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METHOD TO MANUFACTURE LARGE UNI FORM | NGOTS OF SI LI CON
CARBI DE BY SUBLI MATI ON/ CONDENSATI ON PROCESSES
WERO987REFERENCE TO RELATED APPLI CATI ONS [ 000 1pCTVOE®08/079126
application clains the benefit of U S. Provisional
Patent Application Serial No. 61/013083, filed on 12
Decenber 2007, under 35 U. S.C. 119(e). U S.
Provi sional Patent Application Serial No. 61/013083 is
hereby i ncorporated by reference. BACKGROUND OF THE
I NVENTI ON [ 0002] The present invention describes a
h , . ¢ g .
MR AR RO PI ARSI carmror

pol ycr yst B SUBLIN LTION/@ONBENIJA TIONSPROOTE S8
pol ytype. [0003] Crystalline silicon carbide is a
sem conductor material which is useful for the

sem cond. tel | . !
abri ca .@{?ﬁ_@@mg %ﬁﬁﬁ% KPPLIMAFIDIEQN

operate at hig I gher tenperatures when
[0001¢ o e agrgblit avicnrced ivis itlonlsdnefieofi G Gn duwtigonat Pyshalpplivation Serial No.

o1 TS A 3y VO R I PR TR 990 peen
Appli&tidnsetilENGr v 13085 %gt%%éb&; iﬁ@d%hBﬁ&dWrEfzéf@Jc& hi gh

tenperatures (1900-25000 e nost common net hod for
the gromh of bulk crystalline SiCis sublimation.

crysthl | ne. S e ReRaHSTPE TSV ERTIOR. 7' ot o

[0002P2Tihe pre@bnt identibP dPRtiBR a REGHAE6 prodtChr e Estk BESiGon carbide
subl i mati on net hod. The nethod therein energed as an

(SiC) i Thsraetbpbean sntatered suirogpea/ By ysfaltiag 81t o chiptalléneySiC of any
polyt)ép S2, 854,364), Tairov (see J . Crystal Gowh, 52
981) pp. 46) and many ot hers. [0006] Sublimation
[0003] e &t {dtgirige filicobedrkide isysiemit oSl agiravhihds @seful for the
ommonly conducted. in a. closed C{eléi ndri cal reaction

fabricgiga of WHGRRICATPIGe0qviseh PRUEPEa PREISCE! Mt PRwE 28g T
Bt U8 A 8o 5,1 SS ANEL R IR0 s
silicofind gallium arsenide.

[0004] Bulk crystalline SiC is a difficult material to grow since the growth process requires
extremely high temperatures (1900-2500°C). The most common method for the growth of
bulk crystalline SiC is sublimation.

[0005] The benchmark art for the growth of bulk crystalline SiC in commercial applications
is that of Davis, et. al. US patent RE34,861 which describes a sublimation method. The
method therein emerged as an improvement on methods previously reported by Lely
(US2,854,364), Tairov (see J. Crystal Growth, 52 (1981) pp. 46) and many others.

[0006] Sublimation reactions for bulk crystalline SiC growths are commonly conducted in a
closed cylindrical reaction cell in which is located a furnace. The heat source for the reaction
can be resistive heating or RF induction heating. The reaction cell is typically made of
graphite. A seed crystal is placed inside the cell, usually at the top and the source material for
growth of the crystal is placed opposite the seed. Upon heating the reaction cell, the source
material is vaporized and it then condenses on the seed crystal.

[0007] While the process described above is relatively simple to envision, in practice it is

hard to realize. The control of the reaction and vapor transport depends on a plurality of
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graphite. A seed crystal is placed inside the cell
usually at the top and the source material for growh
wW@Roovhes9ss ystal is placed opposite the seed. UpORUS2008/079126
heating the reaction cell, the source material is
vapori zed and it then condenses on the seed crystal.
[0007] Wile the process described above is relatively
sinple to envision, in practice it is hard to realize.
The control of the reaction and vapor transport
depends on a plurality ofvariables, none of which are
variatjds’ ﬁg&el of VMHQ? £retdr}%ctgf Slder ﬁ}%q}s&glcogt%ll c{ﬁgmg I?l?e fr{)ge%g Sthe process
process cannot Dbe
cannopB¢ fn@hhﬁéd im sigu &4 1®Ssq1érfo®rpaﬂhm deddd, opdy@e telaMparansmirt of vapor
vapor fromthe source to the seed, and its
from thg ﬁalgﬁ%%& the seesnanditycandensation prsherystallizafignip gientiicpnty

fl h&fd' e &y Rei&EPRET AL el Ak hh i 9 dred

influe tH)et nag&éart%la 1vaporlnzes a%egl transportggp frrgm transports

from me uom:ree regglm:n theoseet eegereﬂhe tegpayatutddistribniper dtajug@ All of these
istribution chan of these%arlables

variables Negd fopechosdingfe F‘|P6W Lip 6"%%1886‘? S sggqﬁsgﬂlg rYStal growth.
[0008? quﬁﬁﬁﬁyb Ip@&/?zl&tf@hn QF OiEdh cdrBROS uskl Rl Rl sbircd nPANWEE! Selection
or m of icon carbide is used as the source
of thepattistd sire ar@etsehstnbnthn‘ wilhisnpaat the grasvth iprasesm @awmset al., teach that
ess.

&
e peic SloRt BE o shot RGP ol G B D Bog BREE Fprstan
propoﬁwnydﬂpaﬁytwmamﬂingm g\M\pcqptyPés’:' TR i @is BaxG gk ad

proportion of polytypes, including single pol
repeatphiligopirige yepar sPBIPRENPI Ware, ehel (b faastaldimavetly (%?0%5) he

R e L ol b T
pamcreaﬁ@r@nmeaqets léfeeipacisingand bidiferdsit Si(p pivtiele sp@s tarcbeussdz@ increase
geonetries effect packing and different SiC particle
the Cr‘éﬁt"?&m@éﬁa@e used to increase the crystal growth rate.
0
[0009ﬁ %%u%gﬁ%fﬁlgé sy c%{zci/eg?glll ﬁhﬁa&:&}}l]@f} %be fhe! fsg@é?ﬁfs‘{ag B&d in turn,
affectmesemuv%ytvyluvahdl eohdticioniieledtiioity. dfowetst ﬁllghqmryy s1|llow1 carbide

cost, SI|IC n_car rs are no
powd 3 i 1o 0P Pl 1 SpedPY rE Dt P esiion peT-agt grmperature.
press&Q\@tJ)Qﬁﬁﬁgtsul:{lirﬁz{fﬁ)%rgi@&ﬁtal REGSHUE RquBbio 18t iM@rporation of

subl i'mation Si C crystal” growth is required to limt
undesirpd onpoities fom GF sowdegite & Slﬁpmyﬁtali xanfiple impugios of) ﬁ@recern in

.~ 0N | C.erysgal uritjes.of concern in
SiC Ciys téP %rygl%fs r sarrnb %ucrt%rrchvgrcn agghc % S 1nci de b8reon phosp orous

nitrogaR Rilhre@uhg Afaninie] wadediber e irghospho r ous,

[0010] Ota, er. al. (Materials Science Forum Vols. 457-460(2004) p.115) show the growth
of high resistivity SiC crystals using mixtures of pure silicon and carbon powder can be
achieved by variation of the relative amounts of silicon and carbon in the powder mixture.
They report the results using a source based on mixture of silicon and carbon powder
mixtures, and they discuss sintered the mixture gives better results compared to a SiC
powder source. The silicon and carbon powder sources show reduced incorporation of boron
and aluminum. This work does not offer insight to the repeatability of their method.

[0011] Other variants of source materials for SiC crystal growth have been reported.
Balakrishna, et. al. (US 5,985,024) developed a method to reduce incorporation of impurities

in SiC crystal growth by using a novel SiC in-situ source method wherein high purity silicon
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ni trogen, alumnum titanium vanadium and iron.
[0010] Ota, et. al. (Materials Science Forum Vols.
Wa00948062004) p.| 15) show the growth of hi ghPCT/US2008/079126
resistivity SiC crystals using m xtures of pure
silicon and carbon powder can be achi eved by variation
of the relative anobunts of silicon and carbon in the
powder m xture. They report the results using a source
based on mi xture of silicon and carbon powder
m xtures, and they discuss sintered the m xture gives
etter. re. to. ' e .
et R0l RGP RE 08, RO SOUDERr ol i tor
silicom cbidp @f@t thoMaafyabar emaa(dS al048] TASB2 ) Idel & ibed b knddlb@Bfor the
not offer insight to the repeatability of their,
formagign Rh¢IC javereIROWSCh B teia} PyFrastify ofsgpiiosilivan Byafesials angcarbon
contaiﬁn%x%fi}{ét al growth have been reported. Bal akrishna,
et.” al. (US 5,985, 024) devel oped a nethod to reduce
[0012] n&ithpmst adntom ob thei SiPpomidersizé mdSpackingystaak ofjrepedthbibisy of the
.~ US] a novel SiCin-situ source nethod wherein high .
SIC ciital ioeh ProgmaBlecms Pyl SPNG S PRV R b Bbandapgfant o yield
high pRHBNS RUEA §ed1s NVIRFOGRSRORe B3It 1AGEAY Blerhhif e8 REEI RS 0A SIC
silicon carbide growh. Maruyama, et. al. (US 7,048,
powdargBatBR loseiwg miphatiessandatspipd fardhe giowtl ok bikt drpstalef ASepsatable
squrce er teri.al. by react.ion of qrganosi.licon .
proceiy afifiu PR G FaP BRI Loe g uPlos TGOS e pires o
delica€ObHl 4Rk afd niaRgehichat POMIBEseSTa#RbRED packing, a |ack of
repeatability of the SiC crystal growth process w |
occur. Purity control of source materials is inportant
to yield hig ' i t orts are
required to Eﬁggﬁeggi\@g%ﬁg{p\%gh?y%mﬁw& C powder
[0013] ha figt embadimient ofitpygrihtenesn esigteLmel nibthb@ Fortthemghwfatthre of
of SiC crystals. A repeatable process to grow SiC.
monolhasingPtof$ilicon spRIGeEFOMPEIsINgH ) d BT USHG AP g £9EEsing
polysiBiEH! heal LIRPS af CAb S Sovited b G R B RaPRGEI AN having a lid; i)
managenent " of all these variablfes. BRI EF SUMWARY é:
sealing e dyNvENTHl GidcfioD ¢S] ofA)fiiiy strodndingl theeytindrficat kdastion cell of ii)

o B SRR hOES A, SpTEL oS Lo COm Bt of
o R 1) O K ORI DAFAR T8
cylindgish] remipinwgllén thecfprniacf) of v) to a temperature of from 1600 to 2500°C; vii)
reducing the pressure in the cylindrical reaction cell of vi) to less than 50 torr but not less
than 0.05 torr; and viii) allowing for substantial sublimation and condensation of the vapors
on the inside of the lid of the cylindrical reaction cell of vii).

[0014] A second embodiment of this invention relates to where the method described above
can further comprise: ix) introducing the product of viii) into a second cylindrical reaction
cell having a silicon carbide seed crystal located on the inner surface of its lid; x) sealing the
cylindrical reaction cell of ix); xi) introducing the cylindrical reaction cell of x) into a
vacuum furnace; xii) evacuating the furnace of xi); xiii) filling the furnace of xii) with a gas
mixture which is substantially inert gas to near atmospheric pressure; xiv) heating the

cylindrical reaction cell in the furnace of xiii) to a temperature of from 1600 to 2500°C; xv)

reducing the pressure in the cylindrical reaction cell of xiv) to less than 50 torr but not less
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sealing the cylindrical reaction cell of i); iii)
introducing the cylindrical reaction cell of ii) into
W@2000077985 f ur nace; iv) evacuating the furnace BET/UE10P8$/079126

v) filling the furnace of iv) with a gas m xture which
is substantially inert gas to near atnospheric
pressure; vi) heating the cylindrical reaction cell in

the furnace of v) to a tenperature of from 1600 to
25000C; vii) reducing the pressure in the cylindrica
reaction cell of vi) to less than 50 torr but not |ess

than Ots(a%t;afr?r%;?c? X\'ﬁ?gﬁ dmﬁg 9%{ slulbét%nt%ll lsﬁ}%n?%loﬁl%hd %81?(?6&19&{08%% the vapors

I'on” an ensa € vapors on

on thd insidelef bk lidhe thd eyliptiricd eeaeyibn oelt ofcal). reaction cel | of
vii). [0014] A second enbodi nent of this invention
relates to where the nethod descri bed above can

further Coﬁﬁg‘AfiE D'[% S¢1@¥P’T€I@W®PQHE‘H\I‘9E fy of viii)

into a secon rical reaction cell Ing a
[0015%i Ini the medediwif (ﬂhas mdtmm t)hsq)alysilmomtr&mhl olmps IaE tiypinalty obtained

S ce of it ling the ¢ rical
from § BN SRS et greriid Sy 25 el sietutrianditiod Retapf i iy WP Mara,
R. Hel8RC U Aln€ eHhndook bf BBHR 0AIYRGUIMR ST RBRSI0g K II\)oyes Publications,
evacuatlng the furnace of xi); xiii) f||||ng

Norwichr Ndc &9Ur ISBN §-84b9H 237-gashepetysiisondihiph aressegregated by size, and

the e PRkt PogteRBSEly PR Sal o af b BRERE S RGOS vt

than the/pslagBcdHf s1z@ fiahde. tTBe PolyeilRet fethl €hiph afers@BcBMH Dunique
25000C;, xv) redu0|qﬁ the pressure in the cylindrica
Y

contrqlled 17 @listiaRutionof hecpalysitiepn| etgl emiprandetlended s g shigle ingot or
O
epar S 020 PR8N ol 590 0 SRy A bk
brokeh n&o deipoby tianubld nethdnieil pydcesdThe polysidaat metal ciepd hat an
xv) . DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0015] In
irreguias hapgt hetPy sitifsmpPial eHpy YR SEHBew Ssmpriapym fgpegsion into sizes

of frOﬁrTlI:q .ﬁﬁ) 18" fm! é’lpdl&ﬁ{altlwelg’/l{’)t A8 nfih Waﬂeﬂ%@?? €43 %Irrﬁfﬁt h

such as the Sremens net hod ap e
[0016D NWypmallRthelderbonrpgwder 1sH(ﬁmu;ch Sﬁlaﬁdtrhmlcnmbn than the polysilicon

Sem conductor Si]icon T No I' tions,
metal Gy LT CORTPY PERtS oGRS Do g8 Tz of Tt S S S B
polys1‘171tid)1’9§h1§ir ﬁl(ﬁ&%&ﬂ;ﬂkﬁi@r B 184068 intd r&d:yhﬁ@rlé‘a@fet&@f‘orp&%ﬁ Fhe kotal

regated by size to a val ue that di fferent and

mass gﬁ cgﬁ pf)hyelém@n/yarbwamvéuretlh émmt Y tcp% |0>kg» Arrmntssqf zaelyrsmqg@ metal
to 1.2 Q)hlaﬁﬁolﬁﬁfatib fbabi@.aﬁ%(tyﬁﬁd@caii keﬁﬁ@l ¢dmg1@lﬁu@d with the mixture of
polysilicon metal chips and carbon powder sufficient to occupy from 30% to 60% of the total
reaction cell volume, or alternatively 35 to 50% of the total volume of the reaction cell.
[0017] The cylindrical reaction cell is typically comprised of graphite is typically
electrically conducting. The cylindrical electrically conducting graphite reaction cell has a
threaded lid. The height and diameter of the reaction cell are designed to allow volume to
hold the mixture comprising polysilicon metal chips and carbon powder at the bottom, and
provide open volume at the top.

[0018] The cylindrical reaction cell is sealed using any known means available, however,

typically the cylindrical reaction cell is sealed by mechanical methods. The cylindrical

reaction cell is sealed by tightening onto the cell the matching threaded lid.
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separated into several pieces. Bul k hyperpure
polysilicon (>99.99% atomic) is typically broken into
w@Riop®74995 a manual , nechani cal process. The poPgBEUE1008/679126
nmetal chips have an irregular shape. The polysilicon
nmetal chips are segregated by maxi mum di nension into
sizes of from0.5 tolOmMm or alternatively 0.5 to 3.5
mm or alternatively 1 to 3.5 mm [0016] Typically the
carbon powder is of nmuch smaller dinmension than the
polysilicon nmetal chi ps. The carbon pomder IS
[0019&)y Fiqhg Qf é&ﬁn? h{r%acg 1§ Q}g gppﬁlﬁég %H%fvag ht C arln%gr \&Hbsemﬁlme is
icon ¢C car Into
large @}dug]ﬂdf halalthe Ieaatdnmallc@hd furan&e hézﬁtsﬁhrcﬁﬁ&ﬁb@fncbﬂperated from the
pol ysilicon/ carbon mxture js from0.3 to
ﬂﬁgﬁﬂkr

outsidgtasinaa Kt IndBetias rewn ehainsidripesistively QF*H%
[oozo?r é‘ %ﬁiaéel'@tevécﬂgﬂ'eg byS rﬂedmhlegl dithdsq Bf dﬂgqg@&d%gg system

romo0.9 to 2 on anmolar ratio
capabteytb lankdevepiles sumdieloumo ©O8ltérr,iamdfcah hisd hawe htutremetectdarrpamp to

. of polysilicon.netal [ and carbon powder
achio @ P i Yab P PRI E%&Fﬁ? 30% to 60% of the total
[0021] e%ﬁ l@OmERlite WIREMBubQEntAlly §hddREds S In&‘ar%ﬁn@)ﬁ)h@l@c/ dREsure is
he total volunme of the reaction cell 001

exemld}ﬂqdhr’marg@ gasevaght:hllur gee :Tihelggs Tilumaqan)furéhmpomse@b igpidual
nivosgl AR v b B ey Pt e S RO hE

nnmnﬁ£|| has a threaded Iid. The hei ght and di aneter of
reaction cell are designed to allow volune to hold

[00221 héf hgihgatineeof dmpingrigy repstin cell sdmpigeityaccemppghed by RF

lmhm§@{$%£>gomder at the bottom and provide open vol une

[0018] The cylindrical reaction cell is
[0023$ealhe dylunsdrrzcgl Iawtldﬁnshmwcea)rmteﬁtpaﬂahﬁb b&fromoMBURT to 2500°C and
cally the cylindrical reactigon cell is sealed

alternﬁ%V@HaﬁP@ahW et WoddV Grigessyieithatalished Rese pingsPhelq Prrssssure (300-
600 to?ﬁaalng %eb%nwngg}tﬁ a@tgalﬁr}fegteh he l)Jurﬁalﬂiq W@G(?@S(ﬁg? Tflnder the high

threaded 11 d. vacuu urnace IS exenp
tempelpytui@ cpaditians ﬁllegphtysdhamtr@tal \ans evill olaltremdireack avithehecmbgh
rnace heat, source can

powdgioTI s SpRORRT RS hrBpt fis bt 1L RpHS s g thereseiisn At

cooled.nduction system), or the |nS|de (a resistively heated
systen). [0020] The furnace is evacuated by a

[0024 e dhapiassure ot thelsabedficol redetjort geplds mginpe;dql@/ @Bpgugrthe throttle valve
on the eabrlﬁg)\lllt 2 atgfaur N }}T%Fr esfng)rlr?gf;s&)%gcli OI\%S 1S (c)i%nft: Rfihand %ma%c
pressure control system. The pressure is reduced to less than 50 torr but not less than 0.05 torr
and held for 30-100 hours and then cooled.

[0025] The time period for substantial sublimation and condensation of the vapors on the
inside of the lid of the cylindrical reaction cell typically is from 24 to 100 hours.

[0026] The reaction cell of i) also can have a silicon carbide seed crystal located on the
inner surface of its lid. The silicon carbide seed crystal is exemplified by a polished silicon
carbide disk or a wafer of single crystal silicon carbide. The polytype of the seed crystal is the
same as the desired product crystal.

[0027] When the container is opened, a large cylindrical ingot of bulk polycrystalline

silicon carbide ingot has formed on the lid.
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achi eve | ow vacuum conditions (<l E-3 torr). [0021] The

gas mxture which is substantially inert gas to near
W@eowepi9es i c pressure is exenplified by argon BEEUS2008/079126

hel i um gas. The gas m xture can further conprise

resi dual nitrogen gas or oxygen, but it is typically

in an anount of |ess than 0.5% of the total gas

m xture. [0022] The heating of the cylindrical

reaction cell is typically acconplished by RF

i nduction heating. [0023] The cylindrical reaction is

[OOZSEI ?}ér na%:l ve m a&é’%g&g{né@%ﬁg%%%ﬁgts%a@%% grel&'ﬂgve can

furthee 8braptises ho dnti’c&ﬂlblngttm)pﬂohﬁcrtldf viil) estd WrsecdridBAinddéhl teaktion cell
and_the container is gradually heated to apprOX|nateI

having ggidicon opbiee sexttaysRHECHPGR teriprs arines o dndidt rbivaling
cyhncﬁ’felal)bﬁéhétioﬁ%llr(gﬂthxﬁ EHtR)?lu % er@?hhd e({ gﬂ?ﬂo %O )tIHt% a

car bon powd eSe condi ut 10
Vacuuteru]‘.l@@ehol.)rwacamdng terfutnaee ofeagtxionfiltieg the fermoobexii) with a gas
lindri.cal reaction cel

mixtuf g R By D BRT BT HECHBOTErs Ars7e Bt bFapae s

cylind?APehQicAlE R4 tHRifGHaE HUNRI Rt ©RGERturd B SoiSI 680RE2¥00°C; xv)
an autonatic pressure control system The pressure IS

reducingdicrdssuee indggscylindnicgaeaation cllipf xigb td lessthamh 3k tagr BB not less

d h f 0-1 . th | ed. 25
v R D) e P HBe I S PR PR S o
on theclﬁndeemtellﬂrbf@ﬁe &HngdMeneéLtioncéiher twysi de of the |id of

cylindrical reaction cell typically is from24 to
[0029106 hpseroad cyllrap! reaetianeastl vibeercerbideseedcrygral ohe giethod to seal

the cyhﬁaﬁca?resal 6199&1 ?}%rfﬂhﬁ? Sﬁee%ra%{u% a(Jf tllleoﬁl?ﬁa%g C}RQ é&ﬂ‘glxture which

I'nner surface 0 |con car
is subsmly@atllal inérs g@xe mpa dtinesbheyic arepalre shetesinkiof et Ganiickd reaction
di sk or a wafer of single cr stal silicon carbide. The .

cell, ﬂff'o'ie?’tpﬁi’@rﬁfo vREhdheepli {ist é§act1§n celbisdisated gthe frﬁ:éhod of reducing
press1ﬁi§§ﬂ hed ﬂﬁcﬂ'fé:'dpltea@t{dﬁstteﬂl and $10 aﬂe \é\h@@ f(grrkﬁb&%fa@ LiHmdt®n and

opened, “a large cylindrical ingot of
condepsitipo oy dteatapdrsen the inside of the lid of the cyhndrlcal reaction cell are all as

described above for the first embodiment of this invention including preferred embodiments
there of.

[0030] By using the method of this invention the problems associated with silicon and
silicon carbide powders and control of vapor composition are avoided and repeatable SiC
crystal growth is realized.

[0031] The resultant product of any of these embodiments is an ingot of SiC. If no seed
crystal is present during vapor transport the ingot will be polycrystalline. If a seed crystal is
present, the polytype of the ingot is determined by the polytype of the seed. Most common
polytypes include 3C, 4H, and 6H. Using the above methods it is possible to grow crystals of
thickness 1-50 mm and above, and diameters 50-150mm, as long as the original mass of SiC
source material is larger than the mass of the desired SiC crystal and that the height of the
graphite container above the source material exceeds the expected height of the crystal.
[0032] The ingot of SiC made by these methods can be machined and cut into wafers. The

wafers are useful for the fabrication of semiconductor devices.



silicon carbide ingot has forned on the |lid.[0028] In
t he second enbodi nent of this invention the nethod
wale®eoniivezl her ei nabove can further conprise: iRJT/US2008/079126

i ntroduci ng the product of viii) into a second

cylindrical reaction cell having a silicon carbide

seed crystal located on the inner surface of its lid;

x) sealing the cylindrical reaction cell of ix); xi)

introducing the cylindrical reaction cell of x) into a

vacuum f ur nace; xii) evacuating t he furnace of xi);
[0033‘1;\/'h :11](1: %]dc{ﬂsl&ls togaq%%l{]ﬁt% do %Iﬂ%ﬁ(ﬁﬂea?sta ﬁ(lltljol)g?n% hos a?éus@oﬁ%aﬁilgg gas is
fed infor the Surh&ce, tie\SiCheatridl grdvhﬁwﬂybe oshductilg, hagsd. iHo mddiﬁd)ﬂ to argon,

in the furnace of xiii) to a tenperature of from 1600
a doparg sm(;@orgql Pr 3 g@wnh@oqtﬁgmﬁ r23% éslf?% mte, thefgrnace, the SiC material
growrﬁ?ﬁtﬂ lﬂ%{d ggétg{ge ﬁQ%ﬂeo Fhé @B}garn?is Qgﬁga ?(tf/tlﬁg E-T%ﬁ}cl)%m ﬁﬁ%‘ac? g;;ésgﬁlé is
rahmshbemaMhoamcsupkmnm¢Kameamgnqmﬂﬂmﬁsat|on of the vapors

on the inside of the lid of the cylindrical reaction

cell of xv). [0029] The second cylindrical reaction

cell, silicon carbide seed crystal, the nethod to sea

the cylindrical reaction cell, the furnace, the

evacuation of the furnace, the gas m xture which is

substantially inert gas to near atnospheric pressure,

the heating of the cylindrical reaction cell, the

tenperature to which the cylindrical reaction cell is

heat ed, the nethod of reducing pressure in the

cylindrical reaction cell, and the time period for

substanti al sublimtion and condensati on of the vapors

on the inside of the lid of the cylindrical reaction

cell are all as described above for the first

enbodi ment of this invention including preferred

enbodi nents there of. [0030] By using the nmethod of

this invention the problens associated with silicon

and silicon carbide powders and control of vapor

conmposition are avoi ded and repeatable Si C crystal

gromh is realized. [0031] The resultant product of

any of these enbodinments is an ingot of SIC. If no

seed crystal is present during vapor transport the

ingot will be polycrystalline. If a seed crystal is

present, the polytype of the ingot is determ ned by

the pol ytype of the seed. Mdst common
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pol ytypes include 3C, 4H, and 6H. Using the above
nmethods it is possible to grow crystals of thickness
waz289/0mand above, and di aneters 50-150nm asPCDOR08%079126
the original mass of SiC source material is |arger
than the mass of the desired SiC crystal and that the
hei ght of the graphite container above the source
mat eri al exceeds the expected height of the crystal.
[0032] The ingot of SiC nade by these nethods can be
machi ned and cut into wafers. The wafers are useful
for the fabrication of sem conductor devices.[0033] In
addition to argon, a dopant such as a nitrogen or
phosphorous cont ai ni ng §XAMBLESd into the furnace
SiC material grown will be conductin

[0034]ad c}ﬂhﬁ rﬂaﬂpwg awgoﬂes e aRsprd ta demondrale Irfs&geérﬁ d gpi Bdiments of the
1nvenf%ﬂJ ni't Ql%mlcf rEElcf&gd gf‘?ho'sé of ﬁﬁll(]j lnmhg ahhtﬁatfth\:r {ééﬁﬁ%%és I?f?sclosed in

SiC materi rown w be conducti ng, type
the exdmph:ls twhich ﬁ)didwdelabsd:nln ECh]ili[[‘EeStd]E:OfVﬁlled ag ehqomesrsourto fusction well

reduced. from at.nos essur t he target
in the FGISH Do MEXREPIES POATITHE T BISCETH K OB Iegems-bmodes for
its prdcR&d. Ud&He e, HERITSLilBh ehPhie fiRul e th BomQA &H@}Eénpﬁlsélbﬁlre
i nvention. It should be appreC|ated by those of sk
appre¢iptetthas nzany chiyeges chiebe medningbe spagifacdnlzsiiments whech are dlsclosed
| es..whi ch oIIo ent..techniques .di scaove
and o SR S p 1 5t PR A e O LR QU e
invenfibt AlNyeddnt s anf withs can be consi der ed to
constitute preferred nodes for its practice. However,
those of skill in the art should, in light of the
present disclosure, appr that many changes can
be made in the specific g%%%@?%ents whi ch are
[0035¢i 9ol waedighndirisy (THPpOladrica griphée @eracﬁbmélhzhippf@aﬂiately 20 cm
wi t hout departing fromthe spirit and scope of. the
high and,J 8¢ wternad diamdercrss fHidovigh & mixtugg of WHP pelyihican ghips and
carbohh ggxgcﬂr _g&f/&ﬁc&}i @Qcors) lé[)hfo)’m(to)yaax%hﬂl%b&%n iﬂ[@iﬁl@ si,8 range
reaction c approxi mately 20 cm hi gh and
of 0.5ito B&rmual. Cditempoadempesti¢lE Isize dange twns - IﬁSmnmr(anrérsUFﬂﬂae total

. .polysiljcon chips and carbon powder 1L
weigh St 8 ol o Pen B ik Yeivhar pumaieb 0 B QiR apgett e
weightt 3398019i1ifor® The pdwaerMx &R PRTMe PRV §foxﬂﬁ£tE1yQi5@/o 8f &€ container
range was 5-125 mcroneters. The total wei ght of the

volun}s:owas reiacwﬂeélavwalnd xtithreegragly tedshiTbs cothves ywrapped irkgraphite

0
1nsula?10n and 3 por é%rough t%g insulation provided to allow the temperature of the cell to be

monitored using an optical pyrometer. The reaction cell was then loaded into a vacuum
furnace. The furnace chamber was evacuated to a pressure less than 30 mtorr and then filled
with argon to a pressure greater than 350 torr. The temperature of the reaction cell was raised
to 2200°C. At this point the pressure was reduced to 5 torr and the pressure held constant for
20 hours. The cell was cooled to room temperature. A cylindrical ingot of polycrystalline SiC
was formed in the upper volume of the cell. The mass of the polycrystalline SiC ingot was
approximately 600 grams.

[0036] The polycrystalline SiC ingot was loaded into the bottom an ultra high purity (UHP)
cylindrical graphite reaction cell approximately 20 cm high and 10 cm internal diameter. A
4H SiC crystal was mounted on the inside of a graphite lid and this lid was used to seal the

reaction cell. The cell was wrapped in graphite insulation and a port through the insulation

8
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wei ght was polysilicon. The powder m xture is filled
to approxi mately 45% of the container volune. The
WO @075 cel | was sealed with a graphite |id.Ppaneswesn7912e

was wrapped in graphite insulation and a port through

the insulation provided to allow the tenperature of

the cell to be nonitored using an optical pyroneter.

The reaction cell was then |oaded into a vacuum

furnace. The furnace chanber was evacuated to a

pressure |l ess than 30 ntorr and then filled wi th argon
providsd RS FIRHEpSES BF (k280 LBOwbRibis Jfe AR p Y Ferer. The
reacti@oe¢dil whideptoadsdiing nascuadtfueede t TheSufmate clamtbel bas evacuated and

pressure held constant for 20 hours. The cell was
then f%&veal FEOH GSrHP Leriersnrgtof 080 tosr. QNer AgeTiedhpf 3 gt thsptemperature
of theFi1 cYibh Xﬁi @Ia%fanﬁd% ®1 é M’ eolht“thé séiﬁ‘@ﬁ{th¥ %IHEE% Wis
e cel The mass o crystalline S C I ngot

reducmb@ Zatopraodiamaixelry o6 ﬁl(gog IaadTBltro[g@anﬁ] walshielivered to the chamber.

pol stalline Si ot was ed into th 0
These gy p b Areghe B O DR gie il Tt TP ettt SR was
formeﬂ%ﬁocﬁé RRide ¢ldlof @Hfhoﬂéﬁ?éﬂdﬂ%ﬁl TheZbrkifhite 8 i @R SSIC was

internal dianmeter. A 4H SiC crystal was rounted on_the
measurefodee abpuel.gr aplhitcan driddthe aenaehiratidn of mm%aum Txd0S @tms/cm’.

A watefSaf & He® e 5% hale P R Pt AT e BB e Pl is i gecondary

ion mhgR spbdt@dcdpia SIMBRamateu®s afe 1idhel iaatabletio be rmnl tored
usi ng an optical pyroneter. The reaction cell was then

| oaded into a vacuum furnace. The furnace chanmber was
evacuated and then filledpy %h argon gas to a pressure
of 600 torr. Over a periog 3 hours the tenperature
of the reaction cReédultwaBTeaiAJ6CIYBEAIAO0C. At this

poi nt the pressure in - the furnace was reduced fn 2

torr aanl@mWitxt ure of argon GW%FW‘HHJ%WC%&_
del i ver&d to the chanber. Thlesse thaordilfi dns were
mai nt aiMed for approxi matel y1.8010Mours. A crystal |of 4H
Si C was Aflor med on the insides.bid'of the reaction|cell
The nonrmal resistivity of ng%sﬁﬁnikquas nmeasured to
be about, 0025 ohm cm and the, congenypaei on of
nitroge TS I)(I UJ.O atomst /s thanth g [ Iwers cut—f1om
the top_talH o+

IUIILI\'O

neasureﬁ“%@ﬁmb&ﬁﬁ%ﬁﬂE@ﬁ&dﬁhﬁgng§éﬁ§§§étroscopy (SI MB) .

The results are listed in Table 1. Table 1

Example 2
[0037] An ultra high purity (UHP) cylindrical graphite reaction cell approximately 20 cm

high and 10 cm internal diameter was filled with a mixture of UHP polysilicon chips and
carbon powder. The polysilicon pieces conform to a maximum dimension into the size range
of 0.5 to 3.5 mm. Carbon powder particle size range was 5-125 micrometers. The total
weight of the polysilicon/carbon mixture was approximately 0.75 kg, of this 70% of the
weight was polysilicon. The powder mixture is filled to approximately 45% of the container
volume. The reaction cell was sealed with a graphite lid. The cell was wrapped in graphite
insulation and a port through the insulation provided to allow the temperature of the cell to be
monitored using an optical pyrometer. The reaction cell was then loaded into a vacuum

furnace. The furnace chamber was evacuated to a pressure less than 30 mtorr and then filled

9
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Resul ts of Test AI 6018/ BE6021 *this is the detection

limt of the SIMS anal ysis Exanple 2 [0037] An ultra
woegh/opesity (UHP) cylindrical graphite reactiPeI/tgions/079126

approximately 20 cm high and 10 cminternal dianeter

was filled with a m xture of UHP polysilicon chips and

carbon powder. The polysilicon pieces conformto a

maxi mum di mension into the size range of 0.5 to 3.5

nmm Carbon powder particle size range was 5-125

m croneters. The total weight of the

with a?&r%/ I lsﬂ %%E% o@’r %J[g ethvg\?é?B o?r \ﬁ% tgﬁ@ rgqﬁlreg%ftntﬁ}e }fﬁﬁgti%% s\egg?vas raised
to 2200°Q1 At thid goiht the @ekskre a\paprredmaaatceﬁ Yordbfifl thie préseure held constant for

contai ner volune. The reaction cell was sealed with
20 hogr,sa"glpﬁ ¢edl \Wsocoo-llqﬁieto Fom t%@er@ﬁag:pée(az Hnﬁn@ql él}}ﬂ,ﬂt pgpolycrystalhne SiC
was fﬂ)ﬁl@:ﬂl ?\tthé) ﬂﬁ q/ozl’uﬂ?@ bf thtel'UeﬂugH s | 'of]ﬁfé OI%H’& sthfiRY 'S?@qlngot was
ow t t enper at ure of the cel b nitored
approxnman@yéﬁo gpimscal pyroneter. The reaction cell was then

oaded nto umfurn The nace ch er. was
(00381, 0 30E G bR Tin LBt Ve d6 e A o PAIRER o ARG THH ROy (UHP)
cyhndcrichll ?qﬁ\l‘lﬁé"'reﬁét%ncetﬂoa@r&ﬁﬁﬁﬁw 20 anelﬁ Bfand N8 Aleh @ diameter. A
erature of the reaction cell was raised to

4H Sl@Z@@@&i wig mphitsd poiting inskle qﬁ rd@aphl@ lhgnd éifuldéavat gs&l to seal the

rescib Qb 8 BB SRR RGOl B0 By AL Stmion
provideddohllew tRteypedssiralof tHreceBitEbvasonitofedBMinent dpeicalR@Smeter. The
volunme of the cell. The mass of the polycrystalline

reactiggy ¢elj W@soqhewggadgcbmtq)g v aag) fprsge. B}pﬁaﬁﬁlﬁnaCf olomgher Fig evacuated and
then fﬁféld 1¥§1t hl‘c{)1 g%r@sﬁ dg%&g)twﬁspkf&agﬁ 5f03 BE@? tﬁ?é {eﬁ{Berature of

an uI i ndr graphi
the reﬁ@ﬁmtdeﬂnva(sa’aise@ppﬁ Bor@RaAethys ﬁ&ncmel'pr@isuland tHeOfugimace was reduced

internal dianmeter. A 4H SiC cryst al ‘was npunted on the
to 2.0; tqu; dhessreondion pvere mainfained feriaperoxigaighs 30, devrst & cgé%wl of 4H

SiC vJaQ %ﬁ‘r?c%cc;ﬂ @8 nqs‘:i'éié hd -gh ﬁle%hétlo‘ﬂac%llv“i“ﬁ@ Hgﬁhﬂa\j r&{s"ﬁﬁ)ﬁ% Le the 4H SiC

i nsul ation and a port through the 1 nsulation pro 6
was nteasiabd onbd greateetipe fai Uirdhnofmt4nd thetdncentrdsnms mitrages dvas 5x10

o35S, SRORLLCEL DY OTELer v TIe e P oL S DR e

using @é@ﬁ@ﬁ&@&l ﬁ\as% dpB@rostopy GV [TheatEOR atOliRePmeRbW £ Of
torr. Over a period of hours the tenperature of

Table 2
Results of Test AI6O08/BE600S

Element Concentration (atoms/cm”)
P Less than 1x10™

B 2.3x10"

Al 7.7x10"

Ti Less than 6x10™#

A% Less than 2x10™#

Fe Less than 2x10™#

*this is the detection limit of the SIMS analysis

10



the reaction cell was raised to 21800C. At this point
the pressure in the furnace was reduced to 2.0 torr.
wab@eme7®ehdi ti ons were mai ntai ned for approxi nBE€EU§2088079126

hours. A crystal of 4H SiC was fornmed on the inside

lid of the reaction cell. The nom nal resistivity of

the 4H Si C was neasured to be greater than 1x104
ohm cm and the concentration of nitrogen was 5x1016
atons/cnB8. A wafer was cut fromthe top half of the
crystal and the inpurities neasured using secondary

' troscopy (SIMS). The results are listed
Thm‘%%&%g%ﬁ%n%a%gable 2 Results of Test Al 6008/ BE60OOS8

* L hi & nieshddfer detreatuifaiturt iofrhfonofithidiag &l dYsilapakydide That
which is clained is: 1. A nethod for the manufacture
comp@§ingpnol i thi c i ngot of silicon carbide conprising: i)

i ntreduci; 3 IS b

chi o and"aadisR b uE BRI RIIP RIS niF e IR ot carbon
cel I havipgvdar Intdp cylidrseklenstgpntded hayingndid; cal

reaction cell of i): iij) introducing the cylindrica

r eacdl) on Ealing @F CV]i)H}quﬁi[ %aﬁﬂ_?&& l??nl urnace; iv)

evaguat i ngubdRifdkhBagendcal lehdtion\ekllfof kib iddga bAGbHRAES;
of iv) with a gas mXture which is substantially inert

gas ivb newpcutivpdishiariace pf 8dsure; vi) heating the

i ndrical. i Il in the f.  of 3
C e ot dnin AR B it 20 6t TR iR suitbif flydner e

pressure tohei@meydhefidpiegaley eaction cell of vi) to
| ess than 50 torr but not less than 0.05 torr; and

vi i i) al Iheatingthesyliadrisat epaeticn cedlipthairnass ofnito a temperature of

condensatijré)[ﬁ 18{)0’&%0\()3@”5 on the inside of the lid of
the cylindrical reaction cell of vii).

vii)  reducing the pressure in the cylindrical reaction cell of vi) to less than 50
torr but not less than 0.05 torr; and
viii))  allowing for substantial sublimation and condensation of the vapors on the

inside of the lid of the cylindrical reaction cell of vii).

2. A method according to claim 1 wherein the dimension and shape of the polysilicon

metal chip and carbon powder are substantially different.

3. A method according to claims 1 or 2 wherein polysilicon chip has a size of 0.5 to10

mim.

4. A method according to claims 1 or 2 wherein polysilicon chip has a size of 1 to 3.5

mim.

5. A method according to claims 1, 2, or 4 wherein the carbon powder has a size of 5 to

125 um.

6. A method according to claim 1 wherein the polysilicon metal and carbon powder

mixture occupies 35-50% of the total volume of the reaction cell.

11



2. A nmethod according to claim1 wherein the di nension

and shape of the polysilicon netal chip and carbon
w@owders9aF e substantially different. 3. A net hBCI/US2008/079126

according to clainms 1 or 2 wherein polysilicon chip

has a size of 0.5 tol0 mMm 4. A nmethod according to

clains 1 or 2 wherein polysilicon chip has a size of 1

to 3.5 mMm 5. A method according to clainms 1, 2, or 4

wherei n the carbon powder has a size of 5 to 125 urn.

6. A nethod according to claim1l wherein the

7.8 SR RO B CRAY OOl R E Ty b RR B .

met hod according to Cla|n11 wherein the gas m xture
conpri ses argon . A et hod accordlng toclaim1l

8. whetgthpf acqogdipg F%ﬂa@éﬂ whete the fgsetiererlbi campeipsd fglgoyrically

Comshietih Laphite. 9. A nmethod according to claiml
wherein ggmgr%actlon cell of i) has a silicon carbide

seed crystal located on the inner surface of its lid.

1Q. A, nethod, accordin iml mher 't hod

9.1 ( PRLRT NS BeCIot ) Wt RedF g O R Br Bitdce SO carbide
vgéédk@ﬂ%@m%ﬁﬁﬂﬁ@luﬁﬁéf bk oples [igaction cel | having a
silicon carbide seed crystal |ocated on the inner

surface of its lid; x) seallng the cylindrica

GRS el S P AT DOBE S o

evacijat i ngurbdeiddihe ﬁﬁiu@ﬂ‘ ofXiiky in¥d 4 $ebohd J:}l'linﬂﬁczilhreactlon cell
furnace of xii) wt as mxture which is

subst ant |1§*IVU§€ 3 filbgan C@H@ ¢ twed spstaioppispvartheingeegsigeeof its lid;
XI V), heat ééﬂ? ?Hﬁd&gfﬂeﬁa onc%ﬁ%*fh;g“ cell in the

fur ndce enperature of’ from 1600 to
25000¢; andoducmg the cylindrical reaction cell of x) into a vacuum furnace;

xil)  evacuating the furnace of xi);

xiii)  filling the furnace of xii) with a gas mixture which is substantially inert
gas to near atmospheric pressure;

xiv)  heating the cylindrical reaction cell in the furnace of xiii) to a temperature
of from 1600 to 2500°C; and

xv)  reducing the pressure in the cylindrical reaction cell of xiv) to less than 50
torr but not less than 0.05 torr; and

xvi)  allowing for substantial sublimation and condensation of the vapors on the

inside of the lid of the cylindrical reaction cell of xv).

11. A method according to Claims 1 or 10 wherein the cylindrical reaction cell is
comprised of electrically conducting ultra high purity graphite, the carbon powder is
ultra high purity carbon powder and polysilicon chip is ultra high purity polysilicon
chip.

12. A method according to Claim 10 wherein the cylindrical reaction cell is comprised of

electrically conducting ultra high purity graphite.

12



Xv) reducing the pressure in the cylindrical reaction

cell of xiv) to less than 50 torr but not |ess than
wW@2@3/0t%98% ; and xvi) allow ng for substantial PCT/US2008/079126

subl i mati on and condensation of the vapors on the

inside of the lid of the cylindrical reaction cell of

xv). 11. A nethod according to Clains 1 or 10 wherein

the cylindrical reaction cell is conprised of

el ectrically conducting ultra high purity graphite,

t he carbon powder is ultra high purity carbon powder

q Lyei| | Chi b i : - e
L P A R T
CYdrhawdrafeatydcaaidn fartheedomprisecoa@ying gsh. of el ectrically
conducting ultra high purity graphite.13. A nethod
according to Clains 1 or 10 wherein the gas m xture
144Sk ﬂle&l%dra%t:(')xjgin ttB %léﬂ'ﬁ' f‘ﬁ%ﬁe@fnt the dﬁbﬁgg g%t is ngsfeH A nitro gen
conprises a oélng gas. 14. A netho ccording to
5 Ciead, mph3sphosrugiconthinéngdgns) nborgasontginatposs r Aluarman containing
nitrogen gas, a phosphorous containing gas, a boron
céfitai ni ng gas or alum num containing 15. A silicon
car bi de product nmanufactured using polysilicon chips
containing a total sum of atom c concentrations of B,
I5PA shliconTiarbide prgductPeanpfactured usihg polysilicyn @fipn®ntaining a total sum

of atomic concentrations of B, P, Al, Ti, V, and Fe of less than 1x10'%/cm3.

10

15

13



