WD 2009/ 075935PCTI 1352008/ 079126 METHOD TO MANUFACTURE LARGE UNI FORM
| NGOTS OF SI LI CON CARBI DE BY SUBLI MATI ON/ CONDENSATI ON PROCESSES
CRCSS- REFE&;EN&:@ TQ RELATED APPLI CATI ONS 5[ 0001] This apgl ication
clai ms t heBE23%8f U S. Provisional Patent Applicati BRIEEINSH7INE.
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 ncor porated by reference. BACKGROUND OF THE | NVENTI ON 10[ 0002] The
present invention describes a nmethod to produce |arge ingots of
silicon carbide (SiC). The nethod can be tailored to produce
polycrystalline SiC, or crystalline SiC of any pol ytype. [0003]
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useful for the fabri j e i i i ch can
operate at higher po&géﬁ%ﬁﬁfékﬁeﬂﬁ%%%géimigcﬁ\z%%orrpar ed to
traditional sem conductor crystalline materials such as silicon and
gal I ium arseni de. [0Q04 rystalline SiCis a difficult material
to grow since the gr&?#'@%ﬁ@&%ﬁbi&%@@WgAm%sterrperatures
(190G- 2 . THie htidnQURIRR (B! St i i i .
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gr owt h df/BHG0E3, dilgd pallRiPreegba 2007 condee 381 S Gl Peat Uoh ProwsivhadtPatent
Davis, e ‘ : I e i b a sublimation

met hod. %Wéﬁ#é%n%éﬂ? ﬁg'%eydﬁ%ég%ggljee%\é’gé&gquﬁl%%&rf(’?(/lge ent —on met hods
previously reported by Lely (US2,854,364), Tairov (see J. Crystal

Gowmh, 52 (1981) pp. 46) ot hers. [0006] Sublimation
reactions for bulk cryst aﬁgawlé‘@r(gﬁﬁél&v@% nly conducted in
a 25g 096002y I THRYiéeA in¥ @6k HORHEA!d méthodMd Bddcs 14 QCRESE ofsifitl\BGRde
The heat source for the reaction can be resistive heafing or RF
i nduct i dAihedks mgthod ren bectaidered i preduceipslyeyysiall el YCraadeystllingraQhof ey A
seed cry, §}q.$,Pei s placed inside the cell, usually at the top and the
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source ial for growh of the crystal is placed opposite the
seed. Ud0003) edlnystglling eilic@acibionis askmjcohde-tarondtetal mbichris atefiulor the

vapor! 26 andlic bhen condences. an ke, seed eryalal. 2010000 Wi o
pracisi CQernperht@res when compared to traditional semiconductor crystalline materials such as
silicon and gallium arsenide.
[0004] Bulk crystalline SiC is a difficult material to grow since the growth process requires
extremely high temperatufes (1900-2500°C). The most common method for the growth of
bulk crystalline SiC is sublimation.

20 [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 reportecl 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

25  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.

30 [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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hard to realize. The control of the reaction and vapor transport
depends on a plurality of WD 2009/ 075935P0O US2008/ 079126 vari abl es,
none of which are directly under the users control duri nthhe

process. THE2PPHESE cannot be nonitored in-slut as it PSTHEIPHITHA
in a closed, opaque cell. The transport of vapor fromthe source to
the seed, and its condensation and crystallization is significantly
i nfluenced by the tenperature distribution in the cell. As materi al

vapori zes and transports 5 fromthe source region to the seed region
the tenperature distribution changes. Al of these variables need to
be coordinated a priori to execution to achieve successful crystal
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of electrici t‘é@ Low cost, high purity silicon carbide powders are not
readi | y tAyBewdssskouldhref gonstagigiettne omperEoR sulieh ai¢ iup o preprstant
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the gromh of high resistivity SIC crystals using m xtures of pure
si | i con tBaeryeargewthydttder can be achi eved by variation of the

rel afsi vaofeRuntne kSt the St R51PRIbaENihE BB AMHRTS; A fnd R urh1eY
report ﬁhg@r?esﬂ%tps IJ;& ng a sour ce E)ag‘gbg on E1€r>l<tPur e of sclislyslké'r(l:o[}l and >
car bon pdfsdidts miixivityeslucand cordegtiah Felesticity ey ekt thigh pririty sitieorgiaviEde
better results conpared to SLC powder. rce. The silicon and
car bon JOWAEE Kol CRETE AU Pletrstie HEGP L A FATOB N BEpIIFTL gperacure
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their method. [0011] Ot her variants of source materials for SiC |
crystal UYAgsHie imenlios Som the sRecito e SEapiral Brpiaple dnpurifies ofEpncern in
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in SIC cr_ysﬁgl rowth by using a novefgﬁpsli Ci nl-ﬁ%?t u 50151? e bwﬁobd
wher ei n miregen pivmingms titangom vanadium, and iron.
[0010] Ofa, et. 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,
25  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,
30  Balakrishna, er. 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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nmetal is vaporized in the presence of high purity hydrocarbon gas to
deliver the species for silicon carbide growh. Maruyama, et. aL (US
7,048, 798 B2) describes a nethod for the formation of SiC source
powder mat¥PiZ81%W3?3F eacti on of organosilicon material s BREUSHPHH126
containing resins. 5[0012] Wthout control of the SiC powder size and
packing, a lack of repeatability of the SiC crystal growth process
wi Il occur. Purity control of source materials is inportant to yield
high purity SiC crystals. Mirre efforts are required to create
alternatives to common Si C powder that are lowin inpurities and
useful for the growh of SiC crystals. A repeatable process to grow
Si C cr yshethisis sapariabd & the presiee bfihigle pindty hgdoeabo gasi to delinep ktHecpédiartsr

requires.a 10delcate bal ance and f.all these varjahles.
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of silicon carbide conprising: i) introducing a m xture conpri sing
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S“b%?ankkgk%fﬂgth%$?BﬁﬁﬁQﬂm P&Qﬁﬂﬁé&hﬁﬂa %Sthe vapors on the inside

of the I e cylindrical reaction cell of vii). [0014] A second
enbodi nent of this invention relates to where the nethod descri bed

above can further conprisg;.d i i ct of viii) into
a second cylindrical reaégp%%§@¥@@$ﬁ93gﬁﬁﬁg@5§§$T@ﬁﬁ car bi de seed
crystal [Doryat edfigw einbediienedt thividvagforiklatds 3o h hdthod foisth@ hiaf@raétiR of
cylindrical reaction cell of ix); xi) introducing the cylindrical
react i orfnealithiginges of; siicen gaspide FQMPF iSRG de BHrodpging BiPRSIONGLSAG
furnace Rivaiichn mekdl bhink hid & t X i i xt-ure
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1600.t 2500C 30 i t ; i.n th
TP e it Poulh BhASIR) bihcbiiime KiRac? OF Fii lfnd B BhEREES ulhd "
than 0. Qs imttureawtdcixisi sibartially ngrfeas tosieasitantpitic proadureral) ivatiade

condensati.on. of the vapors on the inside of the |i1d of the N

cyl i ndr olinciicakicsetisn celin thsuspgse ofpyitont tempersiaerd i dRPbR 230E°C; vid

| NVETI (Péﬂucing 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

25  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)

30  reducing the pressure in the cylindrical reaction cell of xiv) to less than 50 torr but not less



5[ 0015] In the nmethod of this invention the polysilicon netal chips
are typically obtained froma CVD based growth nethod such as the
Siemens net hod (Chapter 1-2 in W O Mara, R Herring, L. Hunt;
"Handbook WP 2 ¥hductor Silicon Technol ogy," Noyes PRGT/USH03/ 26
Norwi ch, NY, 1990 | SBN 0-8155-1237-6). The polysilicon chips are
segregated by size, and the carbon powder is segregated by size to a
value that is different and significantly smaller 10than the

pol ysilicon size range. The polysilicon netal chips are selected with
a unique controlled size distribution. The polysilicon nmetal chips
can be | oaded as a single ingot or separated into several pieces.
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the cylin reaction c met’hods. The
cyl i ndr i[0@16]r apidabn thealalbon posdal ie df toycht Srgzﬂteedimegsionﬂmntﬂmpcdﬂﬂlicohhe

mat chi n ad VO 2009/ (. 59 PCI M52008/ 07 019], The
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to 1.2 on a molar ratio basis. The cylindrical reaction cell is filled 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
25  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,
30 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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5 capabl e to achieve pressures below 0.05 ton, and can al so have a

t ur bonol ecul ar punp to achi eve | ow vacuum conditions (<1E-3 ton).

[ 0021] The %as m xture which is substantially inert gas to near

at nospher | WOPPEEHE is exenplified by argon gas or hel PURUSHESOTPIRS
gas mxture can further conprise residual nitrogen gas or oxygen, but
it is typically in an anount of |ess than 0.5%of the total gas

10m xture. [0022] The heating of the cylindrical reaction cell is
typically acconplished by RF induction heating. [0023] The
cylindrical reaction is heated to a tenperature of from 1600C to
2500C, and alternatively from 1975C to 2200C. Pressure is established
near at rip@pHerTie \pbm tirreace 30&kembRGOObY anicuandighinehapaet afha&l’voﬂl&ne is

graduall hea rOXI mat el y_1600- 2500C. Under  the hig
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pr essur d0020]t Henedymiapriisiegzpuated iy tllnéﬂﬁh@éq:ql ojldagedpy éBdYb@/P‘@plélnE RYftanhe
throtdl e f ed.
Thi o5 & bR & ERiedRekBRUBDBY T b8 Bl AL S RFRORATRIAG.BRGE T
IS reducaemet!@ldueﬁz&uuﬂna:nn(ﬁﬁoﬁsqmtEBubnhot | ess than 0.05 ton and held

for 0 sand.thenc 0, The tinme periqd for
substan'g[Bg:fﬂ %l%ﬂ”&tﬁr ﬁﬁg‘éﬁ‘é‘ﬁfﬁl‘) eH 22} RACILABPEPIGHE PSS S| de

of the ldx@mgfifiéde, &bt Qﬂrdrffa@ﬂlurﬁ QAC t'h® BasCRixhurk Ya ﬁﬁh&)&oh@n@é RBg4 to
100 hours. 25[0026] The reaction cell of i) also can have a silicon

car bi de mEegeneay ot ayysPbdat ibis typicalbeinian gaoustafese hap0.5% of the gotalEae
siligon rhide seed crystal is exenplified by a polished silicon
carbide disk or a wafer of single crystal silicon carbide. The
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crystal .. . L 0%37?]0 When the container is opened, a |arge cylindrical
i ngot of "BfFiR B‘B‘} érystal | i ne 30silicon carbide ingot has fonned on
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cooled.,
[0024] The pressure in the cylindrical reaction cell is reduced by opening the throttle valve

20 on the vacuum pump to afford higher pumping speed. This is done with an automatic
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 houys.

25 [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

30  silicon carbide ingot has formed on the lid.



m xture which is substantially inert gas to near atnospheric
pressure; xiv) heating the cylindrical reaction cell in the furnace
of xiii) to a tenperature of from 1600 to 2500C, xv) reducing the
pressure i WOPAYAM? ndrical reaction cell of xiv) to | eBST/ERRMBH126
torr but not less than O 05 ton; and xvi) allow ng for substantial
subl i mati on and condensation of the vapors 10on 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 seal the cylindrical reaction cell, the furnace, the evacuation of
the furnace, the gas m xture which is substantially inert gas to near
at nos phdP028] prie slsiaeeondt dugbodeatnit nfthafintdmeon yHei mathodcddscrited ditiebmboed dan
the te rature t.o i.ch the ric eactlon el ]l .i.s_heated,
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shoul d, crystdl Ilsgh‘bseﬁf dutrhlg vap@senspod the ingstivil b@mﬁ@@tzﬁﬁl&. Ifhedeedr@iiyital is
changes can naP in the s (Pec fic egRPqL q %ch are discl osed
pxesent the polytype of the ingot is determine e polytype of the seed. Most common
25  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

30  wafers are useful for the fabrication of semiconductor devices.



and still obtain a like or simlar result wthout departing fromthe
spirit and scope of the 10invention. Al percentages are in wt. %
Exanple 1 0035] An ultra high purity (UHP) cylindrical gra hite
reaction cRPIZ°YABr8Xi nately 20 cm high and 10 cm i nt er nBf -’é‘ﬁ&ﬁﬁ?”é%“
was filled with a m xture of UHP polysilicon chips and 15 carbon
powder. The polysilicon pieces conformto a maxi num di nension into
the size range of 0.5 to 3.5 nm Carbon powler particle size range
was 5-125 microneters. The total weight of the polysilicon/carbon

m xture was approximately 0.75 kg, of this 70% of the wei ght was

pol ysilicon. The powder m xture is filled to approximately 45% of the
cont ai n003F| umadditihe to @gat, iaclopae ktchwas nitezgea dr phdshhaogy @phitieg pdsds

The cell ed i.n aphite 20i nsul.ati on and a port r.ough the
Mnout at 1161 e B HREAS: B S el R RO e e B apigp® ek
noni t or egddpghigciiil OPdroe af alPMiMEEdRtainiTd €asrie BeltihRhE Rirhachabe S8R aterial
| oaded into a vacuum furnace. The furnaceé chanber was evacuated to a

pr essur e3PWE &kl fg ponslycting privegndhe demsnt is pided ahiheriingg §e furnese prespws dur e
gr eatser anhakRE r . f. reaction cell was

rai sgd t%@%g%%%% %@B%%egpgg%ﬁltﬁ@?h@é %gg%é lt??stélp&\;'vas reduced to 5 ton and
the pressure held constant for 2520 hours. The cell was cooled to
roomtenperature. A cylindrical ingot of polycrystalline SiC was
formed in the upper volune of the cell. The nmass of the

pol ycrystalline SiCingot was approxi mately 600 grans. [0036] The
polycrystalline SiC ingot was | oaded into the bottoman ultra high
purity (UHP) cylindrical graphite reaction cell approximately 20 cm
hi gh and 10 cminternal dianmeter. A 30 411 Si C crystal was nounted on
the inside of a graphite lid and this |lid was used to seal the
reaction cell. The cell was wapped in graphite insulation and a port
t hrough the insulation WD 2009/ 075935PCI 7US20081079126 provided to
allow the tenperature of the cell to be nonitored using an opti cal
pyronmeter. The reaction cell was then | oaded into a vacuum furnace.
The furnace chanber was evacuated and then filled with argon gas to a
pressure of 600 torr. Over a period of 3 hours the tenperature of the
reaction cell was raised to 2180C. At this point the pressure in the
furnace was 5 reduced to 2 ton and a m xture of argon and nitrogen
gas was delivered to the chanber. These conditions were naintained
for approximtely 80 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 about 0.025 ohmcm and the concentration of
nitrogen was 7x1018 atons/cnB. A wafer was cut fromthe top half of
the crystal and the inpurities nmeasured using secondary 10i on nmass
spectroscopy (SIMS). The results are listed in Table 1. Table 1



Results of Test A16018/ BE6021 El enent Concentration (atons/ cns) P
Less than | x1014* B 1.6x101' Al 5.9x1013 Ti Less than 6x 1012* V Less
t han 2x1012* Fe Less than 2x1014* *this is the detection |limt of

the SI M5 afQHE %y PCT/US2008/079126

EXAMPLES

[0034] The following examples are included to demonstrate preferred embodiments of the

invention, It should be appreciated by those of skill in the art that the techniques disclosed in
5  the examples which follow represent techniques discovered by the inventor to function well

in the practice of the invention, and thus can be considered to constitute preferred modes for

its practice. However, those of skill in the art should, in light of the present disclosure,

appreciate that many changes can be made in the specific embodiments which are disclosed

and still obtain a like or similar result without departing from the spirit and scope of the

10 invention. All percentages are in wt. %.

Example |
[0035] 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

15 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

20 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
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

25 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

30  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
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Exanple 2 [0037] An ultra high purity (UHP) cylindrical graphite
reaction cell approximately 20 cm high and 10 cminternal dianeter
was filled with a m xture of UHP polysilicon chips and carbon g)owder.
The pol ysi YPE8HB%tes conformto a maxi mum di mensi on i REGUSHESRTIS
range 20 of 0.5 to 3.5 mm Carbon powder particle size range was
5-125 mcroneters. The total weight of the polysilicon/carbon m xture
was approximately 0.75 kg, of this 70% of the weight was polysilicon.
The powder mixture is filled to approxi mately 45% of the contai ner
vol ume. The reaction cell was sealed with a graphite Iid. The cell
was wrapped in graphite insulation and a port through the insulation
provi decpr oﬁded toalowlike teappratat of e ofll toie m«aiitomdoasbg aﬁﬁ}pﬁmnpgrombtars'l‘htg
an OptIC r ctlon o into a vacuu
Fur nace s pE Balen [Ael FRA Ly Rtizeiths Tnt REPisp 2B ST hs SutpBF a8
ntorr anterd filsd Fith hedn cMQo 2AQRELE¢ 20 88PGT, USAQDH1134 9 2 hows ke BAPSBIUED
a pressure greater than 350 torr. The tenperature of the reaction

cel I waLithggadiongel yigpeaisegto ?Fﬁ%cp%i this ROHY thsyeesswiedn Hgdumaerieesd to 5
ton and LHQeRILE I ﬁdkherhgﬁt&eg @&f afPitr6Pen AU G3is délm%w?ﬁ{) lthe"@l 80| ed
to room tenperature i ndri €al 1 ngot-of” polycrystalline was
formed iFhesheondpivas wer mmtabfedtfmgppeﬂxhnatalméo rhasns Bferyskod of 4H SlC was

pol ycry i Ne..Sk C. i ngo ¢ R i_mat e 8 The
Pl yer yapdied dianetesd: Y diERarish Rl TR il gt Bh e g

purity (dutdShredyd barsonc@D2Polaphint smdrieacdncer afﬁeh bf @ipppaxyaEtaDy aa:Qnssw
hi gh and 10 cminternal dianmeter. A 4H SiC crystal was nounted on the

i nsi de o wafeas Rkizom the tap Balf Af e pivatalen tb%mwe&@sﬁsumélsme@é@qném
cel 110 Then 6@ spaeifoskbARRBEdS). Prheaeam &ehlseaesﬂﬂmep and a port through
the insul ation 10 provided to allow the tenperature of the cell to be
noni tored using an optical pyroneter. The reaction cell was then

| oaded into a vacuum furnace. The f ?Ec chanber was evacuated and
then filled with argon to a pressure 0 00 torr Over a period of 3
hours the tenperature of theR¢sehct Tost ARI0I3/BES02RI Sed to 2180C. At
this point the pressureinthefurhace wasreduced-to 2.9 ton. These
condi tions were mgiReEeMed for approxildEANSeRIradoN@lgms/ c by st al of
4H 15 SiC was forndd on the inside |idL&ssthael®l®aétion celll. The
nom nal resistivityBof the 4H Si C was [neadQred to be greatgr than Ix
104 ohm cm and t he Adoncentration of ni[tx%d8h was 5x1016 at ¢ns/cnB. A
waf er was cut fromTihe top half of thelesymhmbxi@td the i nplrities
measured using segondary 10on nMaSS spedieesSHaPYx10SMS5). Thelresults
are listed in TabllgeZ. 20Tabl' € Z RESUNTS O Solp ¥l ©0081IBEG008

El ement Concentr atﬁmm}mt of the SIMS analysis

15

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
20 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
25 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



P Less than | x1014 B 2.3x1016 Al 7.7x1013 Ti Less than 6x1012* V Less
than 2x1012* Fe Less than 2x1014* *this is the detection limt of
the SIMS analysis Clains 1. A nmethod for the manufacture of

monol i t hi cWRRIBYYSB3si1i con carbi de conpri si ng: PCT/US2008/079126

10

15

20

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 ce]l 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 500 grams.

[0038] 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
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 and
then filled with argon to a pressure of 600 torr. Over a period of 3 hours the temperature of
the reaction cell was raised to 2180°C. At this point the pressure in the furnace was reduced
to 2.0 torr. These conditions were maintained for approximately 80 hours. A crystal of 4H
SiC was formed on the inside lid of the reaction cell. The nominal resistivity of the 4H SiC
was measured to be greater than 1x10* ohm-cm and the concentration of nitrogen was 5x10'°
atoms/cm’®. A wafer was cut from the top half of the crystal and the impurities measured

using secondary ion mass spectroscopy (SIMS). The results are listed in Table 2.

Table 2
Results of Test AIGOO8/BEG0QS

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

B 2.3x10"

Al 7.7x10"

Ti Less than 6x10"*

\% Less than 2x10"*

Fe Less than 2x10™#

*this is the detection limit of the SIMS analysis
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5i) introducing a m xture conprising polysilicon netal chips and
carbon powder into a cylindrical reaction cell having a lid; ii)
sealing the cylindrical reaction cell of 0O; H) introducing the
cylindrical reaction cell of ii) into a vacuum furnace; iv)

evacuating the furnace of iii); 10v) filling the furnace of iv) with
a gas mxture which is substantially inert gas to near atnospheric
pressure; vi) heating the polysilicon netal chips and the
carbon powder in the cylindrical reaction cell in the furnace of v)

to a tenperature of from 1975 to 2500C, 15vii) reducing the pressure
in the cylindrical reaction cell of vi) to less than 50 torr but not
| ess than 0.05 tom and viii) allow ng for substanti al
subl i mati on and condensation of the vapors on the inside of the lid
of the cylindrical reaction cell of vii). 202. A nethod according to
claim 1l wherei ke di mensi on and shape of the polysilicon netal chip
and carbon powder are substantially different. 3. A nethod according
to clains 1 or 2 wherein polysilicon chip has a size of 0.5 to 10 mMm
25 4. A net hod. accanditng fdréheahaniuftule @madoithiengotf §idoy sarbideon chi p
has a size of I,gﬂéwg.nn1 5. A nethod according to clains 1, 2, or 4
0 wder

. C ,
wherein the car Jol. has a 30size of 6 to 125 urn.
5 i) introducing a mixture comprising polysilicon metal chips and carbon

powder into a cylindrical reaction cell having a lid;

i) sealing the cylindrical reaction cell of i); )

iii) introducing the cylindrical reaction cell of ii) into a vacuum furnace;

iv} evacuating the furnace of iii};

10 v) filling the furnace of iv) with a gas mixture which is substantially inert
gas to near atmospheric pressure;

vi) heating the polysilicon metal chips and the carbon powder in the
cylindrical reaction cell in the furnace of v) to a temperature of from 1975 to
2500°C;

15 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).

20 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
0.5t0 10 mm.

25
4, A method according to claims 1 or 2 wherein polysilicon chip has a size of
110 3.5 mm.

5. A method according to claims 1, 2, or 4 wherein the carbon powder has a
30 size of 510 125 urn.

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



6. A method according to claim1 wherein the polysilicon netal and
carbon powder m xture occupies 35-50% of the total volume of the

reaction cell. 7.A nmethod according to Caim1 wherein the gas
m xture conprises argon gas. 58. A nethod according to claim1 where
the reaction cell is conprised of electrically conducting graphite.

9. A nethod according to claim1l wherein the reaction cell of i) has a
silicon carbide seed crystal |located on the inner surface of its |id.
10 10. A nmethod according to Claim1 wherein the nethod further

conpri ses: i X) introducing the product of viii) into a second
cylindrical reaction cell having a silicon carbide seed crystal

| ocated on the inner surface of its |id; X) sealing the
cylindrical reaction cell of ix); 15xi) introducing the cylindrical
reaction cell of x) into a vacuum furnace; Xii) evacuating

t he furnace of xi); xiii) filling the furnace of xii) with a

gas m xture WnL/ch ig S bstantc}‘allﬁi_nert gas to near atnospheric
pressure; : method apcpydingdg (Glaiy 1whereinine ari Pikire GORREISS GFiBel |
in the furnaceged. xiii) to a 20tenperature of from 1600 to 2500C, and
xv) reducing the pressure in the cylindrical reaction cell of xiv) to
| ess than 50 torr but not |less than 0.05 torn and XVi )

al | owi ng for s@8bst ahirelied aegerdingde claim hwhere Hiedesntion ¢adis esmprisrsl sfapor s

on the inside efectibly bordlueigighphey! i ndrical reaction cell of xv).

9, A method according to claim 1 wherein the reaction cell of i) has a silicon
carbide seed crystal located on the inner surface of its lid.
10
10. A method according to Claim 1 wherein the method further comprises:
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);
15 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

20 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).

25
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.

30
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25 11. A nethod according to Clains 1 or 10 wherein the cylindrical
reaction cell is conmprised 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. 30 12.
A met hod according to Claim210 wherein the cylindrical reaction cel
is conprised of electrically conducting ultra high purity graphite.
13. A nethod according to Clains 1 or 10 wherein the gas m xture used
to 5refill the furnace after evacuation further conprises a doping
gas. 14. A nmethod according to Claim13 wherein the doping gas is
chosen froma nitrogen gas, a phosphorous containing gas, a boron
contai ning gas or alum num containing gas. 10 15. A nethod according
to any of the preceding clains, wherein the reduction in pressure
during step vii) is, held for 30-1go,hours and then cooled. 16. A

net hod accor di ﬂ%} t of* BT 0% ORGP Sl | hyherpia theeyingried’ egaptanicell Beat i ng
15step vi) is tonmiseeniecaicallyecnduclingomrallfgtbdirityqrap®@®@C. 17. A silicon
carbide ingot containing a total sumof atom c concentrations of B

P, Al, Ti, V and Fe of |less than 1x1016/cnB manufactured according to
t he met hods of T&ny dfmetRéagroeinegde flfined b wheein the gas mixture used to

5 refill the furnace after evacuation further comprises a doping gas.

14. A method according to Claim 13 wherein the doping gas is chosen from a
nitrogen gas, a phosphorous containing gas, a boron containing gas or aluminum
containing gas.

10
15. A method according to any of the preceding claims, wherein the reduction
in pressure during step vii) is held for 30-100 hours and then cooled.

16. A method according to any of the preceding claims, wherein the heating
15 step vi) is to a temperature of from 1975°C to 2200°C.

17. A silicon carbide ingot containing a total sum of atomic concentrations of B, P,
Al, Ti, V and Fe of less than 1x10"°/cm?® manufactured according to the methods
of any of the preceding claims.

20
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