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1. Field of the Invention The invention relates to articles formed by

chemical vapor deposition and methods of forming such articles. 2.

Description / [ o) OSiii chnigues
have been ﬁ%e y%@ﬁ%&%@%@%é@ﬁ% %A\éﬁgp ;\Gf variety of
materiald:srppliotspebdustgionypicslly, Raeprosebeaivpieiidacting

V@paYiz el O BASKAYS:CBCISA R B KRR theMicinity efaguhstiate to

result in a material such as silicon carbide (SiC) depositing on the
sheystpdi rafRESBRposition reaction is continued until the deposit reaches
the desired thickness. CVD techniques can be used to form relatively thin
coatings on the surfaces of péi@f%ﬁﬂﬂ? icles; in this situation, the
surface of the article forms the substrate.” However, CVD techniques can
also bekiddptéthedpradiove articles that are formed from the deposited

materiaky]n.this situationsthesustiate LPan ek %{aeéﬂégras%a%is a

form or mandrel that provides an initial shape to the article. The article,
WHiShPS RifraveasaRieR atiifiSfent deposition has occurred, has a
complep@aptasiossfacastbateprresponds to the form or mandrel. Such

articles called "free-standing” articles. herein.. One method.by which
free-stan%ﬁed’%? Ya?’ﬁ%’feds‘%%)rsé%%rrq@%% s c%v 3%6 Sed |negly5| |?:C(|‘{)]:(1°
carbiitz grizclirsengdsegiopvaiovstinty o tepositon wehansepduitere they

246 1ea15C48 BIEIRIANS ALABIEDSY LeaLbI0BIRUNGE il ERuors

ecursor gases or vapors react at the surface of a substrate

oin Sihsicititred esibubien AEBH acBgifsisheeh ahHgomEbiisdsH-)
cashidaibyldsniub8irid 4812 deposition reaction is continued until the deposit

reaches the desired thickness.

CVD techniques can be used to form relatively thin coatings on the
surfaces of pre-existing articles; in this situation, the surface of 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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WO 2005/056873 PCT/US2004/040629 as a shell or a deposit on the
substrate. Different articles may require different thicknesses, and

thicknesses can range from less than 100 microns to over an inch or two
WineHedipick. The thickness can be controlled by controlling Rh&/Hel8 &G

time apdyor other process variablespWhen the.desired depos Eigf”mm
thickness Is reac edo,nt e manoﬁel or substrate is t e;ﬁ remove ?rom the
dépokitiore rahtbisknasdtisendepssitent Siicdricapbigecissepardce inch

therefrom.Ha ana.methos fordarming SiG.ayticies, mathyiitichioresians,
(CH3S'C13 or MTS), hydrogen (H2), and argon (Ar) gases are introduced

inferehenfthaiker FRP6EH it i 8PS desi iy tiracatiem BiehES? fHom
tempecdiyie nandrSuificipntvapansanbevde ivaredddigpsbie ¢e akiiaber
vessel by feedi arrier gas through the MTS liquid or by picking up
vaaB%r&}fb%()e\?é)sfhee |q1lﬁ?f gﬂslgeslﬁﬂsgp 2iegtllraéaE‘)ltj(?"nhreerggf)en?]’ in the furnace are
pumped dutby mafet tmipunms, Fitersi:emcetbrlved drosilges(SEhHBaS

befarerbeingyenieas, the aRsRPRIE: S QDS INIHEIHES QB e nace

thinly-fonned silicon carbide rings or articles. The current technology of
pIHBERIER 8RO LS A IPE 6 YRPIFRE ShER ST PSFOEEeRdsition
PrREESSnciYeespIdutingdaigs sheets wiihesarantiecaatesialeiga CVD
furnace. SIiC j osjted onta a flat or box-shaped suhstrate to form the
et Bt st e e e
machinted i He Mmmmm@t@mm@mmneﬁ&m@; sideghenardt of
the Jasgesshartk giadingdps fisasdpeandameesired thickness to

produce a blank that approximates the final form but with surplus material

thickness e ddvsiiss ragira aphyriReRshiyinee tenkeEEeamiEtsions
Oﬁg@cﬁﬁ@ﬁﬁwwn*&g@@%/@mﬁgqﬂ?ﬁlﬁqgm d_i’tq@@@d%rg@ &ailrmcal )
substrates, e.g. plates, .t aterial exhibits a direction of crystal growt
PR SEPLEHERORIRS 55 TR A e e TSt s R AR ot
nacesSanljicepasted Biepbyitalfonmn aflshechdhabipamifbsmin tthicknabs
or.in. mi C A ' ; ' i e areas
e R R i

thrsckinedit T Breackiaingrzecese Jedndy cHesedhsicansh i i ckikalarge
peafile thaldshorpriormndnatbicknessafirRgsdhrouas shape dyim can
vary significantly, dependjng upon where they were cut from the sheet.
VBRIV BT iy 2 SO S NS EE UM ABR I Ao
ritighrnraibditing the blank to the dimensions of the final form.
When CVD materials are deposited on large flat substrates, e.g, plates,
the material exhibits a direction of crystal growth that is perpendicular to the plane
of the flat substrate. The material is not necessarily deposited evenly to foim a
sheet that is tniform in thickness or in microstructure, so that there may be thicker
portions in some areas and 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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shape form. 1876248.2 2 WO 2005/056873 PCT/US2004/040629 In
addition, due to the large size of the SiC sheet from which the SiC rings

are typically formed, different microstructures may exist at different areas
WQORRESERBet. For example, when a ring is produced from & SHEG6f+/ 40629

depositeq, Jagiesiclsdllierances. nibepAGHALEIRIRAIRIEIEACIRES he

thickness of the  deposited shéet may lead to increased tension or stress
iR & ety drmed. chifferealimdcrr S HrER mA GRID PSR treas of
mRGRe g Anathanmaniestatieniel dhedifferpal miagstiaiures

across the large plate is a variation in cosmetic appearance acrass the
RIF TR REAS, g R GL O THASE VGRS IDLHRATE dpbearance
chpdaictustier mnadnifiad intremthecfivshedipastyisdre doatedenatihetiven
vacuum deposited or va i ings, especially CVD deposited
Coh Fn%gllg%%ﬁxéaz %l %g%%gﬁg{%gaﬁﬁg glc?gl%sgeg of the thickness variations,
the CVDAsrabesmaunifestatiosttdbndidemsatnus mHRECHEIGH e psitiss rate
BASUPIQitheMiNMBIdhiskness seasementnlatieeesised parts.

he higher deposition rate areas then cause th(?‘bpeces cut rgm}theth
SISt thORSE RIS ERFHA GRRFE TR B AR P BE o T yaon the
regjdirerbickressitdoréhwelictveceris kinyibeteflexibaitgr ibetoe g onattigs of

Iag i%(zég%}g@?gﬁég&gg ggagggg%cﬁoﬂm {gaﬂs' material waste due to the

p e pieces. There is also surplus material in the piece
pattern thadigenatlos eperuseicrora thiekness yaatians i (RElpreesidiake
theblanks. sueh8$eA08S Bl EoRtens:PlxEeass WhishHesilisina large

quantity of scrap material. For example Eh% material that is out out

, P .
Ahithnese SRAHTHE AR B R SEFTEL BA Hin SR RATH ISR ORI HER TBia AR SR the
riagdd sty pieakyswasierthauiebt likeddére nuse chadhkiexdougin eelrainirg

after 0 }i%srgreir%t(?mgfdegsut from a roll of cookie dough. There are also
delasiona pro%lfems Wi ﬁlcracking of a large, CVD- produced plates or
sheets oMserarsic et dingftadridp i IEND theasess ot Bapt aetiiée the

ieldL significantly «Ihe camkination eferaeks angihe searmalgialedrom

the sheet and the material that is ground from the blanks lowers the
aNsFade PRV HE FRALTH 3 1B AR P EERDRTSTB PR “EIgiRtaRty o™

between and within the pieces to make the blanks, such as edges and centers of
rings, which results in a large quantity of scrap material, For example, the
material that is cut out around each ring and between each ring (to form an inner
diameter of the ring) is typically wasted, much like the vnused cookie dough
remaining after cookies are starnped out from a roll of cockie dough.

There are also occasional 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 significanily.

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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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
WEHAfs/ T planar 1876248.2 3 WO 2005/056873 PCT/US2B0HIR0E0G 0629
surfaces of the disk-like mandrel substrates are o ienteglﬁéa%(;:l pendicular to

thEHRPS TS Sk S AT St SCREEE 1R E"SHARE R°FBE §48R&Fe
injgatedinto therichambatsychetiiatringpshaped:eeranidnparnts! ate the
formed by depasition on. th rel substrat i . ted
b L B e o
chraandirst sbiiieiaal, flat graphite ring mandrels having an outside

diameter angt@fdpside diamelensinipsiatheseidaskesii thes fit rings.
The gas mixture of MTS in hydrogen and argon is fed into the %%mber
aﬁasgﬂ%ﬁim&éﬂg%@aﬁmmﬂ%’lﬁ%h(?Pet@f?@g&ﬁﬂ%@é? Ee the
ringsiagenremyed frosmthedraphite dhgmmandrdls; thédirindesi@ddnotiter
digmeter cap, be machined i imensi ( |

re% elanl%s'f?)ﬂﬁ% ﬁas Sif égﬁ ec%ﬁ&[gﬁﬁﬁ@idﬁg ?r% t%& gs%%ﬂ% rirnlaa&t(i%\x}gJ g%%g;s%lggris

thandhidipnanareisredertsitse potBreapderigoiorinEngsrage prseBsEao
Praxenthvild-updn untesiiad AreasidniuRMLIRSRNcas: Hhangesen 3

injected into the reaction chamber such that the gases are not focused on
amyEpERRd R h are SPEEREBE of interest, but instead are allowed to
deposit nofeuifolnlyadaad ks ifatesstidhecebictoringh &ootdion or
Suppension 20he, SubAle Inhe eaelien sRslieamirsRded t©
preven% O L this non= uni ormity of deposition. The specifically-shaped
mémdrdisigre cdsotcpmpliddreidiomimmedasiadarens. the mpb oeimese tHut
includes a;shaft yith, disk-shaps dhpandrels.ningad 8 QaVES #8ised on
grooves must be specially machined for receiving and supporting the
diwml%ﬁ%ﬁmgf st PRSI e P ¥ich
riR@nSURRERIHS MusthsMepMiSiOnNs Tniabathatdeailjateitneif the
suspension 1c:ha?}_jpla(%:ement inethe {:hﬁ{gbg%r i%ndr @e%t[e&i-ql istgﬁerﬁo%gposited
inBP ARG A e SR B ET5 Y B AL S RA S ANy Ih-each of the
aboerdegoribigqeiidrart methods, the

The specifically-shaped mandrels are also complicated to manufacture.
In the embodiment that includes a shaft with disk-shaped mandrels placed in
grooves, the grooves must be specially machined for receiving and supporting the
disk-shaped mandrel substrates. In the graphite ring embodiment, each ring
support 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 articie, 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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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
Whieps$aeiGure contains grains having their long direction offeRfeg004/040629

perpendicular to the plane of the finjshed part. Further, it is known that as
TS bR Ay THO el Shrer B S5 5 W
2@@5Aﬂﬁmcgﬂmmmmmmggmesgmw@msqmasm tingh
9rRWLh &fﬁgﬁ%%%%%Hﬁ%%@%ﬁy%Hﬁgﬁxg&tgf%g%ﬁ%sstructure

from small grains to large grains occurs as grains with lower energy
CRSlaNSE RIFHEEHEHEHTHEcR BNt S sl Gt ST TR: (6sd piéférred
odentationss sagdeithaRaRswary deppstioncaneil ansiesaghudhis across
evolution of grain structure typically produces a gradient.in microstructure
iR B R e e R
inﬂwﬂaﬂ:&i@de@teﬁa@ wezpiusgedbnaiml feswiting the Beyrditg maf@m/" of
g gRas e mA'SUAl NGOt eleRsed oM A SuBs AR oty

gradient in material microstructure and stress complicates the machining
proestissa AerralinaitdiR TSRS PaP BB rIdR BT AR Hif grcEsh iy Bted,
offesy iassiiingdRs Soma R SWaNEass in dha . ivished parksT hisHeow or
waviness is ungdesjrable, especially in parts that require. precis .
(EHREa nd BRI 7 GONSRE PHBIELE, SR AL g BT
contaist valirsemsicahchiciurlyaterssithicdiamgey, ﬂnehpantmgsefqn_wei_n
Sigplicpgribe.RORIRIGARRecone [Redailiosn oldhese diipulinsiand
costs associated with manufacturing silicon carbide articles; silicon
carbidenhean emiiie combination of properties that make it a particularly

suitable materalionanadetymianplications indbasemicendusiacneptical,
electronic and chemical processing. fields. Silicon }%?%Qi,de rticles

pRIMRRINE FEF 5o THSEhEFHHE $880 O HE BT S pienBr EHEteA,
megkanigabrihelmg suhysicaband dpticabpeopef tipsliGtone isghriconductor
processi paratus, such as ra iqltherrri] £ Rro s%i gchap Qﬁ—zr i
resaﬁﬁ%o?lggcg@é %ﬁ%ﬁw ?%?%931 gsénrlr%geén%%l.?p%ortsﬁ wa ers %ﬁnné ]glﬁe
temipdraturd ysridesSiig . ioieehnips Arerreehatiasede vy ivansparthomoal,
light.despiteieing rslativalvihigiBessdeiavoid causing irregularities in
optical pyrometry temperature measurement of the wafers. Typically, CVD
Sic Some sémiconductor processing apparatus, such as rapid thérmal
processing chambers, require the use of thin, SiC-edge rings to support Si wafers
during high temperature processing. Ii is imaportant that these rings be opaque to
light, despite being relatively thin, in order to avoid causing irregularities in
optical pyrometry temperature measurement of the wafers. Typically, CVD SiC
rings are coated with a layer of CVD 5i that is 50-100 pm thick to provide the ring
with adequate opacity. There is thus a need in the art for s CVD SiC edge ring
material that has an optical density closer to single-crystal Si than is possible with
standard shest-form CVD SiC, in order to reduce or eliminate the need for Si
coating,
Accordingty, the present inventors have found a way to improve CVD

processing for producing articles, in particular planar articles such as rings and
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rings are coated with a layer of CVD Si that is 50-100 m thick to provide
the ring with adequate opacity. There 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
articular planar articles such as rings and 1876248.2 5 discs, and more
%ceﬂ'&ngﬁgﬂwﬁr&avﬁ&é HiFah 58k dertidnss shmed ctielsy Ahfoleasulting
dnavlesshaviqUeniyier esierctuialedientatiande kive toshashiane of the article.
ﬁ}%l?lll%en-{é i{l‘v 'Oq:) Qé@ %Ocpe% lélsa%pc &3 gg\?ftr? %&Cleﬁqha\”ngucé %cles
apes rticles can be use xtures to ort'sittconand 9

caRerg TRt réedasing, sippashidicomgadiorhsg p*pafmh@waif@‘pgsmngp susceptor
rRRNTEeRGIAmEkRARRSnaRmM R M ates FtaR FiRgM BUMNARY LR E

INVENTION In one aspect, there is provided a structure formed by
chemical vapor deposition, being a planar article having a planar direction
and a normal directiovl,/ Niémin e Bl diveNdd@Nlimension in the

planadigggtiqg,that 'L%é?é%ffmﬁﬁd&? AUNEOSIAN {06 ey maL AImansy Br

and having grains substantially oriented in the planardlrectlon Disclosed

RersiHoLy FEW&B\RJW&HE%% BY R AR TGS RS Agn eahtizgetion,
wiapeindbpesiticinrd hanothsraspadt thema&prmvwedﬁmnethwgﬁr mhaklng

d%eﬁgwﬁ%a&lg%ﬂﬁgl %@axgg,lsgw?&'ﬁ%g%@jﬁgm g& R 09eN g er

by chemical vapor deposition on a surfac Ividing t
P&iRaR §iEElRYa direction such as will form one or more structures having a

dimerisi@ad@eme]alanaaﬁireﬁgmmamaﬂaﬂgefdhaﬂamﬁ&m{gsi@mg'@ tﬁl@ng
g rnz:aaddlm |on nd havin gt rains su stantlal% ted in th

e IS “EhEEs i ecylnr?a}lca é’i’% ing

irection. M certain embodime
stigelyrss as deSnedadeitd W%@@mﬂ@ ﬁﬁméﬂﬁl-that |s deposited on and

then r@moveﬁﬁﬁm@ theeinsisie aeauter shxirge-etine odindrgglubes can
be sll%§d or nto e desw@%rm .Size nd shape. The resulting rin
ctid

has a diamé grl ﬁnﬁ SV é(fﬁgaa RBggAtTH SRS o

The crystallimg graingcassustientdamihe @glarasion in the planar direction that
is larger than the dimension in the normal dimension and having
grains substantially oriented in the planar direction.

In certain embodiments, tubes (which may be cylindrical) are used 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 disclosed
herein 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,



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 disclosed herein is in the plane of the resulting
article; in the case of ring, hoop, or disc shaped articles, the primary

directi r r red ientation is.in the radial ,direction, 6 .
R S T L S RN
@%%fff%ﬁbsition by (a) providing a round cross-sectional tube in a

@gPOSHiIGN BARA;rdin diFe SR MERELNTSY dasdepestiiedubgs;(c) chemically
@a‘:tiﬁﬁ et(rgte]n r%‘%ulr}%%rl%e%g 19 J%@&gplid deposit in the shape of the tube

the msuﬂ dh the tubs: (13 removing the solid deposit; and (e) dividing
e sotibaesdisitating butantidlpdtagairigSoniternatidelypenié Botle dbpesitt
ganhe frmechandie ptghsurface of a mandrel disposed in the

position zone following steps analogous to those described above. The
&gandF@Wﬁ%%iéﬁﬁg%ﬁfé%@%]eposit is formed may also be a tube, so
that sdﬁﬂcﬂegﬁsitsfdimemmthéaMGeimbdt@de s_,urfaces o_f the
mandﬁﬂtefhﬁ'f@@(f,fqg@'E}giHNQeESEﬁ (ga'ﬂngé @31%@3"%9?[ eGP rgﬂfs_face of a

respect, disclosed herein is a method of making flat rings by chemical
RapEict HiEh, ‘BompridiRgsitnpranaindg!IRvE e ptorn e S nianidrse
thavvitier & shdvetafitiathynonh dpoio sgd de diton i) cdiegeling skeaisd alagagso be
2 %%et,h$0C{Hg?rs§Hr aﬂ?oosfltt?g magﬁi rgtl)’ﬂ(c%ghi%g? eagtl]){dr%agstzlcril%st&%ac s of the
precursor gas to fornt a solid deposit approximately in the s ape of the
Rk (b the fotitiietoptésAbrags | d) ffersviigshe solid deposit; and
(e) dividing tepseliddapasitiatasubsiastialy Sahriags aithanbeferenemical
gft%rr grggl\t/i%l. %g]vaglisages of this invention include increased space
utiliza |(§)n, redu 8T "Bost of manufacturing the rings, reduced waste
@uringraadiifadturelepnsitine ability mandrel having a substantially round cross-
section;

(b) directing precursor gas onto the outer surface of the mandrel;

(c)  chemically reacting the precursor gas to form a solid deposit approximately
in the shape of the mandrel on the outside of the mandrel;

{(d} removing the solid deposit; and

(e)  dividing the solid deposit into substantially flat rings either before 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 (ie., 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. lllustrative, non-limiting examples include oxide, nitride



to produce rings of varying diameter, cross-sectional width and thickness
depending on the height of cutting (ie., 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

Wi RN FRLErAS tHRAEAH D &GRS N LYo Vinitad s@aalen My ALIiRitHS
Sxampleso el deuaxides Wddrianditasideideramismalerirlssinelding -
n?%ié}a%%'c')%cj%%%t}?d?' A ré‘ar%?fﬁéd%haa'é{@{‘ matcHals aith a8 Zine oypitide,
silicon oxide, silicGn nitride; silicon oxy- nitride; boron nitridé, boron
sshabidie sdrgbtismoede A authikescamhors afidenyinthesatewidel dilibom be
&@m@@%g‘gm@m—gg@i aghon, and any other material that can be
prepared ysing CVD techniques. In.addition to allowing productjon of flat,
CimonGlofl) U e R BHeHhcH Ao SRS BBl St Fies: te
idopeSidowmgtihe pavdanprofetbppbBity ringsulti dameredpesddppacity,
Aunima! fiohtlcrkagem ihese Sic%&%é@”f'ﬁéﬁ@@)ﬁ%&”&?pﬁr{%%ﬁ'%ﬁi%abi(ej

support edge rings in semiconductor apparatus that subject Si waters (an
%@%%Wﬂﬂ%ﬁﬁ’@%%ﬂ&%iﬁhm PRBvESEHB SERicE Paigfers (and

ttherugpopingessiniy, anchigh usempratber apparaiug thadtaressulyert deermal

i thres, In this re iscl rein is.a silicon carbide
AT S e R R OIS RS
ppm tBEUESDE PisrhosrtdgErIdispardernirrEl T Beid poaiedséon
carbidg,ywhersip g sifieanitashidasnaiesal has an opacity greater than
that of SVD-agglg)to?' d silicignagag?iggogThe me%hods d scribedqiab v

produl? silidS CarlbiaEREalR AR SHAIMRG' SIS ThANRY TRei g St -

dtipesitishsdienteatidthe plane of the material, and substantially parallel to

»@ﬁ&@i@tﬂ?er- éﬂi&ﬁﬂi&%i&@e}rﬁfé’ﬂ&% Bé@f%ﬁa%(a@?ﬂﬂi%Fezﬁ@ﬁﬁ%ﬂah%%ﬁ%@fb-
(i%gt is substantially, random with respect to the axis of grain growth. For
GeIRASIIRAR Bl Erystal structure such as SIC, this results in a random

x-ray diffeactidrndatienrindienbthe pladecef theparhibide astrcds kondnng
%R#g§ tﬁE}(ﬁx‘ig' FEHCLRmAEAIR HeRosited BY the YRt mL ISheliRYednd
substantially parallel to each other. In addition, the grains preferably exhibit
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 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



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
waitigerisiiérs, if necessary. In this regard, the invention canPb& THBA8F°

as relating to a planar structure comprising of a CYD deposited silicon

C AT PRSP ECENEIAG S “gPAE HAUAE R AL BPGRb Rt
suhstantislby faabelio faeh 86 2005/0568IASIRETHAISZODAA0629
other, and,having, rofati o'y | IS SWBstant i
B g AR e g Al LU
CRAY thebdsiradl reficbrrcarbide tha &t rncdiwigrisiy Fetrimbiadaniesen
silicon 6amide Hving @ 22040 kidipealssptinhaivaen about 0.30 and

about 1.25, most preferably between about 0.33 and about 0.60, as
measured by x-ray diffraction. BRIEF DESCRIPTION OF THE
DRAWINGS Figur@Ri% R BEISEIRANT 1N GV DEEpIaRateINditwble for use

in practiging the invention. Fi U@%ig %%p%%ggia \fé’), Qf. round
cross-seﬁé ional ]t%%%%g%n lse c\3\%h the 8%/% apSaratu% o?\%gg?gr% Q|161§re 3
isthesidemgerspective schematic view of a segmented graphite tube

ShOWi”%&Q&@%ig?&gﬁ&ﬁ@mw%%ﬂ@dtw&s@%ﬁam@ﬁ@h@éﬂ@ﬁp
view of the material formed by deposition on the inside of the tube of
Figare¥D apnaraiuisof fde&iry sliced. Figure 5 is a schematic view showing

the crystakgeoviacld neglannedciytiie methatissoftatpdigraatitdighre
6 shows the crystal growth of.a ring formed by the methods of present
inéé%fgﬁ.ﬂﬁéﬁ%lémf?gl %ﬁtlgﬁm%%/\?%%%é&%}ﬁ%showing the crystal growth of a
flat ring Fignneetiby stiemsihvdy of fresatariainmisd bRidgemesgies an the

SehemaliGSNauing Ao aliesnale GYR:appaAlus sutable for use in

practicing the invention. Figure 9 is .a schematic showing SiC ring blanks
used to Eg@m@mpg}@pamp;@\ymng the crystal growth of a ring formed
by the methods of the prior art.

Figure 6 shows the crystal growth of a ring formed by the methods of
present invention.

Figure 7 is a top view schematic showing the crystal growth of a flat ring
formed by the methods of present invention.

Figure 8 is a schematic showing an alternate CVD apparatus suitable for
use in practicing the invention.

Figure 9 is a schematic showing SiC ring blanks used to prepare bars for
MOR tesfing.

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 Figare 11,
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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
WebrigsfeGmhductor wafers using rings prepared according td’@W@SZOW"“%”

embodiment o é this inventio Fil%ure 12 %? Cross- sectlon |

iilustratifF4s eHgRG oFRS raplg T T AR appara us of

Figngenid, &ﬁzﬁzamamm@sm%@&@mmwmoazg Figure
13isam 6259%%%% m&%&%f{b&ﬁ%&é Aok %ﬁs%i{@vﬁﬁm with

observation perpendicular to the plane of the ring. Figures 14a and

disprsgrEarRparBrEoniE Shrapke S e Hﬁ%“r&%ft?&é%&fﬂé%rfﬁ%r art
Sgﬁg@,; GVDSit-adgedinypmanufactured from standard prior art

sheet-f mCV SIC. Fi ure 5 ls,a micro h of th crostructure of a
CVD S HHG b%fﬁ%nﬁrg m%tlen gﬁcﬁﬁﬁ? %gerégﬁ){r?%é?éen cf ufar to
theglanéeéitieningth Figeresdtperi 6iidbe anthd adispkhy cognparable

minognggﬁh%\sv'@@bthﬁéMq%ﬁt&M& 95&5&9@%9\&% E%&? &dag.fings

obtaine e process of the presentinvention. DETA
DiisoRPshGREe A Spreiid € ENEBO Bt BRI e RYESE prarret 16he
Sg;e%%mggﬁal is the semiconductor market, which uses the high
stiffness to weight ratio, chemical and physical compatibility and purity of
CVD SiC to make fixtures to support silicon and other wafers for
processipgiMany pIMImSEER NGNS afe SPROBOlaIMBODYMENYSess than

o e MR AR 16300 IR AR HE B ALIRIC i uocs

adapted to hol%fsemlcon tor wafers oug artlc es made accordin

tolthéisbchiffgessawsigibedibetbomnd pritpbyincairpatdpiay ug purity of CVD
urgerstood that they may,havaiesY Aasiies FhapeiHereRding URRRLRE tese

size and the shape of the substrate used to form the article. For ease of

RO BRSNS OIS LSEAPIb B FFHE ARy Haeay 14" in
adisles@ndrrathedgiohiesmingaphe! tngethansdoadicles wsing. a

cylindri %ﬁlﬁ?&;a&t&g BS%[; gag%e?r&%e ﬁ)h mﬁec%u\llaLP Ordgseg%%éherma}/glmmau}y

process on car eneral upon a't
indugebkredctionuwitbisicaddehi cbey prexsbare, arésiswﬂ@éhape depeﬂdlng upon the

size and the shape of the substrate used to form the article. For ease of discussion,
however, the below description refers to flat ring-shaped articles and methods of forming
the ring-shaped articles using a cylindrical tube as the substrate.

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

Si(CH)C14(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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heated graphite furnace. Certain embodiments of the invention use this

equation and these basic parameters: Si(CH3)CI3(g) -* SIC(s) + 3HC1(qg)

Deposition temperature: 1300-14001C Deposition pressure: -200 torr
WEateHsesH2 Instead of using flat sided or four sided boxes F&THEFO%I 4629

mASaio Jou. &, sheel con g e dimenslons e Sdes AL,

bOXES %he mvenhon pI’OVI es at
PO 200804062 dedsad rivgeiroud croswactionattubesiivetigteralabr any

digpasio a%&i M}&&@%@f@&n %‘4@5% %%m%t% gdiamste '119& H@ﬁ@&&?&ﬂ@gm g

size. (If rlangéj ar, oblong, oval, octagonal, or any other shaped article
is FRSirEq iSRRG Hb ¥ iome{E i iRt oRd vihe) the cCBprss S g ates have

crﬁﬁﬁ:@@m@ﬁe@m@ uahel is prefay echthatinsieadiodsha eadneisdthe internal
l%strate8 s have rounded comers and edges to provide a more uniform

di€frfBttidn and to reduce internal stresses. ) The apparatus used in the
process Bfehppprase ntddve thioprisess cidmipaisera pordepositarh4GvD)

chamh ?feﬁ&%%ﬂ?@%ﬁ'%ﬂ%%&%@@ﬁ%d‘%@@ﬁ@é@ BRG] G the

cylindrical or tubular mandrel. Figure 1 is a schematic diagram that shows

a ot sy aterindidgahel feluda nthtle Elarsdels rockeguE TiitarTRG
SYHERM 212V ﬁy&eﬁmelﬁaémmﬂmfmﬂsmqe chambRGHMion system

e RS S? o Sl o LA Ak S d AP SR 14 Fhe

gdhiid qmlm}nenbaatmammnt gﬁmm@ummweym $bpstretes 49pln thjsad

e'ﬁ?&%’i@ﬁ g@ ion H?e’%l%% § A 08{ ﬁf%%&é' GL92S
(f nca? tube nin e

section ¢ 20, as s res 2 an cylin drical
tub@@@h@ﬁ%ﬁd&ly mounted in a vertical dlrection in the chamber 10,

althoug *hi&h@@&!&;&ﬁzﬁ%ﬁﬂ HRJRLADL ARELANGIStAH S oRAURAT GRS IS
admitted at an ipnjector (Whown schematically at 30 in, Fi ure 1Lat the top

ofFEPRERSEP v ERtRISALI et S VSR 6F %a?ﬁ*[%n &AL from
thelmmmaygmluymm;ﬂmd icalarbe:RArebHengaglis crhmﬁmed (hyldrugh it

(e;? ug%sb ﬁ)og uﬁh@\é\{nagjgggl@ra %Z?.yy at 32) at the bottom of chamber 10
In use, reactant gas is admitted at an injector (shown schematically at 30 in

Figure 1) at the top of charaber 10 (although it could alternatively or additionally
come in from the bottom) and into cylindrical tube 20. The gas is removed by an
exhaust port (shown schematically at 32) at the bottom of chamber 10 (although it
could be at the top) which connects to the pumping system 14 and effluent
treatment system 18.

In this embodiment, the cylindrical tubes 20 in Fipure 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 eross-gection, such
that the material deposited on the inside of the tubes is formed in a corresponding round

crosg-sectional shape. The circular radius of cylindrical tubes 20 allows uniform
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could be at the top) which connects to the pumping system 14 and effluent

treatment system 18. In this embodiment, the cylindrical tubes 20 in

Figure 2 are preferably graphite tubes that are attached in a non-rotating
woansaséshamber 10. Cylindrical tubes 20 may be attach@®@d Buickpthato629

they are allowed or caused to rotate, but rotation is not required and is

tyEEHGHOR SRt TOVEEE 2PRes o RS TG Hise 8 36 Faganay be applied to the

suﬁga@wgﬂd@@aﬁ ErOSStSQaON, Mﬁ&ﬁéh@hﬂwmﬁtﬁgl@I&dﬁﬁ%ﬁiﬁﬁéd%‘ll(thﬁatenal

inside of the tuhes r cor in cross-sectiona

shape. #;l(?jﬁ arﬁsr%l u?jsgcgf' njarlcaﬁ tg(fmlfo?/v%c HA o?r%plocess is shown

18?1632@8281?1%@ 2005/08687 B@@iﬁ/glﬁzﬂbhmam distribytioneandes of tube

floyy of gases A elaaseEatngPLAtheL SURSIARce MY l?&%qpi EOIRLBE: the

inner surface of the %ﬁ phite tube to facilitate removal of the

depibshid Irossrate dull lanehindscailtip e v hearvonasitiedtsstiete won. Thus,
th@I : Ilili%tﬂ 6%1%% ESHERONVE 1511&19&1565@}}@5@%%%&@02@1?2&@@@1 or five
sm e, Tull len it ma e a.,series.o e sections a

T CID B e TR BT T BA Pt S g geposit
prdws'sfcmfwlﬂ teiibile {libe! wilbthergustestiemuydatic ghiﬁtxmetwwmtkaﬂm sections
Thugs 9 }ggs' dst wis otl%%% at%aa Iy &%?Jé%ﬁa%wa&és for

mstance our or IVE t ular sett can attached with a joining

f.xmd@atmb@@f@n@&@éﬁhﬁﬁg@%&%@fﬁ@%@ﬁwxﬂnnb@hmw%ﬂm the tube
othernwises sestiRneshitpeainisebreaR thediibe waations 18886 J1eiReor the

seamless. In fact, the joining fixture may be a device that provides an

in AR P BR RSt S R el s O e e o B ARHb LR v
sqﬂhlaetsthgmmﬂ Heghievtscain bagreadilysepaiaidd fsammankaanathing a

th of tube qr the, segments, a
em% c1at mzélnrs]]9 %%%e(%g Omﬁl g arguég%g?ta\%%%eg%mcﬁgstrh hand
about thige tolsix S egpberedtureanracprscrteiona éﬁmhﬁpny@w@w or the

cylindsicalsilicon samhides deppsit-thakisahout AQiR ARAME GDHNSRER Mo e tain

The tube 20 can have the same cross-sectional dimensions throughout or

thaegiddhesionehpe\ihes. o peuariyel R s pRtmbAahyyasd o
b &@f@ﬁﬁﬁcﬁ&@&t&%ﬂe@fﬁﬂ&@ﬁﬂﬁﬁtmﬂm derstbdmédrathensotbe geoedefri frently-

the cro ction can rled o.,accom C? te ti%o ede sm .
T A B A R LN AERRS o g provice
dedvradlivifiensdwiappntthe esafivaér can be terraced or stepped to provide

Clear divﬁjﬂﬂ% Bﬁ;(\%@ﬁﬂgmﬁe@ﬁ'ﬁ%g’ B8s is fed into the internal diameter of the cylindrical
tube 20 in order to make a tubular monolith of CVD deposited material, such as a ceramic
material. In the illustrated embodiment, gases are fed at the top of the chamber through
injector 30 and exhausted at a manifold or exhaust port 32 at the bottom of the chamnber.
Each of the cylindrical tubes 260 has a dedicated, independent injector or precursor gas
feed positioned so that the gas enters at one end 26 of cylinder and 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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During processing, precursor gas is fed into the internal diameter of the

cylindrical tube 20 in order to make a tubular monolith of CVD deposited

material, such as a ceramic material. In the illustrated embodiment, gases
wWargpedsatthe top of the chamber through injector 30 and eRRAUSTHY 448629

manifold gor exhaust port, 32 at the bottom.aof the chamber. Each of th
oy G A X SR AG A T B Brehdaope bottom
gasf feethpositionad o thakthegascentsr siationelénth2 ropeyhndterand

exits thraugh the, otlaer 20281 his Alews 4eRastianRIMANN AR MM emica

surfaces of interest only, the internal” diameter 22 of the tube 20, and not
on'aRsE SR FEUs SERA HERARPEINE §8° SRIFEE Tirde T e BT g he
traygleinadpads alesg:the axisief theitukaosihis pravites|a «mere fificiant inside
deposition pracess by.allQwing better control of gas conditions..The only
15788 15 WS008 10REE A BRSO Ca IO b AsyTHERy i o e
thickness thdtmmaylarisé issddhigkme dsgradientfiomithe tdp to thetsottomity

of the e, AOUAING WisHELALGRS 63N be machined to the proper

thicknesses. In certain specific embodiments, the gas feed is a linear,
symmetriBp dHRIpIE A Welp GERAp SRy RS iR FEEloR A @astisying oducts
theyel ﬁé@ﬂfé@éb]'m@ttﬁiM?Iaiﬁ?efﬁﬂ%ﬁ&@tﬁ}%&f@é%fo?b‘ﬁIifﬁgéygﬁﬁﬁer also
gas is deposited substantially evenly along the inside surface 22 of the
tu6?862&0?%6?&35?&8%@&6ﬁl%l&@ﬁ&éﬁ&%}%%%@%ﬂ BT 0 8
interndkisuttacendihim Sierhstildsupondtiedsnéilsuyfacangfiieigbé vad be
sull;gﬁg%é‘ati I eS{ggial direction, as shown by Figures 6 and 7. This process

is more e |c_|enff than the prior art proce_ss in which reaction products are -
depositedsthialljhbaisnedhemibiskagid Hoparospeeiny biwliordongh a wide range
cylipdetalsonsiagssiatRessioheeioied inarderts phiainthedeshiftined by

uniform deposgition in a consistent manner, in contrast to many methods

of YAE BPa Rt RO AR TOeste o SR BUHAR s thay be evacuated
depasition ieknesscinappr omatebhdnmebrigithough a wide range of

material A%‘é?ﬁess?ﬂ%%@c%‘%%%é%‘%%wg% 1, IACh 18 PY6E 4I0shes E?l')ax}ia?%landrel,
obtained by varying gas flow rates and deposition times. Gases from

miltgplernsbds magvse Boadhataandshimenyampartiste dhrampes. thougiss, but not
exhgiist ROU-RRnQncetheslicancatide hasihgen deposited on the

inside of the tubular mandrel, the deposit is removed from the mandrel by
any appropHE R HGURO SO 8IS LT ABC R Tt W et t5etion fo yield a

elegiticahdisshatgeangehiniingFigure 4. Cutting can be accomplished by using ceramic

machining techniques including, but not limited to, dlamond slicing, ultrasonic cutting or

laser cutting. In the case of using an electrically-conductive deposited material, electrical
discharge machining can be used to slice rings from the tubular section.

Rings of varying diameter can be produced by varying the cross-sectional width
and thickness of deposition to give the desired internal diameter. Overall height of the
Ting can be adjusted by varying the height of cutting.

The outer diameter of the ring or hoop 202 will correspond to the inmer diameter
of the cylindrical tube 20 and the inmer 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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The resulting SiC tube 202 can be cut through the circular cross section to

yield a ring or a hoop 204, as shown in Figure 4. Cutting can be

accomplished by using ceramic machining techniques including, but not
wirpitéd¥es7diamond slicing, ultrasonic cutting or laser cuttinbt T804 44es22

of using an electrically-condyctive deposited material, electrical .di cté?r e
BTGP AS BB B STLaTGE ot T b Sachis Fngap e

vadjting diameter can be produced by varying the cross-sectional width

and thic S it] i ired.i i Overall o ater
o e s

oute it amisids of 2 indg o HBBHI02LHTWOrrESpdRd s tHE ihRgFase coating or

gi%meﬁ%;l{ll%@{aﬁ&% dﬂéljﬁge’i Hubg 20 @%ﬁﬂﬁl@:ﬁiﬂ&;}@f@iwﬂs}ﬂtﬁ %@fpﬂa@}l ﬂﬁ@c@% to
oop.wi epena u on the._amount ses that eq throu the tu

ar GG S ALGE TR (OREInS PGl L Sl g gy

digmeter tidaesingthateinl benfrotueedd T tiameteny ofng87 6248 2nder can

1%3\64\/890 10196*5c{ 91s59%73'&%}{/??6%?%%Aﬁ%696§ %?at Qﬂg g %}%ﬂlﬁgsﬁ%s distribution

machlnea, &moothed or otherwise s aped to provide the desire

diprensitasasnaebingrehiivd anbbaime e s o Be 88y pélbrrkiaings using

depgsiiieg e materal Amibe auisidenia avinddealmandral againibyy
CVD. In this case, a release coating or other, suhstance maybe applied to
(e BRRES REE1 FOATER o PR PR oA YMGDAPET T

CVD depositre-Sie saiatiakiMhemtietdepesib rbachdsthe sihesiredligure 8. In
thickness, the mandr .be removed. and the.resulti | ic.. .

oy TG R LB 5 HERR e R RPN B,
sameaesicdilar stoss Hitiotierd ropratiteoisardebathaghee of the tube as
deposition.an heipside.of the.tuba willibe patainedusingsdhis aliepative

method, namely, that the stress distribution pattern will be radially

syfifraeRty easiiyrea R cea i dretstin rat iRy TReRy Bet 4 i this
materiadnAn ater Rate.embadinentiaspoayshe tisedito domeiingBiis cylinder and
shown in Figure 8. In this embediment,.a rod 802 is disposed within the
cyﬁﬁcéhgﬁf'fl RO SHRY Irlrcw{esa 8%?,0?%5%?3%%&} %%if?é?ﬁvs 804, is caused

to depositisstioitthesinmensudinenbidatetihBairmeticasob i firecalivenzed rings

St ?&%851 edpdis sAnfiguialanmaks used dogrmosies: gttt the
sizeéd tubular CVD material deposits, and subsequently produce twQ
differeiAtyastiR aiTiRg SO Mg At e o AL R AEmBT daiRStEPGT
theselinelerant: aneieriisg dhbb doisesponds todhedputeediamepereaings
th%uri?z%ie as wafer supports in semiconductor finmaces, and in other applications where
different sized rings are desirable and/or necessary. Another benefit to these techniques
for producing rings is that they result in matched sets of rings from the same deposition
process, and containing the same material. This is desivable when qualifying new
materials for use in expensive semiconductor processing apparatus, since only one
material produced by a single process is being qualified.

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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Another alternative embodiment relates to the formation of differently

sized rings by depositing CVD SiC onto the inner and outer surfaces of a

tube disposed within the reactor, again giving two differently sized tubes,
WQURIBHO8ERTXhen be cut to different diameter annular rings. FRdEES2004/040629

ergi? mentfc, f:lre I%UI L SUIted toc[? rg Egt% Inl%.%lt F wt%&?s%l %materzal These

supports A Sénficon ucto Urnaces, an er applications'w

difflesest stMmmM@@mmM£m@@é®m onhofashemnéfitaorial with

thes @&5}9195&%%&9&9{99@&%{@&% thatduexdesultdRmaloRedisels Phe

nr;gs from the same deposition process, and containing the same

ettaiB YR Ete BB WHEHPERYARFiHY Welg hoxtiersrakgibgguansrel or support
EXRENSING &emwﬁﬂem%@ramae@M@t@ﬁﬁal@a@yﬁnﬁ@mm&ys@ pexdBaterkahd the

produced b a sin rocess | en ualifie ngs slice f om

TP B B S 0 SR S Fo P PRy a il

maﬂierem ngctheméthogdssfthidpricharigue do fireeldvermisitemnmsd mrthe plane of
ORI SUEPSRR A HAN 0. G AR AR IRIEHAL B ARRAR il

via C there are subtle but unintentional variations in the process

pavapreterEieRRE Hie amear sk intm Pbs Al iy HeRRFSTavEs 2 14 WO

2005/05@&7§1@@1ﬂk§1%9%%@&319a%@sﬁﬁi@a@é}’ﬁi@kﬁé%éﬁ%ﬂﬁﬁ&@&a
vary, creating inherent stresses in the m atslnal These stre‘?éﬁ caus

b WAG G DEHER I Firgs R Ry STt 8L A ShBE BPHh A iR e
preaphind fkﬁﬁ@ﬂﬂﬁ@mrg/sﬁhgddfeﬂanmﬂmadm@r@mmmmm&mmai to
of.th qjeet Bl)évmqma% gl’ﬁ')\élgﬁ by using a cylindrical

(?reig %{IE]@ togfg

tu%e man I Support acco e Invention affords a substantially

symmetBoaistiess @ﬁ@i@ﬁhﬁﬁ@@ﬁﬁ’ﬁéﬂ ArEise ehbndselfHedhe sireggradient
exiRitecton: QReisida pidhasing inRaRRERE Y ASIMIRIHARIBHLEEESS shown

on the opposite side of the ring (i.e., there is,no net stress, in the plane ?f
thi FHTeR PGP f viBFaSDEh A TS AR RS TaRFatte i agpetmcally
outwarids g Sitpdldiamanne ﬁz&ff&&tmxﬂmg |mmmﬂ<dwp@ssmin§tm iaibystantially
symmetrical way. For Si tds S r

o R o B R o LR & 8, BRI oo

orieuppdessiftscddevdiarsdt m@owwetﬁ@trmgn@tﬁﬁaﬁma@@aﬁé@ﬁmglffemm

differenge i sy essgiadigni-can @ﬁglﬁ?ytﬂﬁf‘éﬂﬁiﬁﬁ@ fouhengdeda¥position
preventing the manufacture of a flat rj regjsﬁnﬁéé‘ ontrast, for SiC that is

dSBEERIETARRE SPERTHACAT (IR ient difference is
exhibitetf Hesweenithalaubersusfpoeidsiand kedhedhnerisufaoedsosisan be
_ rggf}vn ! J%Jres 6 %'i'd 71’%1%”5%0 %Q%t FNPIFeRS rgéﬁ%k?é‘hepgs“Fﬁa&éreE Of cracks,
rng Symm trica
the cracked areas do not cause a great deal of wasted material because they will typically

be across the diameter of the material due to the microcrystalline structure of the material.
This is the portion of the ring that will be machined during cutting or slicing.

During the prior art deposition process (whether the ring is forrmed from a flat
sheet or on a ring shaped mandrel), the growth direction of the crystal structure is in the
direction of the height 40 of the ring, as shown in Figure 5. This is the case whether 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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Accordingly, rings that are cut from the resulting cylindrical deposition
have substantially uniform properties around them due to the uniformity of

the deposition parameters across that particular slice. (However, it is
WO SRS TRat properties of slices cut from different positiorf<-alGnRg 62

cylinder will be slightly different dye to ' iti S o
R s U R M v e
prividedtastuseresncheditoie; thdhdepudi thar HEreiiofébesipe. as shown in

digassemblingthe, sectiops: R dfyhe esHiing:Aanasit R 88 @ cylindrical

cracks, the cracked areas do not cause a great deal of wasted material
DR e TEATY b HErHE Hhe AR P T il A HE BUEHo
the,misresr vsiRlinestry Chire:0fshenmaieial hhisiis thevibhtion obthenringnd a
that will be machined during.gutting or slicing. Duri rior art enc
SHELTTe oL FREE (e S gt AR R Ellerence and
ringrsbapedanantedngreigrdnte directidifahéregisialsbaticen gl thdividual
difgclion, of e Neioht 40.Q e High A aROMRIREIGWR. STIERIS 1838y contrary
case whether the deposit is formed on a flat graphite sheet, on a serjes
citedharcmisiAbeEn hGerda Bheaheh At B G rapARE M RILIRBE AR 5
the chanphgr 876248 Rdkb WR120054R68:23PIGHAISPN04/Q40629d 16, which
Haowever, rings, according tq.the present invention exhibit the growth .
A AR T S LT R Ao SH4p Bt N o CVD SiC
diprebed o the ring cssosowmviintidigené s 6tanch v éntotsé pimbres pthessses.
CrySIE PPN BENS ARG et he e dcals OB AR XS0
inward in a su stantially radial manner. When'the resulting cylindrical
ddpdsie sressiscrsipRabdib sEmAeaGRT RcRIB AT WW%‘%&%@P& REPEsaeng system
andRFifcunigrence. Fherimedh ehtheseiysaigmain semiinddbetneiab ring
circumference and perpendicular to the Jong.axis. Once the cylindrical .
TR P B ORI R P P o e et e
plane ofitheifnisheD SithngThisds dinectijoceliirancadahwyichysiabylover58.
SSEIN09S 1R ALGIARNAGIHIREA LANGIRANARa) e Radls INIPEAR LS.
fFmore clear ere

seerrmo Iy by reference to Figures 12, 13, 14, 15 and 16, which
il Banmbd theyrhicissiprimiea i eremeddcab&ahiss (oethrhiPrdasrade
frgﬂg@é@@@e Qéﬁ@ﬁl’&@{é‘ﬁéf[he process of the invention and by the
conventional prior art processes. Fi%“%f 12 roé\l/!&djze& &%r}}géto Q S ogvé?% o
what an'S8H8 (i & IR Ao 1276 REs TR N s A L8 S EEHERaT P
diagrawofiseriesakdibmiantsaibthgerppidithlemaihsndees siigesyate fibis ring was
E&%&é%rg‘%@g ure 3310 eNaD sifcanwalara2s he'tkal hepuies damatare 1.
The specimen was etched to reveal the grain structure within the SiC material. The
orientation of the SiC grains is random within the plane of the ring.

Figures 14 a and 14b are 50x magnification optical micrographs obtained from
metallographic cross-sections of a prior art CVD SiC edge ring that was coated on both
sides with CVD Silicon, corresponding to the horizontal flat sections of Figure 12. The
specimen was not etched, but the image was taken with polarized light to accentuate the
grain structure within the CVD SiC material. The CVD SiC material was produced by
the process of Bxample 1. The arrows indicate the direction parallel to the plane of the

ring, pointing from the cuter diameter toward the inner diameter of the ring. The vertical
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54 mounted horizontally on top of one end of vertical support cylinder 56.

Edge ring 54 may comprise a CVD SiC ring which may optionally be

coated with silicon layer 58. Edge ring 54 may be machined with a recess
WIS’ wafer as shown in Figure 12. Ring 54 may be if&dryiorata 040629

other geameligahieatiyes.fmet shown)depending onihe,RPecifics ahiNg: mat

design criteria. Figure 13 is a top-down view optical micrograph of the
it sitrGEaeararphor Ba TV Erane FngPitHeBlss &vatsHperbrdiaglar
to the plape.efihe Hngy-Tbisuringwm@asicar epamd 0BT ehehaabef- Vi 516

f red by the prior art process of Example 1. The cimen was
RS B A 8 BT PGP e W ST s o e
opentatibthefihne FiC grag msﬁssﬁgcrﬂﬁmrwimmﬁé(mdmpmm‘e@mmigures
L4 a0l b4 g 20« magnicalion ptise! mIC'ptanls ORBIBEd oM ca

eta phic

llogra oss-sections of a prior art CVD SiC edge ring that was
cHuteeemsbogivsiaatinitheVDSiifsish, CoREEHBABNTY BaREErE saticl
flat sectinns of fhioyre Leukhe rshacivemnwasneietohed utithed nMagser
was taken with polari@wg%lg%‘acgﬁntu% q;e drain,structure wiﬂ-lin the
I BE T atBHaH CSRE AR AR OrOaBEE By HEPFocess of
Exanipetd (lehdaer ot éndhigath theldirdstionddraliet e plandeokthe
ri inting.fro e outerdi .the inner di e
n%%%’%ﬁ%%‘é?ﬁ%%?@f%%% g ?ﬁ%‘%ﬁ%%@%%”%@%%&%ﬁ?&%mg
ORSTIRIFOIY TFEIRE Poiey akis OPRE Sitegrhona: g derRy Msible, which clearly
shows that, theidirertion of sieweh akthe: Sicoaiaingols AR ﬁg&eg@aﬁt&fommd
or .

the plane of the ring. Figure 15 is a top-down view optical micrograp

tHE TGS ABRRRIG FIOSERPEIERE Hirl of the pFA8B R BB R G mvention that
obhssesvatitn parpghdidaiarih heDdhenfthesingdihhearihg hoagsliskeht sections

frof[% & CV?Z.S i&éUbec%%ngﬁ%gﬁ}g’sei 6%[ 9%@%%{9 { b%xx%? :la%tz e%&l%%ebut the images

p?eselﬁ?rlﬁventlon.sﬁaﬁe S 9C|me was etched '[0. reveal the grz_iln s‘tructure_
withtin thlee S thpataitledrhghbivdncskoie v stiveipardibin@ase/D SiC

planeehithering.aaisling Momstheioue reiRmate tIRMEAHt: e IBI8K drofluoric acid
diameter of the ring. This micrograph clearly shows that the SiC grains

aFBICRERESH D SRET O R SIERTT SFIRR Hiy. 1tYS als6°8BR&n/EY thaP
oriainsialevasigrige cdlongthersackivsiahtheping). THeiargraini sl vatude ddsttion
ORI [ (e AR S e
ndierogtephslobtninedlote the horizontal orientation of the long axis of the SiC grains,
which clearly shows that the direction of growth of the SiC grains is paraile] to the plane
of the ring. This grain structure is in sharp contrast to the microstructure of the prior art
SiC ring shown in Figure 14. Figure 16d clearly shows that the direction of growth of
grains within the CVD Silicon coating is perpendicular o the plane of the ring, and
perpendicular to the direction of the SiC grains as well,
Measurements of the grain size and grain aspect ratio were 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

abouat iO,ﬂmore 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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from metallographic cross-sections of a CVD SiC edge rings of the
present invention that were coated on both sides with CVD Silicon,

corresponding to the horizontal flat sections of Figure 12. The sgecimens
Wi 07631 6a, 16b and 16¢ were not etched, but the imag8S Kt t4kas*

Wi'E)QiQ}%I doHl%? %}Qr&s?ﬁﬁ%% Eﬂ%%\kaﬂ!? ﬁgﬂ-‘{ﬁgﬂ%}ﬁ@tt&%s@% glggar%%%ly

material. Tzﬁe specimen’in Figure 16d was etched in a dilute mixture o

hyehesiligbitclzrcithearannitdtogeicrtolreadnthecmcost ArbibieroRiivaat uysition

CORUING TG MR, S asnaierialwas Proglcad bythe prasess.ah Example
2. The arrows indicate the directign, parallel tﬁ%%he,plane of the ring,

) ( C g,,.
pOTHEHBERBIRCRR BT R HRAMEREF oSt EE v P ANTRREP B bR Fdgl planar
Netectheaibauzonial goemtatidnant the dong dlyissafithe Sk giainsS thehichns with
clearly shows that the direction of,growth. e SIC grains.is parallel to
e AR TR S G P SO RS s
midrostnctdesof tve phiorearndiBarigish SravipiphguiraissuFigerera@d of the
cl%q;rég_shows that the direction of growth of grains within the CVD Silicon
coating is perpendicular to the plane of the ring, and perpendicular to the

directionfaPive e dranscidi atrthnd oL e Riei e Srirriighafrreisanding silicon

grainasPeskiaticvairiobiained 0 variduse dapogies obningsiahirinelicon
from_Example 2. Only grains having a dimensiqn.of.greater 0 )
WP TR EEs B LI DCPU e sate SVE L Alprosen
2 teithbooptiaioest ygsicaith abauges o oot S1dTIRs prdtpdctagsapk in

Fi ] rai j j I9d 0
sl Lk e et o

P PRSP0 PAOHIB FOTBHEREH 2 PRRHETETHS] R oG O derud orehde
their-iRngraxesarswstitiantistin paralRie iedingiptane dhaweyest the

grains themselves 6hibit rotational orientation that is substantially
rafS R MEPRE208 o the direction of grain growth. Without wishing to
be boun& iy myetisenays iddSbetibirad thplthisnconilelihtiowiof sadikl injector or an

pl qu{%%ﬁlﬁ% Sk graly %ﬁﬂﬁ@u@&ﬂﬁﬁﬁ%ﬁ%%@ﬁ Y FBRYRMUnder these

orientation’o rains with' respect to the grain growth axis is what

presiidiirmesBisae R e jmsisrosited) @%r%@ﬁf%&tﬁﬁg HfoMedchpal Y5 b

angaisaavRidsoliuspiationsdry the syitaceprelieiahéirpoags: R8s is

CE OB U T 18 G GIRE A unaa Mot e

ofsitiodn vearbidegeretliesdrij@desyrsuch as a mixture of

methyltrilggg%rg f)!%ﬁ]&g}{l Eﬁh@ﬁ%@ﬁ@f&g% mandrel and deposit are removed from the
reaction chamber and with or without first separating the mandrel from the deposited
material, the silicon carbide rings are sliced from the tube. The outer and inner
dimensions and the thickness of the ring are then machined to specification using
diamond grinding methods.

The unique charactsristics of the products of the present invention, i.e. low in-

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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with an optional inert gas, such as argon or helium and optional dopant
gas into a deposition chamber heated to a temperature typically between

1300C and 1400C. Deposition pressure is maintained at al%eroximately
WaBHEITRIB00 torn. The relative partial pressure flow ratio of HyarogeR 1’

MTS is majntained i f. i 0.0, Reacior
e G B P 28y

of PNPSER FE S SHIBIE B sty Bt BEHe: thevrlpr shprodorretwaeprt a Si
thesgeconditionsnailican.casbide isdenosiiad 08 HhednsitRithe kAl

mandrel(s) at a deposition rate of approximately 1 to 3 m/minute and the

depBStDA BroRBLE EL BRI I RPHTR %I rBLPIARLRA SSETY &TEfiatAal
is efthiaves, domical depasitton npetcdsvarieatiye anbband BOEheufs: is
Upoen completion of the, deposition, the mandrel and depgsit removed .
R e P S e A e
mapulrg] rowing 62d dpabiteeksen devizh thesiivonicabtdadivgs S ier

fraga dhe dubgfRe-euiesanthnghdinensions:andihadbisknessof ih8e of fre

ring are then machined to specification using diamond grinding methods. |

ThE HAGuE EREIErE REIEY 1R PIOERRES BF I BreAYiHreHtish Oy dbmipptic
inpRisaesesidyalistess] exigrom flatoasspbioly dphtrekbigndebingbiltydse rings
allow for. the manufactyre of very thin (e, ss,than,0.5.ingh) . .
i ki R e T
"dpoplofsst8760as: it W Cpa0058568 13 e TIUS 20 eaGa 069 cahbe done by

ProsRaR, LS EBINg JOdhe INventinncan 159 penarRRIgALg-PrR\de

extremely opaque wafer support rings. As shown in Figure 11, wafer
support ﬁ?@f%ﬂpﬁwﬁ&@ﬂv&%mﬁ%ﬁﬁe&m@ﬁﬁ&% R &g T duesthe CVD

whereyhe wigler dsitapridepionmrikevetidopetaiy/aifighn buihighty ranging from
controll emper s. In order to control temperatu ffectively, . . .
R R e P A ey D LA e B o dusing
il glerinsitioh frb theabumse dsyitaergste atlvato gBrd arnps GO cHizso speLity lig e rings by

PIRGSIR, A MALEL GRRIEH, RO\ S04, ddoRbpaRRs: ey GUBFZ RGO Wat i

64 and onto the Si wafer. Because standard CVD SiC rings have different
opwasitemErceietite FHanPRYSSb B IR S WRRFT S GtRb iEfycing light leakage,

ohserRfiRascWhich asedakenimip brionsihe waleimefiberptt e EsSoron,
661and regia]%or plate 68, can be corrupted by light leakage through the

e
Using the process of the present invention, 200 mm and 300 mm diameter SiC

edge rings for Si wafer processing have been produced and characterized. Rings were
made from both electrically non-conducting CVD-deposited SiC material exhibiting a
typical electrical resistivity of about 100 to 10,000 ochm-cm, and electrically conductive
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 mum, edge chamfer of 0.12 & 0.03 mm at an angle of 45°% 5°,
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54, which are supported by cylindrical support. 56. Accordingly, there is a

desire to produce support rings with an opacity similar to that of the Si

wafer. This can be done by coating the SiC rings with a relatively thick
w8388 Hidcron) layer of Si. However, another solution to ir?%?gé%%ﬁ 4040629

RGNS the Lingsis Ao dopa the VR, Sisowith withiaswitable.fapant.

One such dopant is nitrogen in amounts ra%lgln_ rom about 100 to about
SeoecapmaTHechpighel Gl te s adled Wi g deHivtag difg
dgpasitiomel thedingshamdessibed abavem Thisiwerrsddne®asesown in
opacity of the rings by a factor of imately 10,000 to 10,000,000
R re R R et atie N g o D
teesmAIsSion properties, and reducing light leakage, thereby reducing the

need foreaRing WA &/ NGt AMGHS Syl RpR0L seialon,

EXAMP Ing the process of the present invention, 200 min and 300
rvendibelbfeP St petigecHny s ifsr Siavary Brocesiny REa@Eeed Brdduced

acﬁ%ﬁh arpetetzadiRivaswaRdnagdefembatrsiecticaly thickness,
non-conducting CVD-depositeg@ %?i)c aterial eth'ﬁé)itin%a tggica electrical

rdERR 5T FED ST 6B DB B RATOR ISR S0 SRRILIREPSic

withean electrical resistivity of less than 0.01 ohnm-cm. In the following
Eéw ur Igr%@%emeasurements, also known as modulus of
ruptare S{)( tes?s,%n the deposited SiC materials were obtained using
the 4-pdHfE biegsl wese RutranigidolisTi & gapitering Mforeteurespiely 15

(hasglavere ik fromstings slicad famdhe-derpsited:eybntess.cihe MeRained

bar samples had the following dimensions; length of 45 mm, width of 4 i
SR RICR S BA 0TS TS CHAHoIE) B S0 63 et 4

angleofidbmd ﬂzﬁ%@@é&l&m{w_@@ﬂ%/p%sn PCT/USZQO41040629 _
Chamfeg were Jabrlcatgpg%bg %ﬁdww%&é}gﬁﬁ%& ﬁvﬁﬂdﬂ VXH‘?S!ec‘%@”e

the Iargeegf%lrllarnsﬁ?esgso t bars were a 320-grit

vihesitionihé 2 bihriopintiie kyowsentis AORIB s gdresHonYthe aronigptely 8,
blank.9Rds:shoWR A8 (FigUreSnithe 4brup¥stionnasige PfRe-M@Rubayr

was obtained from the plane of _the ring. Electrical resistivit

RS BRSSP SRR TS PRP RS NI Bt ™ 2
PraBIR aCasisting afta dinkasitrayiefid pdihteSpabaerhmm apart. The

resistivity yag sacuiated sssming an s Baierak ek et sic
deposits were removed. Each of the sheet SiC deposits was cut into ring blanks
having a thickness of approximately 0.2 inch. These slices were then ground to
the final ring specification.

The SiC material deposited by this technique had the following typical
values: adensity of 3.21 g om™, Vickers hardness >2700kg mm?, thermal
conductivity of 250 WK, electrical resistivity between 100-10,000 ohm-cm,
and flexural strength in the range of 45 to 70 ksi (310 fo 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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Three data sets were obtained at each of four measured positions on
each sample ring. EXAMPLE 1- Comparative SiC rings were fabricated

as follows. A graphite box of size approximately 15 inches le5 ‘“%L‘;%fo%‘m
WOSH4HEHESWas formed from four isostatically pressed, fine Hraihed’ ‘

%@%&%ﬁﬁ?yﬁl& aithermahgsnansiansimianedhat ot denseG YR eth of
|

was assembled and installed in a CVD reactor. Depgsition gases

HypIFeyEREE M TS e reTaRsambleins fof ar iRt Be et ietne

R piiEadPeassRmbly Wb Flicieldydrogendo Ml Scapproxindiety B;moval
and a pressure of 20(3#%%. Chemical vapor deposition of SiC was carried

GUiteacRABPIG RS %8 otal deposition time was approximately
200 hoqls; prishuasctygicM T8 posiiivrodatebitthessiComaieiiacieodionmsh

per hoétl%égg rﬁ%@?ig@f&%ﬁﬁ@?ﬂ%ﬂ&@%ﬁ{bw PPENed:aBetNSiters per

shee posits were removed. Each of the sheet SiC deposits was
cuitinte rAyibtanks Haviigrdiierres e rappiBiaHaRly §ViFdR OF ellsrs por
shigesweradhan 9 entheding vingsspetificationrehbersiCsmateraloo torr
deposited hy this technique had followi ical values: a sity of

354 dpRPROn; R PTG ﬁvé‘&? %ig go& entl?%?% gﬁoes%rlﬁ) a ?uc}l(?nw uscﬁ\%t)}ogszg%d the
VWbirkgd @eﬁﬁiﬂsﬂkﬁ%&ﬁh&ﬁmm@&m@,@m@m@mﬁ and flexurgl
strength i he fange, of 451040, 81{3G 0.480MA: BXAMRLE 2 SIC

edge rings forhanan g min Si wafers for semiconductor processing

weradielbripated deyTestiowd Mbyea iR enpdIF A BRREGRsh @biffeter of

340 Anses manuastkedfiom amisesiaticati:pressedifing wiainee
grade of graphite with a thermal 18762?1%65 ég{lg\io 005/056873
that or de

PEsg S A DS FBSSS H ABRT Srmd Hee e BB
tubulag seatiofisaleati Withspddfigitiof. approximately 13 inches were
assembled jn a CVYD. reactor. ional ition-srehibiting spa 3
tﬂ%t d ! )
devices %rge}" pglsei\(%iﬁg Bﬁoﬁé%v%en eac sgé%on to fe\ciIilt".asftr'}grem%\e;dz;lnl1 of

eYitkeobidadsectdf Wi rmapestidsrHopndeciesy bewsmraiiant 270
iRfFpaced rgrgh A Ringle; inieeiv-pesiionedyaymmeaisicatly ahdke top of
the tubular mandrel assembly at a flow rate cﬂ‘e% elsllgl%g% S I——
measurements are in the same range as Jandel pro
obtained from plate-form SiC material that has been deposited under similar
conditions, but on flat graphite sheets.

The flexural strength of rings obtained by this process varied between 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 mum 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 i Figure 6.
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minute. Hydrogen was delivered through the same injector at a flow rate
of 76 liters per minute. The ratio of hydrogen-to-MTS was 8.4. The CVD

reactor pressure was 200 toir and deposition temperature was 1350C.
WarpHe§88a¥ Heposition time was 174 hours, and the average BepUsiiH 46’

of the %lp {T]Lgteer@l s%?‘%ho dg ?E:Iﬂ gﬁ&? H}Eﬂfg@ tdg%%séﬁ'%ﬁ%%erﬁéﬁ&?ﬂm railel

chamber was opene the tubular mandrels, spacer devices and

tiptapisic Géﬁ@m&@é@rﬂwm&T%ﬂhe@ﬂﬂh@ s erar s duies Was

then-aliceds] chaRmRsIyersitinamneehinioming slices;hawng
a thickness of approximately 0.2 inch. These sllcesg%o]f then round to

(R RN B J T SR ITesHb N AT RReSnec erhtaHA ‘H%ﬁ Fgth test of the

techeiguerhing paensity ftd:) 1hg sm'ﬁmfi@kerselnarﬂaemmﬁqamzmm Be
a dt ermal conducti ty between 240.and 270 \Q/r@1 and an e g;t{lcal
0 5 atena I3 the

regISCtIVﬁZly gwee%r% and%gﬁoﬁrzﬁl%lﬁf fHéNSOe fneasurements are in
s@m@rar@thsglamd’éImeé:mélmmbﬁamfeamr@nmcmmédrﬁﬁr@ﬁﬁmemzes

P@é&f&é@é{& maieralthat hasheand %9&@%&%&&@%%@9{%%1

but on flat graphite sheets. The flexural strength of rings obtained by this
p?%%% varied between 40 and 65 ksi (275 to 450 MPa), depending upon
wihekathe ring was sliced from the tubular deposit. Figure 10 presents

bright field optical mi etc ed le obtained from a rin

which CUEE Rt P AT HEd ToWeh BONICH SEF e e

muﬂoaisdm@u@lgimrﬁ@@memef Argratitee] wiitbiibis ioHervbigeceldposit the

F@@JS Mé%%@ﬁ&ﬁﬂ&*ﬂ%%&%%%@%ﬂ@@ﬂ@&yaﬂﬂi&%{%@t@éemn had
r

e 10 (b) shows a portion of the deposited material taken Trom a point

13! @&thmff?@mﬁmﬁgt?d@h% bty YRR B AS TR ERVENTER. Fhe e
I@%@@,&%@;@mﬂh ghe Watuntse HiG senesit. a&&e@wﬁam&eﬁgﬂmﬂhegs obtained

SR BT AT N e ) Ao RD S S Rb i e

PG#HIENS2004/040629 That the rings of the present invention with a SiC
Wpﬂﬁlﬁgnentatlon parallel to the plane of the ring had a flexural
strength equal to that of rings made from SiC_material with grain growth

orientafifn pepanarimabiding grhearheirg PR uinpHerigr rRRgssing were

exealianl %@(%Hidﬂ?gstbl RexpRetRE Simgarple, kel ﬁdﬂ%ﬁgﬁg &S&ﬂfd&hﬁ each

malerial of e precentinyention, he SIC melegol s heptin 2 lieg]

ogen—to—
MTS flow ratio was 8.4 and a nitrogen doping gas was added to produce an electrically
conducting SiC deposit. The average deposition rate was 0.0065 inch per hour. Rings
obtained varied in electrical resistivity from 0.004 ohm-cm to 0.007 ohm-cm. For
comparison, SiC material deposited in plate form that has been deposited under similar
conditions onio flat graphite shee typically exhibits a resistivity between 0.002 ohm-cm
and 0.008 olim-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 Teduce opacity to light and to provide a high purity Si surface for contact to Si

wafers during wafer processing. Typically, this depoesition is conducted at or near
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direction of grain growth, i.e. using an analogy to wood, the material is
bent "along the direction of the grain." Therefore, the present invention

overcomes prior art deficiencies associated with fabrication of ¢ rglrpic 629
W?ﬁ%%’ Wi maintaining outstanding material strength. EXARMPLE 3 'S¢

#ﬂ&gﬁé% Banding:208 mmeiwaers (use B ORMCHRINAEESSING
were fabricated accordln? to the p §¥§) s of Exampl? 1, with the followin
a

SR B RS LGT A5HtESH LSRRGS SraRiEyotoih g C and
emoﬁﬂ)utaﬂlgrazphmmséapm;badné%p@tlda@bappmwﬁmm@}m@’suw
the -t TS 1l t T

*i%hgﬁmc%%%&ﬁ > ol yg;raagﬁzt ; hs Rvgra oek?egaat?pggﬁa WAl sition

our. trength of rings obtained vari
betwkenssd a8 ksp e59estevanhvreluds afrthndicstifdroamiemdisgause of the

mpSHiAl SRR EKAMEBLR AR hedaadings fanhandingZ00mnpmeh:

wafers for semiconductor tr{C)frocessmg were fabricated according to the

RELETbf S RPRRPELHIT (HE TETTOIARG! CRRBRTORS SaRiPA B AT =roved
gsaghite septiandhadalpagih oftappioximaiplied5 mches; GRt theducts, e.g. the

n-to- flow r was 8.4.and 0 e S was
ég{ d Bcp?%a%lce an éfea%rlca ?esg%tn uetin Oné depo%? %@é a\O/}[érlggcgs”;metic
dappesitiores atefiwie0:80BEiddrelosk hour. Rings obtained varied in

electrical,iesigtivity from Qi%lzé PRPA-£RANL QAT QRAME “ERke SiC

comparison, SiC material deposited in plate form that has been deposited

URF Sl HRERCSRARTGHS SRR BrapRife 'Srad WpRIaRGBRABRE

resistiviy tetwesia 0)08 ahnefen: anitl-0:008 ehrueaviThekefoneritcon

eI ctrlca eS|st|V|t measurem ents. oatguned from the d &mr xample
egrance o EPpEItE oatmn er evaﬁég
4" & IRAHE 1B m direments obtamed from éFa‘fVe fo erial

dmptma@jwmdehmuamdﬁmmhsalmemnmmm@s@mme PrRP).
mlﬁﬁa@@éfsﬁﬁs&&%ﬁ{@&w&&\é&%@@ RigPAlNgS {0, LedUcE ARAGHY

to light and to provide a high ty Si surface for contact to Si wafers
dﬁ#ﬁﬂ@%d?é? §§¥ﬁ§e'F§f[§%dH’9g fisigideposition is conducted at or near

18762481222 A 2005 QbH T Tild $20 £:4RM D 2 atmosphers

pressure ugg% hlch%orosn 06 3R SUrC of SI|ICO£E8% dro%1 nSI%e;,V%S

ITRERPSORY FEATHRR Ry gae and SV E 1R paratura ©

abafi:dea0 £ alidlip2 BORertOREY diffcaniomdiep Suitivnsaatiopapidh paraliel

d&é%%?!&b‘%{bmﬁmg %'%ﬂ%’@@%a@ﬁé at 45kV and 40 mA. Tests were run
over the angular range of 25 degrees to 90 degrees to capture all of the principal
diffraction peaks from SiC and Si.

For the XRD analysis of each sample, the Si top layer was scanned first to

obtain the texture of the Si layer. Then, the Si coating was completely removed by
immersing the sample in a 5% solution of hiydrofluoric acid in nitric acid for 1.5
hours. Then, a second scan of the underlying SiC ring subsirate 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 I, wherein Sample ring 80C2-
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limited to evaporation, sputtering, ion plating, ion beam deposition and
plasma deposition can be used to deposit coatings over the products of
the present invention. Because of the orientation and unif(i;rér} B'S%J‘{g gg
; 5 . . : /! 7020629
WO IRYYStructure of the material of the present invention, coatings

apRlied e haiprosucts.ofthe-preaentinention havadmpranedraoametic

appearance compared with coatin
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ev\v/earﬁjggé. Hhe “materials were characterized by optical microscopy.and
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withihenaraEheas, incdentss AeNaige fiatlanartsurfaneres tfehkinmg
samples. Measuremegt of Si coatin
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HRONex U evanalysisavaseparfdronedens of HisilipsxPerviipdiferent
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erating at 451cV an
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A. Tests were run_gver. the angular

raniferof 28| FegrleSTs D S reas o Laptcrai st thisegpls

Cpas

diffraction feaks:om. SiGandiSh fook tbe KRBianaljisisiafeasticample,

the Si top layer was scanned first to obtain. the texture of the Si layer.
RRRE S GO L EOTBAE T DUy ISee A e Sheiera
adi sedutinpanibydiol vdrie anideiymg i@ oditfoial for Hesrsamhin, 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
tibkaime location on the part. Several Si-coated CVD SiC rings were

osen ey aralypigdsediongie  methmd: of marufact{iring @switbe\ppearance
cosmetic appearance of the Si coatin%?.T The >%g16%§si and analysis results
are presented in Table 1, yw a Bfélr}ng 1876248.2 23 WO
PPER/056873PCT/US2004/040629 | Olavas obtaim2fl from a ring rvdde by
the process of Example 2 pf the present
database
80C201-4 Example 2 0.17 0.39 0.23 uniform gray appearance
in reflected light
45CN113-2 Similar to 0.10 0.82 0.27 uniform gray appearance
Example 1 in reflected light
45CN113-1 Similar fo 0 17.6 0.4 strongly variable
Example 1 appearance in reflected
light
67CN463-4 Similar fo 0.84 1.26 0.25 slightly variable
Example 1 appearance in reflected
light
67CN463-5 Similar to 0.2 27.2 0.4 strongly variable
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invention, and Samples 45CN1 13 and 67CN463 were made from sheet

form CVD SiC by processes similar to Example 1. There was no variation

in cosmetic appearance of any areas of Sample 80C2-01,I; ‘ffﬁg%&m 40629
W%%\%?ﬁl%‘S@aCZ-OlA is representative of the entire ring. Howgver, samples

CNI13-Tang NEI3-2 wWere fwo sampgles cut frdm @H@‘@ﬁ&@[@a&}@jwd
he same ring with differept cosmet|c appeatance. Sample 45CV§1 3-2
ce

as taken frgm an area of the ring that exhibiited a uniform appe

and Sample 45CN113-1 was taken from an area of the ring that exhibited

a non-uniform appearance. Likewise, Samples.67GN463-4 an
TR BT AN B BTG 8 AISEEeT g
diffausi 1cBynetipappeardticthel pottidsicdisbSampieia TENaBE4 2l

a&%%%ﬁ%%@@%éﬁ?@ﬂ&@&ﬂﬂ%ﬂ,%ﬂ? SHGNABS R NVAS N8 nely

non-urmiform. owing discussion illustrates the relationship between
tiisnsifBihmyforeberiatil e plhrark eBime SR CHPToRRT SHa fReeY
220411 heakratiog abtajned from x-ray diffraction measurements of the
underlying SiC material for these samples. Table 1. Sample No. Process
SiC sic sic Si Coating Appearance 200/111 220/111 311/111 PDF 0.20
073516 LA M thedatalinsERB0E20 0l Bndmipentis: $708: 3eum 28 Udiform

gray appearance ' O Q320 2(
B B e e o g

Sinmiiletor® e srocacstieighruRin abRse BIQIFHIE L LppEardHER  reflected
e dna b e O e o]
appearance In reriec | . . - imilar to 0. . Slr
Bl ashe s 35 W SEERTaeLa S Lns oG g ey

Moissanite-3C structure. Sample 80C201-4 of the present invention is seen to

have a completely random XRD texture, virtually identical to the powder
diffraction database paitern, while the other samples displayed either a minor
preferred or a significant preferred 220 orientation. Sample 45CN-113-2 was
almost random with a slight 220 oriented component, while the texture in sample
45CN113-1 is strongly 220 oxiented. Sample 67CN463-4 exhibited a preferred
220 orientation with a 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 1
consistent across the ring, resulting in a highly uniform Si coating appearance. By
contrast, the higher and varigble 220/111 peak ratios obtained from the prior art
samples of ring 45CN133 and 67CN463 results in a non-uniform appsarance 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 latlice
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Example 1 ( appflearanceinrefiected light The XRD texture was

essentially the same for all of the Si coatings on the samples in Table 1.

By comparison with the powder diffraction pattern databaseI; all coatings
W thedétibic phase of silicon. Each spectrum showed an'e f%%%qif/o 0629

strang 229 pietered qriemation, althongh someRbibe Athas SIPeRS: on

were barely visible at levels less than 1%. Table I'also %resents the XRD
tekifrerideamidonvrl the Samesiries Y BB R SSHwitianet fefvder
diffragtien paitesndatabasentheSiG skuaibie-iar-alicsamypleswas:tae
face-centered cubic e Moissanite-3C SIC structure. Accarding to the
ol kR BUREIY 4LGARMCE: et s Sie DA ST 1) of
apprivxinyatebyntbBiés indivdtivie rofidtsand iVl ShiemtdeSiChiphiteridfofthe
Maissa '5%-3C structure. Sample 80C201-4 of the present invention is
appear . . . .
seento have a completely random XRD texture, virtually identical to the

powder THiffrentmscitatstiesdherHupArel RS sr ERIMB b AfediC

ejihss & Mingresbrefavatiar fsigriticent prefered 229-adaniationsample
45CN-113-2 was almost random Wéih %BSIS@E:I 220 oriented com%?on?nt,
WHiB SRR B R S50 ABBRITS- IS SHERT P20 oHERRE "Shmple
6TRNKGR “hexhibitedtappefarned P26 osentalioh thitlgaisignificantf the Si
random companent, the. r - very
s S E T s S S
2pelaridl.peak ratios of the SiC materials obtained by x-ray diffraction

meé}su 'R @ﬁﬂ’fﬁ@y&m@?mwﬂﬁt @@m@rﬁﬂgﬁc@&m@ég@@%&mﬁm adew
220/111 ratio for Sample 80C2-01-4 is _consistent across the ring, :
rSERARG TP P AR IR APES f&m&%@%@%@@ Scémﬁa{’s‘%?%d this
highesaddyarighie 2 2061 3d rpaddratibs eiotimast idaithe Hiiocarttal
samples of ring ASCN133 and 67CN463 resultsd -uniforn: .
e et LR R T R
irrgticavad SHatiagrettsield 220 XRD texture in the SiC material leads to

the growth ofi koS GEALRSHHS GRS £RAING TS FeR30R Jod, thigiifnal
not understood, but maybe due tq the close lattice 1876248.2 25 \WO
ousprsEnte el e hssn asd ygth regard to processing the materials of the
present invention. In addition to providing materials having better stress distributions 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 8iC
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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match between 220 Si and 220 SiC. Variation in the degree of 220
orientation on different locations of the SiC ring leads to variation in the

crystal size of the deposited CVD Si coating, resulting in -unif
W%ﬁﬂﬂ&?&%’ée in reflected light. The SiC ring made by the p%@g}sisé%gfb'ﬂnimﬁw

RIGESNI inventinmdispiaysow fandemphberenteskiExiute whishresulisrna
CVD Si caoating of highl¥ niform, E%)pe.aé?nce._ The inventars Itsofbelieve
PR BV RSN & HFRARCE WPCHHG SreTHoR o e Rrede
igveNtignieaysberaide t@ theidedSepespendistitationbatation] dhithegidins
in the Si,coating compared to the SiC grains in the ring material. This is in
S aaﬁbné%ritrast to prior art processes in which the grain structure of the Si
coating lishosishiodebén shvdsnsty direrd chpbidemsageatrmEtheciireditesie

_rg?gdﬁﬂé’st?z%‘itéﬁﬁ%ﬁa?ﬁc%é?ﬁ%@%%ﬁ&%@ﬁ&é@%éﬁ&%@ﬂ%ﬁﬂ@&ﬁ@sﬁnt
invention have improved optical opaaty_corgg‘ared to prlol;%%t CVD ?lC

e S BENCOBR S ABIRIE SRR A SN BE FRlate g T R 1S
ranglomeerieatation et esctydtatifsirudtyreiostboplanensivthefringng, and
compared to the preferred 220 orientation of pri i€ ring
b re R G s S N
afhostedaudisioitinghe spictber whnefirstifoativaeniforkitivin redelér tsd
RIQeassing he-matariakseltbenpiaseniinyentinn.d R A0RIRR teReaMding

materials having better stress distributions and flatter profiles, théa method
RS AR P& R PP HISE MRS BB TS AR AR AT Ry Docause
significanthoayrallonipgime ulipie: eyliedrics) tleposiiah phainhearsiinside
one f;VD ,furnace,lr%glaciggs%%eleiast one of the conventional
SHRAETRERRIB REG B SfRE 5 iat mandrels with at least one cylindrical
tube. Inddiditigrihetiperifimeanplcostesavipgebars m@ébzéa@a%@@f the
ek S 0L EDSINVERION. st WheiL comBarRd it frhrigatiag ghrings,iom

plate-form CVD SIC material, the fabrication time of product of the |
plemesiteihie AIGA RcBigmgdahngt leadietypriberapite it e d pamy e
S&kgmgi%hﬁafmiﬂ%mﬂa@é&@ml 35§/ih &k?ﬂb,ganmﬁiﬂ@ﬁ%ﬁﬁ&,oﬁm@mgﬂ‘m n;ﬁ{,yisl o
reduced by approximate 0. Also, because rings are.flat as slice
R e R R R SO R A
ireibenNne ahbienedobs thehfirstiatemiidayitingsel priddusiioprapresent
i'?iY%})i&Q' In contrast, plate-form deposited SiC
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1976248.2 26 WO 2005/056873 PCT/US2004/040629 material has a
characteristic bow that must be machined out to achieve a final flat part.
Multiple processes of alternate side grinding are required with plate-form
SiC, and the first grinds are outside of flatness specification be several
thousandths of an inch. It has also been surprisingly found that the
process of the present invention produces a material that is very uniform
wiPhgRIQyiflas consistent results during grinding, when compared to
plate-form material. The plate-form SiC material is often inconsistent in
thickness and unifornuty across the dimension of a ring, and requires
1. significantmeadbine:0peraionjudgment®pdsasidstnientipipiadaeRle having a
finished parts within the desired.product specifications. In.additign, itis .
P T e e o
thejrideiess WRettedhatrissduecBiivaute simsiniformtbioosmldlimenipioneand
hadixiabgirection:andibesasised of the grain enieatation of the present
invention, the material grinding to final configuration is much more
consistent. Although the specific examples presented above are for CVD
2. silicénstcagbive maleniadd, isifillamréswisrane tutitipated withfbtheng having a
cirfigsiaisdhahgan.RerHer@aited by CYR ingluding, ﬂuwog;lmgﬁaﬁg,ot&%ﬁm
. oxide, nitride and, carbide ceramic materials such as aluminum oxide,
dirgglinn oMl dha S RIRTRIRRE R EFge, silicon oxide, silicon nitride,
silicon oxy-nitride, boron nitride, boron carbide, and other materials such
3. as zZieaulide, dnsaslanideiltanendadiamond diF (6248, 2at Whahises
" claimed is: 1. Astructure formed by chemical vapor deposition, being
silispareatBiflfcle having a planar direction and a normal direction, wherein
the structure has a dimension in the planar direction that is larger than the
dimensjon in the nqrmal dimensi nd having grains substantially . .
ot A S PR 3 s b BT A s  rine
thapylsereprizpfe sruetaredivvadien Bnd havinia divoeterferehoehardnwiherdistance
bethgaT@INmAL RiiaBiadia aaubsiantalysadialxdiractionsarpund dhsen).

circumference of the ring.

5. A structure, as claimed in Claim 4, wherein the inner diameter is between about

100 mm to 600 mm in diameter.

6. A structure, as claim in any one of Claims 1 to 5, having an axial thickness of

less than Smm (0.2 inches) and a diameter of up 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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3. A structure, as claimed in Claim | or Claim 2, wherein the structure
comprises silicon carbide. 4. A structure, as claimed in any of Claims | to

3, wherein the structure is a ring that comprises an inner diameter&nod an
WO Y iiTeter and wherein the distance between the innet WIAMEIEY4Hd

ogter diameter i3 APPrAMRAIRY RN B{(OBedNGR): P14\ SHMEIUIE 1RS

claimed in Claim 4, wherein the inner diameter is between about 100 mm
to 600 mniFreldhiseled RS RS E CHE TG e BPEMIALN to
5, having apmaxiatihicknesssofdess than-ormifeihinthesignd a diameter
of up to 356 mm (fourteen inches). 7. A structure, as claimed in any one of
Claims | to 6, wherein the structure is a flat ring that has a curved outer
s@rface. 28ANDIA005 /8568 T3P T RIY92004 /040629 18 S Aswhintuibe as
claimed '”S@H%teféec%ggg@%ﬁw@%gmg&%ﬂi&aﬁ é&fﬂ;ﬁ%{&%rl&;ﬁsﬂ?é fing

having a circumference that has substantially symmetrical stresses

around theoBirétirime dones siiRe A §oniLivor fF8iSs e BABEYR any one
of Claims Ligi8ein whichitieastpilityecataptises UMD depegiediilicon
carbide con%Brisjcnfg an o aci[%pg dopant dispersed in the silicon carbide
in an amoﬁ1 o8UThciErt ocﬁow%e an opacity greater than 10,000 times
that of CVD- deposited silicon carbide. 10. A structure, as claimed in
Clgim 9, inwhighihe dopantds HERLAIOIN AR AU AN ROMRAG, a?rg)tgtn

5000 ppm. 11. A structure, as claimed in any one of Claims 1
which the At CBRpiTaeEN B E@F8Sited silicon carbide material

comprising FCC Moissanite-3 C silicon carbide having a peak ratio of 220
planes to 111 planes ranging,between ahout 0.3Q and about 1,25, as
idaouren by SERAFMRHER TS St Rh B8 L e ARy Bl o
Claims Ito sticinrevhinhptize <HeY Pelakostid rilfges bdideenabguobBdsand
about 0.60, 8.y slticiure- A% £IANEH: IR A0%ODE A ClalmS A Tl

which the structure comprises CVD deposited Silicon carbide material
comprising 11 planes ranging between about 0.30 and about 1.25, as measured by

x-ray diffraction.

12. 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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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 ?j m’ ?sq j
WO BTims 1 to 13, in which the structure comprises si |§0n caggﬁé% 29

and further comprises.adayenel-silicen depesitadenatieasianasurface
thereof. 1876246.2 29 WO 2005/056873 PCT/US2004/040629 15. A

method of PRARIFG S SERES Ss claimed in any preceding claim,
comprising) the stepsngfinajftirhinghmaierdakbyrchpmicainvaparddpssition
on a surfage b) dvigingube.mater'alxsligion.along.adiigalion sughas
will form one or moretructures a\)l[ng a dimension in the planar
direction that is farge pHan nEeHEIBHRRT RS TdfRTAP eie RS Gl atid

having grains sybstaniialiy:ctignied inihe Hansssdkeatinnndénh method
as claimed in Claim 15, in which the strucgéj‘fgs corﬁ%)(rise fla rinﬁgs, Ehe
SALALY

method compristHgSEiPPASATE™E RERG SREFEEBAY ' Pranar

deposition zonegifkditecting precursor gas into the tube; (c) chemically
reacting the precursor gas to form a solid deposit in the shape of the tube
on the inside on the tube; (d) removing the solid deposit; and (e) dividing
thé. solid depositihts sabetdrtifllviiat fiigsaighebh pEterBr sRERIH B,

17. A metmgS ap.claimedin{laime16, further comprising directing
precursor gas onto an outer surface of the tupe, chemically.reacting this

precursor @as td’?@?@%%fﬂ%b’&éﬁi“ﬁ?ﬁﬁ@%&é%@& FROTHHSE “P8Foving
this solid Qgposiyi@eﬂngiyf&m@cshigasaﬁd)d&pm;into substantially flat
rings either before or, after removal. 18. A method ai%claéng&gdiaﬁ%@{%lS,

in which th® strutitFeg Xﬁ?ﬁ?lsnegf at ?fﬁ&%{s?ﬁgar% hod comprisi
the shape of the tube on the inside on the tube;

(d) removing the solid deposit; and
(e)  dividing the solid deposit into substantially flat rings either

before or after removal,

17. A method, as claimed in Claim 16, further comprising directing
precursor 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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19.

20.

2L

22.

23.

24,

25.

(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; 1876248.2 30 (c) chemically reacting the precursor gas to form
a solid deposit approximately in the shape of the mandrel on the outside
of the mandrel; (d) removing the solid deposit; and (e) dividing the solid
deposit into substantially flat rings either before or after removal. 19. A
method, as claimed in any one of Claims 15 tg 18, wherein the precursor
gaseom CMRFAFIH P STERES Y02 1SS sV idshisd in any one
of Claimsa}pprisx 2iaralhenaite ivpulo the mprides oasigraphite wilike ZanArel;
mer(f%i od, as claimed in Y gne Claims 15 to 20, wherein the deposit

co I‘Brise?l?fﬁ\élgﬁ ar %%e. Rt gﬁ?od, as claimed in any one of Claims
15 ¢e) 21, dikehein thvestlddelippriovide shigsiatpllydliy rof ssegiimeritsio28 otafier
method, as cg%iged in any one of Claims 15 to 22, wherein the dividing
comprises glllcmg' the deposit into flat rings having an axial thickness of
less than about 5 mm (0.2 inches) and a diameter of up to about 356 min
(fourtgemacheshinftd Uaihat A TG B fanaRe! GlARSA,19.23
further comprising (f) machining the substantially flat rings to desired
dinseRstBrs PSthXtridlassilaaclaimed 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
nortn@Ftifte ASOATRFTVTEY SR QI &TBF thelAng: et b BYSiteeney
WQQ@Q@AQ@@@J@ PCT/US2004/040629 chemical vapor deposition are
substantially oriented in the planar direction. 26. A method, as claimed in
any one of Claims 15 to 26, wherein the ring has a circumference and
whareialbe, grainsrace orienteddCRims 15 to 20, wherein the deposit comprises

stlicon carbide.

A method, as claimed m any one of Claims 15 to 21, wherein the tube is provided

as a pharality of segments.

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 less than

about 5 mm (0.2 inches) and a diameter of up to about 356 mm (fourteen inches).

A method, as claimed in any one of Claims 15 to 23, further comprising (f)

machining the substantially flat rings to desired dimensions.

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 dimenston, and wherein grains of the ring
that are deposited by
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substantially radial direction around the circumference of the ring. 27. A
method, as claimed in any one of Claims 15 to 26, wherein several tubes

are positioned within a CVD furnace. 28. A method, as claimed in any one
WEPENIRI8 85 to 28, further comprising applying a coating of SHIESH #4629

least ane syrface, of the 1ind, 29,4 method, s laimed fn Glalm 28, further

comprisingcménéﬁln%g?ﬁe rng prior to apf)lilylngytﬂe sﬁlcon coaﬁlng. 30. A
method, aslietafmed in Claim 28, wherein the silicon coating is applied
using chemical vapor deposition. 1876248.2 32

26, A method, as claimed in any one of Claims 15 to 26, wherein the ring
has a circumference and wherein the grains are oriented in a

substantially radial direction around the circumference of the ring.

27, A method, as claimed in any one of Claims 15 to 26, wherein several

tubes are positioned within & CVD furnace.

28. A method, as claimed in any one of Claims 15 to 28, further comprising

applying a coating of silicon to at least one surface of the ring.

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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