876248.2 2 7What is clainmed is: 1. A structure forned
by chem cal vapor deposition having a planar direction
wa@pasaseses mal direction, wherein the structur eP¢EESH04/040629

dimension in the planar direction that is larger than

t Be di nedsstoreting, asteérimedim ndeneeefFlamsant haxberan the

R e R N R R R

st ruct ur gyrhidetdichl siesges pgpupdhgraantereacndfaheriage and

wherein the grains are oriented in a substantially

radi al direction around the circunference of the ring.

\::’\R. A ST YCtiicRure 38 ofitdedBd ahylodd & Thin® 1 6! @idwRich the
erein the structure conpri'ses silicon carbide. 4. A

st r uct ur gruchye ebmpnsss CYiDalsposiiee sgicoCrabive compoisBg an

wherein {he, SLLURLH Silo3qT RE SHAL SOIRIL 965,01

i nner  di FAEHEPEA0RME SRS Ty IR FRER AR RGP A Phe

di st ancesdffitiessn pidvede B epacttly @il thano), G @hechaHIEVD-

IS appro ima_t%%{a,ZSnm (,(F)lne inch). 5. A structure, as

cl ai med fiePogyt 1PN GRRYAsI n the i nner dianeter is

bet ween about 100 nmto 600 mMmmin dianmeter. 6. A

structure, as clainmed in any one of Clainms 1 to 5,

h¥i ng an saxctre, ehtlekned s Ghinp 8t inedriclathe WopStagmifrogen in an

i nches) taq f e es). 7. A structure,

as cl ai n%%oléﬁqu@b%gg%%%}&ébgp%ﬁﬁ to 6, wherein the

structure is a flat ring that has a curved outer

surface. 1876248.2 2 88, A struc e, as clained.in

ahy one OfSURFEFGEs qlajrgedrin agEong bl 3o ncnranstythg

flat ringnpawt BomBri&s' OV Rp&NEE sH1id8h cABRle material comprising

substantially symetrical stresses around the

ci r cunf eFefqddoigsaniterd G $iligpn @rbide baving e peak ratig o€ 22 pletks to

in any o f dains to 8,.1n i C he styucture
corpr | seb it Baeer ot oD aboR dht HE s oy
opaci f yi ngayeldipfeartiofli spersed in the silicon carbide in
an anount sufficient to provide an opacity greater

than 10,000 tines that of CvDdeposited silicon

CH. bi de. A structure, as claimed in any one of Claims 1 to 11, in which the the

peak ratio ranges between about 0.33 and about 0.60.

13. A structure, as claimed in any one of Claims 1 to 12, in which the
structure comprises CVD deposited silicon carbide material comprising
grains having their axes of growth substantially parallel to each other,
and having rotational orientation that is substantially random with

respect to the axes of grain growth of the grains.
14, A structure, as claimed in any one of Claims 1 to 13, in which the

structure comprises silicon carbide and further comprises a layer of

silicon deposited on at least one surface thereof.
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10. A structure, as clainmed in GQaim9, in which the

dopant is nitrogen in an anount 100 ppmto about 5000
WERIos/036873 A structure, as clainmed in any one OPCTZUSI00%040629

1to 10, in which the structure conprises CVD

déposi t ed methodoimdanditteturas ey ¢laimedanmpny pienedifCClaim,

Moi ssani t e- 3C. s%l con rbi de having a peak ratio of

220 pl an&¥H G e EtF%Sn § rangi ng between about 0. 30

and aboug) 1. 2bymiag nidkaBUbREhEMIcA Vapyr déﬂd‘sft@ﬁtdn%urﬁee
A structure, as clainmed in any one of Clains 1 to 11,

i n whi chb} he dirdingdhgmatgtiah by éH@‘@g aloweReipcHppsich@s 3‘311
and about 0. 6§13, o‘ra‘nﬁﬁé' %’tﬁﬁc{%ﬁgs hAfng b B dnin &Y

of ainms 1 to 12, in structure conprlsep
CVD deposite dlisctiorthat is hargéldbanrﬁmehmamsmonmhe somzpl

h h
paral el to prtn & e 0 BRI Befled e planar

orientation tdiattiets substantially randomw th respect
to the axes o f grain growh of the grains. 14. A
structure, as claimed in any one of Clainms 1 to 13, in

wy.ch thg rﬁétﬁmsbwﬁmlw PET36:51 55 ] AR ARl Refddthprise flat

further conprises ayer of silicon deposited on at
| east oangs,JtHean@hctc}remmmngl876248 2 2 915. A nethod

f naki di
claim . chpr mepigrERad BilipBaReaody G RaREBie: rope

by chenigal varefingdapasiorige ias i wbe;f ace b) dividing
the material by slicing along a direction such_as wll
form one(cdr ribemically (rRastinge hepaguryT gagionerBiasalid Aergsd in

pl anar di rectyof,p0af ik Sl ALORL it A BE wdligrensi on i n

t he nor nal dlnensPon an havi ng grains substantially
ori ent ed(d)n trmopihg Hersold depoedipand 16. A net hod as

[ ai ned h th t t
1o o) OBt SR s SRR g
round cross- SRedrk enaterrdthevdln a deposition zone; (b)

directing precursor gas into the tube; (c) chemcally
reacting the precursor gas to forma solid deposit in

17. A method, as claimed in Claim 16, further comprising directing
jprecursor gas onto an outer surface of the tube, chemically reacting this
precursor gas to form a solid deposit on the outside of the tube,
removing this solid deposit, and dividing this solid deposit into

substantially flat rings either before or after removal.

18. A method, as claimed in Claim 15, in which the structures comprise flat
rings, the method comprising:
(a)  providing in a deposition zone a mandrel having a substantially
round cross-sectional;

(b)  directing precursor gas onto the outer surface of the mandrel,;
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the shape of the tube on the inside on the tube; (d)
renmovi ng the solid deposit; and (e) dividing the solid
wolewsmsds7s nt o substantially flat rings either PEf/UFMO040629

after renoval. 17. A nmethod, as claimed in Caim 16,
further @onprébsiniggllsireacing thy peausr gos tgfasmarsobid deposit
outer surface_of t u hem cal | y reacting this
precur sor  gac B dt B 4BGeF BeimardfBh oot Sier e
of the tube, mewmdsli ng this solid deposit, and dividing
this solid deposit into supstantially flat rings

ei t her b%goréﬁﬁpv%ﬁﬂ@?“$€ﬁgvaﬂgaT@. A net hod, as

cl ai med &) O @b iink3he sdidWMHpe kit IRE sitistaHGAIY 85 (fRERIh&e
flat rings, the nmethod conprising: (a) providing in a
deposi ti on zdredorg onafieirethotialvi ng a substantially round
cross-sectional; (b) directing precursor gas onto the
outer surface of the mandrel; 1876248.2 3 Qc)

chem cal Ayméthed; tak igirhdiein phe oue 90 Clgas 15 @ f rwhereis td d
deposit approximately in the shape qof the mandrel on

t he out sPGEWEIT 32R EORRIRSF arethylgichiaspdipnfg t he sol i d
deposit; and (e) dividing the solid deposit into
substantially flat rings either before or after

r ghoval . ArBethgd, petlaokd imengloak nEldims dhjo bhevhefeiTtls trge
15 to 18 0mﬂ&&e£n£}ﬁﬁ%8%ecursor gas conpri ses
nethyltr?éﬁ?or%sgfgne. . A method, as claimed in any
one of Clainms 15 to 19, wherein the tube conprises a
graphite tube. 21. A nethod, as _clained in any ane of
Cthims 15 method as glauped ip apk eng @ 5IDs Lo e FateTEn theg on
car bi de. : : ¥ ismed in any one of Cains
15 to 21?%§ﬁ%§%?ﬁ&?ﬁghfﬂ%%&%§kbrovided as a plurality
of segnents. 23. A nethod, as clained in any one of

ETE RV S MR At S s

provided as a plurality of segments.

23. A method, as claimed in any one of Claims 15 to 22, wherein the
dividing comprises slicing the deposit into flat rings having an axial

thickness of between about 5 mm (0.2 inches) and about 356 mm

(fourteen inches).

24. A method, as claimed in any one of Claims 15 to 23, further
comprising (f) machining the substantially flat rings to desired
dimensions.

25. A method, as claimed in any one of Claims 15 to 24 , wherein the ring

has a planar direction and a normal direction with the dimension in the
planar direction being larger than the dimension in the normal

dimension, and wherein grains of the ring that are deposited by

1876248.2 31



t hi ckness of between about 5 mm (0.2 inches) and about
356 mm (fourteen inches). 24. A nethod, as clained in
wapgsoms7df Clainms 15 to 23 , further conpri sipgr/$3004/040629
machi ni ng the substantially flat rings to desired
di mensi oclemi2d vagormdepdstibn aassubl seantielly briemed inahe ptihar
d ai ns 1ﬁﬁ%ﬁ@24 , Wherein the ring has a pl anar
directio %a normal direction with the dinension in
the planar direction being |l arger than the di nension
in the normal dinension, and wherein grains of the
r?#thg t hat rapthod apelsimeddn pyy aagbaRiims %5 e hesdin theying
deposi ti . i - ofl ented, | nar
i ot | ot SRHISETh S bl Bl Hah BT
Cl ai ns 1&ibstan@4ly rathiek &feati¢rtheonnd ghdhasumfeencuiites dnge
and wherein the grains are oriented in a substantially
radi al direction around the circunference of the ring.
271, A mephRsthod s 6laphddBA ahyorR W OREMO 15 tdD @ iviRerdk® sévral
26, wherein several tubes are positioned within a CVD
f ur nace. tupes atapawtionsd within eCY P¢P-any one o f
Clainms 15 to 28, further conprising applying a coating
of silicon to at |east one surface of the ring. 29. A
n.hod, Aanehad,aedainedch anywiz8of Claimhi & toc28yuritlsr gmprising

machi ni n he ring. pri.or. to applying the siljicon
coati ng. g%“(&)‘.’m&aﬁ%%’r'i’gd’? S‘hgo%tf’zfl?ﬁﬁ%‘t P’ge %ﬂrfg‘FWé ° ffer ei n

the silicon coating is applied using chem cal vapor

deposition. 1876248.2 3 2 o )
29. A method, as claimed in Claim 28, further comprising machining the

ring prior to applying the silicon coating.

30. A method, as claimed in Claim 28, wherein the silicon coating is

applied using chemical vapor deposition.
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