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DESCRIPTION METHOD OF PROTECTING CARBONACEOUS
CRUCIBLE AND SINGLE-CRYSTAL PULLING APPARATUS
TECHNICAL FIELD 5 [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 carbonacdouSCRIEIbI® M which the quartz crucible
is inserted, especially a 10 single crystal pulling melting crucible
Mppaterls, atdra siRBOTECSEINGingtapRBONa Enipldying@tiRUCIBLE ~ AND
protecting method. BACKGROUND ART [0002] Conventionally, a
StNGble- @R aE Ralidd MgraPiadk&litiBle and a quartz 15 crucible
has been used typically as a single crystal pulling melting crucible
Tagparas I A iypieal single-crystal pulling apparatus in a semiconductor
manufacturing process is a single-crystal pulling apparatus for a
[‘@Eddhralski process (the process is hereinafter referred to as a "CZ
process," and the apparatus is referred to as a "CZ apparatus”). In this
single-dryataiepeingr apparaaiales reheTThod 06 S50 ¥ Gap RifaGrRIEBte Brducible,
a quartz 20 crucible are directly in contact with each other. Therefore, the
apdrtactielfastal tridlineapPR drscibRlerat Reicatwtsctiit ke iuniglates to a
crucible turns into silicon carbide (hereinafter SiC) because of the
meRefon buieRingnd EIARAEFQRIbIIUHBIthRT CafbtrlcetRREYSIRRY g1 2 quartz
the_reaction with the SiO gas or the like that originates from Si, resulting .
ot el LTH DR RIS SHGED the BIRR 18R B frEHHAI e oAt cSpecially a
coefficient 25 between SiC and. graphite. In order to solye such a pr?,blem

Sﬁlﬁlgs%%ﬁl Mbagéaem%acrfcz e apparatus, and a single-crystal pulling apparatus

employing the protecting method.
BACKGROUND ART
[0002]

Conventionally, a crucible apparatus having a graphite crucible and a quartz
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 Czochraiski 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 pulling apparatus for the CZ process, a graphite crucible and a quartz
crucible are directly in contact with each other. Therefore, the contact surface of the
graphite crucible that is in contact with the quartz crucible turns into silicon carbide
(hereinafter SiC) because of the reaction between the quartz crucible and the
carbonaceous crucible, or the reaction with the Si0O gas or the like that originates from Si,
resulting in defects such as cracks, due to the difference in thermal expansion coelficient

between SiC and graphite. In order to solve such a problem, it has been proposed that a
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protective sheet made of an expanded graphite material (hereinafter also
referred simply to as an "expanded graphite sheet") is interposed
between the quartz crucible and the graphite crucible so as to cover the
inner surface of the graphite crucible, whereby 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

pRatetit Nehadb 28285 (RS PR & £ itk iz BHE [ EHOMN PR QB EVESred simply
TO BE SOLVED BY THE INVENTION 10 [0004] However, the expanded

tgraphite‘sheetladedahikestorgoind momeentonalyprotdctivestreetisible and the
one-piece sheet, so the following problem occurs when installing the
gsiygeteonrthébinngr surfaceostthderinibles JR05] ol 3hd )gBipuretheunitdr, whereby
surface of the graphite crucible has a curved surface shape, it is difficult
bteadagerahéhgraphitecorucitile irmebspriace tadthookeepited idf eXpandpehratus long
graphite sheet without gaps. [0006] (2) The expanded graphite sheet has
(thecfemtple. tathuisnivBakimsttdngth since it 20 is made by compressing
flocculent expanded graphite. For this reason, an expanded graphite
[@biedt 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 \WsHeHiddedumatedskanangiseiaiens Biteaipt®dPto fit such a one-piece
expanded graphite sheet along the inner surface of the graphite crucible
Liitho 6t Brédking HEFSREEEY5IoY07] 2
PROBLEMS TO BE SOLVED BY THE INVENTION
[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 mner surface of the crucible.

[0005]

(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 {eature that it is weak in strength since it
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.

[0007]
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(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

DocuniéntMirdsuethigéssezeores piboanp rowdiive siesetalishe bapeanhighr as the

has the same problems as described in the foregoing (1) to (3). 10 [0009]
sithefphessneinvdrtidrdhaschseriaiccarhplishsgdnaiesy bE e fbrag eindic breakage

circumstances. It is an object of the invention to provide a method for

optitexmgad cinpbiiacbetisied bibRe th At raseRIKADRA 4R S M3 e Wik hours have

hours, is capable of covering the inner surface without breaking the sheet
bEKOREEHBOTSEHS ind is suitable for size increase 15 of the crucible, and to
@rovide a single-crystal pulling apparatus employing the method. MEANS
OH SOI.UING THE PROBLEMS [0010] In order to accomplish the
foregoing object, the present invention provides a method of protecting a

carbonZtEBUE rHIBRE, | HRSATSH PSS ESIFPATSIECHRIE SHbese! 5p Which a cut

. made of an expanded _graphite material between a quarﬁcz crucible aq:()j

S AFBBACBNE ARRIBIEAG W B Az cRICIATL pAGEECER ). PUL this is a

installing two or mqre protective sheet pieces on an innef surface ofthe .
OBHIEHARRBER SRR, Al O e PRBCHbe S GBI HRCRERAng ceribed in the
fs_ha e such th 5the sheet pieces are combined integrally to form the
%?&f%gﬁ\yé JRhdetin installing the protective sheet between the crucibles. 25
0603 3

The present invention has been accomplished i 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
of the 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
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.

[0011]
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Here, the term "carbonaceous 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 is called a C/C material, the crucible hereinafter referred to as a

"C/C crucible"). Of course, the graphite crucible and the C/C 5 crucible

may be subjected to coating or impregnation with pyrocarbon or the like.

When Inetalihe) e Ofarioreaprotectivelblséas pidertediotmecimecsigthdeancluding

of the carbonaceous crucible, each having a shape such that they are
bednsbierhimegrsiylmnindeating ghenprstartiveisheed giccoe petween ther carbon

crucibles to form the protective sheet, the workability improves )
fipstristREBEEA SR reuned hvarri o (ebrices willedfiedntly Thataial, the crucible

comparison with when installing the one-piece protective sheet itself on
herrinplter stirckiootthe e4rssheblols IGBIESIntpagianiic aneidls and the C/C

one-piece protective sheet is.used for a large-sized crucible, the size,
CEEEA BN SIRET SIS Rl Ak ATH AR AR HEBOMES R NG FB k-

the installing work requires a long time because the sheet is installed so

as to fit GNG R kel SURR LW B oA ACE RIS Gt IBWRRBL P ace of the

breaking 15 the sheet. In contrast, when using a plyrality of separate . .
ST S RB Dicsie ! RNTRg i 8RSy SAd b WoTiRbGP PAGIcEanRerally in
. addition, when the shq}et is cut arﬁj?s lit into dimelggsions and slha es such

AT H DRt fiees TR R s ‘inSFé’llg}?a‘iB‘i’r% i eIEIBIE R REpectve sheet,

RIRGE A cved surface, shape, 9900 shape LONIING AN 5 gy o

obtained, s % cruciblé’inner surtace can'be covered Wﬁ out gaps.

CSHEIRImLS, k20 sRILng,he sheetnio 3 AAIDLRLSNRRIPISSS dhe: sutuce
sheet can be transported separately” In a desirable number. As a result,

ofiE a@ggl%(t,%ﬁfzﬁ@i}r?iﬁéheeltnis}_)l%%l%ilﬁglth%%g}llha? %n%ﬁ%ﬁé’éﬁ&%&?@f&ﬂ?a is used

transported. the prese mvention, it Is pre ateacho
£3Pe REpIECie ShEETPIeGRS L2 rb%\é&rﬁ@p%ﬁ%&%%%? [Rro3eedNg MBng becomes
adjacent protective shéet pieces to each other in a 4

difficult. Moreover, the installing work requires a long time because the sheet is
installed so as to fit along the inner surface of 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 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 covered without gaps. Iurthermore, 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
one-piece sheet is transported.
{0012]

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

have securing means for securing the adjacent protective sheet pieces to each other in a
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condition in which the protective sheet pieces are installed on the inner
surface of the 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
cprdiective stiee piecestectsesinttliepiemisalignmeniedoss thet isasilysurface of the
occur. As a result, they can reliably cover the location in the crucible inner
cybriamedbatcteaiéiécto turn into SiC. [00131 10 In the present invention, the
protective sheet pieces that are adjacent to each other are installed in
such athaskpitied sobdtdnshigt nbayephéetnectivitalssonmsapalnétinndherefore,
surface of the carbonaceous crucible. When the protective sheet pieces
thihareiestadjabert piceatathsimehisisthiisdus Beehledrearheringe surface of the
substantially no gap forms, it is possible to completely cover the 15
CHRAMSATRS B CRIBOTRACEBLE SalEBIacHine \Yligacach af idsiksRfag ifigrsheet pieces
into SiC easily. This improves the prevention of turning into SiC of the
harbisHaEEo macanicifte ifffaliss rsbacaior@veslismcd ek prstsetile cach other,
sheet pieces that are adjacent to each other are installed in such a o
DHSARHEP ARG OIS IS RAsHAp therelehiledhont 18pEsiblE (9 YRAKR Ieation in
temperature distriution over the entire carbgnaceous crucible uniform,
Hsresiingrie 28 esrdoRLEa L HRIBIP Pdft cracks. The reason is that,
hep the protective sheet pieces that are adjacent to each other are
[Qﬁégﬁled with overlaps, temperature uneveness occurs in the overlapped
portion, sq a uniform temperature distribution does not for
entire dArHi5nBES5S BRI This PRASFIESLT IR BES WhE

arbonaceouys crucible undergo hermal expansion. 25 [0014 .
other are nstalled in such a mann%r %%a% suliasi'an 1aﬂy ne gap or[no ov]egap forms in the

overt@e
h 3 2djacent to each

nner surface of the carbonaceous crucible.

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
location in the carbonaccous 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, it is possible to make
the temperature distribution over the entire carbonaceous crucible uniform, preventing the
carbonaceous crucible from cracks. The reason 1s that, when the protective sheet pieces
that are adjacent to each other are instalied 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.

[0014]
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In the present invention, there may be a case 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 5

protective sheet pieces cover at least the butt joint portion. When the

carbonbiclsus sutiblecstwgriphitenerubitle; atvevdrensibieths fomperiefoas crucible

plurality of separate crucible portions that are butt jointed to each other. It
isgngiswt] thereplTqgaw isasde $th raubnachoms simcd et on umatiotalletreelity of

divided surface), so the butt joint portions selectively turn into SiC. In view
SQPRIRES, IS B2 18088 (it abLt pinithyseshapsranb e mecspnii v sheetipieces are
. Sheet pieces are installed along the butt joint portions. As a result, it
”ﬁ&"&ﬁ‘?ﬁé%lﬁB%s‘i’EfF@rté‘Hfé%h’titf?@g‘?%ﬁ?ﬁ&%"éﬂh’éikﬁ’l%‘?ﬁé?ﬁ HBretiing Hisgner that the

prolong the life, [0015] In the present invention, it is preferable that the
PIRSRRSHR s casha Pashba el KA P8¢ Ver at least a portion of

the inngr surface of the carbonacequs crucible, that easily turns into SiC

that is,%ﬂ&?ﬂ RV %ﬁiBﬂl‘Fﬁ% tha BERGHE sovbcot e triiliple formed of

toward the_straight trunk portion thereof, or the entirety of the i
DL R LRSI W GRS AP SR URRIDIE RIS chligble [t is known

RSHH D o LI DI S0 LS B eI ALK S s te

1S passes through the entjrety .of th rucible. inner.surface. Therefore, . .
RS b e Be 470 it oo e 15 ol he BndhSe) b ' o

inner. surface of the carbonaceous crucible. Thereby, it is possible to .
PR A R S TR R s ok e i e oo

addition,
p{)ﬁgagrszs\%g%glgg%%loé} E:%Vio gszli;%%ﬁﬁéef&r AR 'E”%g@ﬁ%r%%jggf‘é@ﬁﬂ%reaking

Ibéd met protecting a carbon us crucil
az?cPBMI%gthe life.
10015]

In the present invention, it is preferable that the protective sheet pieces be
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”).

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 crucible. 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

using the above-described method of protecting a carbonaceous crucible. By applying
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this method to a pulling apparatus of a silicon single crystal or the like, it

becomes possible to perform uniform heating and to manufacture a

silicon single crystal that shows few crystal defects. ADVANTAGES OF

THE INVENTION 5 [0016] According to the present invention, when

installing two or more protective sheet pieces on the inner surface of the

carbonaceous crucible, each having a shape such that they are combined
tivegralydninstallihodheppaodestivé ahedtpieces: khetweesl the tierudileles tbecomes

form the protective sheet, the workability improves remarkably and the 10
pregintet wero o un redudes: Significkot iy inudaomparisahwitkinglerrystal that shows

installing the single sheet protective sheet itself on the inner surface of
feheccprtabrdaleetus crucible. In particular, when a single sheet protective

sheet is used for a large-sized crucible, the size becomes considerably
AdryaNantHamiingbe ddiESdiFidwIt. Moreover, the installing work

requires a long time because the sheet is installed so as to fit along the
[#9dét surface 15 of the carbonaceous crucible without breaking the sheet.

In contrast, when using a plurality of separate protective sheet pieces,

handlingsedisg @rifiamecsrtidinoumtin fde) vtabmgdwovmencseratieetive sheet

is cut and split into dimensions and shapes such that the sheet pieces
Pesypeesilivstaidacal oh §theEbasisoinersitiace i detned shigpsceich that

shape, good shape-conforming capability is obtained, so the crucible
tighefSutareiEan BerawLbydred Rithois JhapsPrUsmbrmaiectopispsittifgtveen the

the sheet into a plurality of sheet pieces, the sheet can be transported
CupBlGdl M dES RBIE R As BT YA thE Hr ARpoMaticR ALy and the

sheet js easier than when a singlepie_ce sheet is transported. BEST . )
TTABESE POR PRREIRS BOTHE %NWl-s?@owﬁlzﬁh%r@ﬁB@}aW single

he present.invention, wil| be described based on the preferred 7 .
sﬁeetpprotectlve sheet Itslebon the nner sur?’ace 0 thg car{)onaceous crucible. In

particular, when a single sheet protective sheet is used for a large-sized crucible, the size
becomes considerably large, and bandling becomes difficult. Moreover, the installing
work requires a long time because the sheet is installed so as to fit along the inner surface
of 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 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 15 obtained, so the crucible inner surface can be
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

f0017]

Hereinbelow, the present invention will be described based on the preferred
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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. 1 of the
present invention will be described, and then, a method 5 of protecting
the inner surface of the carbonaceous crucible using the protective sheet
according to the present invention will be described. [0018] (Configuration
cobSinglexcrystal fulling Wppatadud)Fighd irescrosssattionad view limited to the
illustrating a primary portion of the single-crystal 10 pulling apparatus.
fcFigwinis canbedlarges cross-sectional view of the crucible. As illustrated in
Fig. 1, the CZ apparatus comprises a carbonaceous crucible 2 that
supportsratquarteherneiisiecond fiwatens cAn uppétaingn4 e innglestitalgls pulling
and so forth. Thus, the CZ apparatus obtains a single crystal 7 by heating
appstniree haaterialliie theljliarpzesautiblsention Wi htedapatbedrensy e, a method
heater 3 disposed around the quartz 15 crucible Ito obtain a source _
ofpiiaalipgeth e BPRT SuTG the Beuredenasshar rieible [pong] thg protective sheet
illustrated in Fig. 1, the carbonaceous crucible 2 is directly in contact with
agrer dhpe bz BruRBIEN L IERtRR YaR dsriiattaiRefface of the carbonaceous
crucible 2 that is in contact with the quartz crucible 1 turns into silicon
[¥blde (hereinafter SiC), because of 20 the reaction between the quartz
crucible and the carbonaceous crucible, or the reaction with the SiO gas

6;?Hgg%?ﬁﬁﬁéﬁﬁﬁ%&"&yﬁwg}'}-ipégﬁﬂﬁ?éaiWﬂefects such as cracks, due

T A e e G e N

10.made of an expanded graphite material according to the present
PHVBRASAAE: Hiorp g Bek\CLAPRRS CUISHoCS8 SPGB fRcoe

Carbon?\%ei(i)fij}%t%t%%i?rlae}%g? i”t 5 t@egp;i:gﬂg 'szdo-rrzpperi XS tae %te{%@eoggge%tu?crucible 2
that supports a quartz crucible 1, a heater 3, an upper ring 4, an inner shield 3, and so
forth. Thus, the C7 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
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
guartz 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
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 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

crucible 1 and the carbonaceous crucible 2, as illustrated in Fig. 2. The protective sheet
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10 according to the present invention comprises a plurality of split

protective sheet pieces. In other words, a protective sheet made of one

sheet of expanded graphite material is split into a plurality of pieces, and

the split protective sheet pieces are installed on the inner surface of the

carbonaceous crucible 2 without gaps. 5 [0020] (How Protective Sheet

Pieces Are Laid) The types of the carbonaceous crucible 2 include a
1grmphitbny teible preadet ofant raphitenmste Aalluardhndrerdib ler ftrehad egt pieces.

carbon fiber-reinforced carbon composite material (C/C material:
Ihetfegnafeedsthigietaeible b fardeiabors shelEivypiiey. grinlphaagsiel is split

of the graphite crucible, separate crucible portions divided into, for )
i@&%ﬁ?ﬁ%%i@éé@o?ﬁﬁr@é pRtay des bt Jbistatiaertora Healkdian the inner

considering the convenience in transportation. It is known that, from the
SHIREfoM TP pRAsIE ST Baid vieyt 8Pfces), SiO gas passes

‘through, so the butt joint portions selectively turn into SiC. In view of this,

biece of protective sheet formed into a strip is split into a plurality of

15 strips, and the split protective sheet pieces | OA are installed along a
(HpY foinEparsorteat, PisssiddE &idin Fig. 3. Fig. 3 shows an example in

which the sheet is split into two pieces,‘EPt it is possible to split the sheet .

into thrabeoP R Bl STRTERSIS G 1R SIS B1e S SRR B e of @

into equal parts, but may be split into various sizes, [0021]. 20 In the case :
S oA chOQISI S BT MGt SRR B G composite

na'.%?i ;_tgﬁ/e‘énéi?'éekéqg':fgégfgﬁgﬁ 8; g?eﬁr “@ﬁ'eaﬁr‘é‘%@ﬁ%ﬁ‘%’}’ 335 wﬁa ated i

It in sUuch a manner t the

upper p r&i*ce)nji_s it into.strips_and the lower portion is split to have a _
e ML T R TS AR & DI RO BV o SRR ampl, o

shape, and the split prqtective et pieces | OB are instajled alon é .
R R G R R R G R B

transpo%%tlogng 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
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. It is also
possible to split the sheet into equal parts, but may be split into various sizes.

[0021]

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 illustrated in 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

the entire inner surface of the C/C material crucible. It should be noted that the way of
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splitting is not limited to this, but the sheep may be split into a spherical

bottom portion of the spherical shape and an inner circumferential

portion, and the inner circumferential portion is further split into a plurality

of stripes. [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
sphfiersuriacdof thiete dnso hatteuwhanoiblebthe pratectivpishreet pieges portion of

easily fit along the crucible inner surface in a curved surface shape. As a
thesplteite  gogsibledeucovertthebutt foamt pbmioniowhichl tdrdstetwincintderential

SiC easily, without gas in 10 the case of the graphite crucible, and to
pediner ithbughtirepditiolivle Mnedisurfageipasthe case of the C/C material

crucible. As a result, prevention of turning into SiC of the inner surface of
[44&2¢arbonaceous crucible 5 is improved. [0023] Moreover, by using split

protective sheet pieces, handling becomes easy and 15 workability

improvBd i bripalsonsrsahmadcuingopiessiet e protdedivaaphiadnaterial is cut

Therefore, even when the size of the crucible increases, the protective ]
angh seb R gt cravhimsasiossrradertRl i Briesing theet pieces

sheet or taking many work hours. [0024] 20 In addition, the expanded )
a@rgﬁfﬁ{@%ﬁaéggﬁ%% PRS- B s SRRy DIt dhe fiicafiye sheet pieces

protective sheet pieces may slip when they are laid on the inner surface of . |
SthieVc P%ﬁ%é%%§%E{B|&f€é&§ﬁi@%i§aﬁg¢ﬁ%ﬂt.smfﬁ%ﬁﬁ@&%& whd result, it is

inserting the quartz crucible after the protective sheet pieces are installed )
BTG EaHBEFIARE U R e h&‘&%‘?ﬁﬁ% BB RICISE TNaRdEI0Ut gas in

tact with the installed. protective sheet pi , 25 nisali t.
Wil PeueRiLe e Gl Bahlbeh e EaBUHBCBEUL EAIERIE Al e cose

oi:fl' %16 C/C material crucible. As a result, prevention of turning into SiC of the inner
surface of the carbonaceous crucible 5 is improved.
[0023]

Moreover, by using split protective sheet pieces, handling becomes easy and
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]

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,

and misalignment may occur, because the gap between the carbonaceous crucible and the
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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 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
qprdvidedibiedn erd:pailyoficaie ofitheicprotedtive sltbet pikcgsdivat aresheet pieces
adjacent to each other while a recessed portion in which the protruding
nporhierefitsdsysnoyithedrin sahemdipaecofeahothert protective tshieet pletegrsadjacent
that the protective sheet can be installed by inserting the protruding
(pertiontinio thehabodsseehpsiichcAnotives exahiplepod e metinst preaysudat have
a configuration in which a cut 10 is formed in an end of one of the
berbterds & sihbed giepesicimaaméthesiiwotectita shewplpietdhis sasertedmeans is a
into the cut. Of course, other securing method may be used. In short, any
CoRdEBalvRaYE DisddaaBIIR HE tRerB ot tive shisdt pletesidapaieo! one of the
adjacent to each other can be secured. [0025] 15 (Manufacturing Method
PEH PSR et SRsse Pheta) TR s raletives BHabepiabide meggessed portion in which
manufactured in the following manner. A one-piece expanded graphite
theh et iudingratiiRd 1a dtePral S & Ao Tk Ban A AR RISRIREO ety & gt Rfcce. so
example is as follows. First, natural or synthetic_graphite flakes, kish =~
ta it BI B HERIiRBOS e e At Attt osh kit g g it REp tBtipgnportion into the
intercalation 20 compound in the qé%ghite particles, Next, this is heated tq

TR RO at PR OB TSR EIRISI SR SR AB AR 6 S MR L Fdfich a cut

R IR TS e solces gapnic prichs  poaneing, .
o S SRR L0 SRS Rl AL TS SO,
m?&%ﬂ%ﬁ%&%%&é%&rzgﬁﬁrri]gisnf(?_rrlcgaelgtj[ ¢ ;S:r%?% vy Csl‘hgé{cyr)]iéic%sa tH]aif( gpe %%E%C%];l? to each
other can be secured.

[6025]

(Manufacturing Method of Protective Sheet Piece)

The protective sheet pieces may be manufactured i 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
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

that forms an intercalation compound, such as a mixed acid of a sulfuric acid and a nitric
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acid, and a sulfuric acid to which an oxidizing agent such that a sodium

nitride, a potassium permanganate, or the like is added. Next, impurities

are removed to an ash content of 50 ppm or less, preferably 30 ppm or

less, and the expanded graphite is formed into a sheet shape by

compressing or 5 roll-forming, to prepare an expanded graphite sheet.

Next, the expanded graphite sheet manufactured in the just-described
améthod areutiurianacsplivintdiphedetermimadedimensions aha shapésinonitride, a

prepare the protective sheet pieces. EXAMPLES 10 [0026] liereinbelow,
Pthespragentiteatioi.witlthe ldestritseddn detail by examples. It should be

noted that the present invention is in no way limited to the following

exampi¥sxt{GORTII(Ranipleri)vis Rretettiesteet ¢idCerpsplitibtes twsferably 30

pieces and prepared in the same manner as described in the foregoing
pembuditie i thBieinarededferrphite bsfarprbanioimensbibapebl piepwsessing or

Al) were installed along the butt joint portion of a graphite crucible that
rOPEEOTRIEME RIS RAER HeSersldreiRR T 8bRfhg embodiment (a graphite

crucible divided into two pieces) and that had a size of 22 inches, and an

actual RIEEhIE EEEpRsIether TR0 Bp APARIY AF B ol str tifigsd rghod are

time required for installing the protective sheet pieces on the graphite
) FL?&%Blépé%dHEOhBﬁﬁ?‘ﬁ{@H}%éiﬂ%?ﬁ%?‘iﬁé’”ﬁﬁ‘o‘i@?ﬂi’ﬁﬁe KhartR3RsCRS BRgjective sheet
broke and became unable to use (defective rate), and the durability of the
Pitaphite crucible were determined by the test. The results are shown in

E‘gggﬁ};lné(gOZS] 25 [TABLE 1] 12
[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 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 machine test for the CZ
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]

[TABLE 1]
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Type of sheet Work hour Defective rate (sheet piece) (11 m.) (%)

Durability 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 [0029] (Example 2) An actual machine

test was conducted under the same conditions as those in Example 1,

. egrap Itewg | \{yd‘:lb) &.{l\eg hat —
pleces, which are Ei]?frllito two Bllig 1 aV|rg a Durability

l—‘lig lé%lfl I fEHBUStL-J asS d pIEbEIIQIIIVEIILIUII bileetM

FE were u% [Q UULKQ”””U thc rk-hotr,—the gefective latc, and
[oSE ml yentgn shect plece A2 - 0030 4ComD

tic uwaumt}l -l IIC €S [e} Uy J]

-

d
<l
S
-—J—
Jg)
P &
a
5
D G

S 'ﬁic'ﬁ't ivalent to Al

\lnmn N .

>gs

Fquiyalent to A2 |

R Sh(’e i Wwas con 'uCt; der-the
ﬁ(jlt p €e-stt "p Sllapcu
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
[@Bfertive rate, and the durability. The results are shown in Table 1. [0031]
15 (Comparative Example 2) An actual machine test was conducted under
(herspiné)conditions as those in Example 1, except that the size of the
graphite crucible was 40 inches and that one-piece strip-shaped
protective stimel (harkinaftert referrethtucisd watapdrativenshestdaXns as those in
having a corresponding size to the crucible size was used, to determine
Eakrnplsrit . logeptisaRbasifectl dhragaaning tradblabiiisAOrinshesand tha protective
shown in Table 1.
sheet pieces, which are split into two pieces, having a corresponding size (hereinafter

- 9
4 )

I\IF\I\
UTTC

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 I.

{0030]

(Comparative Example 1)

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]
(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 fo as a comparative sheet Z2) having a
corresponding size to the crucible size was used, to determine the work hour, the
defective rate, and the durability. The results are shown in Table 1.

[0032]
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[0032] 13 (Example 3) Protective sheet pieces that were split in the same

manner as described in the foregoing embodiment (hereinafter referred to

as a present invention sheet pieces B1) 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
(lthen@iteapparatus was conducted 50 times. The time required for

installing the protective sheet pieces on the C/C crucible (work hour), the

proporiioptetie pesteptivesshieéetvpieceplihan Bhekeandnbeesnié dawbibed in the

to use (defective rate), and the durability of the graphite crucible were 10
fotegeintinsatioyithentedicrrhe fesukbcsivel sShownarPToaplé 1Vouss) frxsprces Bl)

2] Type of sheet Work hour Defective rate Durability (sheet piece) (min.) )
waps) IpyedisdtanventiosHeEgiets B owilpedbehriivisisabpas edigsidesribed in

B2 20 0 Comparative sheet Y 1 20 30 Shorter than B | Comparative sheet
the Forpostng rBrRer imsAtBd [Bothad 8 tzrahpieinyhes settalihtavkinagsstire inner

was conducted under the same conditions as those in Example 3, except
SYHAEtheTsids drthectibisudite WagdrinBrEd Bk ditRht Proteetivé gRe@atus was

pieces having a corresponding size and split {_hereinafter referred to as a
COUERE HyERtSn sheetifiedeBPrddre tstdling Jetdrmine ifeRRstiatesss on the

the defective rate, an . , .
C}& cruc?ble Ewor{( 'houg, 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 2.

[0033]
[TABLE 2}
Type of sheet Work hour Defective rate .
(sheet picce) {min.) (%o) Durability
Present invention sheet piece B1 10 0
Present invention sheet ptece B2 20 0 -
Comparative sheet Y1 20 30 Shorter than B1
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)
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20 the durability. The results are shown in Table 2. [0035] (Comparative
Example 3) 14 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 Y1) was used, to determine the work hour, the defective rate, and
the durability. The results are shown in Table 2. 5 [0036 (Comparative
Exampfendjctirnbotadhinvatisine ae stowdsceshdudedisn demtheosaitiens as those in
conditions as those in Example 3, except that the size of the C/C crucible
Eyaarle ihchsecahdiapacariecpiatetastbtectliesisidt ravivig@lit into two pieces
corresponding size (hereinafter referred to as a comparative 10 sheet Y2)
(hgeainadisa redeastbiming feannarkiNesheme defeativeadts detarpme the work hour,
durability. The results are shown in Table 2. [0037] (Analysis of the Test
RS R IR R 8] et rSHI tTabiBe rasrbi e prasBhl #eAtion sheet
ieces Al, A2, 15 B1, and B2 are better in durability than the comparative
ts Z1, Z2, Y|, and Y2, when judging the results comprehensively. It is
also understood that the present invention sheet pieces Al, A2, B1, and

(BRI Y HERBIIWOrk hour and defective rate than the comparative
sheets 71, 72, Y1, and Y2. In particular, when comparing the defective
Sk %51

rates b BSTURE SR AR SO iens R cppgitions as those in
SRR DB Sieee i e Shpee e GBI one s
A In.contast, Lis domonaated . In e aeR AL PISSE Wnparative
sheet Y2) was used, to determine the work hour, the defective rate, and the durability.
The results are shown in Table 2.
[0037]
(Analysis of the Test Results)

As clearly seen from Tables 1 and 2, the present invention sheet pieces Al, A2,

B1, and B2 are better in durability than the comparative sheets Z1, Z2, Y1, and Y2, when

judging the results comprehensively. It is also understood that the present invention

sheet pieces Al, A2, B1, and B2 are far better in work hour and defective rate than the
comparative sheets 71, Z2, Y1, and Y2.

In particular, when comparing the defective rates between the 22-inch crucible
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, Z2, 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

is suitable for large-sized crucibles.
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A2, BIl, 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. 15
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
DPOFUBHEIBRARRNIGERBO0E9 [Fig. 1] Fig. | is a cross-sectional view
illustrating a primary portion of a single-crystal pulling apparatus. [Fig. 2]
{JOI%% 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
installethq FigeséhFigvariga viewillalsi afimgeanstiterd erhiodinegng of lvevbonaceous
protective sheet pieces are installed. DESCRIPTION OF REFERENCE
CNGIMER ALsB glsdonud prlimgantuctblicipeentvanssnebion s kutibiethgd.
heater 4: upper ring 20 5: inner shield 6: source material melt 7: single
B&gESEaIDESCRIP'L‘ION 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.

[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

[0040]
I: quartz crucible
2: carbonaceous crucible
3 heater
4; upper ring
5: mner shield
6: source material melt
7: single crystal
10A, 10B: protective sheet pieces
11: butt joint portion
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| OA, I0B: protective sheet pieces 11: butt joint portion 25 16 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 crucible 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 protective sheet

pieces having such a shape that th& ipsdigstive sheet pieces are

combined integrally to form the protective sheet in installing the protective

sheet between the crucibles. 10 2. The method of protecting a

carbonaceous crucible according to claim 1, wherein each of the

protective’shedh@ieck srovmipris escegsurmgomeans folesecuntgptiseng a protective

protective sheet pieces that are adjacent to each other in a condition in
shehicihls prbtectivarsindet pigopbiwrennstaléd wivtheninnegsanfacewsfibhe and a

carbonaceous crucible. 15 3. The method of protecting a carbonaceous
corergibie ascorgiidetorcidimthavharétetha igroteptive oot pisews that are

adjacent to each other are installed in such a manner that substantially no

gap or weteligdapvthepsbagie arroteaiie dnpersdufgeesopthaencarbonaseees of the

crucible. 20 4. The method of protecting a carbonaceous crucible
CHECHRERNY T IS ecafh PAIS PRI Shopharenss thaviagbushcesiape that the

crucible is made of a graphite material; the carbonaceous crucible is

PrekeRBEECT R PlareRY SsepabitedcitisBRIpdRidpatHaE Avetptive sheet in installing

the protective sheet between the crucibles.

2. The method of protecting a carbonaceous crucible according to claim 1,
wherein each of the protective sheet pieces comprises securing means for securing the
protective sheet pieces that are adjacent to each other in a condition in which the

protective sheet pieces are installed on the inner surface of the carbonaceous crucible.

3. 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.

4. The method of protecting a carbonaceous crucible according to any one of
claims 1 through 3, 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 least the
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jointed together; and the protective sheet pieces are installed on the inner
surface of the 25 carbonaceous crucible in such a manner that the
protective sheet pieces cover at least the 17 butt joint portion. 5. The
method of protecting a carbonaceous crucible according to any one of
claims | through 4, wherein the carbonaceous crucible is a carbon
fiber-reinforced carbon 5 composite material, and the protective sheet
bpiegestaratinstalled so as to cover the entire inner surface of the
carbonaceous crucible. 6. A single-crystal pulling apparatus using a
method of protecting a carbonaceous crucible according to any one of

claims | through 5. 10 18
5. The method of protecting a carbonaceous crucible according to any one of
claims | through 4, wherein the carbonaceous crucible is a carbon fiber-reinforced carbon

composite material, and the protective sheet pieces are installed so as to cover the entire

inner surface of the carbonaceous crucible,

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

crucible according to any one of claims 1 through 5.

18



