DESCRIPTION METHOD OF PROTECTING CARBONACEOUS CRUCIBLE AND SINGLE-CRYSTAL
PULLING APPARATUS TECHNICAL FIELD [0001] The present invention relates to a method of
protecting a carbonaceous crucible, and a single-crystal pulling apparatus. More particularly, the
invention relates to a method of protecting a carbonaceous crucible of a crucible apparatus having a
quartz crucible and a carbonaceous crucible in which the quartz crucible is inserted, especially a
10single crystal pulling melting crucible apparatus, and a single-crystal pulling apparatus employing
the protecting method. BACKGROUND ART @Eﬁgwgﬁg%tionally, a crucible apparatus having a

craphite crucile g uarzeLS siushis asbecrutasixealyds o shglefial oo meling

crucible apparatus. A typical single-crystal pulling apparatus in a semiconductor manufacturing

‘process is a singiREsekRting popaiatussfier arGaaehralski process (the process is hereinafter
referred to as a "CZ process," and the apparatus is referred to as a "CZ apparatus"). In this

single-crystal puliGg spparatis.for the CZ process, a graphite crucible and a quartz 20 crucible are

directly in contact with each other. Therefore, the contact surface of the graphite crucible that is in

contact with thd§@attz crucible turns into silicon carbide (hereinafter SiC) because of the reaction

between the quartz crujc;'ble and the carbonaceous CI‘Lﬂgi le, or the_reactioQ with the Si(iﬁ1 as or the like
r

that originates from Si, rasaiEig" it TGS E0EH 28 TFARK OHRE 5 Re HIFETRHREECH fesRE expansion
coefficient 25befyeenHit: and.graphite. In.order oygalve shehaproplem, dhias Reen proposed that a

protective sheet made of an expanded graphite material (hereinafter also referred simply to as an
"expanded graphitgosheepnbisciMeeseshhaine enlitgQuadz crisiblepaditbegraphitguerucible so as

to cover the inner surface of the graphite crucible, whereby breakage of the graphite crucible can be
prevented to keepcihk life ef:thiwegparatus-ioiagn which the quartz crucible is inserted, especially a
10 single crystal pulling melting crucible apparatus, and a single-crystal pulling apparatus
employing the protecting method.
BACKGROUND ART
{6002}
Conventionally, a crucible apparatus having a graphite crucible and a quartz
15 crucible has been used typically as a single crystal pulling melting crucible apparatus, A
typical single-crystal pulling apparatus in a semiconductor manufacturing process is a
single-crystal pulling apparatus for a Czochralski process (the process is hercinafier
referred to as a “CZ prccegs,” and the apparatus is refermed to as a “CZ apparatus™. In
this single-crystal pulling apparatus for the CZ process, a graphite crucible and a quartz
20 crucible are directly in contact with each other. Therefore, the contact surface of the
graphite crucible that is in contact with the quariz crucible turps into silicon carbide
(hereinafter SiC) because of the reaction between the .quartz crucible and the
carbonaceous crucible, or the reaction with the Si0 gas or the like that originates from Si,
resulting in defects such as cracks, due to the difference in thermal expan;ion coefficient

25  between SiC and graphite. In order to solve such a problem, it has been proposed that a



5(for example, see Patent Document 1). [0003] [Patent Document 1] Japanese Patent No. 2528285
DISCLOSURE OF THE INVENTION PROBLEMS TO BE SOLVED BY THE INVENTION 10[0004]
However, the expanded graphite sheet used as the foregoing conventional protective sheet is a
one-piece sheet, so the following problem occurs when installing the sheet on the inner surface of the
crucible. [0005] 15(1) Since the inner surface of the graphite crucible has a curved surface shape, it is
difficult to coverthe gsaphitaseiuicibia ngendediaceiiih narpieceeofiexflanded grizphidesshget without
gaps. [0006] (2) The expanded graphite sheet has the feature that it is weak in strength since it 20 is
made by cotapressing:fleedute ot etpendedyjydphitterFarethibeteasonthangexpanded igraphitéhsheet that
is a one-piece sheet may be broken or bent when it is attempted to fit along the inner surface of the
crucible. Orgthphotherindbid, solengtwaerkybotidsinecesseiacwiértlicigapbitptenitdit subbrebpne-piece
expanded graphite sheet along the inner surface of the graphite crucible without breaking the sheet.
25[0007] breakage of the graphite crucible can be prevented to keep the life of the apparatus long
5 (for example, see Patent Document 1).
[0003]
[Patent Document 1] Japanese Patent No. 2528285
DISCLOSURE OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION
10 [0004]
However, the expanded graphite sheet used as the foregoing conventional
protective sheet is a one-piece sheet, so the following problem occurs when installing the
sheet on the inner surface of the crucible.
[0005]
15 (1) Since the inner surface of the graphite crucible has a curved surface shape, it
is difficult to cover the graphite crucible inner surface with one piece of expanded
graphite sheet without gaps.
[0006]
(2) The expanded graphite sheet has the feature that it is weak in strength since it
20 is made by compressing flocculent expanded graphite. For this reason, an expanded
graphite sheet that is a one-piece sheet may be broken or bent when it is attempted to fit
along the inner surface of the crucible. On the other hand, a long work hour is necessary
when it is attempted to fit such a one-piece expanded graphite sheet along the inner

surface of the graphite crucible without breaking the sheet.

25 [0007)



(3) Moreover, the size of each one graphite sheet tends to become larger as the size of the crucible
has become greater. As a consequence, the problems of the breakage of the expanded graphite sheet
and the poor workability resulting in long work hours have become more serious. 5[0008] Patent
Document 1 discloses a one-piece expanded graphite sheet in which a cut is formed in the lower face
(see Figs. 6 and 7 of Patent Document 1), but this is a one-piece protective sheet all the same, which
has the same problems as described in the foregoing (1) to (3). 10[0009] The present invention
has been accomplistigdMovéewenfitiresfocagotaghcinoeimatariceshdtisendsohjecicofibeaipentiandto
provide a method for protecting a carbonaceous crucible that remarkably lessens the work hours, is
capable of coierrighiherimige dusfheeomithputiorealing thashpehos, Withnubapsoand is-suitable for
size increase 150f the crucible, and to provide a single-crystal pulling apparatus employing the
method. MEANS:RORISE1 SHwE T e ROBLEMS[60H0bility lesdrder o laagompkishrthearegoing
object, the present invention provides a method of protecting a carbonaceous crucible, comprising:
interposing ¥POtECHvESkIER0 made of an expanded graphite material between a quartz crucible
and a carbonaceous crucible on which the quartz crucible is placed; and installing two or more
protective sh88¢¥pieces on an nner surface of the carbonaceous crucible, each of the protective sheet
pieces having a shape such that the sheet pieces are combined integrally to form the protective sheet
in installing the protétioat dPeamprtivedisclisasracibiepiers caended graphiteashiest aspddiththers is
provided a method of protecting a carbonaceous crucible by interposing a protective sheet made of an
expanded giaphr@ Ao ihe S Deehdess {gaarigeracive dnef PetmsoRacamesici)cible risasich the
quartz crucible is placed, comprising: installing two or more protective sheet pieces on an inner
surface of tH'EAHSERAERISEE & sbitsterlb Hnsamperrishebas shsrsatepiseblshavingesached shéjpe that the
protective sheet pieces are combined integrally to form the protective sheet in installing the protective
sheet betwelRaERIt IR E Wwherein each of the protective

10 [0009]

The present invention has been accomplished in view of the foregoing
circumstances. It is an object of the invention to provide a method for protecting a
carbonaceous crucible that remarkably lessens the work hours, is capable of covering the
inner surface without breaking the sheet or without gaps, and is suitable for size increase

15 ofthe crucible, and to provide a single-crystal pulling apparatus employing the method.
MEANS FOR SOLVING THE PROBLEMS
[0010]
In order to accomplish the foregoing object, the present invention provides a
method of protecting a carbonaceous crucible, comprising: interposing a protective sheet
20 made of an expanded graphite material between a quartz crucible and a carbonaceous
crucible on which the quartz crucible is placed; and installing two or more protective
sheet pieces on an inner surface of the carbonaceous crucible, each of the protective sheet
pieces having a shape such that the sheet pieces are combined integrally to form the

protective sheet in installing the protective sheet between the crucibles.

25



10 sheet pieces comprises securing means for securing the protective sheet pieces that are adjacent
to each other, and the adjacent protective sheet pieces are secured to each other by the securing
means in a condition in which the protective sheet pieces are installed on the inner surface of the
carbonaceous crucible. [0010b] 15In a second aspect, there is provided a single-crystal pulling
apparatus using a method of protecting a carbonaceous crucible according to the first aspect.

Here. the telfif*Balbonaceous crucible” is intended to mean a crucible including both a graphite
crucible made of a graphite material and a crucible made of a carbon fiber-reinforced carbon
composite material (What iE¢a6% drergriatamaided 2sbrire ertding fofuBBAE8HYC/C
crucible"). Of course, the graphite crucible and the C/C )crucible may be subjected to coating or
impregnatioff WM O daIIBR SR Ehe RRYCctive wseh mastal Iffgaay 6" pradse SRttt veaiedat pieces on
the inner surface of the carbonaceous crucible, each having a shape such that they are combined
integrally in RELSHME BV GIEIRIE apdetprbeaasseursBrihls eruwbies ferfewiteryrdtsdive sheet,
the workability improves remarkably and the required work hour reduces significantly in 10comparison
with when ifStfithGHPBRE S IBECTV O SHOES RERIFSH T shBicSapaB R IIREr caFbiifaceous
crucible. In particular, when a one-piece protective sheet is used for a large-sized crucible, the size
becomes caHsie PN IaFGRUS AT AU IFGToRE IR dsadisievt shust dirsss Basingtaing WeRerequires a
long time because the sheet is installed so as to fit along the inner surface of the carbonaceous
crucible withbRit BradrissHS Ahesimietes RegrinsiHBie sy & Hromakby srdepirathprbitctive sheet
pieces, handlingl is easy, and the work hour reduces. In addition, when the sheet is cut and split into
dimensions &fdREFES BIRIGWR AIESHSEY precds ciritdsasmsrdinrashdriBamectsedisle inner
surface in a curved surface shape, good shape-conforming capability is obtained, so the crucible inner
surface BanBet RRGBSCARRBSE LRGSR e dPE SBY DO S HReRIG tasd Ehescirireep bsdIRF of sheet
pieces, the sheet can be transported separately in a desirable number. As a result, the transportation
of the sheet¥d ¥58fefufaRWHER aBclisicklisshRePIS e Shesd g eppre securgd mewstesent
invention, it is preferable that each of the protective sheet pieces 25have securing means for securing
the adjacen®iNBtE¥ithS SRS pIREERS Bat s etHiion B which the protective sheet pieces are

installed on the inner surface of the carbonaceous crucible.

[0010b]
15 In a second aspect, there is provided a single-crystal pulling apparatus using

a method of protecting a carbonaceous crucible according to the first aspect.

3a



condition in which the protective sheet pieces are installed on the inner surface of he carbonaceous
crucible. The expanded graphite sheet shows high self-lubricating capability. Therefore, the
protective sheet pieces may slip when they are installed on the inner surface of the 5 carbonaceous
crucible, causing misalignment. When each of the protective sheet pieces has securing means for
securing adjacent protective sheet pieces to each other, misalignment does not easily occur. As a
result, they can relidiityecthvetctine Tosdnonderthectagtibié inheesdefacenvan eepdsitdeunsivtnSicC.
[0013] 10In the present invention, the protective sheet pieces that are adjacent to each other are
installed in $98h & gerintsr avatiblsbstaditialyengadp e rnd overkipl formecbithapisersarfaceosf the
carbonaceous crucible. When the protective sheet pieces that are adjacent to each other are
installed in S ¢aEtosuBSRRIIAENYNTGEY oVR, it kPeddiblefoneumitetely covEbihe 15
location in the carbonaceous crucible inner surface that is likely to turn into SiC easily. This improves
the preventisHErmiFIaHR a0t thecarbvhkiceouERRupe s s ImbRtbiiehde the
protective sheet pieces that are adjacent to each other are installed in such a manner that there is little
overlapther@Betle 8it1s POAHIE 1o Grikes tic RRTpEraiior WO M IRIGHR8VEr the Bkfire carbonaceous
crucible uniform, preventing the 20 carbonaceous crucible from cracks. The reason is that, when the
protective sheet piec8athi %A RG]HERAF B SadH AP srehrd iR a At by drRp s tdRTs ctatlive
uneveness occurs in the overlapped partion, so a unifoon temperature distribution does not form over

the entire cAPBBASSOHS CHUCIBIE. G AXIPRAUTPRPESIS TRk HaYetta HRAREE UL kel

undergoes thermal expansion. 25[0014] . In the present inyention, there may be a case wherein:
the carbonalEEUL I FHRAC 1 RFSEHREMHALaAE e ARoRaEBu P IEIE ATofRed of

lurality of t ucibl ti th butt jointed ther; and th tective. sheet pi
etallod on B RS SHALERY 6 BAIBORACCBL BRI STt A RBAHAI ot A SATBietve shee
pleceslﬁover at least the | u%ﬁhrolm ggﬁgﬂon. When theo(r%[ggggn eou%c&uclgbtlﬁ is a eqrsaﬁhagge crucible,

the crucible S$TOIMad of & ]p gﬁti/ slenﬁtla?%eig Srudiire Bro |onsetrs1a?%r1e Butt join g6 ACAGther. It is

known that ijq %acs m%asses thromg%i}e?ebutt_ﬂgint ortion %hat is called a dividegvsusr{la%?)ls SO tge butt

joint portiong séﬁectlve?%ﬁ?ﬂ%t% IEIn view o this“thé’s eat 18 sPiitin orcge pﬁuraﬁlty of g’?rlps, and

the spiit profectve, sheet pleces. gt Instaled along the dut ol Rorions. A ARl hleseimes
possible to preven%r e graphite cruan & from brea INg and pro oﬁg Heife. 7
difficult. Moreover, the installing work requires a long time because the sheet is
instalied so as to fit along the inner surface of the carbonaceous crucible without breaking
15  the sheet. In contrast, when using a plurality of separate protective sheet pieces,
handling is easy, and the work hour reduces. In addition, when the sheet is cut and split
into dimensions and shapes such that the sheet pieces can be easily installed aiong the
crucible inner surface in a curved surface shape, good shape-conforming capability is
obtained, so the crucible inner surface can be covered without gaps. TFurthermore, by
20 splitting the sheet into a plurality of sheet pieces, the sheet can be transported separately
in a desirable number.  As a result, the transportation of the sheet 1s easier than when a
one-piece sheet is transported.
[0012]

In the present invention, it is preferable that each of the protective sheet pieces

25  have securing means for securing the adjacent protective sheet pieces to each other m a



[0015] In the present invention, it is preferable that the protective sheet pieces be 15 installed so as to
cover at least a portion of the inner surface of the carbonaceous crucible that easily turns into SiC, that
is, a curved surface portion from the bottom portion of the crucible toward the straight trunk portion
thereof, or the entirety of the carbonaceous crucible, when the carbonaceous crucible is a crucible
made of a carbon fiber-reinforced carbon composite material (hereinafter referred to as a "C/C
crucible"). 2omdiHercasavbiahdhe /oreRstintesISrd Bigssp s bt RHBC Hire §#Re efdbble inner
surface. Therefore, the protective sheet pieces are installed so as to cover the entirety of the inner
surface of theoRBeRivaeSHIE Reucible. Thereby, it is possible to prevent the C/C crucible from breaking
and to prolong the life. In addition, the present invention provides a single-crystal pulling
apparatus 25using tﬂé@%B%dﬁ@%ﬁﬁé‘&?rﬂé@tﬁoﬁ%‘l’vﬁ@%bﬁ%’é‘%‘%ﬁ?%ﬂ%@%@@@%ciﬁ@?‘@lﬁ%ﬁaplying
this method to a pulling apparatus of a silicon single crystal or the like, it becomes possible to perform
uniform hedhAERECH PliGTaRIAHE SNichR g Bristirttaisthmdls dhrstaraitee ! the
ADVANTAGES OF THE INVENTION 5[0016]. According to the present invention, when installing
two or rhore PrRBRERANS KB Pt G BRGRE Wfac%?ﬂ@%ﬂ%ﬁ%@%?&@c%t E&cthaving a
shape such that they are combined integrally in installing the protective sheet pieces hetween the
crucibles to 1B s tRE BibSERRS sﬁgeﬁeﬁ‘%i\‘i{%rﬁ%ﬁ?ﬁ n%ﬂf%‘ivlﬁe RadliF&Fid Eﬂeefﬁti\’e&ﬁ?léd work

hour reduces significantly, in comp%srtlj}son with when inst IIin}? the single ﬁheet rr(%fleecltive sheet itself on

the inner sultARSSRSESBLRYCERIN Qtidible T DTSSR KLAY

CgV (%ca%on ll’Ih .
gYe heet protéctive sheet is
used for a large-sized crucible, the size becomes considerably large, and handling becomes difficult.
Moreover,tht glﬁ&ﬁfﬁrfeglwgfks% aﬁﬁgéagt%r% i PR g%

ime DeCauge the sheet is installed so as to tit along the
inner surfaz@&'f? if the carbonaceous crucible without breaking the sheet. In contrast, when using a
plurality of separate protective sheet pieces, handling is easy, and the work hour reduces. In addition,

when fie sheet s cyf apd spllnto.Qimensiqne andlahares suchilial e sheelpiecss R easly

C e
along the crucli inner surface ifi a curved surface s pe, goo saﬁape‘-con orming capability

s obtained, sg.he crygIE inner RGeS0 e 20 eaNareAithouaans, FUIBrmare, by spiting the

. O T
sheet into a plurality of sheet pieces, the e transported separately in a desirable number.

As a result, %}rgﬁ&%r@q% c%frﬁ%ﬂa%ggﬁé Is,gasier than when a single piece sheet is transported.
BEST MODE FOR CARRYING OUT THE INVENTION

When the protective sheet pieces that are adjacent to each other are installed in

such a manner that substantially no gap forms, it is possible to completely cover the

15  location in the carbonaceous crucible inner surface that is likely to turn into SiC easily.

This improves the prevention of turning into SiC of the carbonaceous crucible inner

surface. Moreover, since the protective sheet pieces that are adjacent to each other are

installed in such a manner that there is little overlap therebetween, 1t is possible to make

the temperature distribution over the entire carbonaceous crucible uniform, preventing the

20 carbonaceous crucible from cracks. The reason is that, when the protective sheet pieces

that are adjacent to each other are installed with overlaps, temperature uneveness occurs

in the overlapped portion, so a uniform temperature distribution does not form over the

entire carbonaceous crucible. This may result in cracks when the carbonaceous crucible
undergoes thermal expansion.

25 [0014]

h



[0017] 25Hereinbelow, the present invention will be described based on the preferred embodiments. It
should be noted that the present invention is not limited to the following embodiments. First, a
schematic configuration of crucibles in the single-crystal pulling apparatus shown in Fig. | of the
present invention will be described, and then, a method 5of protecting the inner surface of the
carbonaceous crucible using the protective sheet according to the present invention will be described.
[0018] (Configuratidn bESisgtatciystaliPulryappakiusyarywiascicibe sasbetisisaryiewsiiistrating a
primary portion of the single-crystal 10pulling apparatus. Fig. 2 is an enlarged cross-sectional view of
the crucibleis madp&firseRbHATFEEINBCATREpaAUS cBIRIRES Soeatdonbcepligatiticiie 2 that
supports a quartz crucible 1, a heater 3, an upper ring 4, an inner shield 5, and so forth. Thus. the CZ
apparatus cBRAHCERIRGIE RAYSERSTIRY He Aty esdroesHiste Aalif e aeits SReSIgNELtdHEE high
temperature by the heater 3 disposed around the quartz 15crucible 1 to obtain a source material melt
6, and pullingstreddtitdbsmianss aiateeo {0bg Sproonas sl Bigue? the eansdiBedivs crucible
2 is directly in contact with the quartz crucible 1. For this reason, the surface of the carbonaceous
crucible 2 tRAPREINEShELPIRA (1Y Guiis e e B I EhRIHIS Silicon carbide (hereinafter SiC),

because of
When the carbonaceous crucible is a graphite crucible, the crucible is formed of

a plurality of separate crucible portions that are butt jointed to each other. It is known
that SiO gas passes through a butt joint portion (what is called a divided surfacej, so the
butt joint portions selectively turn into SiC. In view of this, the sheet is split nto a

10 plurality of strips, and the split protective sheet pieces are installed along the butt joint
portions.  As a result, it becomes possible to prevent the graphite crucible from breaking
and prolong the life.

[0015] |
| In the present invention, it is preferable that the protective sheet pieces be

15 installed so as to cover at least a portion of the inner surface of the carbonaceous crucible
that easily turns into SiC, that is, a curved surface portion from the bottom portion of the
crucible toward the straight trunk portion thereof, or the entirety of the carbonaceous
crucible, when the carbonaceous crucible 15 a crﬁcibie made of a carbon fiber-reinforced
carbon composite material (hereinafter referred to as a “C/C crucible™).

20 In the case of the C/C crucible, SiO gas passes through the entirety of the
crucible inner surface. Therefore, the protective sheet pieces are installed so as to cover
the entirety of the inner surface of the carbonaceous crucibie. Thereby, it is possible to
prevent the C/C crucible from breaking and to prolong the life.

In addition, the present invention provides a single-crystal pulling apparatus

25  using the above-described method of protecting a carbonaceous crucible. By applying



20 the reaction between the quartz crucible and the carbonaceous crucible, or the reaction with the
SiO gas or the like that originates from Si, resulting in defects such as cracks, due to the difference in
theiuial expansion coefficient between SiC and graphite. In order to solve the just-mentioned problem,
a protective sheet 10 made of an expanded graphite material according to the present invention is
interposed between the quartz 75crucible 1 and the carbonaceous crucible 2, as illustrated in Fig. 2.
The protectities sheibiod 10 aceotting aprtivetpsesent iNentismglmprisel ar plig ditig oftsplieprstective
sheet pieces. In other words, a protective sheet made of one sheet of expanded graphite material is
split into a plossifly of picces: amdoe kalingrand doveatides pieces ipeninstalienGintiBaieMsurface of
the carbonaceous crucible 2 without gaps. 5[0020] (How Protective Sheet Pieces Are Laid) The
types of thefeartiyn@aédeissierucible 2 include a graphite crucible made of a graphite material, and a
crucible formed of a carbon fiber-reinforced carbon composite material (C/C material: hereinafter, this
crucible is réferfadNirasa WG BHENEN TAAN the case of the graphite crucible, separate crucible
portions divided into, for example, two pieces or three pieces are butt jointed to form a crucible,
consideringlffd €onvenience in transportation. It is known that, from the butt joint portions (what is
called divided surfaces), SiO gas passes through, so the butt joint portions selectively turn into SiC. In
view of this, one piet&SF RS e RS BITRBEORS A8 TR LRI S PRI GF1E SB58, and the
split protective sheetPieces 10A are installed along a bultt joint portion 11, as illystrated 'n‘_gi . 3. Fig. 3
shows an eRMHIEMUIBAhEEHER S B IfAFYPRTE BB it £a8THBEERRA S Gt iH%hs 8et into
three or four pieces, for example. It is also possibje to split the sheet into equal parts, but may be split
into various £ f09NEA tHEERE of ThE'EIC isatdfiaPRIRBIE | ﬂ‘gef)r 1‘8?5% ‘fﬂgﬁﬂei@%eet be
installed along the entire. inner surface aof the crucible. Accordingly, as illustrated in Fig. 4, ane piece of
protective sHBELRCSpift 19X HﬁSWﬁBF?h%%‘e pgroﬁ%?’hgﬁgis%mf? ifto rscilrrilp%kgﬁgtﬁ%dlo%%eer portion

is split to have a cyrved surface shape that fits glong a bottom portion of the s rical shape, and the
split prb&ecti’(?@%‘ﬁ '?Vﬁ’lré%gg“forﬁgé}rc e aag%né%%fﬁ%) Thie Wfﬁ?ér“éuer ace o %%é?é 1rIT?é%:erial

crucible. It sllg?uld be noted that the way of splitting is net limited, to this, but the sheep may pe split
into a spherftSFbetBir BErio o tlﬁsé\i’\fgp%% I’It§§| lsri‘?é%es‘érfﬁcgnqtﬁr?g? c(f%%?nnt%cr%oﬁﬁaflbug rﬁ?ci)gn afr?fd the

inner Clrcumggj[g{lz‘gigi:pw rgl(l) r.?‘ilss?ar];%gjféh&lrég g}'dyetgti%ep Is'ﬂ%%ltl% %ggér%?% large-sized crucible, the size

becomes considerably large, and handling becomes difficult. Moreover, the installing
work requires a long time because the sheet is installed so as to fit ajong the inner surface
15 of the carbonaceous crucible without breaking the sheet. In confrast, when using a
plurality of separate protective sheet pieces, handling is easy, and the work hour reduces.
In addition, when the sheet is cut and split into dimensions and shapes such that the sheet
pieces can be easily installed along the crucible inner surface in a curved surface shape,
good shape-conforming capability is obtained, so the crucible inner surface can be
20 covered without gaps. Furthermore, by splitting the sheet into a plurality of sheet pieces,
the sheet can be transported separately in a desirable number. As a result, the
transportation of the sheet is easier than when a single piece sheet is transported.
BEST MODE FOR CARRYING OUT THE INVENTION
[0017]

25 Hereinbelow, the present invention will be described based on the preferred



[0022] 5When the protective sheet made of one piece of expanded graphite material is cut and split
into predeteimined shapes and dimensions and the split protective sheet pieces are installed on the
inner surface of the carbonaceous crucible, the protective sheet pieces easily fit along the crucible
inner surface in a curved surface shape. As a result possible to cover the butt joint portion, which
tends to turn into SiC easily, without gas in 10 the case of the graphite crucible, and to cover the
entire crucibslindaneusfact inhbid ddxe vitk BAC MatareseiucibRNUNE dyeBoilt Frégentionlsf turning
into SiC of the irmer surface of the carbonaceous crucible 5 is improved. [0023] Moreover, by using
split protectivé et pidsesmhaidiing becomes easy and 15 workability improves in comparison with
when using one-piece protective sheet. Therefore, even when the size of the crucible increases, the
protective sheet carf &linataiBereithe erbiepialinpepSurtaed witnsutbre saY HesHe M8 king
many work hours. [0024] 20In addition, the expanded graphite sheet shows high self-lubricating
capability. THERERSYE SIS Prinditve ehta Pieteds InusPaI Wb e atedi dsh hsa-iAreiBtrace of
the carbonaceous crucible, causing misalignment In particular, when inserting the quartz crucible after
the profectivé SHEEERECHS dP8ShSHIRE oN 1he CaTBBIARESTSSTIEIENSI & e MEUREUESHRE HifsHz
crucible makes contact with the installed protective sheet pieces, 25 and misalignment may occur,

because thegrs Rl Iesearbdratess i bkitfecabddhe quartz crucible is extremely small. In

view of this, each of the protective sheet pieces may have a securing means such as to secure the
protective sﬁ%%ieces that are adjacent to each other, so that misalignment does not occur in the

rotective sheet pieces that have been once jnstalled at predetermined positions. An example of the
Fs)ecuring mea(ﬁ,‘éni%iguration ofh Smgle-crystaq%umng ppara&ss P P

Fig. 1 is a cross-sectional view illustrating a primary portion of the single-crystal
10 pulling apparatus.  Fig. 2 is an enlarged cross-sectional view of the crucible.

As illustrated in Fig. 1, the CZ apparatus comprises a carbonaceous crucible 2
that supports a quartz crucible 1, a heater 3, an upper ring 4, an inner shield 5, and so
forth. Thus, the CZ apparatus obtains a single crystal 7 by heating a source material in
the quartz crucible 1 to a high temperature by the heater 3 disposed around the quartz

15 crucible 1 to obtain a source material melt 6, and pulling the source material melt 6.
[0019]

As illustrated in Fig. 1, the carbonaceous crucible 2 is directly in contact with the
quartz crucible 1. For this reason, the surface of the carbonaceous crucible 2 that is in
contact with the quartz crucible 1 turns into silicon carbide (hereinafter SiC), because of

20  the reaction between the guartz crucible and the carbonaceous crucible, or the reaction
with the SiO gas or the like that originates from Si, resulting in defects such as cracks,
due to the difference in thermal expansion coefficient between SiC and graphite. In
order to solve the just-mentioned problem, a protective sheet 10 made of an expanded
graphite material according to the present invention is Interposed between the quartz

25  crucible 1 and the carbonaceous crucible 2, as illustrated in Fig. 2. The protective sheet



5 configuration in which a protruding portion is provided on an end part of one of the protective sheet
pieces that are adjacent to each other while a recessed portion in which the protruding portion fits is
provided in an end part of another protective sheet piece, so that the protective sheet can be installed
by inserting the protruding portion into the recessed portion. Another example of the method may be a
configuration in which a cut 10 is formed in an end of one of the protective sheet pieces, and another
protective sheetpiedmisiinsenpesdntartantuh @hopuisses plumlspofikplt meteodvnslyebiepissesl. In short,
any method may be used as long as the protective sheet pieces that are adjacent to each other can be
secured. [0025}1S(Madsfagturiegi Melhod obireotive!Sheef ®ipoeled gramhite pretedales spidet pieces
may be manufactured in the following manner. A one-piece expanded graphite sheet is a sheet-like
material madecfromierpancbieraptitd, Bradspliy piodt eianibreiPipsdolismingatad wauda BR%ynthetic
graphite flakes, kish graphite, or the like are treated with an oxidizing agent, to form an intercalation 20
compound isuttiecg iphitearbetistesublesas iz Asidureldee®s high temperature, or preferably exposed
abruptly to a high temperature to expand rapidly. This treatment causes graphite particles to expand in
a directfon géfFéndicular to the layer plane due to the gas pressure of an intercalation compound of
the graphite particles, and the volume expands from about 100 times to 250 times. The oxidizing agent
used in this Caee ireisetdsthbeFolisseariistéadlation compound, such as a mixed acid of a sulfuric
acid and a nitric acid, and a sulfuric acid to which an oxidizing agent such that a sodium nitride, a
potassium permangat&tepst tHeliksabapyedys CTucidse ith Hﬁgﬁ@sgéﬁgl}’é?n%@]t% A< Content of
50 ppm or less, preferably 30 ppm or less, and the expanded graphite is formed jnto a sheet shape by
compressin@r@t’g’ﬁ@ll%??ﬁ‘iﬁg apsl sr&parid infespeth G o iibRite bREER ToreRg GRI G SRPESILY
graphite sheet manufactured in the just-described method are cut and split ‘Is%t pred tier,(nin?d
dimensions BRFERAFES BHFERRABTREBISte b ShcBlHIs Aa T EX AN LE %[B'G‘fgﬂ ). In

flereinbelow, the present invention will be described ingg tail by examples. It should be r]oted that the
presentdnvehfdinis ff A Waphithiteeeth theHaGicE e iﬁﬁﬁé@%@?"ﬁjf&ﬁ}% F prampie, two

pieces or three pieces are butt jointed to form a crucible, considering the convenience in
transportation. It is known that, from the butt joint portions (what is called divided
surfaces), SiO gas passes through, so the butt joint portions selectively turn into SiC.  In
view of this, one piece of protective sheet formed into a strip is split into a plurality of

15 strips, and the split protective sheet pieces 10A are installed along a butt joint portion 11,
as illustrated in Fig. 3. Fig. 3 shows an example in which the sheet is split into two
pieces, but it is possible to split the sheet into three or four pieces, for example. Itis also
possible to split the sheet into equal parts, but may-be split into various sizes.

[0021]

20 In the case of the C/C material crucible, it is preferable that the sheet be installed
along the entire inner surface of the crucible. Accordingly, as iliustrated 1n Fig. 4, one
piece of protective sheet is split in such a manner that the upper portion is split into strips
and the lower portion is split to have a curved surface shape that fits along a bottom
portion of the spherical shape, and the split protective sheet pieces 10B are installed along

25  the entire inner surface of the C/C material crucible. Tt should be noted that the way of



15Protective sheet pieces split into two pieces and prepared in the same manner as described in the
foregoing embodiment (hereinafter referred to as a present invention sheet pieces Al) were installed
along the butt joint portion of a graphite crucible that was identical to that described in the foregoing
embodiment (a graphite crucible divided into two pieces) and that had a size of 22 inches, and an

actual machin Iestfor eCZ 0 scond t Otmes The fi ujred for nstalling
the protectlv%lz %fsprfgc Hmte 2[ %anﬁe crucﬁ?el?v\y hemg{%%t? % S8 G

eg0R the gra oportlon 0 protectlve sheet

pieces that Brokelggggﬁ ’e %Em%?e %l%lel tgelrjsc%édef e%%\ﬁ? ?te()f%%r%g égg] %&gﬁ%}/ g éﬁg&[}@gpﬁe crucible

were determined results are shown In ] Type of sheet
(sheet plecegvygglisq%% rrnslg1 ; m%eggy{ge{ﬁwﬁg cg?/g)a%)%@b Present invention sheet piece Al

[0022]

5 When the protective sheet made of one piece of expanded graphite material is cut
and split into predetermined shapes and dimensions and the split protective sheet pieces
are installed on the inner surface of the carbonaceous crucible, the protective sheet pieces
easily fit along the crucible inmer surface in a curved surface shape. As a result, it is
possible to cover the buit joint portion, which tends to turn into SiC easily, without gas in

10 the case of the graphite crucible, and to cover the entire crucible inner surface in the case
of the C/C material crucible. As a result, prevention of tuming into SiC of the inner
surface of the carbonaceous crucible 5 is improved.

[0023]
Moreover, by using split proteciive sheet pieces, handling becomes easy and

15  workability improves in comparison with when using one-piece protective sheet.
Therefore, even when the size of the crucible increases, the protective sheet can be
installed on the crucible inner surface without breaking the sheet or taking many work
hours.

[0024]

20 In addition, the expanded graphite sheet shows high self-lubricating capability.
Therefore, the protective sheet pieces may slip when they are laid on the inner surface of
the carbonaceous crucible, causing misalignment. In particular, when inserting the
quartz crucible after the protective sheet pieces are installed on the carbonaceous crucible
inner surface, the quartz crucible makes contact with the installed protective sheet pieces,

25 and misalignment may occur, because the gap between the carbonaceous crucible and the

10



0 Present invention sheet siece A2 10 0 Comparative sheet Z1 7 10 Equivalent to Al Comparative
sheet Z2 2020 Equivalent to A2 [0029]

quariz crucible is extremely small. In view of this, each of the protective sheet pieces
may have a securing means such as to secure the protective sheet pieces that are adjacent
to each other, so that misalignment does not occur in the protective sheet pieces that have
been once installed at predetermined positions. An example of the securing means is a
5  configuration in which a protruding portion is provided on an end part of one of the

protective sheet pieces that are adjacent to each other while a recessed portion in which
the protruding portion fits is provided in an end part of another protective sheet piece, so
that the protective sheet can be installed by inserting the protruding portion into the
recessed portion.  Another example of the method may be a configuration in which a cut

10 is formed in an end of one of the protective sheet pieces, and another protective sheet
piece is inserted into the cut.  Of course, other securing method may be used.  In short,
any method may be used as long as the protective sheet pieces that are adjacent to each
other can be secured.
[0025]

15 (Manufacturing Method of Protective Sheet Piece)

The protective sheet pieces may be manufactured in the following manner. A
one-piece expanded graphite sheet is a sheet-like material made from expanded graphite,
and a typical example is as follows. First, natural or synthetic graphite flakes, kish
graphite, or the like are treated with an oxidizing agent, to form an intercalation

20 compound in the graphite particles. Next, this is heated to a high temperature, or
preferably exposed abruptly to a high temperature to expand rapidly. This treatment
causes graphite particles to expand in a direction perpendicular to the layer plane due to
the gas pressure of an intercalation compound of the graphite particles, and the volume
expands from about 100 times to 250 times. The oxidizing agent used in this case is one

25 that forms an intercalation compound, such as a mixed acid of a sulfuric acid and a nitric

11



(Example 2) An actual machine test was conducted under the same conditions as those in
Example 1, except that the size of the graphite crucible was 40 inches and that protective sheet
pieces. which are split into two pieces, having a corresponding size (hereinafter referred to as a
present invention sheet piece A2) were used, to deteimine the work hour, the defective rate, and the
durability. The results are shown in Table |. [0030] (_%gmparative Ex le 1) 10An actual machine test
was condud@fh uter B RHH eeh it ST hs R oS HEERa ARG ls,uéggﬁ%f that™ Hé@piglgg $trip-shaped
protective sheet that is not split into two pieces El-u reinafter referred to as a comparative sheet Z1) was
used, to deRANHETHRCHRAREABIE: (e Rietiscvé gefé? and the durability. The results are shown in Table

1. [0031] 15(Comparative Example 2% AE actual r%aphipe tt%%t5 as r%onrd]"é(sjs:edru qug thgosame
conditions as those VT Ex4RPIRIES SXeSPP AL tHe L8 b RS G aphite &l cible Wak 40 Aches and that

one-piece strip-shaped praqtective sh ei}Ng\er inafter. referred to as a comparative sheet Z2) having a
6& S h%}%r%l&ﬁépg@ée rrsa %1‘[6 1% f(ag%e nto ?hsshee% Bn#e %y 00156%5?1611& é"

H
correspondifiy’siZe 16’ sed, to detérmine the work four. the e rate,

and theSduratﬁli%. The rg)su}!’(t_}s %reeaghe%wg]nwe aibleh%. [(s)l-?e%%] (Example 3) Protective sheet pieces
that were srr)ﬂ i S MBARET as describedin %ﬁe oregoing embodiment (hereinafter referred to

as a present inventi heet pieces B 1) were install inne ce.of \ble.that was
identical to that desgf%%éﬁ% %%8?%5@%?%@1%%}66? %&QC% eﬁgtl gha%g 08 &95 ﬂ,&{%g{ﬁ{?&bj{%

odiment and t a size of 22 inches, so as to

cover the entire inner surface of IG erucible; and.an aciual machine test far the. G4 apparatus
was conduc‘f‘égola% t?ﬁ%]es{nﬁhgrﬁcrﬁg%é?é{%reé{ orhlnlsta Iicrllg the gro’tect?/?é%sﬁeet picg%es on the C/C

crucible (wark hour), the proportion of the protective sheet pieces that broke and became unable to
PICCES. - . .
use (defect|§]/e rate), and the durability of the graphite crucible were

EXAMPLES
10 [0026]

Hereinbelow, the present invention will be described in detail by examples. It
should be noted that the present invention is in no way limited to the following examples.
[0027]

(Example 1)

Protective sheet pieces split into two pieces and prepared in the same manner as
described in the foregoing embodiment (hereinafter referred to as a present invention
sheet pieces Al) were instalied along the butt joint portion of a graphite crucible that was
identical to that described in the foregoing embodiment (a graphite crucible divided into
two pieces) and that had a size of 22 inches, and an actual machine test for the CZ
20 apparatus was conducted 50 times. The time required for installing the protective sheet

pieces on the graphite crucible (work hour), the proportion of the protective sheet pieces
that broke and became unable to use (defective rate), and the durability of the graphite
crucible were determined by the test.  The results are shown in Table 1.

[0028]

25 [TABLE 1]

i2



10determined by the test. The results are shown in Table 2. [0033] [TABLE 2] Type of sheet (sheet

piece) Work hour (mm.) Defective rate (A) Durability Present invention sheet piece B1 10 0 - Present
invention sheet piece B2

Type of sheet Work hour | Defective rate Durabilit
(sheet piece) (min.) (%) Y
Present invention sheet piece Al 5 0 -

- Present invention sheet piece A2 10 0 ~
Comparative sheet Z1 7 10 Equivalent to Al
Comparative sheet Z2 20 20 Equivalent to A2

[00291
(Example 2)

An actual machine test was conducted under the same conditions as those in
Example 1, except that the size of the graphite crucible was 40 inches and that protective
5 sheet pieces, which are split into two pieces, having a corresponding size (hereinafier
referred to as a present invention sheet piece A2) were used, to determine the work hour,
the defective rate, and the durability. The results are shown in Table 1.
[6030]
(Comparative Example 1)

10 An actual machine test was conducted under the same conditions as those in
Example 1, except that one-piece strip-shaped protective sheet that is not split into two
pieces (hereinafter referred to as a comparative sheet Z1) was used, to determine the work
hour, the defective rate, and the durability. The results are shown in Table 1.

[0031]

15 (Comparative Example 2)

An actual machine test was conducted under the same conditions as those in
Example 1, except that the size of the graphite crucible was 40 inches and that one-piece
strip-shaped protective sheet (hereinafter referred to as a comparative sheet Z2) having a
corresponding size to the crucible size was used, to determine the work hour, the

20  defective rate, and the durability. The results are shown in Table 1.

[0032]



20 0 Comparative sheet Y1 20 30 Shorter than Bl Comparative sheet Y2 40 50,Shorter than B2
[0034] 15(Example 4) An actual machine test was conducted under the same conditions as those
in Example 3, except that the size of the C/C crucible was 40 inches and that protective sheet pieces
having a corresponding size and split (hereinafter referred to as a present invention sheet piece B2)

were used, to determine the work hour, the defective rate, and 20the durability. The results are shown
in Table 2. (Example 3)

Protective sheet pieces that were split in the same manner as described in the
foregoing embodiment (hereinafier referred to as a present invention sheet pieces Bl)
were installed on the inner surface of a C/C crucible that was identical to that described in

5  the foregoing embodiment and that had a size of 22 inches, so as to cover the entire inner
surface of the C/C crucible, and an actual machine test for the CZ apparatus was
conducted 50 times. The time required for installing the protective sheet pieces on the

C/C crucible (work hour), the proportion of the protective sheet pieces that broke and

became unable to use (defective rate), and the durability of the graphite crucible were

10 determined by the test.  The results are shown in Table 2.

15

20

[0033]
[TABLE 2}
Type of sheet Work hour Defective rate e
(sheet piece) {min.) (%) Durability
Present invention sheet piece Bl 10 0 —
Present invention sheet piece B2 20 0 —
Comparative sheet Y1 20 30 Shorter than Bl
Comparative sheet Y2 40 50 Shorter than B2

[0034]

(Example 4)

An actual machine test was conducted under the same conditions as those in
Example 3, except that the size of the C/C crucible was 40 inches and that protective
sheet pieces having a corresponding size and split (hereinafter referred to as a present
invention sheet piece B2) were used, to determine the work hour, the defective rate, and
the durability. The results are shown in Table 2.
[0035]

(Comparative Example 3)

14



[0035] (Comparative Example 3) An actual machine test was conducted under the same
conditions as those in Example 3, except that one-piece protective sheet that is not split into two
pieces (hereinafter referred to as a comparative sheet Yl) was used, to determine the work hour, the
defective rate, and the durability. The results are shown in Table 2. 5[0036] (Comparative Example 4)
An actual machine test was conducted under the same conditions as those in Example, 3, except that

the size of the C/C cMiciidahRAR0RCITES Wit tRACHCHI L HERe BrofattR S LHEEPHag s ™
corresponding size (hereinafter referred to as a comparative 10sheet Y2) was used, to determine the
work hour. the3gesC e S a i ST SHI R S RE TS TS Hrdhehdiv i TREfe! t.o[m]pfﬁ‘f?élysis of
the Test Results) As clearly seen from Tables.1 and 2,\1{% resent.invention Sheeﬂ[ pieces Al, A2, 15
81, and 82 APB LT IGHENIE A SRS BB AE e SHeRS P75 YTAUny 35 HEH 18limg the
results comprehensively. It is also understood that the present inventi heet pieces Al, A2, Bl, and
52 are for O TEHOT RSP ST ENRAN Bt T IS RRUAFAANE LHRR 21, 75, 1, and¥5. In
particulgr, Wﬁ%(? omparing the defective rates between the 22-inch crucible 20 and the 40-inche
crucible, considerably higher defective rates are observed with the crucibles having a greater size, in

the case of 0%02{1 8rat%/e sheets 71, Z2, YI, and Y2. In contrast, it is demonstrated that, in the cases

of the prese VEntions }éaé?%%c s Al, A2, BI, and B2, the defective rate stays at 0% even when the

crucile size increasgg elPlRIENAIS R TRXE A MEPIRAS AL TIORHSING e PiRSETbInventor

Example 3, except that the size of the C/C crucible was 40 inches and that a one-piece
protective sheet having a corresponding size (hercinafter referred to as a comparative
10 sheet Y2) was used, to determine the work hour, the defective rate, and the durability.
The results are shown in Table 2.
10037]
{Analysis of the Test Resulis)
As clearly seen from Tables 1 and 2, the present invention sheet pieces Al, AZ,
15 BIl, and B2 are better in durability than the comparative sheets 21, 22, Y1, and Y2, when
judging the results comprehensively. It is also understood that the present invention
sheet pieces Al, A2, Bl, and B2 are far better in work hour and defective rate than the
comparative sheets 21, 22, Y1, and YZ2.
In particular, when comparing the defective rates between the 22-inch crucible
20  and the 40-inche crucible, considerably higher defective rates are observed with the
crucibles having a greater size, in the case of the comparative sheets 721, 22, Y1, and Y2.
In contrast, it is demonstrated that, in the cases of the present invention sheet pieces Al,
A2, Bl, and B2, the defective rate stays at 0% even when the crucible size increases.
Therefore, it is believed that the protecting method using the present invention sheet piece

25  is suitable for large-sized crucibles.



25is suitable for large-sized crucibles. INDUSTRIAL APPLICABILITY [0038] The present
invention is suitable for a method of protecting a carbonaceous crucible in a single crystal pulling
crucible apparatus according to a CZ method. 5 BRIEF DESCRIPTION OF THE DRAWINGS [0039]
[Fig. 1] Fig. | is a cross-sectional view illustrating a primary portion of a single-crystal pulling apparatus.
[Fig. 2] Fig. 2 is an enlarged cross-sectional view of a crucible. 10[Fig. 3] Fig. 3 is a view illustrating an

embodiment 0Pk Ipkdteblifd KhéBi bldces are installed. [Fig. 4] Fig. 4 is a view illustrating
another embodiment of how protective sheet pieces are installed. DESCRIPTION OF REFERENCE
NUMERAL@Q@@MO] guartz crucible
The present invention is suitable for a method of protecting a carbonaceous
crucible in a single crystal pulling crucible apparatus according to a CZ method.

5 BRIEF DESCRIPTION OF THE DRAWINGS
[0039]
[Fig. 1] Fig. 1 is a cross-sectional view illustrating a primary portion of a
single-crystal pulling apparatus.
[Fig. 2] Fig. 2 is an enlarged cross-sectional view of a crucible.
10 [Fig. 3] Fig. 3 is a view illustrating an embodiment.of how protective sheet
pieces are installed.
{Fig. 4] Fig. 4 is a view illustrating another embodiment of how protective sheet
pieces are installed.

DESCRIPTION OF REFERENCE NUMERALS

15 [0040]
1: quartz crucible
2 carbonaceous crucible
3: heater
4: upper ring

20 S inner shield
6: source material melt
7 single crystal
10A, 10B: protective sheet pieces
11 butt joint portion

25

16



carbonaceous crucible 3: heater 4: upper ring 205:inner shield 6: source material melt 7: single crystal
10A OB:protective sheet eces 11:butt joint portion 25 CLAIMS 1. A method of protecting a
carbonaceous crucible by interposing a protective sheet made of an expanded graphite material
between a quartz crucible and a 5 carbonaceous giugiple on which the quartz crucible is placed,
comprising: installing two or more protective sheet pieces on an inner surface of the carbonaceous

crucible, each of the pratectiye sheet pieces having such a sh that the protective sheet pieces are
combined integrally t0 TOTREHE S REAE0 & ER ST T 5 AR e P S en the

crucibles, whefely eaef ofthe nigtecive 40, sheelpieges camses segyring means fof securing the
protective sheet pleces that are a Jacentto each other, and the adjatent protective sheet pieces are

secured tgeaghyother . 118 S9euNG Means, N2 Condiion invhich.the-Rigiective sheet pieces are

installed on the inner surface of the carbonaceous crucible.

installing two or more protective sheet pieces on an inner surface of the
carbonaceous crucible, each of the protective sheet pieces having such a shape that the
protective sheet pieces are combined integrally to formn the protective sheet in
installing the protective sheet between the crucibles, wherein each of the protective

10 sheet pieces comprises securing means for securing the protective sheet pieces that are
adjacent to each other, and the adjacent protective sheet pieces are secured to each
other by the securing means in a condition in which the protective sheet pieces are

mstalied on the imner surface of the carbonaceous crucible.

15 2. The method of protecting a carbonaceous crucible according to claim 1,
wherein the protective sheet pieces that are adjacent to each other are installed in such
a manner that substantially no gap or no overlap therebetween in the inner surface of

the carbonaceous crucible.

20 3. The method of protecting a carbonaceous crucible according to claim 1 or
2, wherein: the carbonaceous crucible is made of a graphite material; the
carbonaceous crucible is formed of a plurality of separate crucible portions that are
butt jointed together; and the protective sheet pieces are installed on the inner surface
of the carbonaceous crucible in such a manner that the protective sheet pieces cover at

25 least the

17



152. The method of protecting a carbonaceous crucible according to claim 1, wherein the protective
sheet pieces that are adjacent to each other are installed in such a manner that substantially no gap or
no overlap therebetween in the inner surface of the carbonaceous crucible. 203. The method of
protecting a carbonaceous crucible according to claim 1 or 2, wherein: the carbonaceous crucible is
made of a graphite material; the carbonaceous crucible is formed of a plurality of separate crucible
portions that &ret ittt jpontied. together; and the protective sheet pieces are installed on the inner
surface of the carbonaceous crucible in such a manner that the protective sheet pieces cover at 25
least the butt joint portion. 4. The method of protecting a carbonaceous crucible according to
any one of 5 claims lthreuiglBodureseindiveg: GachobasReUS Gilkaibladsaiaar RoRiRek ginforced
carbon composite material, and the protective sheet pieces are installed so as to cover the entire inner
surface ofsthectabohateays Gruciklein the carbbnfsinglereriysiak putingyadiaratisfosiey a method of

protectlng a 10 carbonaceous crucible according to any one of claims 1 through 4.
carbon composite material, and the protective sheet pieces are installed so-as to cover

the entire 1mmer surface of the carbonaceous crucible.

5. A single-crystal pulling apparatus using a method of protecting a

10 carbonaceous crucible according to any one of claims 1 through 4.
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